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Thoracic injuries are significant causes of morbidity and mortality
in trauma patients. These injuries account for approximately 25% of
trauma-related deaths in the United States, second only to head in-
juries. Radiologic imaging plays an important role in the diagnosis
and management of blunt chest trauma. In addition to conventional
radiography, multidetector computed tomography (CT) is increas-
ingly being used, since it can quickly and accurately help diagnose a
wide variety of injuries in trauma patients. Furthermore, multiplanar
and volumetric reformatted CT images provide improved visualization
of injuries, increased understanding of trauma-related diseases, and
enhanced communication between the radiologist and the referring
clinician.
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Introduction
Injuries to the thorax are the third most common
injuries in trauma patients, next to injuries to the
head and extremities (1). Thoracic trauma has an
overall fatality rate of 10.1%, which is highest in
patients with cardiac or tracheobronchial-esoph-
ageal injuries (1). Furthermore, the presence of
thoracic injuries in the setting of multisystemic
trauma can significantly increase patient mortal-
ity. Injuries such as “flail chest,” lung contusion,
hemothorax, and pneumothorax can compli-
cate overall case management (2). More than
two-thirds of cases of blunt thoracic trauma in
developed countries are caused by motor vehicle
collisions. The remaining cases are the result of
falls or of blows from blunt objects (3). Imaging
plays an important role in the diagnosis of blunt
thoracic trauma. Conventional radiography is
typically used for the initial imaging investiga-
tion, even if computed tomography (CT) is to be
performed. Portable chest radiography can show
a tension pneumothorax, a large hemothorax,
tube and line malpositioning, and other condi-
tions that require immediate treatment. CT has
been increasingly used for trauma. Studies have
shown that CT may demonstrate significant dis-
ease (eg, thoracic aortic injury) in patients with
normal initial radiographs (4). Furthermore, CT
has been credited with changing management in
up to 20% of chest trauma patients with abnor-
mal initial radiographs (5). CT is more accurate
than radiography for the evaluation of pulmonary
contusion, thereby allowing early prediction of
respiratory compromise (6). It is also valuable in
the diagnosis of fractures of the thoracic spine,
especially at the cervicothoracic junction, which
is difficult to evaluate with conventional radiogra-
phy. In addition, CT has helped exclude thoracic
aortic injury, thereby limiting the number of
catheter aortographic examinations (7).

In this article, we discuss and illustrate a spec-
trum of abnormalities encountered in blunt tho-
racic trauma at multidetector CT with multiplanar
(two-dimensional) and volumetric (three-dimen-
sional [3D]) reformation. These abnormalities
include injuries of the pleural space (pneumotho-
rax, hemothorax), lungs (pulmonary contusion,
pulmonary laceration, traumatic lung herniation),
airways (bronchial lacerations, tracheal lacerations,
Macklin effect), esophagus, heart (pericardial in-
juries, injuries to the heart valves and chambers),
aorta and great vessels (thoracic aortic injury,
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injury to the internal mammary artery, injuries

to the aortic arch branches), diaphragm, and
chest wall (rib fracture, flail chest, fractures of the
scapula, sternal fractures, sternoclavicular disloca-
tions). It should be noted that multiple injuries
may coexist in a single patient.

Injuries of the Pleural Space

Pneumothorax
Pneumothorax, an air collection in the pleural
space, is a very common traumatic condition that
is seen in 15%-40% of all blunt chest trauma
patients (6,8,9). Pneumothoraces may be caused
by ruptured alveoli due to a sudden increase in
intrathoracic pressure or to blunt crushing force
or deceleration force to the chest, with or with-
out rib fractures. The diagnosis of pneumothorax
is usually made at chest radiography. However,
10%-50% of pneumothoraces from blunt trauma
are not visualized at chest radiography performed
in supine patients but can be seen at CT (6,9,10);
pneumothoraces seen only at CT are called “oc-
cult pneumothoraces” (Fig 1). Air in the pleural
space accumulates anteriorly and medially in su-
pine patients. As a result, a pneumothorax may be
occult on chest radiographs obtained with the pa-
tient supine, even though it may be seen on a chest
radiograph obtained with the patient upright. Even
a small occult pneumothorax may become clini-
cally symptomatic when it enlarges in patients who
are placed on positive mechanical ventilation or
undergo general anesthesia with endotracheal tube
placement. The diagnosis of an occult pneumotho-
rax on a “supine” radiograph relies on several signs,
including (a) increased lucency at the affected
lung base, (b) the “deep sulcus” sign, (¢) the
“double diaphragm” sign, and (d) better defini-
tion of mediastinal contour. With the increased
use of CT in trauma patients, pneumothoraces are
well recognized and do not present a diagnostic
difficulty. However, determining which patients
should receive treatment with chest tube drainage
does pose a clinical dilemma (10). Measuring the
distance from a collapsed lung edge to the chest
wall to estimate the amount of pneumothorax is
usually inaccurate; therefore, urgent treatment of
pneumothorax currently relies on symptoms and
physiologic responses (6) in an individual patient.
When air collects in the pleural space to the
point where the intrapleural pressure exceeds that
of the atmosphere, a tension pneumothorax oc-
curs (Fig 2). Mediastinal shift, compromised ve-
nous return to the heart, and collapse of the ipsi-
lateral lung may follow. Tension pneumothorax is
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Figure 1. Occult pneumothorax. (a) Chest radiograph shows a subtle area of increased lucency in the
left lung base with increased sharpness of the left hemidiaphragmatic contour. (b) Subsequent CT scan

helps confirm a left pneumothorax ().

Figure 2. Tension pneumothorax. (a) Chest radiograph shows a right pneumothorax. (b) CT scan shows the
right pneumothorax (white =) with leftward displacement of the heart (arrows). Black = = pulmonary contusion.

a clinical diagnosis; however, it may be suggested
at imaging when the following signs are present
in addition to the pneumothorax: (a) mediasti-
nal shift to the contralateral side, (b) flattening
or inversion of the ipsilateral hemidiaphragm,
and (¢) hyperexpanded ipsilateral chest. On the
other hand, these signs may be seen in a large
pneumothorax unaccompanied by hemodynamic
compromise. This is probably due to loss of nega-
tive intrapleural pressure on the affected side
rather than the presence of positive intrapleural
pressure impairing venous return.

Hemothorax

Hemothorax represents blood in the pleural
space, which may originate from a variety of tho-
racic injuries (eg, involving the lung, chest wall,
heart, or great vessels) or abdominal injuries
(liver and splenic injuries with diaphragmatic
rupture). Massive hemothorax is defined as a he-
mothorax exceeding 1 liter with clinical signs of
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Pulmonary contusion. Axial (a) and coronal reformatted (b) CT images show the characteristic features

of pulmonary contusion: nonsegmental patchy airspace opacities in the lung periphery (%) with thin subpleural spar-

ing (arrows in b).

shock and hypoperfusion (6). CT readily charac-
terizes pleural fluid in the setting of trauma with
determination of the attenuation value. Blood in
the pleural space typically has an attenuation of
35-70 HU. Measurement of pleural fluid attenu-
ation should be routine in the interpretation of
chest trauma CT to distinguish simple fluid from
acute blood.

Injuries of the Lungs

Pulmonary Contusion

Pulmonary contusion is the most common lung
injury from blunt chest trauma, with a prevalence
of 17%-70% (11,12). It represents traumatic
injury to the alveoli with alveolar hemorrhage,
but without significant alveolar disruption. Pul-
monary contusion occurs at the time of injury,
usually at the site of impact. Contusion in the op-
posite portion of the lung (contrecoup contusion)
may be seen. The typical imaging appearance
consists of patchy airspace opacities or consolida-
tions with ill-defined borders that are distributed
irrespective of bronchopulmonary segmental
anatomy (nonsegmental distribution). At CT,
subpleural sparing (1-2 mm of clear parenchyma
beneath the pleural surface) may be observed
(Fig 3). CT can often help detect pulmonary
contusion immediately after injury, whereas vi-
sualization at conventional radiography may not
be possible until up to 6 hours later. Resolution
of pulmonary contusion typically begins within
24-48 hours, with complete clearing in 3—-10 days
(13).The timing of the development of pulmo-
nary contusion is often helpful in determining the
cause of areas of pulmonary opacity in trauma
patients. Focal areas of pulmonary opacity ap-
pearing 24 hours or more after injury suggest
diagnoses other than contusion, including aspira-
tion, pneumonia, and fat embolism. However,

patients who have pulmonary contusion are at
increased risk for developing pneumonia and
respiratory distress syndrome.

Pulmonary Laceration

Pulmonary laceration occurs when there is a dis-
ruption (tear, laceration) of the lung parenchyma,
resulting in a cavity in the lung. Because of the
normal pulmonary elastic recoil, lung tissues
surrounding a laceration pull back from the lac-
eration itself. This results in the laceration mani-
festing at CT as a round or oval cavity, instead
of having the linear appearance typically seen in
other solid organs. The traumatic cavity may be
filled with air (traumatic pneumatocele), blood
(traumatic hematocele or pulmonary hematoma),
or both air and blood (traumatic hematopneu-
matocele) (Fig 4). Pulmonary lacerations heal
more slowly than contusion and may last up to
several months. Over time, they become increas-
ingly filled with blood and then regress. In the
acute setting, lacerations are usually surrounded
by contusion and are therefore often obscured

at conventional radiography. However, nearly

all acute lacerations can be detected with CT.
They may be single or multiple and unilocular
or multilocular in appearance. Four types of
lung laceration have been described according to
mechanism of injury, CT pattern, and location
of associated rib fractures (11). Type 1 lacera-
tion (compression rupture injury) is the most
common type of pulmonary laceration, wherein
direct compressive force results in lacerations

in a deep portion of the lung. Type 2 laceration
(compression shear injury) is caused by a severe,
sudden blow to the lower hemithorax, resulting
in a sudden shift of the lower lobes of the lungs
across the spine. These lacerations are seen in the
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Figure 4. Pulmonary lacerations. (a) Chest radiograph shows multifocal patchy airspace opacities in both lungs
with an air-fluid level in the midportion of the right lung (arrowhead), findings that represent pulmonary contusions
and a laceration, respectively. (b) CT scan reveals multiple pulmonary lacerations (large arrows) in the central por-
tion of the right upper lobe (compression rupture injury) and in the paraspinal portion of the right lower lobe (com-
pression shear injury). Small arrows indicate pulmonary contusions in the left lung.

K

.

paraspinal regions. Type 3 laceration (rib penetra-
tion tear) is located in the periphery of the lungs
where a rib has been fractured and is generally
associated with pneumothorax. Type 4 lacera-
tion (adhesion tear) is a laceration in the region

Figure 5. Traumatic lung herniation. (a) CT scan
shows the herniation of lung tissue (arrowhead) through a
fracture of the right third costochondral junction (arrow).
(b) Three-dimensional CT image clearly depicts the lung
herniation (arrowhead).

of preexisting pleuropulmonary adhesion and is
usually diagnosed at surgery or autopsy. Pulmo-
nary laceration is common in children and young
adults because they have greater flexibility of the
chest wall, resulting in a higher likelihood of lung
injury with blunt trauma.

Traumatic Lung Herniation

Traumatic lung herniation occurs when a pleura-
covered part of the lung extrudes through a
traumatic defect in the chest wall (Fig 5). This
condition is usually associated with rib frac-
tures. Because lung herniation may increase with
positive-pressure ventilation, patients may require
treatment before undergoing intubation and gen-
eral anesthesia.

Injuries of the Airways
Tracheobronchial injuries are rare in clinical
practice because most patients die before arriving
at the emergency department, from either associ-
ated injuries to vital structures, hemorrhage, ten-
sion pneumothorax, or respiratory insufficiency
from an airway injury. In clinical series, blunt
tracheobronchial trauma has been reported as ac-
counting for 0.2%-8% of all cases of blunt chest
trauma (14,15). Airway trauma with deceleration
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Figure 6. Bronchial laceration. Axial (a) and coronal reformatted (b) CT images show a tear (long
arrow) in the posterior wall of the right intermediate bronchus with an air leak into the mediastinum ()
and a small right pneumothorax. Short arrows indicate multiple pulmonary lacerations in the right lung
against a background of extensive bilateral pulmonary contusions. Note also the tubes in the right side
of the chest.

injuries may result from compression of the air-
ways between the sternum and thoracic spine,
shearing at fixation points, or elevated intratho-
racic pressure against a closed glottis. Tracheo-
bronchial injuries usually occur within 2.5 cm of
the carina.

Bronchial Lacerations

Bronchial lacerations are more common than tra-
cheal lacerations and are typically parallel to the
cartilage rings of the bronchi. Common imaging
manifestations of bronchial injuries are pneumo-
mediastinum and pneumothorax (Fig 6). The
latter occurs if an injury extends to the pleural
space. The presence of a persistent pneumotho-
rax, even with chest tube placement and suction,
should raise concern for possible bronchial injury.
When there is complete transection of a bron-
chus, the lung on the side of the bronchial injury
may fall posterolaterally away from the hilum
(“fallen lung” sign). The lung falls inferiorly if the
patient is upright and posteriorly if the patient is
supine, as would be seen on a CT scan.

Tracheal Lacerations

Tracheal lacerations are usually vertical and
longitudinal and located at the junction of the
cartilaginous and membranous portions of the
trachea. Common findings of tracheal lacera-
tions are cervical subcutaneous emphysema and

pneumomediastinum (Fig 7). In intubated
patients, overdistention or herniation of an en-
dotracheal balloon may be seen if the balloon is
at the same level as the tracheal laceration. CT
may help identify the site of tracheal laceration in
70%—-100% of cases (16,17).

If CT findings suggest an injury to the tracheo-
bronchial tree, definitive diagnosis with bronchos-
copy should be attempted to confirm the diagnosis
and to evaluate the site and extent of injury (14).
Potential complications of tracheobronchial inju-
ries include airway obstruction, pneumonia, bron-
chiectasis, abscess, and empyema.

Macklin Effect

Traumatic pneumomediastinum may have ori-
gins other than a tracheobronchial injury. The so-
called Macklin effect involves alveolar ruptures,
with air dissecting along bronchovascular sheaths
and spreading into the mediastinum (18,19). The
CT appearance of the Macklin effect is similar to
that of pulmonary interstitial emphysema. Streaks
of air along the bronchovascular bundles may be
seen, as well as mediastinal air collections. The
presence of the Macklin effect does not exclude
the possibility of tracheobronchial injuries, which
may coexist (19).

Injuries of the Esophagus
Blunt trauma to the esophagus is extremely rare,
since this structure is well protected in the me-
diastinum. Most esophageal injuries occur from
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Figure 7. Tracheal laceration. (a) Collimated chest radiograph shows pneumomediastinum (ar-
rows). (b) CT scan shows a tear (black arrow) at the right posterolateral portion of the trachea,

along with pneumomediastinum (white arrows).

Figure 8. Blunt cardiac injury. CT scan shows a
traumatic hemopericardium (arrowheads). The diagno-
sis of blunt cardiac injury was confirmed on the basis
of abnormal electrocardiographic findings, elevated
cardiac enzyme levels, and echocardiographic findings.

penetrating trauma. However, blunt esophageal
injuries may result from a blow to the neck or a
burst-type force (20). A blow to the neck typically
results in cervical esophageal injuries, whereas a
burst-type force may cause distal esophageal in-
juries (14,21).The latter mechanism is similar to
that which causes a postemetic esophageal rup-
ture. Distal esophageal tears usually occur along
the left side of the esophageal wall, where less

protection is afforded by the pleural lining and
the heart. These tears are often associated with
clinical symptoms, such as blood in the esopha-
gus or odynophagia. CT findings may suggest
the diagnosis of traumatic esophageal perfora-
tion (eg, the presence of pneumomediastinum,
mediastinitis, hydropneumothorax, or leakage
of orally administered contrast material into the
mediastinum or pleural space). Water-soluble
contrast esophagography, followed by flexible
esophagoscopy, may be required to evaluate the
site of injury.

Injuries of the Heart
Injuries of the heart usually result from motor
vehicle collisions. Blunt cardiac injuries may
range from contusion to frank rupture of the
heart. Cardiac injury is among the most lethal
injuries in thoracic trauma patients (1). How-
ever, patients with myocardial contusions, peri-
cardial tears, injuries to the valves, or small tears
in low-pressure cavities may survive their inju-
ries to reach an emergency center. The diagnosis
of blunt cardiac injury relies on a high degree of
clinical suspicion. The patient may have abnor-
mal electrocardiographic findings and elevated
cardiac enzyme levels (22). Imaging manifesta-
tions of blunt cardiac injury include hemoperi-
cardium (Fig 8), contrast material extravasation
into the pericardial sac or mediastinum, pneu-
mopericardium (Fig 9), displacement of the
heart due to cardiac herniation, and abnormal
bowel gas in the chest due to diaphragmatic
pericardial tear.
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Pericardial Injuries

Pericardial injuries are usually due to a direct
blow to the chest or an indirect force from in-
creased intraabdominal pressure. A tear may

be as small as a few millimeters or may extend
the entire length of the pericardium. A larger
tear may be accompanied by cardiac herniation,
which may result in cardiac dysfunction and
death. The most common site of pericardial in-
jury is the left side of the pericardium parallel to
the phrenic nerve, followed by the diaphragmatic
surface of the pericardium (23,24).

Injuries to the Heart
Valves and Chambers
Injuries to the heart valves and chambers typi-

cally occur in patients with preexisting cardiac dis-

eases who suffer traumatic events. These injuries

account for approximately 9% of all blunt cardiac

injuries. Injuries to the right-sided chambers are
more common than left-sided injuries. The aor-
tic, mitral, and tricuspid valves (in descending
order of frequency) may be involved (24).

Injuries of the
Aorta and Great Vessels

Thoracic Aortic Injury

Thoracic aortic injury is usually fatal. It accounts
for 10%—-15% of deaths following motor vehicle
collisions in the United States (25). Between
85% and 90% of patients die before reaching the
hospital, and approximately 50% of those who
initially survive may die within 1 week without
appropriate treatment (26). The most common
cause of thoracic aortic injuries is a motor ve-
hicle collision, with falls and pedestrian injuries
being much less common causes (27). Rapid
deceleration results in an intimal tear of the
thoracic aorta, which can extend to become a
full-thickness aortic wall injury. Thoracic aortic
injuries typically occur at the sites of aortic at-
tachments, including (in descending order of fre-
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Figure 9. Blunt cardiac injury. Axial (a) and
coronal reformatted (b) CT images show a peri-
cardial laceration (arrow in b) with pneumoperi-
cardium (arrows in a) resulting from extension of
a left pneumothorax () into the pericardial space.

quency) the proximal descending aorta (Fig 10),
aortic arch, aortic root, and distal descending
aorta at the aortic hiatus (Fig 11). A periaortic
hematoma typically accompanies thoracic aortic
injury and is believed to represent bleeding from
small veins in the area or from the vasa vasorum
of the aorta itself. A periaortic hematoma may
be seen at chest radiography as a mediastinal
abnormality such as mediastinal widening, blur-
ring of the aortic contour, or thickening of the
paratracheal stripe. The presence of a mediastinal
abnormality at chest radiography has a diagnos-
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Figure 10. Traumatic pseudoan-
eurysm of the proximal descending
thoracic aorta. Axial (a) and 3D (b)
CT images show an aortic pseudoan-
eurysm (arrow) distal to the origin of
the left subclavian artery, with a peri-
aortic hematoma (arrowheads in a).

Figure 11. Distal descending thoracic aortic injury. Axial (a) and coronal reformatted (b) CT images show
an intimal flap (arrow) in the descending aorta at the level of the aortic hiatus, a finding that is consistent with
thoracic aortic injury. Periaortic and retrocrural hematoma (arrowheads in a) is also observed.

tic sensitivity of 90%-95% for a thoracic aortic
injury, but a specificity of only 5%-10% (26). On
rare occasions, aortic injuries are accompanied
by only minimal (or no) periaortic hemorrhage.
Therefore, conventional radiography may dem-
onstrate no mediastinal abnormality, leading to

false-negative radiographic findings for possible
aortic injury. CT not only allows direct visu-
alization of periaortic hematoma but also can
show the actual aortic injuries, including aortic
pseudoaneurysm, changes in aortic contour or di-
ameter, intimal flap and thrombus, and contrast
material extravasation. Multiplanar and volumet-
ric reformation is useful in determining the dis-
tance of the injury from the aortic arch branches,
the length of the injury, the diameter of the aorta
above and below the injury, the type of vascu-

lar disease, and coexisting anatomic anomalies
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Figure 12. Internal mammary artery injury.
(a) Chest radiograph shows a prominent right
cardiac border (arrows), an enlarged cardiac
silhouette, and bilateral hemothoraces. (b) CT
scan shows a hematoma in the anterior medi-
astinum (white arrows) with active extravasa-
tion (black arrows). (c) Catheter angiogram
shows an active hemorrhage (arrow) from a
branch of the right internal mammary artery.

RadioGraphics
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Figure 13. Subclavian artery injury. (a) CT scan shows
intimal irregularity of the left subclavian artery (arrow)
with a surrounding hematoma (x). (b, ¢) Maximum-inten-
sity-projection (b) and 3D (¢) CT images show the extent
of arterial injury (arrows).
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(7,28). Many modern 16- and 64-section multi-
detector CT scanners are equipped with cardiac
gating capability. This option permits more ac-
curate evaluation of ascending aortic injury, es-
pecially in patients with tachycardia and marked
aortic pulsatile motion. The current problem with
routine cardiac gating in cases of chest trauma
is the “band artifact” in patients with a pulse
rate over 80, which distorts findings on multi-
planar and volumetric reformatted images. Con-
sequently, most centers perform routine chest
trauma CT without cardiac gating. However, in
patients with ascending aortic pulsatile motion,
a second cardiac-gated study can be performed
with the intravenous administration of 60 mL of
contrast material. The axial scans are excellent
for ruling out ascending aortic injury. The mul-
tiplanar and volumetric reformatted images are
prepared from an initial nongated examination.
The precise characterization of injury is crucial
for determining optimal treatment for thoracic
aortic injury, since options involving blood pres-
sure control and stent placement are becoming
widely accepted (28).

Injury to the Internal Mammary Artery
Another potential (albeit uncommon) cause of
active mediastinal hemorrhage is injury to the
internal mammary artery. Mediastinal hematoma
may be obscured at conventional radiography
but can be detected at CT. The injury may be life
threatening due to ongoing blood loss and can
compress the right ventricle, resulting in impaired
ventricular filling. Evidence of active bleeding

is suggested by contrast material extravasation,
which typically has an attenuation value close to
that of an adjacent artery (Fig 12) (29).

Injuries to the Aortic Arch Branches
Injuries to the aortic arch branches include trau-
matic occlusion, dissection, pseudoaneurysm, and
contrast material extravasation. They usually result
from sudden neck extension or shoulder trac-

tion, leading to stretching of the aortic branches.
Injuries to the common carotid artery may cause
neurologic deficit, including stroke. In patients
with thoracic aortic injury, identification of injuries
to other branches is important, since it may alter
the surgical approach. For surgical repair of an iso-
lated thoracic aortic injury, surgeons typically use
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posterolateral thoracotomy; in combined injuries,
median sternotomy may be preferred (30). The
presence of periarterial hematoma in the superior
mediastinum or lower cervical region is an impor-
tant indirect sign of possible brachiocephalic or
subclavian artery injury (Fig 13).

Injuries of the Diaphragm
Blunt injuries to the diaphragm are uncommon,
with a prevalence of 0.16%—5% in blunt trauma
patients (31,32). Injuries are caused by a sudden
increase in intraabdominal or intrathoracic pres-
sure against a fixed diaphragm. The tears are typi-
cally large and involve the posterolateral surface of
the hemidiaphragm at the site of previous embry-
onic diaphragmatic fusion. Injuries may occur at
the central portion of the diaphragm or at the site
of diaphragmatic attachments. The right hemidi-
aphragm is less frequently injured than the left,
which may be explained by the greater strength
of the right hemidiaphragm and the protective ef-
fect of the liver (31-33). Injuries to the diaphragm
pose a risk of visceral organ herniation through
the defect, which can occur acutely at the time
of injury or be delayed. Visceral organ herniation
may result in organ incarceration, strangulation,
or perforation. The type of herniated contents de-
pends on the size and location of the injury. The
liver, small bowel, or large bowel may herniate
through a right-sided diaphragmatic defect; the
stomach, small bowel, large bowel, or spleen may
herniate through a left-sided defect. Rare locations
of traumatic diaphragmatic herniation include the
pericardium and the esophageal hiatus. Imaging
manifestations of diaphragmatic injury depend on
the side of injury (left or right hemidiaphragm),
the presence of herniated abdominal viscera, and
concomitant pleural or pulmonary injuries. Con-
ventional radiographic findings may suggest the di-
agnosis of blunt diaphragmatic injuries with a high
specificity when there is herniation of a hollow vis-
cus into the thorax. Other findings include upward
extension of a nasogastric tube tip above the left
hemidiaphragm, elevation of the involved hemidia-
phragm, and loss of diaphragmatic contour. Multi-
detector CT with coronal and sagittal reformation
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Figure 14. Diaphragmatic injury. (a) Chest
radiograph shows marked elevation of the left
hemidiaphragm. (b, ¢) Coronal (b) and sagit-
tal (c) reformatted CT images reveal a large
left diaphragmatic defect (arrows) with hernia-

tion of the stomach (x) into the thorax.

can show even a small diaphragmatic discontinuity
and help identify any herniated viscera (Fig 14).
Other CT signs of diaphragmatic injury include
the “collar” sign, the “dependent viscera” sign,
diaphragmatic thickening, and peridiaphragmatic
contrast material extravasation. The collar sign is
produced by a waistlike constriction of herniated
viscera at the site of herniation. The dependent
viscera sign (34) results from the abdominal vis-
cera falling dependently against the posterior chest
wall through the diaphragmatic tear. Injuries to

the diaphragm are commonly accompanied by
hemothorax and hemoperitoneum. Blood on both
sides of the diaphragm without obvious intraab-
dominal injury should raise suspicion for possible
diaphragmatic injury. CT has an overall sensitivity
in the diagnosis of blunt diaphragmatic rupture

of 70%—-100%, with a greater sensitivity for left-
sided injuries, and a specificity of 75%-100%
(31,32,35). Limitations of single-section helical
CT can be overcome with multidetector CT per-
formed with thin-section collimation and section
overlap to produce high-resolution coronal and
sagittal reformatted images. This allows better vi-
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sualization of the diaphragm and differentiation of
the diaphragm from adjacent soft tissues.

Injuries of the Chest Wall
Blunt injuries of the chest wall are very common
in clinical practice, resulting from motor vehicle
collisions, falls, and blows from blunt objects.
The spectrum of injuries includes chest wall con-
tusion, hematoma in the chest wall or extrapleu-
ral space, and fractures.

Rib Fracture

The most common skeletal injury in blunt chest
trauma is rib fracture, which occurs in approxi-
mately 50% of patients. Simple rib fractures are
usually not significant in isolation and are rarely
life threatening. However, multiple or bilateral
rib fractures may indicate more severe thoracic
injury, which may result in increased morbidity
and mortality (6,36). Rib fractures may serve as
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Figure 15. Rib fractures and flail chest. (a) CT scan
shows a displaced left posterior rib fracture (arrow) with

a subpleural hematoma (arrowheads). (b) Three-dimen-
sional CT image (left posterior oblique projection) ob-
tained in a different patient shows multiple displaced frac-
tures of three contiguous ribs. Each rib has both a poste-
rolateral fracture (white arrows) and a posterior fracture
(black arrows), which together produce a flail segment.

an external manifestation of possible coexisting
thoracic or abdominal injuries (36). Fractures of
the first through third ribs are considered to be
high-energy trauma because these ribs are well
protected by the scapulae, clavicles, and muscula-
ture. These fractures may be associated with bra-
chial plexus injury or subclavian vascular injuries.
Fractures of the lower three ribs may be associ-
ated with liver, spleen, and kidney injuries and,
less frequently, with lung injuries. In elderly per-
sons, rib fractures can be a significant source of
pain and splinting. Limited respiratory movement
may lead to an increased prevalence of atelectasis
and subsequent pneumonia, which may increase
morbidity and mortality (37). Chest radiography
is routinely used to assist in the diagnosis of rib
fractures, even though it has limited sensitivity.
Rib radiography can provide superior visualiza-
tion of the ribs and rib fractures. CT is the most
sensitive technique for imaging rib fractures,
since it can help determine the site and number
of fractures and, more important, provide infor-
mation regarding any associated injuries.

Flail Chest

Flail chest is a traumatic condition in which
there are three or more contiguous ribs with
fractures in two or more places. Fractures usually
occur in the anterior and anterolateral portions
of the middle to lower ribs. These fractures create
a flail segment (Fig 15) that can move paradoxi-
cally relative to the remainder of the chest during
respiration in a spontaneously ventilating patient.
Although imaging can show fractures, it is the
clinical examination that will demonstrate para-
doxic motion. Flail chest serves as a marker for
significant intrathoracic injury, since more than
one-half of affected patients may have associated
injuries requiring surgical treatment (38). These
patients often require mechanical ventilation for
prolonged periods (39).
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Figure 16. Sternal fractures. (a) Axial CT scan (soft-tissue window) shows a sagittally oriented
fracture of the manubrium (arrow) with a retrosternal hematoma (arrowheads). (b) Sagittal refor-
matted CT image (soft-tissue window) obtained in a different patient reveals a transverse fracture
of the body of the sternum (arrow) with a retrosternal hematoma (arrowheads). The latter finding
is more difficult to appreciate on axial scans.

Figure 17. Posterior sternoclavicular dislocation.
Axial (a) and 3D (b, ¢) CT images demonstrate a
posterior dislocation of the left clavicular head (ar-
row) relative to the manubrium.

Fractures of the Scapula

Fractures of the scapula are uncommon, account-
ing for 3%—-5% of all shoulder girdle fractures (40)
and occurring in 3.7% of patients with multiple
injuries (41). Significant force may be required

to fracture a scapula, whether a direct blow to

the scapula or an indirect axial force transmitted
through the humerus. Scapular fractures com-
monly occur in motor vehicle collisions and in falls
from great heights. They are associated with other
injuries—including pneumothorax, hemotho-

rax, pulmonary injuries, and spinal injuries—in

35%-98% of cases (40,42). Most fractures involve
the body and neck of the scapula, although they
may also involve the glenoid, coracoid, or acro-
mion process. The majority of scapular fractures
are treated conservatively, with nonunion occur-
ring only rarely. Exceptions include displaced
glenoid intraarticular fractures and displaced
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juxtaarticular fractures, which typically require
surgical management (40,43). Scapular fractures
may be overlooked at initial clinical evaluation due
to more severe coexisting injuries. Also, the scap-
ula may not be easily visualized at routine chest
trauma radiography. Multiple radiographic views
of the scapula can provide information regarding
fracture sites, involvement, and displacement. CT
with multiplanar and volumetric reformation can
provide additional information regarding intraar-
ticular extension of the fractures.

Sternal Fractures

Sternal fractures may result from deceleration
injuries or direct blows to the anterior chest wall.
Fractures commonly involve the sternal body and
the manubrium. Although sternal fractures have
been viewed as a marker for high-energy trauma
(6,44), a simple sternal fracture may occur as an
isolated injury (45). However, displaced sternal
fractures and those with associated manubrio-
sternal joint disruption frequently occur with
thoracic, cardiac (46), and spinal (47) injuries.
Sternal fractures are best demonstrated at CT on
multiplanar reformatted images, especially sagit-
tal images. On occasion, a fracture line may be
difficult to detect at axial CT, and the clue to the
diagnosis may be the presence of anterior medi-
astinal hemorrhage (Fig 16).

Sternoclavicular Dislocations
Sternoclavicular dislocations may be either ante-
rior or posterior. Posterior dislocations are more
serious, since they may cause injuries to the me-
diastinal blood vessels, trachea, and esophagus
(48,49). They typically result from a posterior
blow to the shoulder or a blow to the medial clav-
icle, resulting in a posteriorly displaced clavicular
head relative to the manubrium (Fig 17). Poste-
rior sternoclavicular dislocations may be subtle
or not visualized at conventional radiography.
Therefore, when there is a clinical suspicion for
this entity, CT with intravenous contrast mate-
rial administration can be used to confirm the
diagnosis and evaluate for possible associated
vascular injury. Anterior sternoclavicular disloca-
tions usually result from an anterior blow to the
shoulder. They are typically evident on palpation
because the head of the clavicle is dislocated and
protrudes anteriorly. Anterior dislocations are
more common than posterior dislocations. In ad-
dition, they typically have a more benign course,
and conservative treatments are usually justified.
However, they may result in chronic pain, ankylo-
sis, and deformity (50).
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Conclusions
Multidetector CT can quickly and accurately
help diagnose a variety of thoracic injuries in
trauma patients. These injuries can be clearly
displayed with multiplanar and volumetric
reformation.
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CT readily characterizes pleural fluid in the setting of trauma with determination of the attenuation
value. Blood in the pleural space typically has an attenuation of 35--70 HU. Measurement of pleural
fluid attenuation should be routine in the interpretation of chest trauma CT to distinguish simple
fluid from acute blood.
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The timing of the development of pulmonary contusion is often helpful in determining the cause of
areas of pulmonary opacity in trauma patients. Focal areas of pulmonary opacity appearing 24 hours
or more after injury suggest diagnoses other than contusion, including aspiration, pneumonia, and fat
embolism.
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Common imaging manifestations of bronchial injuries are pneumomediastinum and pneumothorax.
The latter occurs if an injury extends to the pleural space. The presence of a persistent
pneumothorax, even with chest tube placement and suction, should raise concern for possible
bronchial injury.
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The diagnosis of blunt cardiac injury relies on a high degree of clinical suspicion. The patient may
have abnormal electrocardiographic findings and elevated cardiac enzyme levels. Imaging
manifestations of blunt cardiac injury include hemopericardium, contrast material extravasation into
the pericardial sac or mediastinum, pneumopericardium, displacement of the heart due to cardiac
herniation, and abnormal bowel gas in the chest due to diaphragmatic pericardial tear.
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CT not only allows direct visualization of periaortic hematoma but also can show the actual aortic
injuries, including aortic pseudoaneurysm, changes in aortic contour or diameter, intimal flap and
thrombus, and contrast material extravasation. Multiplanar and volumetric reformation is useful in
determining the distance of the injury from the aortic arch branches, the length of the injury, the
diameter of the aorta above and below the injury, the type of vascular disease, and coexisting
anatomic anomalies.





