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Abstract: Most pneumothoraces are demonstrated on fully inspired erect posteroanterior (PA) 

chest X-ray (CXR). Expiratory films may have a role in the clinical management of patients 

with a small respiratory reserve in whom pneumothorax is suspected and not demonstrated on 

the inspiratory film. PA CXR can be used for the diagnosis of spontaneous and  nonspontaneous 

pneumothoraces. When digital radiography is used, for most authors, a 2.5-lp/mm spatial 

 resolution is satisfactory to detect a pneumothorax.
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Introduction
A pneumothorax is defined as the presence of gas or air from any source in the pleural 

cavity. The early and accurate diagnosis of pneumothorax is essential in preventing 

respiratory compromise and potential death. Most pneumothoraces are demonstrated 

on fully inspired erect posteroanterior (PA) chest X-ray (CXR). The radiographic 

diagnosis of a pneumothorax on a PA CXR relies on identification of a visceral pleural 

line separated from the parietal pleura by a radiolucent airspace. Pulmonary vessels 

are followed to the visceral pleural line, but not beyond.1 In this review, we discuss the 

methods, usage, and resolution of PA CXR in the diagnosis of pneumothorax.

Methods
In CXR, the most common views are PA, anteroposterior (AP), and lateral. In a PA view, 

the X-ray source is positioned so that X-rays enter through the posterior (back) aspect 

of the chest and exit out of the anterior (front) aspect where they are detected. This view 

is done with the subject’s chest up against the film holder or detector plate. The X-ray 

tube is behind the patient, and X-ray beam passes in from the back and exits out from 

the front of the chest. In AP views, the positions of the X-ray source and detector are 

reversed; X-rays enter through the anterior aspect and exit through the posterior aspect 

of the chest. AP CXR are harder to interpret than PA X-rays and are, therefore, generally 

reserved for situations where it is difficult for the patient to obtain a normal CXR such 

as when the patient cannot get out of bed. In this situation, mobile X-ray equipment is 

used to obtain a lying down CXR (known as a “supine film”). As a result, most supine 

films are also AP. For interpretative purposes, the main difference is that the heart will 

be more magnified on the AP projection. Also, small pneumothoraces will go to the 

anterior pleural surface and will easily be missed. Lateral views of the chest are obtained 

in a similar fashion as the PA views; except that in the lateral view, the patient stands 

with the left arm raised and the left side of the chest pressed against a flat surface.2 
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In the lateral view, because of the lack of composite shadows, 

small volumes of free air are readily demonstrated parallel to 

the chest wall, with sensitivities similar to those of computed 

tomography (CT).3

If there is diagnostic doubt as to the presence of a 

pneumothorax, an expiratory or lateral decubitus film could 

be taken. The rationale to request an expiratory CXR is that 

the volume of air in the pleural cavity is relatively greater in 

relation to the volume of lung so that the pleural separation 

renders the visceral surface more clearly visible.4 Decubitus 

radiography performed with the suspected side nondependent 

is usually reserved for patients who cannot undergo radiog-

raphy in the erect position. In the lateral decubitus position, 

because of the lack of composite shadows, small volumes of 

free air are readily demonstrated parallel to the chest wall.3 

However, in a study that compared the detectability of pneu-

mothorax on expiratory, upright CXR with that on expiratory, 

lateral decubitus CXR obtained with the suspected side up, 

the authors found that radiologists detect pneumothorax 

more frequently on standard expiratory, upright CXR than 

on expiratory, decubitus CXR.5

Some authors have suggested that an expiratory CXR is 

more sensitive than an inspiratory CXR although based on no 

well-controlled studies.1,4 However, other  studies have ques-

tioned the routine use of expiratory CXR since they double 

the cost of the investigation and the radiation dose and may 

give no further information than an inspiratory film alone. 

Less than 4% of pneumothoraces were not seen on inspiratory 

chest radiographs.6–8 On the other hand, expiratory CXR alone 

hinder interpretation of the remainder of the chest, creating 

false-positive opacities. Expiratory films may have a role in 

the clinical management of patients with a small respiratory 

reserve in whom a pneumothorax is suspected and not dem-

onstrated on the inspiratory film.6

It is well known that size of pneumothorax is an important 

determinant of treatment. For the British Thoracic Society, a 

“small” is, therefore, regarded as a pneumothorax of less than 

2 cm and “large” as a pneumothorax of greater than 2 cm.9 

The American College of Chest Physicians consider small 

pneumothoraces are those with less than 3-cm apex-to-cupola 

distance and large pneumothoraces are those with greater than 

or equal to 3-cm apex-to-cupola distance.10 The gold standard 

for determining the size of a pneumothorax is CT volume 

measurements.11 The most commonly used objective method 

for estimating pneumothorax size is the Rhea method.12 This 

method uses the average of the interpleural distances, which 

is obtained from three linear measurements: at the maximum 

apical interpleural distance, midpoint of the upper half of the 

lung, and midpoint of the lower half of the lung on an erect PA 

CXR to estimate pneumothorax size in percent using a nomo-

gram.12 In a study that has compared the Rhea method with 

CT-derived Collins method,13 the Rhea method was acceptably 

accurate for smaller  pneumothoraces but may significantly 

underestimate the size of larger pneumothoraces.14

Conventional imaging has been undergoing a transition 

to the digital imaging because of the lower exposure dosage 

and the advantages in terms of image processing, transfer, 

and storage. A key feature of digital imaging is the inherent 

separation of image acquisition and display. Digitally acquired 

images can be processed in order to correct accidental over-

exposure or underexposure, or to enhance diagnostically 

relevant information before display.15 Digital imaging can 

be divided into two categories: computed radiography (CR) 

and digital radiography (DR). CR uses a photostimulable 

storage  phosphor that stores the latent image with subsequent 

 processing using a stimulating laser beam and can be easily 

adapted to a cassette-based system analogous to that used 

in screen-film radiography. DR is used to describe a digital 

X-ray imaging system that reads the transmitted X-ray signal 

immediately after exposure with the detector in place.16

Although most pneumothoraces are diagnosed on CXR, 

CT remains the gold standard for the diagnosis of pneumotho-

rax. CT scanning is more sensitive than a CXR at detecting 

pneumothorax, with 25%–40% of postbiopsy pneumotho-

races noted on CT not detectable on a CXR.17 However, CT 

scanning is generally not necessary unless abnormalities 

are noted on the plain chest radiograph that requires further 

evaluation or aberrant chest tube placement is suspected.9 

High-resolution CT may also be helpful when underlying 

parenchymal lung disease is suspected but not clearly identi-

fied by a chest radiograph.9,18 One of the main indications for 

CT is to distinguish an emphysematous bulla from a pneu-

mothorax, which can be difficult on standard radiographs. 

In patients with severe emphysema, the pleural line may be 

difficult to visualize because the lung appears hyperlucent, 

resulting in minimal difference in the radiodensity of the lung 

and the pneumothorax. In general, the pleural line associated 

with a pneumothorax is convex relative to the lateral chest 

wall, whereas the pleural line associated with a large bulla is 

usually concave relative to the lateral chest wall.19

CT often detects pneumothoraces that were not diagnosed 

on chest radiograph, which are called occult pneumothoraces. 

The incidence of occult pneumothoraces is approximately 

5% in trauma patients, but reaches 15% among patients 

undergoing CT.20–22 CT scanning provides greater sensitivity 

than CXR in diagnosing small pneumothoraces in patients 
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with trauma.23,24 In the intensive care unit, approximately 

30%–50% of pneumothoraces can be missed on a supine 

film.21,25 The importance of detection of a small pneumotho-

rax is that, although they can be treated conservatively, some 

patients may experience progression of pneumothorax under 

positive pressure ventilation.26 CT guidance may also be used 

for drainage of loculated pneumothoraces.25

Radiographic signs  
of pneumothorax
The radiographic appearance of pneumothorax depends on the 

radiographic projection, the patient’s position, and the presence 

or absence of pleural adhesion and subsequent loculation.27

In the upright patient, air increases in the pleural space and 

separates the lung from the chest wall, allowing the visceral 

pleural line to become visible as a thin curvilinear opacity 

between vessel-containing lung and the avascular pneumotho-

rax space. The pleural line remains fairly parallel to the chest 

wall. Figures 1 and 2 show examples of pneumothoraces. 

Curvilinear shadows projected over the lung apex that may 

mimic the visible visceral pleural line of a pneumothorax 

include vascular lines, tubes, clothing, bedding, hair, scapulae, 

skin folds, and the walls of bullae and cavities. Cysts, bullae, 

and cavities usually have inner margins that are concave to 

the chest wall rather than convex.27

In the supine patient, the highest part of the chest 

 cavity lies anteriorly or anteromedially at the base near the 

 diaphragm, and free pleural air increases to this region. If 

the  pneumothorax is small or moderate in size, the lung is 

not separated from the chest wall laterally or at the apex and, 

therefore, the pneumothorax may not be appreciated. Radio-

logic signs of a large tension pneumothorax include contral-

ateral displacement of the mediastinum, inferior displacement 

of the diaphragm, hyperlucent hemithorax, and ipsilateral 

collapse of the lung. Signs of pneumothorax in a supine patient 

include relatively increased lucency of the involved hemitho-

rax; increased sharpness of the adjacent mediastinal margin 

and diaphragm; deep, sometimes tongue like, costophrenic 

sulcus; visualization of the anterior costophrenic sulcus; 

increased sharpness of the cardiac borders; visualization of 

the inferior edge of the collapsed lung above the diaphragm; 

and depression of the ipsilateral hemidiaphragm.27

Usage
PA CXR can be used for the diagnosis of  spontaneous and non-

spontaneous pneumothoraces. Spontaneous pneumothorax, 

which occurs without an obvious precipitating event, can 

be divided into primary spontaneous  pneumothorax (PSP) 

and secondary spontaneous  pneumothorax (SSP). PSP 

occurs in patients without pre-existing  clinically apparent 

lung disease, whereas SSP is found in those with underlying 

lung disease such as chronic obstructive pulmonary disease. 

Nonspontaneous pneumothorax can be  subdivided into 

iatrogenic and noniatrogenic traumatic cases.  Noniatrogenic 

pneumothoraces usually result from trauma, whereas iatrogenic 

pneumothoraces result from medical interventions.10 Chest CT 

scans are not routinely indicated in patients with PSP since 

there is no close correlation between the presence of subpleural 

blebs and the recurrence of pneumothorax.28,29

Figure 1 A thin line caused by the visceral pleura is seen separated from the lateral 
chest wall (arrows). Notice that no pulmonary vessels are seen beyond this line and 
that the line is curved.

Figure 2 On a posteroanterior chest X-ray, the right hemithorax is very dark or 
lucent because the right lung has collapsed almost completely.
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In patients with penetrating trauma, the frequency of 

occult pneumothoraces is approximately 17%, which may be 

reduced by using upright chest radiography.30 Although erect 

chest radiography is superior to supine chest  radiography for 

detecting pneumothoraces (sensitivities of 92% and 50%, 

respectively), it is not possible to attain upright views in all 

patients with blunt or even penetrating trauma23,31 because 

of competing concerns, such as cervical spine precautions, 

hemodynamic instability, immobilization of orthopedic 

 injuries, ongoing resuscitation, and decreased level of 

consciousness.32 CT is the best choice for diagnosing pneu-

mothorax in the supine trauma patient.11

The clinical utility of a PA CXR after thoracocentesis 

has been evaluated in some studies. In a prospective cohort 

study, conducted in a tertiary care teaching hospital, patients 

clinically stable, who have not previously received chest 

irradiation, had only one pass at thoracocentesis attempted 

without the aspiration of any air, and no operator suspi-

cion of pneumothorax have a low risk for pneumothorax 

(approximately 1%) with minimal consequences to justify 

the avoidance of about 60% of chest radiographies obtained 

after thoracocentesis.33 In other study, retrospective and in an 

outpatient setting, it was identified that postthoracocentesis 

CXR should be limited to patients with symptoms indicative 

of thoracocentesis-induced pneumothorax.34

Transthoracic sonography (TS) has been used as a diagnostic 

tool in pneumothorax and hydropneumothorax.35–37 In a study for 

detection of pneumothorax after transthoracic sonographically 

guided lung biopsy,38 TS was as effective as PA CXR. How-

ever, TS is not considered a reliable tool for estimating the size 

of pneumothorax.32,39 Despite the high sensitivity,  specificity, 

and accuracy of TS, PA CXR may still be useful to assess 

pneumothorax extension and when any discrepancy between 

TS results and clinical presentation exists.40 In trauma settings, 

TS is more sensitive than supine CXR and as sensitive as CT 

in the diagnosis of traumatic pneumothorax.32,41

Central venous cannulation is used in various hospital 

wards, in critically ill patients, to administer chemotherapy, 

hemodialysis, or total parenteral nutrition. Complications 

occur in more than 15% of central venous catheter (CVC) 

insertions.42 Incidence of pneumothorax has been reported 

to range from 1.3% to 1.6%.43,44 Postprocedure CXR is 

used to document correct catheter placement and to detect 

complications such as pneumothorax. Some authors have 

recommended that CXR be obtained routinely after CVC 

placement.45 Recently, several studies in adult population 

have concluded that postprocedural chest radiographs after 

guided insertion of CVC are unnecessary except if there are 

clinical indications.46–50 In a retrospective study in children, 

authors have found that after percutaneous fluoroscopically 

guided CVC insertions and in the absence of clinical indica-

tions, the use of routine postprocedural radiographs cannot 

be justified and are not cost effective.51

CXR is usually requested routinely after flexible bron-

choscopy (FB) with transbronchial biopsy (TBB) to exclude 

pneumothorax, which can occur in 1%–6% of cases.52–55 

However, in a retrospective study, 207 FB procedures were 

reviewed, and the authors concluded that postbronchoscopic 

CXR rarely provides clinically useful information or detects 

a complication that is not suspected clinically.55 In other ret-

rospective study, the authors found that the combination of 

chest pain and the appearance of lung collapse on pre-CXR 

fluoroscopy is indicative of post-TBB pneumothorax, and 

the absence of both effectively rules out pneumothorax.54 

A recent, large prospective study corroborates the findings 

of these previous studies, concluding that routine CXR after 

FB with fluoroscopically guided TBB is necessary only in 

patients with symptoms suggestive of pneumothorax.56

Resolution
Pneumothorax is one of the most difficult entities to diagnose 

using digitized radiography with lower resolutions like 1.25 

line pairs per millimeter (lp/mm). The images with finer reso-

lution (2.5 lp/mm) and unsharp mask images were superior to 

those with coarser resolution (1.25 lp/mm) for the diagnosis 

of pneumothorax.57 Nowadays, for most authors, a 2.5-lp/mm 

spatial resolution is satisfactory to detect a pneumothorax.

In a study developed to compare the performance of 

observers using conventional radiographs, digitized radio-

graphs (printed on laser film), and digitized radiographs 

(2,048 × 2,048 × 12 bits) displayed on a high-resolution 

(2,560 × 2,048 × 12 bits) gray-scale display, detectable dif-

ferences were seen even at 2,048 × 2,048 × 12 bits for the 

detection of pneumothorax.58 In a multiobserver study, a 

significant reduction was shown in observer performance 

for the detection of pneumothorax when laser-printed radio-

graphs or a high-resolution workstation were used rather than 

conventional radiographs.59

In a receiver operating characteristic (ROC) study, 

observer performance with digital radiographs obtained with 

high resolution (4 K × 5 K), displayed on the workstation, 

was found to be significantly lower for abnormalities that 

contained high-frequency and low-contrast information like 

pneumothorax.60 Another ROC study suggested that 2 K mode 

(standard) may be sufficient for the detection of abnormalities 

on CXR compared with 4 K mode (high quality).61
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In order to examine the combined effects of image 

 resolution and display luminance on observer performance, 

a total of 529 PA CXR were displayed on a specially 

constructed view box at three luminance levels and three 

resolutions (100-µm, 200-µm, and 400-µm pixels). Only 

the detection of pneumothorax was significantly affected 

(P , 0.05) at the lowest (400 µm) resolution level.62

Imaging interpretation using high-resolution cathode-

ray tube (CRT) monitors is at least as accurate as hard-copy 

interpretation.63,64 Active matrix liquid-crystal display (LCD) 

monitors have excellent spatial resolution, high uniformity, 

relative absence of degradation of monitor quality over time, 

virtual elimination of veiling glare, lack of a peripheral 

image distortion, and reduction of reflection associated with 

ambient light.65–67 In a retrospective study,68 the observer 

performance on CXR with 5-megapixel resolution LCD and 

5-megapixel CRT monitors showed no significant statistical 

differences for detecting pneumothorax even under bright, 

ambient light conditions that simulated reading conditions of 

the clinical wards, emergency room, and intensive care unit. 

However, in this study, the detection performance was based 

on radiologists, not on internists or surgeons. In addition, 

approximately 70% of pneumothoraces had extents greater 

than 10% of the involved hemithorax; this large proportion 

might have obscured small but existing performance differ-

ences between LCD and CRT monitors.

Disclosure
The authors report no conflicts of interest in this work.
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