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disease, it is one of the most important causes of 
mortality due to occupational diseases. The diag-
nosis of pneumoconiosis is made by the determi-
nation of occupational exposure and the presence 
of typical radiological findings on standard chest 
 radiographs (CXR).

The use of chest Computed Tomography (CT) 
has increased in recent years due to the low sen-
sitivity and specificity of CXR in the diagnosis of 
early-stage pneumoconiosis and the high difference 
between intraobserver and interobserver evaluations 
in the ILO international classification of radio-
graphsof pneumoconiosis [3, 4]. In the radiological 
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AbstrAct
Purpose: Radiological identification of lung masses in patients with pneumoconiosis is difficult. The aim of the study 
is to characterize Computed Tomography (CT) findings of Progressive Massive Fibrosis (PMF). Methods: The data 
of pneumoconiosis patients, who were diagnosed with PMF between 2014-2019 in a tertiary hospital, were col-
lected. Demographic data, work-related data, Pulmonary Function Test results and radiological imaging results were 
gathered. Separate evaluations were made for the right and left lungs, and the CT findings and measurement results 
were recorded. Results: In 90% of our cases, PMF lesions were bilaterally located. Eighty-eight point five percent of 
the unilateral lesions were located in the upper lobe of the right lung. Enlarged lymph nodes were found in 83.3% and 
calcification was found in the lymph nodes in 63% of the cases. Band structures extending between the PMF lesion 
and the adjacent pleura were observed in 86% of the cases, and invagination in the lung parenchyma adjacent to the 
PMF was observed in 80% of the cases. Conclusion: In general, our findings were consistent with the radiologically 
defined PMF. In addition, pleural findings, which are not frequently studied in the literature except for asbestosis, 
were also described in the study.
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IntroductIon

Pneumoconiosis is a progressive and irreversible 
lung disease caused by inhalation of inorganic dust 
and fibers [1]. The World Health  Organization 
launched a campaign in 1995 with the prediction 
that pneumoconiosis could be eliminated worldwide 
by 2030. However, pneumoconiosis still continues 
to be an important health problem today. Accord-
ing to the 2016 Global Burden of  Disease Study, it 
is estimated that 21,500 deaths and 414,900 years 
of potential life lost annually are thought to be due 
to pneumoconiosis [2]. Although it is a preventable 
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be obtained from the patients, but necessary per-
missions were obtained from the medical education 
board commission. The diagnosis was established 
by the presence of the occupational history of inor-
ganic dust exposure and radiological findings con-
sistent with pneumoconiosis and exclusion of other 
diagnoses. Of the 525 pneumoconiosis patients, 130 
were diagnosed with PMF (solid pulmonary lesion 
> 1 cm). Cases without CT were excluded from the 
study and the remaining 90 PMF patients were in-
cluded in the study.

Data Collection

The data was collected from patients' hospital 
files and hospital-based information systems. The 
pulmonary function test (PFT) results and radio-
logical images obtained at the time of diagnosis 
were used. The dependent variable of the study was 
the presence of PMF and its independent variables 
were demographic data (age, gender), work-related 
data (duration of work in the profession, exposure 
time), smoking status, presence of concomitant dis-
ease, PFT results (FEV1, FVC, FEV1/FVC), and 
radiological imaging results (CXR, CT). In our 
study, smoking status was arranged according to 
WHO's guidelines for controlling and monitor-
ing the tobacco epidemic [9]. Those who regularly 
smokecigarettes every day and those who smoke 
occasionally were included in the smokers group, 
and those who quit smoking were included in the 
ex-smokers group and who never smoke were in-
cluded in the non-smokers group. 

PFTs were performed according to the ATS/
ERS joint consensus report on pulmonary function 
testing and by a trained operator. Standard spirom-
etry evaluations were performed using the Zan 100 
brand flow-sensitive spirometry device. Spirom-
etry results were analyzed according to the accept-
ability and reproducibility criteria of the ATS/ERS 
Spirometry Standardization. The tests were repeated 
until the acceptability criteria were met. Spirometry 
measurements of the cases were evaluated according 
to the percentage of reference values.

CT images of all patients were retrieved from the 
PACS archive (GE Centricity PACS,  Barrington, IL, 
USA). All the images evaluated were reconstructed 

evaluation of occupational lung disease, chest CT 
contributes to diagnosis, disease severity,  prognosis, 
and identify comorbidities [4-6].

Progressive massive fibrosis (PMF) is a late-stage 
chronic pneumoconiosis form that is pathologically 
defined by clustering of silicotic nodules fused with 
connective tissue in  silicosis and coal macules sur-
rounded by fibrous tissue in coal workers pneumo-
coniosis [7]. PMF CXR findings have been known 
for years and are defined in the radiological clas-
sification of pneumoconiosis made by the ILO. Ac-
cording to this classification, PMF was defined as 
a large opacity exceeding 1 cm in diameter. PMF 
is classified as category A(one or more opacities 
greater than 10 mm but less than 50 mm in diam-
eter), category B(one or more opacities greater than 
50 mm in diameter but not exceeding the upper 
right zone), category C (one or more opacities in 
diameter exceeding the right upper zone) [8].

There are few studies in the literature describ-
ing the distinctive CT findings of PMF lesions. A 
limited number of studies were designed to describe 
CT findings of PMF such as shape, size, location, 
accompanying lymph node, calcification and other 
radiological abnormalities. Due to the difficulties 
in distinguishing large radiological lung masses in 
patients with pneumoconiosis or lung cancer, the 
primary aim of this study is to characterize CT 
findings of PMF. In addition, the relationship be-
tween the occupational characteristics, working 
hours, smoking habits and accompanying diseases 
of pneumoconiosis cases with the development of 
PMF and respiratory functions were presented.

Methods

Study Population

The study population of the retrospective 
cross-sectional study consists of all pneumoconio-
sis patients followed in the Occupational Diseases 
Training Clinic, in a tertiary hospital in Turkey out-
patient clinic and service between January 1, 2014 
and December 31, 2019. The study was started af-
ter the approval of the ethics committee (approval 
number: KAEK/2021-2348). Due to the retrospec-
tive design of the study, informed consent could not 
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images with 1 mm section thickness after the pa-
tients were taken with the spiral volumetric tech-
nique. Toshiba Alexion 16-section spiral CT device 
was used for shooting, and the shooting  parameters 
were as follows: tube voltage=120 V, tube current: 80 
mA, section thickness: 1 mm, spiral pitch factor:1.4, 
convolution filter: FC13-H, filter type: large. All CT 
images were evaluated by a radiologist with more 
than 20 years of experience in thoracic radiology. Im-
ages were viewed on medical monitors via a PACS 
viewer (GE Centricity PACS Universal Viewer Web 
Client Ver 6.0) and length measurements were made 
with the measurement tools in this viewer. After ex-
amining the cross-sectional images of the patients 
in the axial plane, multiplanar reconstruction images 
were created in the coronal plane for each patient, 
and these images were used to clarify the localization 
of the lesions and to measure their vertical length. In 
order not to cause confusion in the evaluation of cal-
cifications, CT images without intravenous contrast 
material were preferred.

Separate evaluations were made for the right and 
left lungs, and the findings and measurement re-
sults were recorded in a table. The cases where the 
short axis of the mediastinal lymph nodes was above 
1 cm were considered as lymphadenopathy. When 
evaluating the shape of the PMF lesions, lesions 
described as “spherical” or “discoid” were character-
ized by evaluating both axial and coronal images to-
gether. After examining the images in both planes, 
lesions that could not be classified as spherical or 
discoid were defined as “irregular” shaped.

PMF is defined as a large opacity exceeding 1 cm 
in diameter, according to the ILO international 
classification of pneumoconiosis. Category-A: one 
or more opacities greater than 10 mm but less than 
50 mm in diameter; Category- B: One or more 
opacities greater than 50 mm in diameter but not 
exceeding the upper right zone; Category-C: de-
fined as one or more opacities in diameter exceeding 
the right upper zone. Small opacity profusion was 
classified into 4 categories (0,1,2,3), each divided 
into 3 subcategories (0/- to 3/+). CT findings of 
all cases, previously classified by two ILO-certified 
Pneumoconiosis readers, were evaluated by an ex-
pert radiologist. 171 PMF lesions observed on CT 
of 90 patients were evaluated in detail.

Statistical analyses were performed by IBM 
SPSS Statistics V22 (standard version) package 
program. Frequency, percentage, mean value, and 
standard deviation were used for descriptive sta-
tistics. Chi-square was used for the analysis of cat-
egorical data, the Kolmogorov-Smirnov test was 
used for the normal distribution fit of the variables 
for the analysis of quantitative data, Student's t-test 
was used because it conformed to the normal distri-
bution, and One-way Anova, (posthoc Tukey) was 
used for more than two variables. Pearson correla-
tion analysis was used for correlation analysis. p val-
ues less than 0.05 were considered significant.

results

All of the 90 individuals diagnosed with PMF  
were male. The mean age was 56.1±13.5 
(min-max:26-79) years. The characteristics of the 
study population such as occupation, smoking 

Table 1. Characteristics of the study population
Variable n %
Occupation Dental Technician 16 17,8

Foundry Worker 10 11,1
Construction Worker 2 2,2
Welder 2 2,2
Sandblaster 6 6,7
Coal Miner 35 38,9
Marble worker 5 5,6
Ceramic Worker 4 4,4
Quarry mill worker 6 6,6
Tunnel Worker 4 4,4

Smoking 
Status

Smoker 32 35,6
Non-smoker 21 23,3
Ex|-smoker 37 41,1

Exposure 
time (year)

0-3 5 5,6
4-9 11 12,2
10-19 26 28,9
≥20 48 53,3

Large 
Opacity

A 37 41,1
B 26 28,9
C 27 30,0

(Continued)
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the presence of emphysema (p<0.05). No statisti-
cally significant difference was found in ILO small 
opacity type (p,q,r,s,t) and profusion category with 
pulmonary function test results (p>0.05). The rela-
tionship between pulmonary function test results 
and some variables is reported in Table 2.

PMF lesions were bilaterally located in 81 (90%) 
of the cases. In 95.6% of the cases all lesions were 
located in the superior lobes; only 4 (4.4%) cases 
had PMF lesions located in the middle and lower 
lobes. Eight of the unilateral lesions were located in 
the right upper lobe, and one was located in the left 
upper lobe. The shape of the 171 PMF lesions were 
irregular in 134 (78.3%) spherical in 26 (15.2%) and 
discoid in 11 (6.4%).

The number of lesions with regular periph-
eral contour and irregular central contour was 55 
(32.2%). Calcification was detected in 107 (62.6%) 
of the PMF lesions, and the type of calcification 
was mostly punctate calcification. Multiple lym-
phadenopathies were observed in 75 (83.3%) of the 
cases, and calcification was observed in 57 (63.3%) 
of them. Eggshell calcification was found in 24.4% 
of the lymph nodes. Figures 1 and 2 show repre-
sentative CT findings in pneumoconiosis patients 
with PMF. Multiple small nodules, thick band 

status, exposure time, type of large opacity, and ILO 
category are given in Table 1. Respiratory diseases 
accompanying PMF were COPD (66.7%), pulmo-
nary tuberculosis (21.2%) and asthma (5.6%). The 
most common small opacity was q (39.9%) and the 
most common large opacity was A (41.1%).

The mean value of FEV1, FVC, FEV1/FVC were 
58.7±21.3, 66.8±19.9 and 68.9±13.5 respectively. 
When some variables were compared with pulmo-
nary function test results, a statistically significant 
decrease was found in FEV1 and FVC as the large 
opacity size increased (p<0.05). Statistically signifi-
cant decrease was found FEV1 and FEV1/FVC in 

Table 2. The relationship between pulmonary function test results and some variables

Variables
PFT Results

n FEV1 Mean/sd FVC Mean/sd FEV1/FVC Mean/sd
Smoking Status* Smoker 32 54,9±21,3 63,1±20,4 69,3±15,9

Non-smoker 21 65,8±20,6 72,2±18,4 70,6±14,5
Ex-smoker 37 57,9±21,1 67,1±20,0 67,6±10,4
p 0,183 0,264 0,703

Large Opacity** A 37 67,8±16,5a 74,8±15,3a 71,4±11,0
B 26 62,8±22,0a 71,5±20,2a 68,8±17,2
C 27 42,3±17,3b 51,6±16,8b 65,5±12,1
p <0,001 <0,001 0,219

Emphysema* Yes 35 51,5±22,0 64,5±22,5 63,0±15,69
No 55 63,3±19,7 68,4±18,0 72,7±10,1
p 0,010 0,372 0,001

* Student t Test
** One Way ANOVA (post hoc Tukey), a,b: The difference between groups that do not have the same letter in each line is significant (p<0.05)

Variable n %
ILO 
Category

Category 1 9 10,0
Category 2 46 51,1
Category  3 35 38,9

Dominant 
Small 
Opacity

p 3 3,3
q 39 43,3
r 36 40
s 3 3,3
t 9 10

Table 1. Characteristics of the study population (Continued)
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ground-glass opacity in two patients, interlobular 
septal thickening in 3 patients, consolidation in 
3 patients, and atelectasis in 7 patients. Honey-
comb and satellite nodules were not detected in 
any patient. The frequency of CT findings of the 
patients is given in Table 3.

appearance extending from the adjacent pleura to 
the PMF, and paracicatricial emphysematous lung 
tissue between the pleura and the PMF lesion were 
seen in figures. Accompanying radiological find-
ings with PMF lesions includes: round atelecta-
sis in one patient, subpleural line in one patient, 

Figure 1. 42 years old man who has done sandblasting on glass for 20 years diagnosed as PMF.

A-B. Chest HRCT image shows irregularly shape with punctate calcification PMF lesion in the right upper lobe. Multiple 
small nodules indicative of silicosis are also seen in lung tissue bilaterally. Thick band appearance extending from the adjacent 
pleura to the PMF, and paracicatricial emphysematous lung tissue between the pleura and the PMF lesion was seen.

Figure 2. 54 years old man who worked as a miner in a lead mine for 22 years diagnosed PMF.

A-B. Chest HRCT image shows bilaterally located, discoid shaped in right upper lobe and irregular shaped in left upper 
lobe with punctate calcification PMF lesions. Multiple small nodules indicative of silicosis are also seen in surrounding lung 
 tissue. Thick band appearance extending from the adjacent pleura to the PMF, and paracicatricial emphysematous lung tissue 
between the pleura and the PMF lesion was seen.
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and concomitant pulmonary disease (p>0.05). 
When the relationship between smoking status and 
ILO profusion category and large opacity was eval-
uated, no significant difference was found (p>0.05). 
When the relationship between smoking status and 
presence of emphysema was evaluated, a significant 
difference was found (p: 0.011). Emphysema ex-
istence in smokers, ex-smokers, and non-smokers 
were 59.4%, 29.7%, and 23.8% respectively. In the 
presence of concomitant tuberculosis, only pleural 
retraction and fine reticular density were higher, 
no correlation was found with other findings (X2: 
4,270, p: 0,050 & X2: 7,299, p: 0,028).

dIscussIon

Pneumoconiosis is a preventable occupational 
disease that can be diagnosed with occupational his-
tory, clinical and radiological findings [1]. However, 
it is not always possible to distinguish PMF lesions 
from other lung mass lesions radiologically. In the 
literature, the number of studies describing the to-
mographic findings of complicated pneumoconiosis 
in detail and revealing the relationship with occupa-
tional characteristics is limited. Due to the difficul-
ties in radiological identification of lung masses in 
patients with pneumoconiosis, this study aimed to 
characterize CT findings of PMF.

In general, our findings were consistent with the 
location data of PMF lesions defined in the litera-
ture. In 90% of our cases, PMF lesions were bilat-
erally located. Eighty-eight point eight percent of 
the unilateral lesions were located in the upper lobe 
of the right lung. The outer surface was regular and 
the central surface was irregular in 32% of the PMF 
lesions. Contrary to the information previously de-
scribed in the literature that the outer surface of 
the PMF lesions is regular and the central surface 
is irregular, both the outer surface and the central 
surface of the PMF lesions were found to be irregu-
lar in most of our cases. Generally, PMF lesions are 
thought to be elongated (aspect ratio greater than 
3) and less spherical than other lesions. However, in 
our study, only 5% (9/171) of the lesions had elon-
gated shape. There was positive correlation between 
the size of large opacity and the profusion category 
and size of small opacity. In 51.1% of the cases, the 

When the sequential correlation between small 
opacity profusion category and large opacity is eval-
uated, the profusion category increased as the large 
opacity size increased (r: 0.265, p: 0.012). When the 
dominant small opacities were categorized accord-
ing to their size (<1.5 mm, 1.5-3mm, and >3mm), 
it was found that the large opacity size increased as 
the dominant small opacity size increased (r: 0.409, 
p <0.001).

When the exposure time is categorized in two 
groups (≤ 10 years and >10 years) there was no sig-
nificant difference between the groups in terms of 
large opacity size, small opacity profusion category, 

Table 3. The frequency of CT findings of the patients
CT Findings n %
Mass Calcification Type 
(n:107)

Amorphous 12 11,2
Punctat 70 65,4
Diffuse 13 12,2
Eggshell 12 11,2

Type of Lymph node 
Calcification
(n: 57)

Amorphous 1 1,1
Punctat 26 28,8
Eggshell 22 24,4
Diffuse 8 8,8

Pleural Band Non-exists 12 13,3
Exists 78 86,7

Pleural pseudoplaque Non-exists 85 94,4
Exists 5 5,6

Bronchiectasis Non-exists 61 67,8
Exists 29 32,2

Pleural Thickening Non-exists 79 87,8
Exists 11 12,2

Pleural Shrinking Non-exists 18 20,0
Exists 72 80,0

Pleural Fluid Non-exists 85 94,4
Exists 5 5,6

Fine Reticular Density Non-exists 86 95,6
Exists 4 4,4

Millimetric nodule Non-exists 27 30
Exists 63 70

Emphysema Non-exists 55 51
Exists 35 39
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by fibrotic lymph nodes [20]. In a study of necrobi-
opsy materials of 849 miners, fibrotic lymph nodes 
were found in 57% of all cases and fibrosis in lymph 
nodes was found in 88% of cases with silicosis [21]. 
In our study, enlarged lymph nodes were found in 
83.3% of the cases. These findings support the hy-
pothesis that the development of fibrotic nodules 
in the lymph nodes impairs the removal of silica 
dust from the lungs by causing impaired lymphatic 
drainage in the lung, increasing the dust load in the 
lung and reflecting an additional risk for parenchy-
mal silicosis.

Although lymph node calcification is often 
caused by primary granulomatous infections such as 
tuberculosis, it can also be detected less frequently 
in diseases such as silicosis, sarcoidosis and amyloi-
dosis [22]. In our study, calcification was found in 
the lymph nodes in 63% of the cases. Similar to our 
study, Antao et al.'s study showed that 74% of pa-
tients with silicosis had enlarged mediastinal lymph 
nodes, and 66% of them had lymph node calcifica-
tion [3]. Eggshell calcification is the most common 
pattern defined in silicosis [14, 18, 23]. However, 
some authors reported that the punctate pattern was 
detected more frequently than eggshell calcification 
[3, 24]. In our study, 29% of lymph node calcifica-
tions were punctate, and eggshell calcification was 
found in 24% of the cases.

It has been reported that cavitation rarely devel-
ops in PMF lesions due to concomitant tuberculosis 
infection and ischemic necrosis [7, 25]. In our study, 
cavitation was seen in 5 cases and was an uncommon 
finding. There was concomitant tuberculosis infec-
tion in 3 of the 5 cases with cavitation. The exposure 
time of the other 2 cases was shorter than 10 years, 
and it was thought that cavitation developed due to 
ischemic necrosis due to accelerated silicosis. In the 
study of Ferreira et al., cavitation was found in 8 out 
of 75 PMF cases, similar to our study, and concomi-
tant tuberculosis was reported in 6 of them [14].

Tuberculosis is one of the main complications of 
silicosis. The risk of developing tuberculosis in pa-
tients diagnosed with silicosis is 2.8-39 times higher 
than in healthy volunteers [26-28].The coexistence 
of silicosis and tuberculosis accelerates the progres-
sion of pneumoconiosis. In the literature, it has been 
reported that the incidence of tuberculosis is higher 

small opacity profusion category was 2 (2/1, 2/2, 
2/3), and the median profusion score was 2/2.

Associated with normal airway anatomy, inhaled 
particles are accumulated in the upper lobes, espe-
cially the right upper lob. Additionally, with slow 
lymphatic drainage in the upper lobes, PMF lesions 
are usually located in the upper lobes [10-12].In our 
study, the lesions were generally located in the upper 
lobe, consistent with the literature, and the lesions 
were located in the middle and lower lobes in only 
4.4% of the cases. Similar to our study, PMF lesions 
were observed in the middle and lower lung areas in 
only 6.8% of the cases in the study of CN Halldin 
et al. [13).In the study of Ferreira AS et al., PMF 
lesions were reported to be located in the upper and 
posterior lobes in 88.6% of the cases [14]. 

The data obtained from studies evaluating the 
relationship between the small opacity profusion 
category and the incidence, number and size of 
large opacity in the literature are contradictory. In 
our study, a positive correlation was found between 
small opacity profusion category, small opacity size 
and large opacity size. Similar to our study, a positive 
correlation was reported between the small opacity 
profusion category and the incidence of PMF in the 
study of Ng et al., no correlation was found between 
the small opacity profusion score and the frequency 
and size of PMF in the study of CN Haldin et al. 
[13, 15].

Studies that examine PMF lesions in coal work-
ers retrospectively, a small opacity profusion score 
was found to be stage 1 in 37-40% of cases with 
PMF [13, 16]. In our study, the small opacity profu-
sion score was evaluated as Stage 1 (1/1, 1/2) in 10% 
of the cases. The low number of cases with low small 
opacity profusion scores in our study may be due to 
the lack of a surveillance system in pneumoconiosis 
cases who retired in our country, that is, the fact that 
these cases could not be detected. This uncertainty 
regarding the progression of the disease reminds the 
importance of the need for surveillance of pneumo-
coniosis cases with low profusion scores even after 
exposure ends.

It has been suggested that hilar and mediastinal 
lymphadenopathy precede the parenchymal find-
ings of silicosis [17-19]. Cox-Grasner et al. found 
that 90% of cases with silicosis were accompanied 
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definite knowledge as to why the thickened pleura 
invaginates towards the parenchyma but some hy-
pothesis exists. PMF causes fibrosis and recession in 
the adjacent lung parenchyma by coalescing of small 
opacities, resulting in volume loss and emphysema 
in the lung tissue surrounding PMF. Therefore, the 
thickened pleura is assumed to proliferate and fold 
towards the contracting PMF, especially when the 
intervening distance is small [4].

Although pulmonary dysfunction detected in 
patients with pneumoconiosis was associated with 
small opacity profusion score and large opacity size 
in some studies, this correlation could not be dem-
onstrated in other studies [3, 35-38]. In our study 
no relationship was found between pulmonary 
functions and small opacity profusion, however a 
statistically significant decrease was found in FEV1 
and FVC as the PMF size increased. Furthermore, 
statistical significance did not change when smokers 
were excluded.

PMF lesions tend to occur peripherally and ex-
tend towards the hilum, forming paracicatricial em-
physematous lung tissue between the pleura and the 
PMF lesion. In our study, an emphysematous lung 
area was found between the lesion and the visceral 
pleura in 39% of the cases. Pulmonary emphysema is 
associated with alveolar destruction, increased dead 
space, and obstructive-type respiratory dysfunction. 
However, it is debated whether emphysema occurs 
as a complication of pneumoconiosis or as a result of 
smoking. There was an association between smoking 
and emphysema in our study. Contrary to the publi-
cations reporting that the effect of smoking on lung 
functions is greater than that of coal mining, there 
are many studies showing that smoking is not associ-
ated with lung functional changes detected in CWP 
[39-43]. It was reported that emphysema was associ-
ated with PMF and silica exposure in nonsmoker sil-
icosis patients [35, 36, 38, 44]. In the study of Lyons 
et al., emphysema was reported similarly in autopsy 
tissues of smokers and non-smokers, and it was re-
ported that emphysema developed as a complication 
of pneumoconiosis independent of smoking [45].

Inconclusion, our study describes, for the first 
time in Turkey, the occupational characteristics of 
PMF cases together with pulmonary function test 
findings and detailed radiological evaluation results. 
In general, our findings were consistent with the 

in complicated silicosis than in simple silicosis. In 
the study of Ferreira et al., coexistence of silicosis 
and tuberculosis was found in 52% of the cases [14]. 
In another study, tuberculosis was found in 34% of 
sandblasting workers who developed PMF [29]. In 
our study, concomitant pulmonary tuberculosis was 
found in 22% of the cases, and the importance of 
tuberculosis infection as a risk factor for the devel-
opment of PMF was confirmed. Susceptibility to 
tuberculosis in PMF is thought to increased due to 
multifactorial factors such as the possible chemical 
effect of silica on bacillus proliferation, as well as 
macrophage toxicity and long-term retention of the 
bacillus in the lung tissue due to inadequate lym-
phatic drainage [30].

Although pleural diseases such as pleural 
plaque, pleural effusion, and pleural thickening are 
well-known consequences of asbestos exposure, 
other pneumoconiosis has also been rarely reported 
to cause pleural diseases [31-33]. In a study evalu-
ating the pleural findings in patients with silicosis, 
pleural thickening was found in 58% of the patients, 
and in another study in which tuberculosis patients 
were excluded, pleural thickening was found in 32% 
of the patients [34, 35].

Pleural thickening in the advanced stage silicosis 
develops in association with scarring and fibrosis in 
the pulmonary parenchyma and it is thought that 
pulmonary tuberculosis contributes to its devel-
opment [36]. In our study, pleural thickening was 
found in 12% of the cases. The reason for the lower 
rate of pleural thickening in our study may be due to 
the presence of patients with anthracosis and silico-
sis together and the lower rate of pulmonary tuber-
culosis in our study than in other studies.

In addition to pleural thickening, some studies 
have reported that patients with silicosis may de-
velop PMF-related pleural invagination. Arakawa 
et al. was reported that a thick band appearance 
extending from the adjacent pleura to the PMF 
was found in 17 cases (44%) with PMF lesions on 
CT. It has also been confirmed pathologically that 
the thickened band structures represent the pleu-
ral invagination [34]. In our study, band structures 
extending between the PMF lesion and the adja-
cent pleura were observed in 86% of the cases, and 
shrinking in the lung parenchyma adjacent to the 
PMF was observed in 80% of the cases. There is no 
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