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Musculoskeletal (MSK) and soft tissue conditions represent a
high percentage of admissions to the emergency department
(ED). Ultrasound (US) evaluation of these conditions has
become increasingly more prevalent in recent years.1 The
role of MSK US in the emergency setting continues to
improve; it is useful for both early diagnosis and inter-
ventional procedures, for example in cases of abscess or
hematoma.2

The main advantage of emergency MSK US is the rapid
evaluation of symptoms at the bedside with both static and
dynamic assessment that can be useful for the diagnosis of
pathologies relating to skin and subcutaneous tissues (ab-
scesses, cellulitis, hematomas), muscles, ligaments and ten-
dons (tears and strain), bone (fractures), and nerves
(avulsion, traumatic tears).

This article reviews both the common anduncommonMSK
pathologies focusingon themainfindings thatmight influence
medical decision making regarding the patient in the ED.

Skin and Subcutaneous Tissues

Skin and soft tissue infections (STIs) such as abscess and
cellulitis are frequently encountered in the ED. Staphylococcus
aureus and Streptococcus species cause most of these infec-
tions, although other pathogens are occasionally involved.3

Growing scientific evidence indicates that US increases diag-
nostic accuracy in skin and STIs and can influence patient
management.4 Itmay showsigns andfindings of inflammation
such asfluid collections, edema, and soft tissue (ST) stranding.2

Cellulitis, the most common type of STI, is confined within
the subcutaneous compartment. It is a clinical diagnosis, and
patients may present fever and leukocytosis in addition to
painful and swollen erythema in the affected area.5 The US
findings of cellulitis are nonspecific; edema and inflammation
in the skin and ST is responsible for the alterations on US. The
most common finding is the “cobblestoning” appearance that
corresponds tofluid-filled areas that separate the ST and fat in
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Abstract The skin, nerves, and tendons are superficial anatomical structures that can easily be
investigated with an ultrasound (US) examination in the emergency department (ED).
US evaluation is relatively underused in musculoskeletal evaluation when compared
with other emergency applications, such as abdominal trauma, possible aortic aneu-
rysm, and in the cardiovascular system. The aim of this article is to revise themain bone
and soft tissue conditions that can be assessed using US in the ED.
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a stripy morphology; other nonspecific appearances include
swellingand increasedechogenicityof theskinandST.Coloror
power Doppler tools show hyperemia of the infected areas.6

Necrotizing fasciitis is an uncommon, severe form of celluli-
tis characterized by a rapid clinical deterioration with signifi-
cant morbidity and mortality.7 The early stage of necrotizing
fasciitis is clinically indistinguishable from STIs such as cellu-
litis and erysipelas, making an early diagnosis challenging.
Necrosis may be caused by microcirculation thrombosis with
consequent ischemia.8 The US examination shows subcutane-
ous thickeningwithperifascial hypoechoicfluid collectionand
air where necrotizing fasciitis is concerned.

Abscess is a muscular or subcutaneous collection of ne-
crotic and infective tissue with bacteria, inflammatory exu-
date, and polymorphs.9 Usually abscesses present round-
shaped morphology, although they may also be geographic
or irregular. US findings depend on the maturity of the
collection, and their echogenicity can vary from hypoechoic
to isoechoic or hyperechoic with an irregular wall thickness
and typical posterior acoustic reflection. Internal debris is
common, and gas may be seen in case of anaerobic bacteria
such as Clostridium perfringens. Color or power Doppler
imaging shows variable grades of hyperemia of the abscess
wall and the surrounding tissues.6

Hematoma is a blood collection located in STor muscles; it
occurs as a result of trauma, especially in patients who have
received anticoagulant treatment.10 US appearance of a he-
matomavaries with its timing; hyperacute and acute hemato-
mas (until a fewdays old) appear as an anechoic or slightly
hypoechoic lesion with increased enhancement of the echoes
behind the lesion, indicating the presence of liquid blood.
Subacute hematomas becomemore complex (withmethemo-
globin presence), indicating blood clot formation (►Fig. 1).
Chronic hematomas may also present a solid structure with
different echogenicity due to the different products of hemo-
globin (ferritin and hemosiderin) and calcification or become
anechoic again (sign of liquefication).11

Less commonly, ligament strain or tears can also cause
hematoma formation due to blood extravasation near the
ligament structures (►Fig. 2). Any hematoma with nodular

areas should be followed until its resolution to exclude an
underlying tumor, especially if no significant traumatic
event has occurred.10

A particular form of subcutaneous fluid collection is
represented by the Morel-Lavallée lesion, a seroma caused
by the separation of the subcutaneous tissue from the
underlying muscular fascia.12 It mostly occurs on the lateral
side of the thigh around the greater trochanter, typically
after shear trauma during motorbike accidents.12 In these
cases, US shows the presence of a hypo/anechoic collection
confined to the subcutaneous tissue, never breaching the
muscular fascia, occasionally with some floating hypere-
choic fat lobules. It is not uncommon for this lesion to
measure>20 cm in length.

Fig. 1 Subacute soft tissue hematoma of the knee (asterisks) that determines posterior dislocation of the patellar tendon (arrows).

Fig. 2 (a)US imagesof rupturedanterior talofibular ligament (arrows)with
smooth and undefined ligaments ends at fibular (asterisk) and talar
(arrowhead) surfaces. (b) Bulky inhomogeneous hematoma (arrowheads)
with fibrin debris near the torn ligament.
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Overall, US may serve as a useful method to guide
percutaneous aspiration in most of these conditions.13–17

Foreign Bodies

Penetrating injuries with retained foreign bodies are one of
themost frequent reasons for ED admission. In the literature,
a rate of 38% of retained bodies overlooked at initial clinical
and radiologic examinations was reported.18 The most com-
mon retained foreign bodies are metal, glass, or wood/plant
splinters. Their detection is important because retained
foreign bodies may lead to inflammatory or infective com-
plications.19 Radiographs are able to depict � 80% of all
foreign bodies, but radiolucent types remain undetected, so
US evaluation is imperative.20

Several studies reported that US offers sensitivity ranging
between 87% and 94% and specificity of 97 to 99% in the
detection of foreign bodies.20–22 The degree of echogenicity
of the foreign bodies is due to the acoustic impedance at the
interface between them and surrounding tissue. Smooth
surfaces produce reverberation artifacts, whereas bodies
with irregular or curvilinear margins produce clean shad-
owing.Metal andglass, in particular, if imagedperpendicular
to the US beam, produce reverberation due to their flat
surfaces (►Fig. 3).23 Inflammatory reactions produce a typi-
cal hypoechoic rim around the foreign bodies if present in the
ST>24hours. However, false positive results can be caused
by calcification, scar tissue, or air trapped in the ST, and so
correlation with radiographs is always recommended.24

Fracture

USwas described as accurate for bone fracture diagnosis, and
the carpal bones are one of the major anatomical sites
investigated with US (►Fig. 4).25 Many articles describe
the utility of US for early detection of scaphoid fracture
(►Fig. 5) with a sensitivity ranging between 86% and 100%
and a specificity of and 95 to 100%.26,27 Radiographs show
lower sensitivity (37%) and specificity (40%).28 The ribs are
another crucial anatomical site that could be investigated
with US (►Fig. 6); in particular, rib fracture is a challenging
diagnosis with radiographs with a sensitivity of 41% and a
specificity of 100%, whereas articles report high sensitivity
ranging between 78% and 98% and a specificity of 100% for US
in cases of chondral rib fracture.29,30 The principle for
fracture diagnosis is to apply the transducers on the most
painful regions. The typical finding for a fracture diagnosis is
the interruption of the hyperechoic cortical line; hematoma
and ST swelling can also be observed as indirect evidence
near the fracture.

Emergency US examination may also be used for the
evaluation of hemarthrosis, a frequent finding in intra-articu-
lar injuries, and for the assessment of fracture reduction.31

An unusual use of US is bone realignment, in particular for
pediatric fractures. It was demonstrated that bedside US-
guided reduction of closed pediatric forearm fractures is safe
and effective.32 With this tool the clinician has real-time
visualization of the entity of bone reduction with lower
sedation and fewer operative attempts.

Fig. 3 (a) Radiographic film shows a metallic foreign body (arrow) into the soft tissue at the second metacarpophalangeal joint that is better
depicted with (b) an US examination (arrowhead).

Fig. 4 (a) Oblique radiographic view shows a doubt radiolucency into the sesamoid bone of the fifth metacarpophalangeal joint (arrow). (b) US
image shows a fracture rim of the sesamoid bone (arrow).
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Muscle and Tendon Injury

Muscle and tendon injury are common events in patients
admitted to the ED. In general, tendons with normal
underlying matrix do not tear unless very high forces are
applied. In most cases, the myotendinous junction is the
preferential site for tearing. The cause of tendon rupture is
variable and ranges from trauma over a degenerated
tendon to a penetrating laceration. Full-thickness tears
are considered when complete discontinuity of the tendon
is noted with a fluid-gap area (►Fig. 7) that becomes more
visible on dynamic evaluation.33,34 The Achilles, patellar,
quadriceps, and distal biceps are the most common ten-
dons presenting with a full-thickness tear in the ED.35,36 A
partial-thickness tear is diagnosed when alteration in
tendon diameter is seen with different degrees of detach-
ment of the tendon bundles.37,38

In almost all cases of tendon full-thickness tears, surgical
treatment is required. According to the involved tendon struc-
ture, it is useful to evaluate the presence of anatomical varia-
tions of the neighboring nerve structures or to report specific

findings. As an example, in the case of Achilles tendon rupture,
the evaluation of anatomical variation such as a reduced
distance between the sural nerve and the injured tendon
may be useful in preoperative planning before a percutaneous
approach.39 Also, it is important to report the presence and
integrity of the plantaris gracilis tendon, a thin accessory
tendon running on the medial side of the Achilles tendon,
that can occasionally be used as a graft for tendon repair.

Muscle injuries are another frequent cause of admission in
the ED and can be classified as extrinsic or intrinsic lesions.40

Extrinsic muscle injuries are due to a nonpenetrating injury
that causes contusion of the muscle belly against the underly-
ing bone. For this reason, these lesions frequently affect deep
muscles, such as the vastus intermedius. These injuries occur
frequently in athletes who practice contact sports. The contu-
sion produces a tear of muscle fibers and blood vessels that
result in hematomaandmyofiber necrosis.41US appearance of
extrinsic injuries depends on the extension and on timing
between the injury and the examination. In mild contusions,
US shows inhomogeneous isoechoic muscle swelling in com-
parison with the surrounding undamaged muscle tissue. In

Fig. 5 Scaphoid fracture. (a) Radiography shows trabecular crowding at the distal pole of the scapoid (arrow). (b) US shows a scaphoid fracture
with cortical discontinuity (white arrow) and periosteal hematoma (arrowheads).

Fig. 6 (a) Chest radiography performed for pain arisen after intense cough. The film is unremarkable. (b) US evaluation shows a tiny infraction of
the seventh rib (arrow).
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severe contusions, hematomas usually fill the gap of the torn
muscle (►Fig. 8).

Intrinsic muscle lesions are related to muscle strain
during the eccentric phase in which the force of active
contraction is added to the stretching force applied to the
myotendinous junction.42,43 Several classifications are avail-
able categorizing intrinsic muscle injuries; however, there is
no universally accepted classification system. The most used
classification divides muscle strains into three grades on the
basis of US appearance: mild, moderate, and severe.44 US
evaluation of mild injuries (grade 1) may be negative or
exhibit ill-defined areas of increased echogenicity or fiber
disruption occupying<5% of the cross-sectional area of the
muscle.Moderate injuries (grade 2) involve>5% of the cross-
sectional area, and US often shows fiber disruption and
discontinuity of the perimysium at the myotendinous junc-
tions.44,45 In severe injuries (grade 3), a complete rupture of
the muscle fibers with associated hematoma is seen. Grade 3
lesions are usually clinically evident with a palpable gap
between the retracted stumps of the affected muscles.
Perifascial fluid detection is an unspecific finding because
it can occur in any grade of muscle strain.42

Muscle herniation is another unusual cause of ED admis-
sion, usually seen after local blunt trauma.46 It refers to the
herniation of somemusclefibers through a defect in the deep
fascial muscles layer. In those cases, a palpable mass may be
detected that usually increases when the affected muscle is
contracted or the patient is standing erect.47 Dynamic US
evaluation is able to detect muscle bulge through the fascial
defect on muscle contraction and reduction on relaxation48

(►Fig. 9).

Calcific Tendinopathy

Calcific tendinopathy is a common condition mainly affecting
the rotator cuff tendons of women<50 years of age.49

Depending on the stage, calcific tendinopathy can be totally
asymptomatic, present with chronic mild pain, or generate an
unbearable pain usually nonresponsive to common oral pain-
killers.50 In this last condition,patientsgenerallypresent to the
ED seeking care. In general, the clinical diagnosis is straight-
forward, based onpatient symptoms. Inmost cases, a shoulder
radiograph is performed that may show the presence of a
subacromial radiopaque calcific deposit.51 However, in some

Fig. 7 Extensor hallucis longus tendon tear after cut injury. US shows detached tendon stumps (arrows) and interposed fluid gap (asterisk).

Fig. 8 Intramuscular hematoma of the vastus intermedius. (a) Short and (b) long axis US evaluation show an intramuscular inhomogeneous
mass (asterisk) after direct trauma.
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cases of acute calcific tendinopathy, calcifications arefluid and
not easily detected on shoulder radiograph.52 In these cases,
US can be used effectively to detect the presence of a calcific
deposit in oneof the rotator cuff tendons or in the subacromial
bursa.53 At the same time, US can be used to guide percutane-
ous irrigation of calcific tendinopathy to remove calcium and
promote prompt pain relief.54–56

Peripheral Nerve Injuries

High-resolution US has emerged as a pivotal imaging modal-
ity in the evaluation of acute and chronic nerve conditions.
Peripheral nerves normally present a fascicular “honey-
comb” appearance due to the presence of multiple hypo-
echoic fascicles, each of which consists of numerous
individual axons.57

Peripheral nerve injuries were classified by Seddon into
threemain typesoffiber injury:neurapraxia, axonotmesis, and
neurotmesis.58 Neurapraxia represents a stretch or compres-
sion injury with no axonal or connective tissue discontinuity;
thus recovery is relatively fast, usually within 2 weeks to a few
months, because the affected axons do not undergoWallerian
degeneration. In axonotmesis injury, varying degrees of axonal

and internal connective tissue damage may be observed,
characterized by full or partial integrity of the epineurium
with potential regrowth and functional recovery.59 Neuro-
tmesis is the most severe form of nerve injury where there is
complete transection of all neural fibers with consequent loss
of neural transmission.59 In case of neurotmesis, UShasproven
useful in assaying the gap length between fibers and providing
data for appropriate graft repair planning. However, distin-
guishing between neurotmesis and high-grade axonotmesis
during the acute phase of nerve injury can be challenging in
cases of smooth separated nerve ends or in the absence of
neuroma.60 Similarly, before posttraumatic internal fiber dis-
tortion, differentiating between neurapraxia and low-grade
axonotmetic injuries can also be difficult.15 Both neurapraxia
and axonotmesis can show loss of the normal honeycombfiber
architecture and cross-sectional area increase. In fact, the use
of a high-frequencyUS probe (22–30MHz) ismandatory in the
differentiation between hypoechoic granulation tissue and
scar formation in the nerve and nontransected fascicles.61

Zhu et al62 describe seven types of traumatic nerve injury
based on US visualization of the nerve fascicle, perineurium,
epineurium, and peripheral tissues with 93.2% accuracy in
distinguishing grades of neural injury. In cases of fiber

Fig. 9 Tibialis anterior muscle herniation. (a) Longitudinal US scan shows a defect in fascia covering tibialis anterior (arrowheads) with a focal
bulge of muscle belly (asterisk). (b) Bulging at middle third of the anterolateral leg becoming evident during contraction.

Fig. 10 Accessory spinal nerve (arrows) lesion with a visible hyperechoic foreign body (arrowhead).
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transection by a foreign body, US is reportedly able to localize
the site of injury and possible foreign particles inside the
nerve (►Fig. 10). Thus US is particularly advantageous in
cases of metallic fragments that preclude magnetic reso-
nance imaging evaluation.63,64

Conclusion

US has many benefits in the initial evaluation of a variety of
MSK and ST lesions in the ED, not only as a diagnostic tool but
also as guidance for interventional procedures. The radiolo-
gist can provide valuable data regarding the nature of a
variety of pathologies, whether they be traumatic, inflam-
matory, or infectious, that will help the clinician or ortho-
paedic surgeon to devise the appropriate surgical or
conservative treatment plan.
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