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Background: Simple signs of local pleural adhesion are often found in people during 
a physical examination. In the present study, we aimed to clarify whether the merely 
localized pleural adhesion was just caused by previous pleural inflammation or physiological 
variation.
Materials and Methods: Chest X-ray image materials were collected to analyze the 
incidence of simple pleural adhesions. Moreover, the causes of these simple pleural adhe
sions were further analyzed using thoracoscopy under direct vision and biopsy data.
Results: In all 2218 chest X-ray images, 68 cases were found to have pleural lesions 
(3.07%), including 15 cases of localized pleural adhesion only. Subsequently, we analyzed 
the characteristics of 70 cases of pleural lesions using thoracoscopy. In two lung cancer 
patients with pleural metastasis, we found an unusual pleural junction. This connective strip 
was smooth and free of inflammation, resembling the normal pleura.
Conclusion: Some of these purely localized pleural adhesions might be attributed to 
previous inflammation. However, there was still at least a possibility that there must be 
a physiological pleural junction, which could be the cause of the purely localized pleural 
adhesion shown in the chest radiograph.
Keywords: pleural adhesion, bridge connection, physiological variation, image, 
thoracoscope

Introduction
The parietal pleura adheres to the inner surface of the thoracic wall. The visceral 
pleura attaches to the surface of the lung and heart. In general, there is no restriction 
on the relative movement of these two types of pleurae. Once the visceral pleura 
adheres to the parietal pleura, the relative movement between the two pleurae is 
limited, In clinical practice, pleural adhesion is often detected using X–ray chest 
photographs and chest CT imaging.1–5 Sometimes, the pleural junction is detected 
by ultrasound.6,7 When adhesion between the parietal pleura and visceral pleura is 
presented, abnormal lung sliding, as well as the contraction and expansion of the 
lung, is restricted, leading to tension. Abnormal image signs, such as abnormal 
lung–sliding, pleural plaques, pleural traction, and pleural depression, are presented 
in CT images and ultrasonography.6–8

In terms of the etiology, the majority of pleural adhesions are caused by 
a pleural disease. Tuberculous pleurisy,9,10 malignant pleural effusion,11,12 invasion 
of lung cancer,4,13 rheumatoid immunological associated diseases14–16 and so on 
can lead to pleural adhesion. Lesions of pulmonary carcinoma invasion and mem
brane tumor proliferation result in fusion and fixation of the visceral pleura with the 
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parietal pleura. Visible components, such as fibrin and 
cells, are presented in the pleural effusion induced by 
pleural inflammation and carcinomas. These visible com
ponents are deposited in the pleura to thicken the pleura. 
High levels of fibrin in the pleural inflammatory and 
tumor-induced exudates result in net adhesions, leading 
to adhesion between the visceral and parietal pleurae. 
The pleural lesions caused by pleurisy are probably still 
there after the patients have healed from pleural effusion, 
and it will be revealed on CT imaging and ultrasound 
visualization.17,18 However, we sometimes find localized 
pleural adhesions in chest X-rays or chest CT scans in 
individuals without any related symptoms. There is also 
no medical history of ever pleural disease in these indivi
duals. In the present study, we aimed to elucidate these 
abnormal adhesions.

Materials and Methods
This study was carried out in two parts. First, chest X-ray 
images from healthy individuals were analyzed. 
Subsequently, pleural lesions in patients undergoing thor
acoscopy were assessed. This study was conducted follow
ing the Declaration of Helsinki. We confirmed that the 
potential benefit to the patients outweighed the risk. The 
study was approved by the Medical Ethics Board of 
Xiangya Hospital, Affiliated to Central South University 
(No. 201,703,133). Each patient signed the informed con
sent and patient records/information was anonymized.

Survey of X-Ray Chest Radiographs
To investigate the incidence of local pleural adhesions in 
the “healthy” individuals, we enrolled people who had 
a scheduled annual physical examination in this survey. 
The volunteers received chest X-ray examination and left 
position radiography. The conventional chest X-ray 
images were analyzed by back-front and lateral positions. 
Lung lesions, costophrenic-angle abnormalities, and 
pleural adhesions were recorded in detail. All of the 
chest X-ray diagnoses were confirmed by two radiologists. 
The medical histories of all volunteers were questioned 
and recorded, and chest pain, dyspnea, and other symp
toms related to pleural diseases were emphasized.

Thoracoscopic Analysis
We could not perform thoracoscopic surgery on patients 
whose images showed partial pleural connection due to 
ethical reasons. However, medical thoracoscopy is 
a commonly used method to diagnose and treat pleural 

effusion. We used the opportunity of clinical thoraco
scopic treatment to find evidence of the physical pleural 
connection. Patients enrolled for pleural lesion analysis 
were patients undergoing thoracoscopic diagnosis and 
treatment. A total of 70 patients with pleural effusion 
underwent thoracoscopy, including 62 cases of exudative 
pleural effusion and eight cases of bloody pleural effu
sion. All of the 70 patients exhibited indications and no 
contraindication of thoracoscopy. The age of the patients 
ranged from 21 to 83, with an average age of 58±9 years 
old. All 70 patients had shortness of breath after walk
ing, climbing upstairs, daily labor work, and other activ
ities. Chest pain and/or discomfort were found in 48 
patients, coughs were found in 39 patients, and only 11 
patients had a recent fever and night sweats. On the day 
of thoracoscopy, pleural effusion was drained, and an air 
volume of 600~800 mL was injected into the pleural 
cavity. X-ray chest radiography was performed before 
thoracoscopy. The 5th or 6th intercostal space on the 
front costal axillary was selected as the operative point 
referring to the chest radiograph. The skin of the patient 
was routinely disinfected with the iodine complex. 
Lidocaine was used for local anesthesia. Once a time, 
lidocaine solution containing 200 mg lidocaine was 
extracted with a syringe and injected into the skin to 
form a local swelling firstly. Then subcutaneous and 
muscular layers were injected layer by layer, finally to 
the parietal pleura, and the anesthesia was enough before 
the operation. After the air could be pumped back, the 
remaining lidocaine was injected into the pleural cavity. 
An incision was made on the skin and subcutaneous 
tissue using a scalpel. A hemostatic forceps was used 
to separate the muscular layer and parietal pleura. The 
pleural effusion was further extracted through thoraco
scopy after the thoracoscope entered the chest cavity. 
The parietal pleura, visceral pleura, septal pleura, med
iastinal pleura, top of the pleura, and costophrenic angle 
were carefully examined using electron thoracoscopy. 
The major lesions in the pleura, as well as secondary 
lesions, were closely examined. A pleural biopsy was 
performed, and the diagnosis was made by two 
pathologists.

Statistical Analysis
Data were statistically analyzed with SPSS 13.0 software. 
The positive rate of pleural lesions between females and 
males, as well as the incidence of symptoms in patients 
with different pleural lesions, was evaluated by Crosstabs 
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(χ2 test). A P value<0.05 was considered statistically 
significant.

Results
X-Ray Imaging of Pleural Lesions
We investigated pleural adhesion from people who under
went a physical examination by chest X-ray exam. Among 
2218 individuals, 68 cases were found to have pleural 
lesions, reaching a positive rate of 3.07%. The difference 
in the positive rate of pleural lesions between males and 
females was not statistically significant (Table 1). Pleural 
lesions could be roughly divided into three groups as 
follows: (A) pleural adhesion with pulmonary lesions, 
(B) pleural adhesion with a blunt costophrenic angle, and 
(C) localized pleural adhesion (Figure 1). Most of the 
subjects in the group (A) and group (B) had ever symp
toms of chest pain, breathing difficulty, and a long-term 
(≥1 week) of coughing. In group (C), the majority had no 
history of these above-mentioned symptoms. The differ
ences in the incidence of symptoms among groups were 
statistically significant (Table 2).

Pleural Lesions Diagnosed by 
Thoracoscopy
Thoracoscopy can not be performed on subjects with 
a local pleural adhesion (healthy subjects) due to medical 
ethics rules. To clarify whether the merely localized 
pleural adhesion was just caused by previous pleural 
inflammation, we looked for evidence from patients who 
received thoracoscopy. In this study, we diagnosed 70 
patients with pleural effusion by thoracoscopic pleural 
biopsy, including 40 cases of pleural metastasis of lung 
cancer, three cases of malignant pleural mesothelioma, 25 
cases of tuberculous pleurisy, one case of purulent 
pleurisy, and one case of pleural amyloidosis. We analyzed 
the characteristics of 70 cases with pleural lesions under 
thoracoscopy. In some cases, there were two types of 
lesions on the pleura, including the primary pathological 
changes and secondary lesions. In two special patients, we 
found an unusual pleural junction. The patients had pleural 

effusion. Through minimally invasive thoracoscopic sur
gery, we found that the main lesions on their pleura were 
pleural masses and nodules, and other secondary lesions 
were simple pleural junctions, which were located between 
the visceral pleura and parietal pleura of the posterior 
costal region. The connective strips were smooth and 
free of inflammation, resembling the normal pleura 
(Figure 2).

Discussion
Diseases of the pleura and pleural cavity are common and 
significantly contribute to the workload of respiratory 
physicians.19,20 Pleural adhesion is often diagnosed with 
X-ray chest photography. In the group of individuals who 
were examined on a chest X-ray, 68 cases of 2218 (3.07%) 
individuals had pleural adhesions. More importantly, the 
actual incidence of pleural adhesion might be higher than 
that of the detected result. In individuals, the pulmonary 
pleura contracts with the expansion of the lung, and it can 
move freely with the parietal pleura. Pleural adhesion is 
most likely to be detected by X-ray chest radiography in 
the part of the pleura with the greatest lung physiological 
mobility, such as the diaphragmatic pleura. CT scans can 
reveal local pleural adhesions in other areas (Figure 1), 
while chest X-ray radiography is difficult to expose these 
pleural adhesions. Moreover, it will be more helpful in 
detecting local pleural adhesions by using software- 
assisted analysis on dynamic-ventilation computed tomo
graphy compared with chest static CT scans.21 However, 
in the present study, we focused on a merely localized 
pleural adhesion (Figure 1). Local adhesion of diaphrag
matic pleura was found in 0.68% of individuals who 
received a physical examination, showing a triangular– 
shaped pulmonic pull sign between the base of the lung 
and the diaphragm. Unlike another pleural adhesion where 
the intercostal septum is blunt, this type of pleural adhe
sion had a smooth periphery without lung lesions and 
a sharp intercostal diaphragm. Furthermore, this pleural 
adhesion between the base of the lung and the diaphragm 
was found in people without pleurisy, pleural effusion, or 
tumors. Based on the features of this particular pleural 
adhesion and no history of the disease, it was suggested 
that this pleural adhesion was not caused by pleural dis
ease. According to the characteristics of this special 
pleural adhesion in pleural imaging, and the individuals 
had no disease history, suggesting that this pleural adhe
sion was not caused by pleural disease, while it was 
a physiological variation. If this particular pleural adhesion 

Table 1 Incidence of Pleural Lesions in a Physical Examination

Group Number Pleural Lesion Incidence (%)

Male 1035 31 2.995
Female 1183 37 3.128*

Note: *P>0.05.
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was merely a physiological variation, it was difficult to 
replicate with animal models. These people can not be 
identified by surgical biopsy because of ethical constraints. 
We came up with the idea that thoracoscopic biopsy is the 
most reliable way to diagnose the cause of pleural 
disease.22–25 Therefore, we attempted to get evidence 
with the help of thoracoscopy. We performed a pleural 
examination during electronic medical thoracoscopy on 
patients with exudative pleural effusion. In addition to 
analyzing the etiology of pleural effusion, special attention 
should be paid to what may not be related to the cause of 
the pleural effusion. With two thoracoscopic procedures, 

we found an intrapleural bridge connection. The patients 
were found with nodular lesions on the pleura and diag
nosed as carcinoma by biopsy. We found a junction band 
between the posterior costal parietal pleura and the visc
eral pleura. The connective band was smooth, which was 
like the normal pleura, and it was diagnosed as pleural 
tissue by histopathology. This finding confirmed our 
hypothesis that there was a bridge connection between 
the parietal pleura and visceral pleura. The physiological 
variation of pleural junction might explain, at least par
tially, the unexplained local pleural adhesion.

The improved knowledge of pleural physiology can 
help the clinicians in clinical decision making, as well as 
the diagnosis and treatment of pleural disease.26 There was 
no evidence that this physiological pleural junction was 
innate or acquired. The pleurae are formed as a result of an 
intricate genetic regulation during development. The lung 
develops at about 4–6 weeks of gestation in humans.27 The 
pleural cavity is created between the 4th and 7th week of 

Table 2 Incidence of Different Symptoms of Pleural Lesions

Group A** B** C**

Number 24 29 15

Ever symptoms 17 15 3*

Notes: *P<0.05. **A: pleural adhesion with pulmonary lesions. B: pleural adhesion 
with blunt a costophrenic angle. C: localized pleural adhesion.

Figure 1 Chest X-ray examination. (A) Pleural adhesion with pulmonary lesions. (B) Pleural adhesion with a blunt costophrenic angle. (C) Localized pleural adhesion only. 
(D) CT scan shows a localized pleural adhesion.
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embryologic development, and it is lined by the splanch
nopleura and somatopleurae.28 The pulmonary pleurae are 
thin at 9–16 weeks of gestation, and a smooth lung surface 
is established largely by the thick submesothelial tissue, 
including veins and lymphatic vessels, until 26 weeks.29 

After this stage, the visceral pleurae are separated from the 

parietal pleurae. Therefore, the local undivided incidence 
of pulmonary pleura and somatic pleura is most likely to 
occur between the 6th and 26th weeks of embryologic 
development due to abnormal pleural development. 
Previous studies have shown that pleural mesothelial 
cells undergo mesothelial-mesenchymal transition and 

Figure 2 Thoracoscopic view of the pleural changes and biopsy. (A) The manly lesions were pleural thickening, uneven surfaces, and nodules on the pleura, and the 
histopathological diagnosis was adenocarcinoma. Secondary pleural lesions were pleural adhesions with obvious adhesion band formation, and biopsy demonstrated fibrinoid 
degeneration. (B) The main pleural lesions were extensive pleural congestion, swelling, and thickening, and the biopsy was diagnosed as tuberculous pleurisy. The pleural 
showed secondary lesions of extensive pleural adhesion with obvious adhesion band formation, and biopsy demonstrated fibrinoid degeneration. (C) The main pleural 
lesions were pleural masses and nodules, and the biopsy diagnosis was adenocarcinoma. It was also found that there was a junction band between the parietal pleura and 
visceral pleura. This junction band was very similar to the normal pleura. Biopsy showed fibrous tissue, mesenchymal cells, and adipose tissue. (D) Pleural adhesion caused by 
pleural diseases was a common adhesion between visceral pleura and parietal pleura, which was not smooth, fragile, and easily be broken. Unlike pleural adhesion caused by 
pleural disease, physiological pleural variation was an extension of normal pleural tissue that was easily recognized.
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migrate into the lungs.30,31 However, it is unlikely that the 
pneumopleural adhesion will be physiologically fused with 
the parietal pleura again after birth. In this study, we had 
no clear evidence that such particular pleural junction was 
congenital or postnatal. However, there was at least 
a possibility that there must be a physiological pleural 
junction, which could be the cause of the purely localized 
pleural adhesion shown in the chest radiograph.
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