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Introduction

Pleural lesions encompass a wide range of etiologies, from 
benign to malignant, including tumors and tumor-like 
conditions (1). Various entities, such as solitary fibrous 
tumors of the pleura, lipomas, malignant mesotheliomas, 

pleural lymphomas, pleural sarcomas, and pleural metastasis, 
fall under the umbrella of pleural tumors. In contrast, non-
tumorous pleural lesions consist of pleural plaque, thoracic 
splenosis, and pleural pseudotumors, among others (2-4). 
Accurate diagnosis of pleural lesions is essential for optimal 
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patient management and prognosis. However, determining 
the origin of a pleural lesion can be challenging, given the 
close relationship between the pleura, lung, and chest wall. 
Juxtapleural lesions may arise from osseous structures, 
cartilage, soft tissue, muscles, nerves, or fat (3).

In clinical practice, we have noted atypical pleural lesions 
exhibiting a unique morphology and distribution along 
the inner margin of consecutive posterior ribs, which are 
occasionally incidentally discovered on chest computed 
tomography (CT). Although typical pleural plaques present 
as bilateral, multifocal band-like lesions caused by localized 
pleural thickening and have a thin layer of fat separating 
them from the underlying ribs and extrapleural soft tissues 
(5-7), these atypical pleural lesions predominantly appear 
on the right posterior ribs and manifest as bony protrusions 
from the rib with soft tissue density. At our institution, 
interpretation of these lesions varied according to the 
radiologist’s judgment. A literature search identified only 
one similar case report (8), with no studies describing the 
systematic analysis of multiple cases of these lesions.

Therefore, we conducted this study to collect data on 
these atypical pleural lesions, characterize their imaging 
features, and determine their clinical significance, ultimately 
establishing a consistent strategy for their interpretation 
and management.

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Review Board of Seoul St. 
Mary’s Hospital (IRB No. KC23RISI0214) and informed 
consent was waived due to the retrospective nature of the 
study.

Study participants

Over a 2-year period, a thoracic radiologist (Han DH) 
incidentally identified four sporadic cases of atypical pleural 
lesions during clinical practice. One of these cases was 
surgically confirmed in April 2021. Subsequently, all thoracic 
radiologists at the institution shared information regarding 
these lesions. Another thoracic radiologist (Chang S)  
systematically gathered and documented all patients 
presenting with atypical pleural lesions seen during clinical 
practice between April 2021 and March 2023. During 
this timeframe, 12 chest CT scans from nine patients 
with atypical pleural lesions were identified from a total 

of 17,433 chest CT scans (0.07%). Ultimately, 45 atypical 
pleural lesions in 13 patients were included in this study.

Clinical characteristics

We conducted a retrospective review of the electronic 
medical records from our hospital. Demographic and 
clinical data, including age, sex, height, weight, body mass 
index (BMI), smoking history, and asbestos exposure history, 
were recorded. Patients with positive asbestos exposure 
were defined as those who worked or lived near an asbestos 
mine, near a factory manufacturing asbestos products, near 
a train station transporting asbestos, or were employed in 
asbestos mining, asbestos-related product manufacturing, 
construction, transportation, unloading, or other areas 
where exposure to asbestos was likely (7). Furthermore, 
we recorded the presence of comorbid diseases, including 
malignancy, pneumoconiosis, treatment history of 
pulmonary tuberculosis, and interstitial lung disease.

Chest CT acquisition

All participants underwent a CT examination with 
multidetector CT scanners (≥64 channels), including 
Somatom Force (Siemens Healthineers, Erlangen, Germany), 
Somatom Definition AS+ (Siemens Healthineers), or GE 
Discovery CT750 HD (GE Healthcare, Milwaukee, WI, 
USA) at the end of inspiration during a single breath-hold. 
All CT scans were obtained with the following parameters: 
tube voltage 100–120 kV, tube current 30–200 mAs, pitch 
0.984–2, rotation time 0.5 s, and detector collimation  
0.6–0.625 mm. Axial images were reconstructed using a 
sharp kernel with a 1- or 1.25-mm section thickness. Coronal 
and sagittal images were reconstructed with 3-mm section 
thickness. All scans were obtained from the upper level 
of the lower neck to the level of the adrenal glands. Dose 
modulation was applied using automatic exposure control.

Image analysis

Chest CT scans from 13 patients, performed between May 
2012 and March 2023, were evaluated by consensus of two 
thoracic radiologists (Han DH and Chang S). For image 
analysis, the most recent chest CT was used, except when 
assessing interval changes in lesions.

Atypical pleural lesions were characterized as single 
or multiple pleural soft tissue density lesions with or 
without calcification, originating from the inner margins 
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of consecutive ribs (Figure 1). The following CT findings 
of atypical pleural lesions were analyzed on a per-patient 
and per-lesion basis: laterality (right vs. left), cranio-
caudal location (adjacent rib level), anterior-posterior 
location, presence of calcification, apparent contiguity of 
the calcification with the adjacent rib, maximum length 
and width on axial plane images, and presence of adjacent 
rib changes (cortical thickening or widening). Concurrent 
typical pleural plaques or lung lesions suggestive of 
asbestos exposure, such as subpleural dot-like or branching 
opacities, curvilinear lines, band-like opacities (9), and 
round atelectasis (10), were also assessed. The presence of 
emphysema was also evaluated.

For patients with chest CTs preceding the surgical 
recognition of this pathology (i.e., before April 2021), the 
initial radiological diagnosis was documented. In cases with 
multiple chest CT scans, follow-up duration and interval 
changes in lesions were examined. Six patients underwent 
18F-f luorodeoxyglucose (FDG) positron emission 
tomography (PET)/CT scan, and significant FDG uptake 
in atypical pleural lesions was recorded based on PET/CT 
images by a radiologist (Chang S).

Surgical resection and pathologic examination

To rule out potential tumors, one patient underwent surgical 
resection. The excised pleura specimen was routinely fixed 
in 10% formalin solution, followed by gross dissection, 

paraffin embedding, 4 μm sectioning, and hematoxylin & 
eosin (H&E) staining. All H&E slides were reviewed by a 
thoracic pathologist (Sung YE).

Statistical analysis

Categorical variables are reported as raw numbers, 
proportions, and percentages, whereas continuous variables 
are presented as mean, standard deviation (SD), and range. 
Patient groups were categorized based on the presence 
of concurrent typical plaques for subgroup analysis. The 
chi-square test or Fisher’s exact test was employed for 
categorical variables, and the independent t-test was used 
for continuous variables. The threshold for statistical 
significance was set at P<0.05. Statistical analyses were 
performed using the SPSS software (version 24.0; IBM 
Corp., Armonk, NY, USA).

Results

Demographics

Table 1 presents the demographic information for the patients 
included in this study. The mean patient age was 69.3±8.4 
(range, 53–81) years. Of the 13 patients, 10 (76.9%) were 
male, with the mean BMI being 23.2±3.3 kg/m2. Eight 
patients (61.5%) were former smokers, whereas 4 (30.8%) 
were never smokers. The smoking history of 1 patient 

A B C

Figure 1 Chest CT images in a 71-year-old man with atypical pleural lesions. (A) Sagittal and (B) axial CT images show consecutive atypical 
pleural lesions (arrows) along the right fourth to seventh posterior ribs (a small plaque at the right fourth rib is not clearly visible in this 
figure). Calcifications are seen in continuity with adjacent ribs, resembling bone lesions. (C) The three-dimensional volume rendering image 
also visualizes the atypical pleural lesions (arrows) along the right posterior ribs. CT, computed tomography.
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(7.7%) was unknown. A history of asbestos exposure was 
reported in 4 patients (30.8%), whereas 9 (69.2%) either 
had no confirmed asbestos exposure or were inadequately 
assessed. Combined malignancies were observed in 7 
(53.8%) patients, and 1 (7.7%) had a history of pulmonary 
tuberculosis treatment.  None of the patients had 
pneumoconiosis or interstitial lung disease.

Atypical pleural lesions on a per-patient basis

Table 2 provides a summary of the chest CT findings for 
patients exhibiting atypical pleural lesions. Among the 
13 patients, 76.9% had multiple lesions, whereas 23.1% 
had a single lesion. The majority of patients (84.6%) had 
unilateral involvement, with the right side being affected 
more frequently than the left side (69.2% vs. 15.4%). All 
patients exhibited posteriorly located lesions, with 2 patients 
(15.4%) also presenting with lesions in the anterior thorax. 

Table 1 Demographics of included 13 patients with atypical pleural 
lesions

Parameters Value (n=13)

Age (years) 69.3±8.4 [53–81]

Sex

Male 10 (76.9)

Female 3 (23.1)

Height (cm) 169.0±7.2

Weight (kg) 65.6±10.4

BMI (kg/m2) 23.2±3.3

Smoking history

Never 4 (30.8)

Previous 8 (61.5)

Current 0 (0.0)

Unknown 1 (7.7)

History of asbestos exposure

Yes 4 (30.8)

Unknown 9 (69.2)

Combined disease

Malignancy 7 (53.8)

Pneumoconiosis 0 (0.0)

Treatment history of pulmonary 
tuberculosis

1 (7.7)

Interstitial lung disease 0 (0.0)

Values are presented as mean ± SD [range], n (%), or mean ± 
SD. BMI, body mass index; SD, standard deviation.

Table 2 Chest CT findings of atypical pleural lesions on a per-patient  
basis

Parameters Value (n=13)

Number of atypical pleural lesions

1 3 (23.1)

2–4 7 (53.8)

≥5 3 (23.1)

Involvement of hemithorax

Unilateral 11 (84.6)

Bilateral 2 (15.4)

Unilateral involvement (n=11)

Right only 9 out of 11 (81.8)

Left only 2 out of 11 (18.2)

Dominant side

Right 9 (69.2)

Left 2 (15.4)

Equal 2 (15.4)

Lesion location (anterior-posterior)

Anterior only 0 (0.0)

Posterior only 11 (84.6)

Both 2 (15.4)

Concurrent typical pleural plaques

Yes 4 (30.8)

No 9 (69.2)

Lung lesions to suggest asbestos exposure

Yes 2 (15.4)

No 11 (84.6)

Emphysema

Yes 4 (30.8)

No 9 (69.2)

Initial radiologic diagnosis (n=9)†

Osteochondroma or bony spur 5 out of 9 (55.6)

Post-inflammatory change 1 out of 9 (11.1)

Not reported 3 out of 9 (33.3)

Patients with multiple chest CT scans (n=11)

Follow-up duration (months) 47±41 [4–118]

Lesion growth during follow-up

No 6 out of 11 (54.5)

Minimal 4 out of 11 (36.4)

More than minimal 1 out of 11 (9.1)

Values are presented as n (%) or mean ± SD [range], unless 
specified otherwise. †, CT reports made before the pathologic 
identification of this entity. CT, computed tomography; SD, 
standard deviation.
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Concurrent typical pleural plaques were absent in 9 patients 
(69.2%), whereas 4 patients (30.8%) had combined typical 
pleural plaques. Within the latter group, 2 patients also 
had lung lesions suggesting asbestos exposure, including 
subpleural dot-like opacities (n=1) and round atelectasis 
(n=1). Emphysema was noted in four patients (30.8%).

Of the 13 patients, 9 (69.2%) had undergone chest CT 
scans before the pathology of atypical pleural lesion was 
identified through surgical resection in a single patient. 
Based on the chest CT findings, the initial diagnosis was 
osteochondroma or bone spur in 55.6% of these cases, and 
post-inflammatory change in 11.1%. In 33.3% of these 
cases, no lesions were reported. Among the 11 patients who 
underwent multiple CT scans, only one lesion exhibited 
significant interval growth during follow-up. This lesion 
demonstrated slow growth over a 6-year period (volume 
doubling time of 1,116 days), indicating a benign nature. The 
mean follow-up duration was 47±41 (range, 4–118) months.

Atypical pleural lesions on a per-lesion basis

Table 3 and Figures 2,3 present the distribution and CT 
characteristics of atypical pleural lesions (n=45) on a per-
lesion basis. The right hemithorax exhibited a higher 
frequency of lesion occurrence compared to the left 
hemithorax (75.6% vs. 24.4%). The majority of the lesions 
were located in the mid-level (fourth to seventh ribs, 
82.2%, 37/45) and posterior thorax (93.3%, 42/45). The 
characteristic alignment of the right mid-level posterior 
ribs in a row was clearly visible in sagittal plane images  
(Figures 1,4). Calcification was present in 75.6% of lesions 
(34/45), with 82.4% demonstrating apparent contiguity with 
the adjacent rib (28/34). The maximum length and width of 
the atypical pleural lesions were 12.6±8.5 and 5.5±2.4 mm, 
respectively. Changes in the adjacent rib, such as cortical 
thickening or widening, were observed in 13 lesions (28.9%). 
Lesion size was largest at the mid-level (fourth to seventh 
ribs) in the craniocaudal direction, with conspicuous 
alterations in the adjacent ribs at this level (Figure 3). Of the 
six patients who underwent PET/CT, 22 atypical pleural 
lesions were identified, but none demonstrated significant 
FDG uptake.

Surgical and pathological findings

Intraoperative findings for the patient who underwent 
surgical resection revealed multiple whitish protruding 
lesions along the right third to seventh posterior ribs (Figure 
4C). These lesions originated from the parietal pleura rather 
than the visceral pleura or bone. The specimen comprised a 
single fragment of pleural tissue measuring 3.0 cm × 1.2 cm  
and was fully embedded in paraffin blocks. Microscopic 
examination revealed a “basket weave” collagen pattern 
fibrosis with focal calcification, predominantly acellular 

Table 3 Distribution and CT characteristics of atypical pleural 
lesions on a per-lesion basis

Parameters Value (n=45)

Involvement side

Right 34 (75.6)

Left 11 (24.4)

Location (cranio-caudal)

Upper (ribs 1–3) 6 (13.3)

Mid (ribs 4–7) 37 (82.2)

Lower (ribs 8–12) 2 (4.4)

Location (anterior-posterior)

Anterior 3 (6.7)

Posterior 42 (93.3)

Calcification

Yes 34 (75.6)

No 11 (24.4)

Apparent contiguity with adjacent rib (n=34)

Yes 28 out of 34 (82.4)

No 6 out of 34 (17.6)

Maximum length† (mm) 12.6±8.5

Maximum width† (mm) 5.5±2.4

Adjacent bone change (cortical thickening or widening)

Yes 13 (28.9)

No 32 (71.1)

Cortical thickening of adjacent ribs

Yes 13 (28.9)

No 32 (71.1)

Widening of adjacent ribs

Yes 10 (22.2)

No 35 (77.8)

Values are presented as n (%) or mean ± SD, unless specified 
otherwise. †, measured on axial plane images. CT, computed 
tomography; SD, standard deviation.
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Figure 2 Distribution and CT characteristics of atypical pleural lesions. Atypical pleural lesions were predominantly observed on the right 
side, mid-level between the fourth to seventh ribs, and in a posterior location. Internal calcifications were present in approximately 76% of 
the lesions, with most calcifications connected to the rib. Adjacent rib changes, such as cortical thickening or widening, were observed in 
about 29% of lesions. CT, computed tomography.
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Figure 3 Lesion size and adjacent rib changes in relation to the level of adjacent ribs. (A) The mean length and width of atypical pleural 
lesions were largest in the mid-level (from fourth to seventh ribs) of the thorax. (B) Adjacent rib changes, such as cortical thickening or 
widening, were also more frequently observed in the mid-level of the thorax compared to other regions.

but with occasional bland-appearing cells (Figure 4D,4E). 
Marked chronic inflammatory cell infiltration into the 
adherent adipose tissue beneath the parietal pleura was 
observed in multifocal areas at the base of the nodular 
pleural fibrosis. The specimen showed no evidence of 
asbestos.

Subgroup analysis based on the presence of concurrent 
typical plaques

Table 4 presents the results of a subgroup analysis based 
on the presence of concurrent typical plaques. All four 
patients with concurrent typical plaques were male (100%), 
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Figure 4 Imaging, surgical, and pathologic findings of atypical pleural lesions in a 63-year-old man. (A,B) Axial and sagittal plane images of 
chest CT demonstrate consecutive atypical pleural lesions (arrows) along the right third to seventh posterior ribs (a small plaque on the right 
third rib is not clearly visible in this figure). Subtle cortical thickening and widening of the adjacent rib are also noted. (C) Surgical findings 
show multiple whitish protruding lesions along the right third to right seventh posterior ribs. They originate from the parietal pleura rather 
than the visceral pleura or bone. (D,E) Microscopic findings exhibit a “basket weave” collagen pattern fibrosis with focal calcification (arrow), 
which is mostly acellular but occasionally contains bland-appearing cells [H&E staining, ×10 (D), ×50 (E)]. These observations are consistent 
with the features observed in typical pleural plaques. Additionally, multifocal areas of marked chronic inflammatory cells infiltrating into the 
adherent adipose tissue beneath the parietal pleura are observed at the base of the nodular pleural fibrosis (D, square & E). CT, computed 
tomography. H&E, hematoxylin & eosin.

whereas only 66.7% of those without were male. Among 
the group lacking concurrent typical plaques, two patients 
had a known history of asbestos exposure but exhibited only 
atypical pleural lesions. In the group with concurrent typical 
plaques, two patients had a history of asbestos exposure, 
whereas the remaining patients’ exposure history was 
not fully assessed. Although the total number of atypical 
pleural lesions was higher in patients with typical pleural 
plaques than in the other group (5.0±2.6 vs. 2.8±1.5), the 
difference was not statistically significant (P=0.071). Right-
side dominance was observed in 88.9% of patients without 
concurrent typical plaques, whereas the other group 
exhibited a relatively even distribution with 25% right-side 
dominance (P=0.039). All lung lesions suggestive of asbestos 
exposure (n=2) were found in patients with concurrent 
typical pleural plaques.

Discussion

This study aimed to investigate the clinical and imaging 

features, and pathologic findings of atypical pleural lesions 
and determine their clinical significance and management 
strategies. Our results indicate that these lesions were 
often detected on chest CT scans and more frequently in 
older men (mean age of 69.3 years). However, thoracic 
radiologists frequently misdiagnose these lesions as 
osteochondromas, bony spurs, or pleural metastasis (8), 
leading to potentially unnecessary diagnostic procedures, 
including follow-up CT, PET/CT, or even surgery. 
Therefore, it is necessary to analyze the characteristics 
and clinical significance of these less well-known lesions to 
provide guidance for radiologists.

Pleural plaques are often incidentally detected, and 
their differential diagnosis encompasses a wide range of 
entities, including extrapleural fat, pleural metastasis, 
malignant mesothelioma, pleural tuberculosis, and others 
(2,4). Unlike typical pleural plaques, which commonly 
present as bilateral, multiple lesions with frequent 
diaphragmatic involvement (7,11,12), atypical pleural 
lesions are characterized by unilateral involvement and a 
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Table 4 Comparison between patients with or without concurrent typical pleural plaques

Parameters Without concurrent typical plaques (n=9) With concurrent typical plaques (n=4) P

Age (years) 66.9±8.8 74.8±4.5 0.123

Sex (male) 6 (66.7) 4 (100.0) 0.497

Height (cm) 169.4±8.1 166.7±4.7 0.607

Weight (kg) 65.2±6.5 66.7±20.4 0.915

BMI (kg/m2) 23.0±2.4 23.8±5.9 0.850

Smoking status (ever) (known; n=12) 5 out of 8 (62.5) 3 out of 4 (75.0) >0.999

History of asbestos exposure 2 (22.2) 2 (50.0) 0.530

Comorbid disease

Malignancy 4 (44.4) 3 (75.0) 0.559

Treatment history of pulmonary tuberculosis 1 (11.1) 0 (0.0) >0.999

Lesion number (categorical) 0.206

1 3 (33.3) 0 (0.0)

2–4 5 (55.6) 2 (50.0)

≥5 1 (11.1) 2 (50.0)

Lesion number (continuous) 2.8±1.5 5.0±2.6 0.071

Unilateral involvement 9 (100.0) 2 (50.0) 0.077

Laterality (right) 8 out of 9 (88.9) 1 out of 2 (50.0) 0.345

Dominant side 0.039*

Right 8 (88.9) 1 (25.0)

Left 1 (11.1) 1 (25.0)

Equal 0 (0.0) 2 (50.0)

Lesion location (anterior-posterior) 0.077

Posterior only 9 (100.0) 2 (50.0)

Both 0 (0.0) 2 (50.0)

Lung lesions to suggest asbestos exposure 0 (0.0) 2 (50.0) 0.077

Emphysema 2 (22.2) 2 (50.0) 0.530

Initial radiologic diagnosis† (n=9) n=6 n=3 0.301

Osteochondroma or bony spur 4 out of 6 (66.7) 1 out of 3 (33.3)

Post-inflammatory change 0 out of 6 (0.0) 1 out of 3 (33.3)

Not reported 2 out of 6 (33.3) 1 out of 3 (33.3)

Patients with multiple chest CT scans (n=11) n=7 n=4

Follow-up duration (months) 58.3±46.3 27.3±25.2 0.253

Lesion growth 0.104

No 3 out of 7 (42.9) 3 out of 4 (75.0)

Minimal 4 out of 7 (57.1) 0 out of 4 (0.0)

More than minimal 0 out of 7 (0.0) 1 out of 4 (25.0)

Values are presented as mean ± SD or n (%), unless specified otherwise. *, statistically significant; †, CT reports made before the 
pathologic identification of this entity. BMI, body mass index; CT, computed tomography; SD, standard deviation.
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distinctive arrangement in a row with the right mid-level 
posterior dominance. Calcification within the lesions often 
appears continuous with the adjacent rib, and some cases 
exhibit alterations to the neighboring rib, such as cortical 
thickening or widening. These lesions exhibited stability 
over time, and the lack of significant uptake on PET/CT 
scans suggested a benign nature. Pathological findings 
from a resected case corresponded to the characteristics of 
pleural plaques. Therefore, a case displaying characteristic 
imaging features may not require additional diagnostic tests 
or interventions.

Mechanical stress-induced fibrosis has been proposed as 
the underlying cause of these atypical pleural lesions (8). In 
our study, they predominantly occur near the posterior rib 
tubercles, and the development of an atypical pleural lesion 
near a healed anterior rib fracture supports the theory that 
bone protrusion-associated friction may promote fibrosis. 
Pathological examination of the pleural tissue revealed a 
“basket weave” collagen pattern fibrosis, primarily acellular 
but occasionally with bland-appearing cells. These findings 
are consistent with the features observed in typical pleural 
plaques (13), corroborating previous reports (8). Interestingly, 
we also observed focal dense chronic inflammatory cell 
infiltration at the base of the parietal pleura, which is 
atypical compared to typical pleural plaques (14). The 
chronic inflammatory cell infiltration into the fat beneath 
the parietal pleura was accompanied by fibrosis. This 
inflammatory response might be accelerated by mechanical 
stimuli, as suggested by our initial hypothesis. Changes in 
the adjacent rib, such as cortical thickening and widening, 
are often observed in patients with pleural diseases and 
may reflect a chronic inflammatory process involving the 
pleura (15,16). Together, these findings suggest that atypical 
pleural lesions are likely the result of enhanced fibrosis in 
specific regions, such as the posterior rib tubercles or healed 
fractures, occasionally accompanied by periosteal reactions.

Determining whether these lesions result solely from 
asbestos exposure remains challenging. Pleural plaques 
are commonly associated with asbestos exposure, but 
other factors, including trauma and non-asbestos particle 
exposure, such as naturally occurring silicates, can also 
contribute to their development (17-19). Our study did not 
establish a clear association between typical pleural plaques 
and atypical pleural lesions, but we observed a slightly 
higher number of atypical pleural lesions in cases with 
concurrent typical pleural plaques. Moreover, two patients 
with a history of asbestos exposure presented solely with 
atypical pleural lesions and no typical plaques. These results 

imply that both asbestos and other factors may contribute 
to pleural inflammation and fibrosis.

The limitations of this study include its retrospective 
design, small sample size, and limited pathological 
confirmation. Nevertheless, all included cases demonstrated 
the same distinctive imaging features without significant 
growth, and our results are consistent with previous reports (8),  
suggesting that these lesions likely represent the same 
pathology. The retrospective nature of the study also 
limited our ability to fully investigate smoking and asbestos 
exposure histories, potentially leading to an underestimation 
of asbestos exposure. Future research employing larger 
sample sizes and prospective designs is needed to further 
explore their association with asbestos exposure.

In conclusion, atypical pleural lesions represent a distinct 
subset of pleural plaques identifiable through their unique 
distribution and morphology. Radiologists should be aware 
of these lesions to avoid misinterpretation and unnecessary 
diagnostic work-up.
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