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SA-CME LEARNING OBJECTIVES

After complering this journal-based SA-CME
acrivity, participants will be able to:

m List the anatomic areas of relative
weakness that are especially susceptible
to traumatic injury.

m Recognize common associated injuries
in patients with traumatic abdominal
wall injury.

m Discuss the frequency, common loca-
tions, and imaging findings of TAWH.

See www.rsna.orgleducation/search/RG.

Abdominal wall injuries occur in nearly one of 10 patients coming
to the emergency department after nonpenetrating trauma. Injuries
range from minor, such as abdominal wall contusion, to severe,
such as abdominal wall rupture with evisceration of abdominal con-
tents. Examples of specific injuries that can be detected at cross-sec-
tional imaging include abdominal muscle strain, tear, or hematoma,
including rectus sheath hematoma (RSH); traumatic abdominal
wall hernia (TAWH); and Morel-Lavallée lesion (MLL) (closed
degloving injury). These injuries are often overlooked clinically be-
cause of (a) a lack of findings at physical examination or () distrac-
tion by more-severe associated injuries. However, these injuries are
important to detect because they are highly associated with poten-
tially grave visceral and vascular injuries, such as aortic injury, and
because their detection can lead to the diagnosis of these more clini-
cally important grave traumatic injuries. Failure to make a timely
diagnosis can result in delayed complications, such as bowel hernia
with potential for obstruction or strangulation, or misdiagnosis of
an abdominal wall neoplasm. Groin injuries, such as athletic pubal-
gia, and inferior costochondral injuries should also be considered in
patients with abdominal pain after nonpenetrating trauma, because
these conditions may manifest with referred abdominal pain and are
often included within the field of view at cross-sectional abdominal
imaging. Radiologists must recognize and report acute abdominal
wall injuries and their associated intra-abdominal pathologic condi-
tions to allow appropriate and timely treatment.

©“RSNA, 2017 * radiographics.rsna.org

Introduction
Nonpenetrating trauma accounts for the majority of emergency
department visits after unintentional or intentional injury (1). Blunt
trauma, such as that resulting from motor vehicle collisions and falls,
represents the majority of nonpenetrating trauma, with positional and
athletic injuries occurring less commonly. Abdominal wall injuries
are found in approximately 9% of patients after blunt trauma (2).
The mechanism of injury is (a) direct impact with abrupt increase
in intra-abdominal pressure or (b) shearing forces tangential to the
abdominal wall, such as in the setting of motor vehicle collisions. A
variety of injury types may occur, including (@) abdominal muscle
strain, tear, or hematoma, including rectus sheath hematoma (RSH);
(b) traumatic abdominal wall hernia (TAWH), with lumbar hernias
being the most common; and (¢) Morel-Lavallée lesion (MLL), also
known as closed degloving injury (Table 1) (3). Because a substan-
tial impact is required to cause these types of injuries, they are highly
associated with graver intra-abdominal visceral and vascular injuries
(3,4). Radiologists must be familiar with these abdominal wall injuries
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B Because a substantial impact is required to cause these types
of injuries, they are highly associated with graver intra-ab-
dominal visceral and vascular injuries.

B Below the level of the arcuate line of Douglas, the rectus
sheath is absent posteriorly, and blood from the RSH may
come into direct contact with the peritoneum and cause peri-
tonitis. Misinterpretation of these signs and symptoms may
thus lead to a misdiagnosis of an intra-abdominal process,
such as ovarian pathologic conditions, appendicitis, hernia,
or an abdominal wall neoplasm, and may even result in un-
necessary surgery.

B |t is important to note that more than 50% of TAWHs are
occult at physical examination and are detected only with
CT. In the findings of one study of nearly 34 patients with
TAWH, only 30% of patients had a hernia evident at physical
examination. The posterior location of lumbar hernias, patient
pain, and other associated injuries likely all contribute to the
low sensitivity of the findings at physical examination for the
detection of TAWH. This observation is important, because if
TAWHs are undetected or left untreated, as many as 25% of
patients may later present with complications such as incar-
ceration or strangulation of hernia contents.

B More than 50% of patients with TAWH have associated inju-
ries, with some investigators reporting an incidence as high
as 90%.

B Although most MLLs are identified early after the causative
trauma, up to one-third of cases are identified months to years
later, often as nonspecific enlarging soft-tissue masses, which
explains why these lesions may be confused with neoplasms.

because they often herald more-serious underlying
intra-abdominal trauma. Also, failure to diagnose
abdominal wall trauma can result in misdiagnosis
or delayed complications, which may necessitate a
more complicated repair (5-7).

In the radiologic evaluation of abdominal pain
after nonpenetrating trauma, additional diagnos-
tic considerations include inguinal disruption,
also known as athletic pubalgia, as well as costo-
chondral injuries. Both of these conditions may
manifest with referred abdominal pain and are
often included within the field of view at cross-
sectional imaging of the abdomen (8).

Although blunt injury is more common than
penetrating injury, the imaging features of pene-
trating trauma have been more extensively re-
viewed in the radiology literature (9-13). For this
reason, we focus on the abdominal wall injuries
that occur after nonpenetrating trauma, which
have not been comprehensively reviewed previ-
ously, to our knowledge. First, the anatomy of the
abdominal wall is reviewed, followed by discus-
sion and illustration of some of the common and
important abdominal wall injuries: (@) abdominal
wall muscle strains, tears, and hematomas, includ-
ing RSH; (b)) TAWH; and (¢) MLL. For each type
of injury, background information, the relevant
anatomy, the mechanism of injury, clinical mani-
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Table 1: Checklist of Potential Abdominal
Wall Injuries

Abdominal wall contusion

Abdominal wall muscle strain, tear, or hematoma
MLL

TAWH

Inguinal disruption (athletic pubalgia)
Costochondral fracture

festations, imaging features, and typical treatment
are reviewed. In addition, inguinal disruption and
costochondral injuries are briefly covered.

Anatomy of the Abdominal Wall
The abdominal wall is divided into anterior, lat-
eral, and posterior compartments (14,15). From
superficial to deep, the anterior abdominal com-
partment is composed of skin, superficial subcu-
taneous fat (also called Camper fascia), deep sub-
cutaneous membranous tissue (also called Scarpa
fascia), layers of muscles separated by their
investing fascia, a thin layer of extraperitoneal fat,
and, finally, the parietal peritoneum (15).The
rectus abdominis muscles are two parallel and
longitudinally oriented muscles that make up the
anterior compartment, which are located just to
the right and left of midline, extending from the
anteroinferior costal cartilages to the pubis (15).
The superior and inferior epigastric vessels run
along the posterior border of the rectus abdomi-
nis muscles; the superior epigastric artery arises
as the terminal branch of the internal thoracic
artery, and the inferior epigastric artery arises
from the external iliac artery (16).

The lateral compartment is made up of
three flat muscles: the external oblique, inter-
nal oblique, and transversus abdominis muscles
(from superficial to deep). The rectus abdominis
muscles are separated from the lateral abdominal
musculature by the semilunar line, best known
as the site of the spigelian hernia (17-19).The
rectus muscles are enclosed by a fascial “sheath,”
which arises from the aponeuroses of the three
lateral abdominal muscles (made up of the
external and internal oblique and transversus
abdominis muscles). Rectus sheath anatomy
undergoes a change at the arcuate line of Doug-
las, a horizontal or transverse line that lies just
below the umbilicus. Above the arcuate line, the
rectus abdominis muscle is fully enclosed both
anteriorly and posteriorly by the fascial “sheath”;
but below the arcuate line, the aponeuroses join
to form the sheath only anteriorly, with just a
thin posterior lining made up of the transversalis
fascia and peritoneum (Fig 1) (20).
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Above the arcuate line of Douglas

External oblique
Internal oblique
Transversus abdominis

Aponeuroses of internal oblique
and transversus abdominis

Figure 1. Drawings show axial views of

Aponeuroses of external
and internal obliques

Camper’s fascia
Scarpa’s fascia

Linea alba Ski“

Transversalis fascia Semilunar line

Peritoneum

the anatomy of the anterior abdominal P o M M R e R M R M M e o o

wall, with special attention to the rectus
sheath above (top) and below (bottom)
the arcuate line of Douglas. Below the ar-
cuate line, the aponeuroses of the lateral
abdominal wall musculature form only an
anterior sheath (dotted oval), with only a
thin posterior layer made up of the trans-
versalis fascia and peritoneum.

Figure 2. Annotated axial computed
tomographic (CT) image shows the anat-
omy of the abdominal wall and important
sites of potential injury (dashed circles)
after nonpenetrating trauma to the ab-
dominal wall.

Internal

Ul)‘.hlm‘
’

Transversus — 4

abdominis

The posterior compartment is made up of
the latissimus dorsi, quadratus lumborum, and
the erector spinae (paraspinal muscles). These
muscles of the posterior compartment are
covered by the thoracolumbar fascia, which is di-
vided into anterior, middle, and posterior layers.
The transversalis fascia continues posterolaterally
as the anterior layer of the thoracolumbar fascia,
which lines the anterior surface of the quadra-
tus lumborum (15). The middle thoracolumbar
fascia lines the posterior surface of the quadratus
lumborum and attaches to the transverse pro-
cesses of the lumbar spine (15). The posterior
compartment is also referred to as the lumbar
region and can be further divided into superior
and inferior lumbar triangles, which are discussed
in more detail in the “Anatomy” section under
“Traumatic Abdominal Wall Hernia.” Many
potential sites of anatomic weakness exist that are

Below the arcuate line of Douglas

>

Aponeuroses of external and internal
obliques and transversus abdominis

Epigastric vessels Peritoneum  Transversalis fascia

Potential site of:
* Rectus sheath hematoma
* Rectus abdominis strain

Potential site of:
Spigelian hernia

Potential sité of:
Lumbar hérnia

especially susceptible to traumatic injury; these
sites are discussed in greater detail subsequently
in the relevant sections (Fig 2).

Abdominal Wall Muscle Injury

Background

After blunt trauma to the abdomen, most pa-
tients present with lower-grade injuries ranging
from subcutaneous contusion to abdominal wall
hematoma (2). In addition to injuries caused by
direct impact, such as in motor vehicle colli-
sions and falls, these injuries can also occur after
extreme physical exertion or sports-related injury
(such as those in wrestling, soccer, and volleyball)
(21-24). Although these injuries are usually iden-
tified with a careful history and physical examina-
tion, these patients may undergo cross-sectional
imaging if concern exists for an intra-abdominal
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3. 4.

Figures 3, 4. (3) Rectus abdominis strain and tear in a 17-year-old girl after yoga. Coronal CT image shows ir-
regular contour and linear hypoattenuation of the right rectus abdominis muscle (arrow), findings consistent with
strain and a high-grade tear. (4) Internal oblique strain and tear after an intense abdominal workout in a 20-year-
old man with chronic myeloid leukemia and thrombocytopenia. Coronal CT image shows irregular contour and
hypoattenuation of the right internal oblique muscle (arrow), findings consistent with muscle strain and tear.

process in the setting of acute abdominal pain.

It is imperative that radiologists examine the ab-
dominal wall and recognize these findings so that
patients can receive appropriate treatment and
avoid unnecessary surgery.

Abdominal wall hematomas most commonly
occur within the rectus muscle (also known as
RSHs) and less commonly involve the lateral and
posterior abdominal wall (25,26). This discussion
will focus primarily on RSH, with brief com-
ments on the rest of the abdominal wall.

Anatomy

The anatomy of the anterior abdominal wall is
described in detail in the section, “Anatomy of
the Abdominal Wall,” and can be reviewed by
referencing Figure 1.

Mechanism of Injury

RSH occurs as a result of tearing of the epigastric
arteries or damage to intramuscular vessels di-
rectly by tearing of the muscle itself (16). Above
the arcuate line, the superior epigastric arteries
are usually involved; below the arcuate line, the
inferior epigastric arteries are most commonly
implicated. RSH caused by bleeding from the
superior epigastric arteries is more likely to result
in self-tamponade because of compression by the
circumferential rectus sheath, and RSH caused
by bleeding from the inferior epigastric arteries

is less constrained by the absent posterior sheath.
The most common location is below the level

of the umbilicus and thus below the arcuate line
of Douglas (20,27). RSH is not exclusively a
traumatic injury and may occur spontaneously,

secondary to coughing or in the postsurgical
setting, most commonly in patients receiving
anticoagulant therapy (21,28). In a review of 126
patients with RSH, investigators found that 69%
of patients were receiving anticoagulant therapy,
with warfarin and unfractionated heparin infu-
sion representing nearly 40% and 32% of cases,
respectively (21). In the setting of trauma, an
RSH may occur as a result of blunt trauma or
twisting injury.

Hematomas occurring in the lateral abdominal
wall are classified as slowly growing (oozing from
a muscle tear) or rapidly growing (secondary to
arterial hemorrhage) (29). When the lateral ab-
dominal wall is involved, the deep circumflex iliac
artery is the most likely culprit (25,26).

The abdominal wall musculature can also
undergo tear and strain, either as a result of
direct blunt trauma or abrupt movement, such
as twisting or a rapid change in position (21-24).
Twisting injury can occur in athletes or even
during regular exercise, especially in patients
with predisposing factors such as anticoagulant
therapy or coagulopathy (24) (Figs 3-5).

Clinical Manifestations

RSH occurs more commonly in women than in
men, with most patients receiving anticoagulant
therapy and with warfarin being the most com-
mon type (21,30). The most likely symptom at
clinical presentation is abdominal pain, followed
by an abdominal wall mass and a decreased
hematocrit reading (16,20,22,31). A minority
of patients present with abdominal wall ecchy-
mosis (21). Below the level of the arcuate line of
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a.

b.

Figure 5. Magnetic resonance (MR) images of two different athletes who presented with abdominal pain.
(a) Axial fluid-sensitive MR image shows an external oblique strain and tear (arrows) in a 23-year-old man.
(b) Axial fluid-sensitive MR image shows an internal oblique strain and tear (arrow) in a 29-year-old man.

a.

b.

Figure 6. Shapes of RSHs occurring above and below the arcuate line of Douglas in an 82-year-old woman.
(a) Axial CT image shows that an RSH above the arcuate line of Douglas tends to be spindle shaped and is
supported posteriorly (arrow). (b) Axial CT image shows that an RSH below the arcuate line of Douglas is less
organized (arrow) because of a lack of substantial posterior fascial support.

Douglas, the rectus sheath is absent posteriorly,
and blood from the RSH may come into direct
contact with the peritoneum and cause perito-
nitis. Misinterpretation of these signs and symp-
toms may thus lead to a misdiagnosis of an intra-
abdominal process, such as ovarian pathologic
conditions, appendicitis, hernia, or an abdominal
wall neoplasm, and may even result in unneces-
sary surgery (21,31-33).

Some of the potential complications of RSH in-
clude anemia, hypovolemic shock, muscle necrosis
from compartment syndrome, and unnecessary sur-
gery as a result of misdiagnosis (21,34). RSHs are
rarely life threatening, although fatalities have been
reported (21,35).

Workup and Imaging

Ultrasonography (US), CT, and MR imaging

are all able to be used to make this diagnosis of
RSH. The shape of the hematoma depends on its
location above or below the arcuate line of Doug-
las; those above the arcuate line tend to appear
spindle shaped, and those below appear more
spherical because they protrude more posteriorly
because of the decreased posterior fascial support
(Fig 6) (23). On US images, RSH appears as a
hypoechoic or anechoic mass, possibly with areas
of internal echoes or septa, depending on the
chronicity of the hematoma. No internal Dop-
pler flow should be depicted with spectral, color,
or power Doppler assessment. On CT images,
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Table 2: RSH Classification System

Type of RSH Characteristics

Type I Unilateral intramuscular hematoma with muscle expansion; no dissection along fascial planes

Type II Type I characteristics plus blood extending between muscle and the transversalis fascia; no
blood within the prevesical space

Type 111 Type I and II characteristics plus blood in the peritoneum and prevesical space; hematocrit effect

Note.—Adapted, with permission, from reference 20.

the rectus abdominis muscle appears expanded
and relatively hyperattenuating, sometimes with a
“hematocrit effect” (ie, a fluid-fluid level formed
by the layering of heavier elements of blood from
the liquid component) if there has been recent
bleeding. If bleeding is ongoing, a swirl sign may
be seen. Although intravenous contrast mate-
rial administration is not required for diagnosis
of an RSH, active extravasation may be seen if
contrast material is administered. As hematomas
evolve, CT attenuation values decrease with the
breakdown of blood products (14). MR imaging
is rarely required for diagnosis, but RSH may be
seen incidentally as an abdominal wall mass with
T1 and T2 hyperintensity consistent with hemor-
rhage. Free intraperitoneal or prevesicular fluid
or blood may be seen with all modalities, which
is suggestive of rupture through the posterior
abdominal wall.

In the results of a small study of 13 patients
with RSH, CT allowed detection of all cases,
but US allowed identification of only 11 of the
13 cases (20). Although the investigators did not
discuss the limitations of US, its lower detection
rate may be related to variability in user skill and
possibly patient body habitus. CT permits the
localization, measurement, and evaluation of the
extent of hematoma and is likely the most practi-
cal modality in the emergency setting because of
its availability, speed, and ability to demonstrate
other traumatic injuries in the abdomen (20).

Berna et al (20) proposed a classification sys-
tem that is based on CT findings and subsequent
clinical outcome; patients with type I RSH do not
require hospitalization, but patients with types II
and III usually require hospitalization, with more-
involved treatments such as blood transfusion
and other procedures (Table 2). By applying this
classification system, radiologists may be able to
suggest to clinicians which patients may require
higher levels of care.

Treatment

Most patients with abdominal wall muscle strain
or hematoma can be managed conservatively
with pain control therapy and with blood trans-
fusion in the case of hematoma (21). In fact,

Berna et al (20) suggested that patients with type
I RSHs do not require hospitalization at all. In a
small proportion of the patients with RSHs, con-
servative management fails, and patients require
more-invasive treatment; in the results of one of
the largest studies of 126 patients with RSH, 8%
ultimately required surgical or endovascular man-
agement (21). Death is a rare complication of
RSH, usually secondary to uncontrolled bleeding
and resultant anemia and hypovolemia (21,35).

Traumatic Abdominal Wall Hernia

Background

TAWHS occur in less than 1% of patients pre-
senting to the emergency department after blunt
trauma, resulting in a defect of the abdominal
wall musculature and fascia, often with her-
niation of intra-abdominal contents (5,36,37).
Motor vehicle collisions cause the majority of
TAWHSs (38). Although uncommon, TAWHs are
important to recognize, not only because failure
to diagnose can result in delayed complications
such as bowel incarceration and strangulation,
but also because TAWHSs are highly associated
with more-serious intra-abdominal injuries, such
as vascular or visceral injuries.

Anatomy

TAWHSs do not necessarily occur at the site of
blunt impact but instead occur at various points
of anatomic weakness of the abdominal mus-
culature (Fig 1). Lumbar hernias are the most
common type of TAWH, although TAWHSs have
been described elsewhere, including just lateral to
the semilunar line (spigelian hernia) and, rarely,
as transdiaphragmatic intercostal hernias (17—
19,39). Lumbar hernias occur within the lumbar
region, as defined by the 12th rib superiorly,

the iliac crest inferiorly, the paraspinal muscles
medially, and the posterior border of the external
oblique muscle laterally (38,40). Traumatic lum-
bar hernias most frequently occur in the inferior
lumbar triangle (also called the Petit triangle),

an upright triangle seated on the iliac crest (Fig
7) (3,36,38,41). The superior lumbar triangle, or
Grynfeltt-Lesshaft triangle, is an inverted triangle
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Inferior lumbar triangle

Figure 7. Drawing of an obliquely oriented para-
sagittal view of the torso shows the location of the
inferior lumbar triangle, the most common location
of traumatic lumbar herniation.

C.

Figure 8. Lumbar triangle hernias in two different patients. (a, b) Axial (a) and coronal (b) CT images show a
superior lumbar triangle hernia (arrows) in a 55-year-old man. (¢, d) Axial (c) and coronal (d) CT images show
an inferior lumbar triangle hernia (arrow) in a 39-year-old man. Note the associated small avulsion injury to the
anterior superior iliac spine (arrowhead on d).
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tion (arrow).

extending down from the 12th rib and is much
less commonly involved (41) (Fig 8).

Mechanism of Injury

The mechanism of injury for TAWH is related to
sudden deceleration, with shearing of the mus-
culofascial layers and an acute increase in intra-
abdominal pressure. The shearing motion is
thought to be the mechanism that differentiates
this type of blunt injury from that which causes
diaphragmatic hernia. Most TAWHSs occur in
restrained passengers in motor vehicle collisions;
TAWHSs occur less commonly secondary to a
fall from height, a handlebar injury, or a crush
injury (38,42). Seat belts likely increase the risk
of TAWH, because they result in a direct com-
pressive force between the seat belt and the ab-
dominal cavity (4). The sear belt syndrome, a term
initially coined in 1962 by Garrett and Braun-
stein (43), consists of a triad of injuries related
to the two-point lap belt, including abdominal
wall contusion, hollow viscus injury, and spi-

Matalon et al 1225

Figure 9. Rectus abdominis tear in a 15-year-old boy after a mo-
tor vehicle accident. (a) Photograph taken at the time of trauma
evaluation shows the classic appearance of the seat belt sign.
(b) Coronal CT image shows an area of linear low attenuation (ar-
row) through the right rectus abdominis, a finding consistent with
a muscle tear. (c) Axial CT image shows associated aortic transec-

nal column injury, most commonly a Chance
fracture. Seat belts have since been upgraded
to a three-point restraint, which results in fewer
associated spinal injuries; and thus a new “seat
belt lethal triad” has been described, which is
made up of TAWH, hollow viscus injury, and
abdominal vascular injury (4,41). Although
injuries to the abdominal aorta are uncommon,
occurring in less than 1% of blunt trauma cases,
the mechanism for injury is the same as that
causing TAWH; and thus a high index of suspi-
cion should be maintained (44,45).

Clinical Manifestations

At physical examination, there may be focal ten-
derness and ecchymosis of the abdominal wall,
sometimes with a visible bulge. Contusion along
the anterior abdominal wall in the distribution of
a seat belt (the “seat belt sign™) may also be seen,
which should increase concern for TAWH and
intra-abdominal visceral and vascular injuries, as
discussed previously (41) (Fig 9).
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It is important to note that more than 50%
of TAWHSs are occult at physical examination
and are detected only with CT (3,36). In the
findings of one study of nearly 34 patients with
TAWH, only 30% of patients had a hernia evi-
dent at physical examination (36). The posterior
location of lumbar hernias, patient pain, and
other associated injuries likely all contribute
to the low sensitivity of the findings at physical
examination for the detection of TAWH. This
observation is important, because if TAWHSs are
undetected or left untreated, as many as 25%
of patients may later present with complications
such as incarceration or strangulation of hernia
contents (46,47).

Workup and Imaging

CT is highly sensitive for the detection of TAWH,
with some investigators reporting nearly 100%
sensitivity (36,38,46). However, in the results of a
large meta-analysis of nearly 66 patients, investiga-
tors found that diagnosis was delayed in at least
27% of cases, although they did not specify whether
the delay was related to a lack of findings at physical
examination, nonreporting of CT findings, or other
reasons (38). In the results of one study of 32 pa-
tients with CT-proven TAWH, investigators found
that one TAWH was missed prospectively, with that
patient returning to the hospital several months
later with a symptomatic hernia (36).

Even if a hernia is identified at physical ex-
amination, CT should be performed to further
characterize the hernia, including the size of the
defect, a description of the contents, and assess-
ment for associated intra-abdominal injuries.

CT can also be used to differentiate TAWH

from other traumatic injuries, including RSH or
abdominal wall abscess, both of which are pos-
sible sequelae of trauma and may manifest with a
bulge at physical examination.

Netto et al (36) found that most TAWHSs had
no contents within the hernia sac at the time
of examination, suggesting that inflammatory
stranding or hemorrhage and a subtle defect in
the wall may be the only findings depicted (Fig
10). For TAWHSs, the most common contents
of the hernia sac are fat, followed by colon and
then small bowel (38). It is essential to report
any signs of ischemia if there is herniated bowel;
eventual incarceration occurs in 25% of cases
and strangulation in 10% of cases (48).

The size of the hernia defect is important to
report because it is a principal factor in surgi-
cal planning. The size of the defect is also a
prognostic factor, because hernia defects greater
than 4.0 cm are more significantly associated
with a higher frequency of bowel and mesenteric
injuries (P < .001) and an increased number of

radiographics.rsna.org

Figure 10. Subtle left-sided inferior lumbar hernia in a
34-year-old man after a motor vehicle collision. Axial CT
image shows fat stranding (arrows) on both sides of the
abdominal wall at the junction of the lateral abdominal
wall musculature and the quadratus lumborum. This
finding could easily be missed and has the potential to
develop into a larger symptomatic hernia if not identi-
fied and treated.

procedures (P = .042), as well as a trend toward
a longer stay in the intensive care unit (49).
More than 50% of patients with TAWH have
associated injuries, with some investigators
reporting an incidence as high as 90% (3,36).
In the results of one study of 38 patients with
TAWH, investigators showed that patients had an
average of 2.2 coexistent injuries (3). The most
common associated injuries are of the mesentery,
bowel, and bones, most commonly pelvic or tho-
racolumbar fractures (36,37,50) (Fig 11).
Dennis et al (2) reviewed the findings in 140
patients with abdominal wall injury and proposed
a grading system in an attempt to characterize
the severity of injury on the basis of the CT find-
ings. The grading system ranges from subcutane-
ous tissue contusion to complete abdominal wall
disruption with evisceration. Additional classifica-
tion systems have been proposed on the basis of
the location, the force of injury and hernia size,
the mechanism of injury, and the type of acci-
dent, although no classification system is widely
used at this time (51).

Pearls and Pitfalls

When evaluating the abdominal wall for TAWH,
one must take into account possible preexist-

ing conditions and alternative diagnoses that
may mimic a TAWH. Given that many traumatic
hernias may be missed at the time of the initial
trauma, it is possible for a patient with a preexist-
ing TAWH to present for cross-sectional imag-
ing at a later date after a new trauma. Although
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Figure 11. Injuries in a 25-year-old woman after a motor vehicle collision. (a) Axial CT image shows a right-
sided fat-containing lumbar hernia (arrow) and a subcutaneous contusion (arrowhead). (b) Coronal CT image

shows an associated pelvic fracture (arrow).

Figure 13. Lipoma in a middle-aged woman. Axial CT image

Figure 12. Untreated chronic lumbar hernia in a
27-year-old man after a motorcycle accident. Axial CT
image from a whole-body CT examination shows an
apparent diastasis of the external oblique from the la-

shows an ovoid, well-circumscribed fat lesion (arrow), which
is consistent with a lipoma. No surrounding fat stranding or
nearby injury, such as a rib fracture, exists to suggest the pres-
ence of traumatic herniation.

tissimus dorsi, although without appreciable stranding,
a finding suggestive of an old injury (arrow). A review
of the patient’s medical record disclosed an old stab
wound to that area.

there are no reported CT findings of TAWH that
help to distinguish it from a preexisting hernia
(44), experience at our institution suggests that
the presence of fat stranding is the most helpful
feature to indicate acute trauma (Fig 12). Fat
stranding, fluid in the hernia sac, and findings
suggestive of compromised bowel (such as wall
thickening, hypoenhancement, and vessel en-
gorgement) may be suggestive of acute trauma to
either an acute or preexisting hernia (52).

At physical examination during trauma assess-
ment, an abdominal wall lipoma can manifest as

a bulge or abnormal contour and may raise con-
cern for a TAWH. Once a TAWH is suspected,
cross-sectional imaging with CT is commonly
performed and would demonstrate a well-circum-
scribed fat-attenuation lesion, without associated
stranding or adjacent injury (39) (Fig 13).

In most cases, comparison with the images
from prior imaging examinations will be helpful
in determining the chronicity of an abdominal
wall abnormality.

Treatment

Historically, emergent laparotomy was often
performed in patients with TAWH, given the
high association with intra-abdominal injuries
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Figure 14. Herniated omentum in a 23-year-old man after a stab wound. (a) Axial CT image shows a defect
within the left anterolateral lower thoracic or upper abdominal wall, with herniation of omental fat (arrow).
(b-d) Annotated intraoperative photographs during laparoscopic repair show the omentum herniated through
the peritoneal defect (b), the defect after reduction (c), and the postrepair appearance of the peritoneum (d).
Although this case resulted from penetrating trauma, the intraoperative photographs well illustrate the surgical
anatomy and a simple laparoscopic repair of a small abdominal wall defect.

(48,53). Now, debate is ongoing with regard
to the appropriate timing of repair. Support is
growing for management of TAWH on the basis
of the patient’s clinical status and associated
injuries. If the patient requires surgery for other
trauma-related injuries, simultaneous repair of a
TAWH may be considered if the patient’s condi-
tion remains stable during surgery. Patients with
small defects with adequate tissue may undergo
tension-free primary closure (Fig 14), possibly
with a laparoscopic approach; those patients
with larger defects or poor quality of the ap-
proximating tissues may require reinforced mesh
repairs with a permanent or biologic implant.
Controversy exists about whether to use mesh
in the acute setting; although mesh decreases
the risk of recurrent hernia, the risk of infection
is increased when mesh is used in the emergent
setting (36,44,50,51) (Fig 15). Hollow viscus
injury remains a contraindication to the use of
permanent mesh in the acute setting because of
the increased risk of infection, although newer

biologic meshes are being used more frequently
in these cases, with better success (51).

Although no clear consensus exists about the
timing and style of surgical repair, these decisions
do depend on several factors, many of which
must be accurately reported by the radiologist at
the time of the trauma CT examination. These
factors include the defect size, the hernia con-
tents, and associated injuries, with special atten-
tion to the bowel (Table 3).

Morel-Lavallée Lesion

Background

An MLL is a type of soft-tissue injury that can
occur in the setting of blunt trauma or crush in-
jury. Other terms have been used to describe this
injury, including closed internal degloving injury,
posttrraumatic soft-tissue cyst, and chronic expanding
hematoma (54,55). The mechanism of injury is
shearing force with disruption of underlying ar-
teries, veins, and lymphatic vessels that results in
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Figure 15. Postoperative com-
plications in a 25-year-old woman
who presented with fever and an
elevated white blood cell count
several months after undergoing
emergent repair of a lumbar hernia
with mesh. Axial CT image shows
stranding and phlegmon (arrow)
in the region of the prior right-
sided lumbar hernia repair.

Table 3: Important CT Findings of TAWH That May Affect Management

Finding

Surgical Considerations

Small defect
Large defect

Hernia containing bowel
Other intra-abdominal injuries

is stabilized

Primary closure may be possible; higher risk of future incar-
ceration or strangulation

May require tension-free repair with mesh; lower risk of future
incarceration or strangulation

Risk for future incarceration or strangulation

Risk of contamination (especially if hollow viscus injury); may
need to delay treatment of TAWH until the patient’s condition

the accumulation of a hemolymphatic collection
(54). Depending on the severity of the trauma,
the collection can accumulate slowly or quickly,
often being detected in an area remote from the
site of the traumatic injury and being misinter-
preted as a soft-tissue neoplasm (6,7).

Anatomy
An MLL can occur at various sites. In the results
of a large meta-analysis, Vanhegan et al (56)
found that the most common anatomic location
was the greater trochanter and hip (30.4%), fol-
lowed by the thigh, pelvis, knee, gluteal region,
lumbosacral region, abdominal wall, calf, and the
head. Areas with mobile superficial tissues and
strong fascia are especially susceptible.
Interestingly, in the results of several studies,
investigators have found an increased prevalence
of MLLs in female subjects, possibly because of
a difference in the anatomic distribution of fat,
which is often greater within the subcutaneous
space relative to the intra-abdominal cavity in
women (55,57).

Mechanism of Injury
An MLL results from shearing forces tangential
to the fascia that divide the subcutaneous tissues

from the underlying fixed fascia, which results

in disruption of underlying arteries, veins, and
lymphatic vessels. In the case of arterial injury,
bleeding may be ongoing after the initial injury
(Fig 16). The result is the accumulation of some
combination of lymph, blood, debris, and fat
(54). Injury to the superficial cutaneous nerves
may also occur, with associated loss of sensa-
tion (58). Because the fascia remains intact and
because the space is relatively hypovascular, it

is difficult for the body to resorb the collection,
and these collections may enlarge with time
(54,55,59,60). As time passes, the collections
become predominantly serosanguineous and lym-
phatic, ultimately developing a peripheral fibrous
capsule (55). Once this capsule has formed, the
risk for recurrence is increased if surgical treat-
ment is not undertaken (55).

Clinical Manifestations
Patients with MLLs generally present with focal
pain and swelling, with a fluctuant soft-tissue
mass or contour deformity at physical examina-
tion (54). Loss of sensation may also be found in
the affected region (58).

Although MLLs may be seen in isolation, they
are often associated with other traumatic injuries,
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Figure 16. MLL of the right gluteus medius in a 44-year-old man after a fall down stairs. (a) Axial contrast
material-enhanced CT image shows low-attenuation expansion of the right gluteus medius muscle, with areas
of contrast material extravasation (arrow) indicating active bleeding. This patient ultimately underwent empirical
embolization of the right superior gluteal artery, although no active extravasation or pseudoaneurysm was seen
at the time of angiography. (b) Axial CT image shows that the patient also had a minimally displaced right-sided
rib fracture (arrowhead) and a right lower lobe lung contusion (arrow).

Figure 17. MLL with associated pelvic fractures in a 62-year-old female pedestrian who was struck by a bus.
(a) Axial CT image shows a low-attenuation area of expansion (arrow) within the lateral abdominal wall muscu-
lature, a finding consistent with an MLL. No active hemorrhage is depicted. (b) Axial CT image obtained more
inferiorly than a shows a left superior pubic ramus fracture (arrow), with an associated pelvic sidewall hematoma

(arrowhead).

most commonly pelvic and acetabular fractures
(Fig 17) (54,61,62). Although most MLLs are
identified early after the causative trauma, up to
one-third of cases are identified months to years
later, often as nonspecific enlarging soft-tissue
masses, which explains why these lesions may be
confused with neoplasms (6,7,54).

Workup and Imaging

Although CT is often the first modality used to
identify MLLs in the acute setting, MR imaging
is considered the modality of choice because of
its superior soft-tissue characterization, which
can delineate the contents and important fea-
tures, such as the presence of a capsule (54). An
MR imaging protocol should include T'1- and

T2-weighted sequences, fat-saturated and fluid-
sensitive sequences (such as short inversion time
inversion recovery), gradient-echo (T2%) se-
quences, and contrast-enhanced images (63).
Mellado and Bencardino (64) have proposed
a classification system made up of six types of
MULLs that are classifed on the basis of shape,
the presence of a capsule, and MR imaging
characteristics. MR imaging appearance varies,
depending on the age of the blood: Type I is a
simple seroma, which appears hyperintense on
T2-weighted MR images and hypointense on
T1-weighted MR images. Type II is a subacute
hematoma, which appears hyperintense on both
T1- and T2-weighted MR images. Type IIl is a
chronic organizing hematoma, which is usually
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hypointense on T'1-weighted MR images and of
variable intensity on T2-weighted MR images
and can demonstrate internal enhancement from
neovascularization and granulation tissue. Type
IV is a closed laceration without a capsule. Type
V is a pseudonodule. Type VI is a lesion with
superimposed infection demonstrating a thick
and enhancing capsule (54). Unfortunately, the
classification of Mellado and Bencardino (64) has
little bearing on treatment and prognosis, making
its utility unclear (62). However, it is important
for the radiologist to identify the presence of a
capsule, because the treatment and the recur-
rence rate are dependent on this finding (54).

US can also be used to identify and charac-
terize an MLL. MLLs usually appear as fluid
collections of varying echogenicity, depending on
the stage of evolution, without contained Doppler
flow (54). In the acute setting, MLLs tend to be
more lobular and heterogeneous, with irregular
margins; and with time, MLLs become more fu-
siform and homogeneous, with smooth margins,
(55,62). US is frequently used to monitor these
lesions and to guide treatment (61).

Pearls and Pitfalls

Soft-tissue sarcomas and bursitis should be con-
sidered in the differential diagnosis of an MLL,
especially when the patient presents at a time
remote from the occurrence of trauma (6,7,54).
For sarcoma, one would expect more-avid inter-
nal and peripheral tissue enhancement, which is
why the administration of MR contrast material
is preferred, if possible. Over the greater trochan-
ter, bursitis is deep to the fascia, and MLL is
superficial to it (56).

Treatment

No management is universally accepted for
patients with MLLs. Treatment options include
monitoring, compression banding, aspiration,
sclerotherapy, and surgical evacuation (54). It
is important to note that if MLLs are identified
in the acute setting, some form of treatment is
recommended, because they are prone to be-
coming chronic, with a potential for superinfec-
tion, particularly in patients who have sustained
polytrauma (54,55). If the lesion overlies a
fracture that requires surgery, prophylactic
débridement is recommended. Surgical inter-
vention is also recommended in the setting of
infection, open fracture, or severe skin necrosis
(54,55). No treatment is typically necessary for
chronic asymptomatic lesions, and a watch-and-
wait approach is often used (55). More recently,
minimally invasive short-term catheter drainage
with alcohol sclerodesis has been described in a
patient with a symptomatic chronic MLL (65).
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If a chronic MLL ultimately requires surgical
treatment, it is important that the entire rind, or
capsule, around the cavity is excised, to reduce
the likelihood of recurrence.

Groin Injury
Acute groin pain is especially common in ath-
letes who participate in sports involving kicking
or twisting motions, such as American football
and soccer (8,66,67). Groin pain may arise
from any of the several structures in the inguinal
region, including the muscles, tendons, bones,
fascial layers, nerves, and joints. Some diagnos-
tic confusion exists in the literature and among
clinicians with regard to the terminology applied
to various groin injuries, given the complex
anatomy and the spectrum of pathologic condi-
tions (67). Although groin injury has tradition-
ally been referred to as a “sportsman hernia,”
this description is actually a misnomer, because
true hernias are quite rare in this population
(66). These injuries are now preferentially called
“inguinal disruption” or “athletic pubalgia”
(8). The most commonly described injuries
associated with inguinal disruption, or athletic
pubalgia, include a tear of the rectus abdomi-
nis aponeurosis at the pubic bone attachment,
injury to the hip adductor tendons, and injury to
the pubic symphysis itself (66). The rectus ab-
dominis inserts along the superomedial aspect of
the pubic bone, and the thigh adductor tendons
insert slightly laterally (Fig 18).

Clinically, patients may present with either
acute or gradual onset of pain, which may be pin-
point pain to the region of the pubic symphysis or
more vague, diffuse pain in the groin, sometimes
radiating inferiorly across the inner thigh (8,67).

MR imaging is the preferred imaging tech-
nique for the diagnosis of inguinal disruption
(8). A typical MR imaging protocol for athletic
pubalgia would include three sequences with a
large field of view: coronal short inversion time
inversion-recovery, coronal T'1-weighted, and
axial fat-suppressed T2-weighted sequences. In
addition, the protocol would include three se-
quences with a smaller field of view: axial oblique
proton-density—weighted, sagittal fat-suppressed
T2-weighted, and axial oblique fat-suppressed
T2-weighted sequences (axial oblique images are
prescribed off the sagittal localizer in parallel to
the arcuate line of the pelvis) (68).

Not only can MR imaging be used to make
the diagnosis, but it can also be used to exclude
other causes of groin pain, such as osteitis pubis,
pelvic bone fractures, inguinal hernia, bursitis,
femoroacetabular injury, or even osteoarthri-
tis. As described previously, there are various
potential injuries under the heading of inguinal
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Figure 18. Anatomy of the pubic symphysis. Annotated axial (a) and sagittal (b) CT images show the supero-
medial insertion of the rectus abdominis and the more lateral and inferior insertion of the adductor tendons of
the hip. These two insertions are the most common sites of injury in athletic pubalgia.

a.

b.

Figure 19. Groin pain caused by a tear of the adductor longus tendon in a 30-year-old man immediately after
weight lifting. Coronal (a) and axial (b) short inversion time inversion-recovery MR images show extensive
edema in the right inguinal and parasymphyseal region (arrowheads on a) and a torn adductor aponeurosis

(arrow on b).

disruption, or athletic pubalgia; and, not sur-
prisingly, various imaging patterns may be seen.
Zoga et al (66) retrospectively studied the find-
ings at MR imaging and physical examination
of 141 patients who were referred for inguinal
disruption and found three patterns of injury:
(a) edema of the pubic symphysis (osteitis pu-
bis), (b) edema of the proximal thigh adductor
tendons only, and (¢) tendinous injury to both
the pubic insertion of the rectus abdominis and
the thigh adductor tendons (Fig 19).

An endometrial implant within the abdominal
wall is a rare differential diagnostic consideration
that would be readily apparent at cross-sectional

imaging (Fig 20) (20). In the results of a study of
141 patients with symptoms thought to represent
inguinal disruption, or athletic pubalgia, investi-
gators found that one patient had endometriosis
at MR imaging (66).

Accurate diagnosis is important because
treatment varies. Osteitis pubis is most com-
monly treated conservatively with pain control
therapy and symphyseal local steroid injection
(66). Isolated adductor injuries may also be
treated conservatively with rest and physical
therapy and also local steroid injection (66,69).
Injuries involving the rectus abdominis insertion
tend to be treated surgically (66).
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Figure 20. Soft-tissue nodule in
an adult female patient. Axial CT
image shows a soft-tissue nodule
with peripheral stranding (arrow),
which was later found to be an en-
dometrial implant. Abdominal wall
endometriosis can mimic hema-
toma, hernia, or symptoms of pain
secondary to inguinal disruption.

Figure 21. Costochondral rib fracture and abdominal wall musculature strain in a 25-year-old male foot-
ball player. (a) Axial fluid-sensitive fat-suppressed MR image shows fluid interposed within a displaced
fracture at the ostochondral junction (arrows). Fluid signal intensity extends down into the abdominal wall
musculature. (b) Axial fluid-sensitive MR image of a normal costochondral junction (arrows) in a healthy
subject is shown for comparison.

Costochondral Rib Injury
Blunt abdominal trauma is often accompanied by
injury to the chest wall. Although such an injury is
not an abdominal wall injury per se, these pa-
tients may present with referred abdominal pain,
prompting cross-sectional imaging of the abdo-
men, at which the most inferior ribs are usually in-
cluded in the field of view. The radiologist should
carefully evaluate the included ribs to assess for
traumatic injury. The most common injury to the
thorax is rib fracture (70). Rib fractures, espe-
cially when accompanied by scapula and sternal
fractures, may indicate more-severe underlying
thoracic trauma, including hemopneumothorax,
pulmonary contusions, cardiac contusions, and
aortic or other vascular injury (70). Most rib
fractures are detected with radiography; however,

radiography is notoriously insensitive for the de-
tection of fractures of the costochondral cartilage,
especially if the cartilage is not heavily calcified.
When radiographically occult costochondral rib
fractures are suspected, CT or US may be per-
formed to improve sensitivity (71,72). Pain may be
vague and/or referred to the abdomen, occasion-
ally prompting examination with MR imaging to
assess for subtle edema (Fig 21).

Conclusion
The anatomy of the abdominal wall is complex,
with several inherent regions of potential ana-
tomic weakness that are prone to nonpenetrating
traumatic injury. These injuries are often over-
looked either because of the lack of associated
findings at physical examination or because of
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the association of these injuries with other more-
distracting intra-abdominal injuries. This fact
underscores the need for radiologists to maintain
a high index of suspicion for abdominal wall
injuries and to actively search for these injuries
in patients undergoing cross-sectional imaging
after blunt trauma. If an abdominal wall injury is
observed, careful review of the vasculature and
intra-abdominal organs should be performed to
look for associated injuries.
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