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INTRODUCTION

Chest wall trauma is common. Approximately half
a million patients presented to emergency depart-
ments in the United States in 2013 with an injury to
their bony thorax, and about 200,000 of those
were hospitalized.1 Reported morbidity and mor-
tality rates after chest wall injury vary widely, but
clearly increase with age and number of rib frac-
tures.2–5 Flail chest, generally defined as three or
more ribs fractured in two or more places, carries
an even higher risk of mortality,6 and many pa-
tients who sustain flail chest suffer from long-
term pain, disability, and inability to maintain
employment.7–10 Patients with flail chest often
have significant pulmonary contusion, which
further contributes to short- and long-term
morbidity and mortality.11,12 Although many pa-
tients who suffer chest wall trauma also have injury
to soft tissue and intrathoracic structures, this
article focuses on bony injuries of the ribs and
sternum.

HISTORICAL PERSPECTIVE

Diagnosis and management of chest wall injury
has been described as far back as 3000 BC.13

The first modern descriptions of “stove in chest”
and flail chest were published in 194514 and
1955,15 respectively. Throughout the 1960s and
1970s, patients with severe chest wall trauma
were managed with “internal pneumatic stabiliza-
tion,”16,17 or long-term positive pressure me-
chanical ventilation. In 1976, Trinkel and
colleagues18 and Shackford and colleagues19

challenged this notion, and since that time, me-
chanical ventilation has been used as appropriate
for pulmonary dysfunction and to correct abnor-
malities of gas exchange, but not as a “stabiliz-
ing” agent per se.

Over the past century, various surgical methods
for repairing rib fractures have been described.20

Despite these descriptions, treatment of severe
chest wall injury has remained largely nonsurgical.6

In the past two decades, there has been a sharp
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KEY POINTS

� Chest wall trauma causes significant morbidity and mortality in injured patients.

� Adequate analgesia for patients with severe rib fractures/flail chest is critical. Locoregional modal-
ities are more effective than oral or parenteral opioids.

� Mechanical ventilation should be used for pulmonary dysfunction. Noninvasive ventilation strate-
gies are effective.

� Surgical stabilization of severe rib fractures is beneficial in the short and long term, and should be
considered in select patients.
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increase in interest in the surgical stabilization of rib
fractures (SSRF), with several authors showing
improved outcomes compared with conventional
management in the most severely injured pa-
tients.21–24 Medical device manufacturers have
developed and marketed various rib-specific fixa-
tion systems, and use of surgical techniques has
grown. Surgical and nonsurgical management
strategies are discussed in this article.

MECHANISMS OF INJURY

In the civilian world, most injuries to the chest wall
result from blunt injury. The most common mech-
anism of injury is motor vehicle crash, followed
by pedestrians struck by vehicles, falls, and crush
injuries.25,26

ANATOMIC CONSIDERATIONS

The ribs, sternum, clavicles, scapulae, and verte-
brae are the major bony structures that comprise
the chest wall. Because of the amount of energy
required to fracture these bones, one must always
have a heightened index of suspicion that there is
underlying thoracic or abdominal visceral injury
when a bony chest wall fracture is discov-
ered.24,27,28 An exception to this is in the elderly,
where the bones are less strong, and thus, often
fracture after low-energy incidents.29 In children,
rib fractures are less common because of
increased compliance of the thoracic cage. Thus,
if a child does sustain a fractured rib, one must
have a high suspicion of severe intrathoracic or
abdominal injuries.30

INITIAL MANAGEMENT

Identification of major chest wall and intrathoracic
injuries figure prominently in the initial manage-
ment, or “primary survey”31 of the multiply injured
trauma patient. After attending to the airway,
breathing, and circulation, a history should be
taken if possible, and physical examination
focused on diagnosis of life-threating conditions
rapidly performed. With specific regard to the
chest wall, the examiner should observe chest
rise, looking for areas of obvious asymmetry that
may suggest a flail segment. The chest wall can
also be palpated, with the examiner feeling for
symmetry, crepitance, or perhaps mobile seg-
ments of the chest wall. Although difficult in a noisy
emergency department setting, auscultation
should also be performed.
In the hemodynamically stable patient with se-

vere chest wall injury with suspected pulmonary
contusion, one should be judicious with crystalloid
fluid resuscitation. Although the evidence is not

strong that volume of crystalloid correlates with
eventual outcomes,32 it is prudent to avoid unnec-
essary intravenous fluid administration.

RADIOGRAPHIC DIAGNOSIS

An anteroposterior plain chest radiograph (CXR)
is still an important initial study to obtain in a ma-
jor trauma patient in whom one suspects major
thoracic injury, simply because it can rapidly di-
agnose immediately life-threatening intrathoracic
pathology, such as tension pneumothorax or
massive hemothorax. The endotracheal tube po-
sition can be checked, and the clinician can eval-
uate the pleural spaces, the mediastinum, and
bones for obvious injuries. It is well-
documented, however, that CXR has low sensi-
tivity for diagnosing rib fractures and some
serious intrathoracic pathology, such as pulmo-
nary contusion.33 Computed tomography (CT) of
the chest is commonly (perhaps too commonly)
used in trauma patients as a more sensitive test
to definitively diagnose chest wall and/or intra-
thoracic injury. The CT can provide much more
precise injury information, but care should be
taken not to use it indiscriminately. There are
published decision rules/algorithms34,35 to help
clinicians decide when chest CT is warranted.
Most use a combination of patient and injury
criteria that are predictors for significant thoracic
injury. In cases where multiple rib fractures are
suspected or diagnosed by CXR, chest CT has
become standard practice to characterize all of
the chest wall/intrathoracic injuries, and to eval-
uate whether surgical repair of the ribs is
warranted.21,24

MANAGEMENT OF CHEST WALL INJURIES
Rib Fractures/Flail Chest

The management of patients with multiple, dis-
placed rib fractures or flail chest consists of three
basic tenets: (1) pain management, (2) manage-
ment of pulmonary dysfunction, and (3) surgical
fixation. Previous authors have shown that multi-
disciplinary protocols or clinical pathways for
managing patients with multiple rib fractures
yields better clinical results,36,37 including
decreased mortality, decreased pneumonia,
shorter hospital and intensive care unit length of
stay,38 and less return visits to the emergency
department.39 This was found to be particularly
true for patients who are older than 65.36 Devel-
opment and implementation of a clinical pathway
should be considered at institutions that treat pa-
tients with severe chest wall trauma with any
regularity.
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