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ABSTRACT

Muscleinjuries are common, particularly in sports medicine. Muscle injuries comprise those due to indirect
trauma, including delayed onset muscle soreness and muscle strains, and those due to direct trauma,
including muscle laceration and contusion. This illustrated review article demonstrates the use of
ultrasonography and magnetic resonance imaging in the examination of muscle injuries and their

complications.
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INTRODUCTION

Muscle injuries account for 30% of all sporting injuries.*
Imaging is important, not only in diagnosing muscle
damage, but also in predicting the rehabilitation of
muscle injuries.?® Both ultrasonography (US) and
magnetic resonance imaging (MRI) have been widely
used for assessment of muscle injuries. Advantages of
US of muscles include multiplanar evaluation, excel-
lent spatial resolution, real-time capability for dynamic
evaluation of muscle, better clinical correlation (sono-
graphic palpation) and that US does not involve ionis-
ing radiation. The availability and low cost of US make
it superior to MRI for the initial assessment of muscle
injuries and also for follow-up of various changes until
complete muscle healing. MRI is particularly useful,
however, when the region of muscle involvement is
extensive and when underlying bone or joint pathology
is suspected. MRI is also very sensitive for detection
of subtle lesions, and helps to differentiate soft tissue
tumours from haematomas.

The use of imaging modalities in the assessment of
muscle injury and its complications arereviewed in this
article.
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EXAMINATION TECHNIQUES
Ultrasonography

Most muscles are superficial enough to be examined
by US. Usually, alinear array transducer in the high
frequency range (more than 8 MHZz) is used for examin-
ation of muscles, unless the pathology is located in
deeper muscles (eg, in large patients or in the gluteal
region) in which case a lower frequency linear array
probe for better US beam penetration will be required.
Frequencies of 9 MHz to 13 MHz produce in-plane
resolutions of 200 to 450 pum and section thickness of
0.5 mm to 1 mm, and exceeds those obtainable with
MRI without the use of small surface coils and specific
imaging parameters.* However, US is operator depen-
dent, and requires alonger learning period for master-
ing the technique.

Imaging should include at least two orthogonal planes,
preferably along and perpendicular to the long axis of
the muscle fibres. Comparison with the corresponding
and presumably healthy muscle in the contralateral
limb will often be useful for detection of subtle lesions
at the site of injury. Examination with the patient at rest
and during active and passive muscle contraction will
also provide a more precise assessment of the extent of
the lesion and the relationship to adjacent structures.
Ultrasound study can be supplemented with colour or
power Doppler examination to identify vascular injury
and reparative neovascularity.

The recent development of extended field-of-view
imaging has enhanced the perception of muscleinjuries

191



Imaging of Muscle Injuries

on US.%¢ |t allows panoramic display of the muscle
pathology in relation to its surrounding anatomy and
thus enhances cross-specialty communication.

M agnetic Resonance | maging

MRI is usually performed using a high magnetic field
device, particularly when the region of involvement is
extensive. If the damage is limited to a small superfi-
cial region, low magnetic field devices (0.2-0.5 T) can
suffice. MRI isusually performed using two orthogonal
planes: the axia plane across the muscle, and either the
sagittal or coronal plane to depict the length of muscle
involved, depending on the orientation and position of
the muscle.

The imaging protocol should include at least one T1-
weighted sequence to detect subacute haemorrhagic
products, and one fluid-sensitive sequence, preferably
with fat suppression, such as a T2-weighted sequence
with fat suppression or short-tau inversion recovery
sequence. Occasionally, gradient echo sequence is
added to accentuate the hypointense signal (* blooming’
effect) associated with the presence of haemosiderinin
suspected haematoma, metallic foreign bodies or gas
and is helpful in reaching adiagnosis. The administra-
tion of intravenous contrast material is not useful in
most cases of muscle injury except in afew reported
cases.”® However, intravenous gadolinium is some-
times useful in the presence of an intramuscular mass
lesion, particularly when a history of trauma is
equivocal. Fast gradient echo scans have been used
for high temporal resolution to study anatomic and
pathologic changes in muscle, such as demonstration
of retraction of torn muscle. However, US is usually
much faster, easier and cheaper for dynamic study of
the muscle than MRI.

IMAGING OF NORMAL MUSCLES
Each muscle is composed of muscle bundles (or
fascicles) which are in turn made up of muscle fibres.
Each muscle bundle is surrounded by a fibroadipose
septum called the perimysium; and each muscle is
surrounded by predominantly fibrous connective
tissue called the epimysium. On US, the perimysia
appear more echogenic than the muscle. On MRI,
the perimysia appear as hyperintense reticulations
within the intermediate signal intensity muscles on
T1-weighted axial images, due to the presence of
adipose tissue. The epimysium is hypointense on both
T1- and T2-weighted images, due to its predominantly
fibrous composition.
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After amuscle is exercised, an acute elevation in T2-
weighted signal intensity occurs. This has been described
as “exercise enhancement”.** It is important for radi-
ologists to recognise that increased signal intensity in
muscle on fluid-sensitive MRI sequences may occur if
imaging is performed within thirty minutes after exercise®™
and this should not be misdiagnosed as pathol ogy.

CLASSIFICATION OF MUSCLE
INJURIES

Muscle injuries can be classified into those due to indi-
rect trauma and those due to direct trauma. Indirect
trauma injuries include delayed onset muscle soreness
and muscle strain. Direct traumainjuries are subdivided
into muscle contusion and muscle laceration.

Delayed Onset M uscle Soreness

Delayed onset muscle soreness refers to the muscular
pain, soreness and swelling that follow unaccustomed
exertion such astheinitiation or resumption of training
in athletes after a period of time without training.*® It is
thought to occur from reversible structural damage at
the cellular level, with temporary diminished muscle
strength, but no permanent damage to muscle function.
Typically, symptoms tend to begin 1 to 2 days after
exercise, peaking at day 3 and resolving by day 7 with
conservative management. MRI shows high signal
on T2-weighted short-tau inversion recovery images
due to interstitial oedema in these muscles, similar
to first-degree muscle strain. On US, the muscle may
appear normal or show geographic hyperechogenicity
similar to that of a grade | muscle strain.'” However,
clinical history allows easy differentiation between
this entity and grade | muscle strain, as the laiter is
associated with acute symptoms devel oping at the time
of injury and resolving usually over a 2-week period.

Muscle Strains

When excessive stretching force is applied, especially
when powerful muscle contraction is combined with
simultaneous forced lengthening of the myotendinous
unit (eccentric contraction), a strain-type injury occurs.
The weak link in the myotendinous unit formed by
muscle, tendon and bone tends to vary depending on
the age of the individual.*® In children, this type of
injury tends to lead to apophyseal avulsion fracture, as
the weak link is located at the physeal plate. In young
adults, biomechanical failure tends to occur at the
myotendinous junction. In older adults with tendinosis,
the overload in the myotendinous unit tends to cause
tear or rupture of the degenerated, weakened tendon.
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Apophyseal avulsion and tendon injuries are beyond
the scope of this article.

The muscles most frequently involved in muscle strains
are those that traverse two joints, those having a high
proportion of fast twitch fibres and those undergoing
eccentric contractions (eg, rectus femoris, hamstrings
and gastrocnemius muscles). Eccentric contraction of
certain muscles that do not cross two joints may also be
seen, especially in the adductor longus muscle.*®*°
Muscle gtrains can be divided into three grades. Low grade
strains occur more commonly than high grade ones.

Gradel strain

In grade | strain, the muscle is extended beyond its
elastic capabilities. There is microscopic injury to
muscle or tendon but typically less than 5% disruption
of muscle fibres. The pain isintense but there is rapid
recovery with no loss of muscle strength after conserva-
tive management. Sonographically, grade | strains may
have anormal appearance or show focal or generalised
areas of increased echogenicity. Up to 50% of grade 1
strain shows generalised hyperechogenicity? as shown
in Figure 1. On MRI, thisis characterised by the pres-
ence of focal or diffuse hyperintense areas on fluid-
sensitive sequences, due to oedema and haemorrhage
(Figures 2a and 2b). As the oedema and haemorrhage
track along muscle fascicles, this may giverise to a
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Figure 1. Grade | medial gastrocnemius muscle strain in a 42-
year-old man. Dual-image transverse sonogram of both calves
shows thickening and diffuse hyperechogenicity in the medial gas-
trocnemius muscle of the right calf (marked by the calipers) when
compared to the normal left calf. Comparison with contralateral
limb aids detection of subtle changes in muscle. Note the perimy-
sia appear as echogenic dots or short lines (arrowheads) scat-
tered in the hypoechoic muscle fibres on transverse section. The
epimysium and the aponeurosis between the medial gastrocne-
mius and soleus muscles appear hyperechoic (arrows).
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Figure 2. Focal grade | medial gastrocnemius muscle strain. (a)
Axial T1-weighted magnetic resonance image of the calf shows
a focal area containing reticular hyperintensities in the medial
gastrocnemius muscle (arrow), due to the presence of methaemo-
globin. (b) Corresponding area appears hyperintense (arrow) on
fat-suppressed T2-weighted axial image; and (c) corresponding
area appears hyperintense and ‘feathery’ (arrow) on fat-suppressed
T2-weighted sagittal image. No architectural distortion of the muscle
fibres can be seen.
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Figure 3. Grade Il strain in the rectus femoris muscle sustained after a football game in a 40-year-old man. (a) Sagittal T1-weighted and (b)
fat-suppressed T2-weighted magnetic resonance images, and (c) corresponding longitudinal extended field of view sonogram over the
rectangular area marked in (a) show disruption of the muscle fibres along the length of the central tendon of the rectus femoris muscle
(arrowheads). Haemorrhagic fluid (arrow) is seen around the central tendon and extending into the perimuscular fascial planes (open arrows).
Note the feathery oedema pattern in (b). Note the thickened, heterogeneously hyperechoic areas within the torn muscle in (c). F = femur.

feathery appearance as shown in Figure 2c.? Thereis
no architectural distortion of the muscle or tendon but
there may be a slight increase in the size of the muscle.
Perifascia fluid may be seen, appearing hypoechoic on
US, or hyperintense on T2-weighted MRI sequence.

Gradell strain

In grade Il strain, there will be acute pain and swelling
with loss of muscle function due to partial disruption of
the muscle. When a muscle has a long tendon which
extends intramuscularly into the muscle belly (eg.
rectus femoris muscle), a strain occurring at the myo-
tendinous junction can be situated within the muscle
belly itself (Figure 3). Grade |l strain also includes
partial detachment of muscle from the adjacent fascia
or aponeurosis, such as commonly occurs when the
medial gastrocnemius muscle detaches from its com-
mon aponeurosis with the soleus muscle (‘tennisleg’)
during racquet sports, skiing and running (Figures 4a
and 4b).2 Haematoma at the myotendinous junction
is highly characteristic in grade |1 strains.?* Imaging
appearances of haematoma vary with acuteness and
severity of the partial tear. Perimuscular and fascia fluid
are also commonly seen.
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On US, grade Il strain appears as an interruption of
muscle fibres in echogenic perimysial striae. Dynamic
scanning during contraction may enhance measurement
of the size of the tear. Hypervascularity around the
disrupted muscle fibres may increase the ease of identi-
fication of the lesion, if colour or power Doppler sono-
graphy is used. The cavity created by the retracted torn
muscle fibres is filled with blood and the sonographic
appearance of haematoma varies with the time from the
trauma.® In the hyperacute phase, it is hypoechoic, with
corpuscul ate appearance, and there may be hyperechoic
coagulations present. It then becomes anechoic, with
successive appearance of hyperechoic walls and septa
made up of granulation tissue.

On MRI, grade Il strain appears hyperintense on
T2-weighted sequence in the acute phase owing to the
presence of inflammatory oedema. Retraction of mus-
clefibresis appreciable on both T1- and T2-weighted
sequences. The MRI appearance of haematoma also
variesover time. In the hyperacute phase (first 48 hours),
it appears isointense with respect to the muscle on
T1-weighted images and appears hyperintense on T2-
weighted fat-suppressed sequences. In the subacute
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Figure 4. ‘Tennis leg’ sustained during exercise in the gymnasium in a 56-year-old man. (a) Fat-suppressed T2-weighted sagittal image
and (b) corresponding longitudinal extended-field of view sonogram show detachment of the medial gastrocnemius muscle (asterisk)
from the common aponeurosis with the soleus muscle (S). The retracted distal muscle stump is rounded, swollen and oedematous
(arrow). Haemorrhagic fluid (arrowheads) is seen between the muscles. (c) In comparison, the normal contralateral ultrasound scan shows
a homogeneously echogenic common aponeurosis (small arrows) and smooth tapering of the medial gastrocnemius muscle at the distal
myoaponeurotic junction.

phase, the haematoma decreases in size and water
content, increasesin its protein content, and the haemo-
globin is transformed into methaemoglobin with con-
sequent signal heterogeneity on T1- and T2-weighted
sequences (Figures 5a and 5b). M ethaemoglobin char-
acteristically appears hyperintense on both T1- and T2-
weighted images.# In the chronic phase, there will be
hypointense signalsin both T1- and T2-weighted images,
due to the presence of haemosiderin or fibrosis.?3% On
gradient echo scans, the presence of haemosiderin will
lead to magnetic susceptibility artifact with ‘blooming’
of hypointense signals (Figure 5c).

In diagnosing haematoma, the dilemma often exists as
to whether there is underlying tumour beneath the
haemorrhage. A history of traumais crucia in differ-
entiating haematoma from tumour. However, when a
history of traumais equivocal or remote, differentiation
between a simple haematoma and a haemorrhagic neo-
plasm may be difficult. The administration of intrave-
nous gadolinium contrast on MRI scan may help exclude
a neoplasm when there is no enhancement detected
within the lesion (Figure 5d), or it may help identify an
enhancing nodul e suggesting a neoplasm. However, it
should be borne in mind that factors such as enhancing
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fibrovascular tissue surrounding the haematoma, the
possible passage of gadolinium into the blood collec-
tion viaaruptured vessel, and the limited enhancement
of some neoplastic lesions may lead to diagnostic error.*
When in doubt, follow-up examination of the suspected
haematoma for its evolution or resolution will be most
helpful. Biopsy isindicated in cases where the resorption
of apresumed haematoma does not occur within weeks.

Gradelll strain

In grade 111 strain, complete muscul otendinous disrup-
tion with or without retraction of the damaged muscle
isevident. Thisisusually aresult of violent contraction
against firm resistance. Retraction of fibres may result
in apalpable defect or afocal soft tissue mass. On imag-
ing, there is complete discontinuity of muscle and this
is commonly accompanied by muscle fibre laxity. The
muscle stump appears rounded (pseudomass), hyper-
echoic on US and may appear hyperintense on T2-
weighted MRI sequences (Figures 6a and 6b) due to
the presence of fibrosis, muscle fibre degeneration, and
chronic inflammatory cells.* The muscle gap is almost
aways filled by haematoma and effusion. The *bell
clapper’ sign refers to the retracted muscle fragment
floating within a haematoma.
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Figure 5. Haematoma in the deltoid muscle. Initially, ultrasonography was performed revealing a lobulated non-specific mass in the
anterior deltoid muscle of this patient who denied any history of trauma. (a) T1-weighted axial magnetic resonance image shows the
lesion (arrow) to be slightly hyperintense to normal muscle. (b) On T2-weighted fat-suppressed sequence the lesion appears hetero-
geneously hyperintense with hypointense foci. (c) Gradient-echo sequence shows ‘blooming’ of hypointense signals within and at
the periphery of the lesion due to the presence of haemosiderin. (d) Minimal enhancement is seen on post-contrast T1-weighted fat-
suppressed sequence. Magnetic resonance imaging findings are that of subacute haematoma. The patient was followed up with ultra-
sound to monitor resolution of the haematoma.

Prognosis and rehabilitation

Differentiation of grades of muscle strain will aid in
both prognosis and rehabilitation planning. Grade |
strains have alow risk of tear extension and heal within
2 weekswith conservative management. Grade |l strains
require at least 4 weeks of conservative management,
with a significant risk of tear extension if the patient
returnsto full exercisetoo early. It has been shown that
if more than 50% of the cross-sectional area of the ham-
string istorn, this correlates well with a convalescence
period of greater than six weeks.* Increasing length of
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astrain has also been correlated with an increased pe-
riod of convalescence.® The presence of persistently
altered signal intensity on MRI scansin strained mus-
cles may define a period of vulnerability to re-injury,
despite clinical resolution of symptoms.®=37

Muscle Contusion

Muscle contusion occurs as a result of direct, com-
pressive and usually blunt trauma on the muscle, par-
ticularly during contact sports. Clinically, patients
present with immediate and prolonged pain at the
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Figure 6. Chronic grade lll tear of the right rectus femoris muscle in a 65-year-old man who presented with a mass in the right upper thigh.
(a) Coronal T1-weighted and (b) coronal fat-suppressed T2-weighted magnetic resonance images show the rounded, retracted rectus
femoris muscle stump (arrow) in the anterior aspect of the upper thigh corresponding to the ‘mass’ felt by patient. The muscle is atrophic
compared to the contralateral side and has T1-weighted hyperintense fatty infiltration and T2-weighted slightly hyperintense signals

within. There is lack of haemorrhage due to the chronicity of the injury.

injury site, and bruising of superficial tissue is com-
monly present. The US and MRI appearance of contu-
sivelesions are similar to that of grade 1 muscle strain,
being distinct only in their different traumamechanisms.
Typically, thereis an increase in muscle size, with in-
terstitial oedema, but no fibre discontinuity is seen
(Figure 7). Although contusion injuries often appear
more extensive than strain injuries, the recovery time
for contusions tends to be significantly shorter (usually
less than 3 weeks).*®

Figure 7. Muscle contusion in the quadriceps muscles after a fall.
Fat-suppressed T2-weighted image shows feathery, high signal
oedema in the vastus lateralis (VL) and vastus intermedius (VI)
muscles. Fluid is seen in the perimuscular (arrow) and intermus-
cular (arrowhead) fascial planes.
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Muscle L aceration

Muscle laceration is uncommon in athletic injuries.
Muscle laceration can be partial or complete, and may
cross several compartments depending on the severity
of the injury. In the acute setting, this type of injury is
rarely evaluated with imaging. Imaging will show
sharply marginated discontinuity of musclefibres at the
site of laceration.

COMPLICATIONSOF MUSCLE
INJURIES

Muscle Her niation

Herniation of muscle fibres through aweakened aponeu-
rosis or fascia can occur after blunt or penetrating
trauma. The diagnosis may be confirmed on both MRI
and US.

Muscle Fibrosis

Muscle injuries heal within 3-16 weeks depending on
their site and nature. Lesions to the lower leg muscles
tend to heal more slowly than those in the thigh.** In
grade | strains where the sarcolemma s intact, regen-
eration occurs due to the proliferation of myocytes.® In
grade Il and |11 strains, there are two types of healing
processes at play: regeneration and the formation of
fibrous scar tissue. The larger the extent of the initial
tear, the more frequent the formation of scar tissue.
Fibrous scar predisposes the injured muscle to recur-
rent tears. Fibrous scar appears hypointense on both
T1- and T2-weighted MRI sequences. The adjacent
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Figure 8. Fibrosis in the rectus femoris muscle. This 21-year-old man sustained a football injury one year previously and presented with
mild residual pain and gradual development of a left thigh mass. (a) Sagittal fat-suppressed T2-weighted image of the thigh shows no
mass underneath the round, hyperintense localiser placed over the site of left thigh swelling indicated by the patient. Instead, a linear
hypointense signal scar (arrowhead) with adjacent ill-defined hyperintense signals is noted in the rectus femoris muscle. There is surface
depression of the scarred muscle. (b) On corresponding longitudinal extended-field of view ultrasonography of the anterior thigh, an
echogenic stellate scar (asterisk) is seen in the rectus femoris muscle with retraction of the adjacent muscle fibres. Surface depression at
the site of the scar (arrowheads) and relative muscle bulging (arrow) distally are noted. On dynamic ultrasonography, the abnormal muscle

contour was accentuated on active contraction of the muscle.

muscle fibres may appear hyperintense on T2-weighted
images due to degeneration, chronic inflammation
and the presence of granulation tissue (Figure 8a). Sono-
graphically, the fibrous scar appears as a hyperechoic
or heterogeneous, linear or stellate lesion adherent to
the epimysium (Figure 8b).""

Muscle Atrophy

Muscle atrophy starts to manifest after about 10 days
of immobilisation and can become irreversible within
four months.** Decreased size of the muscle with fatty
infiltration will be seen, appearing hyperintense on
T1-weighted MRI scan (Figure 6a) or sonographically
hyperechoic.
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Heter otopic Ossification

Heterotopic ossification in muscleis not uncommon after
muscle trauma, particularly in muscle contusion.* |t
is due to ossification of the muscle haematoma, which
typically begins at the periphery of the lesion. Hetero-
topic ossification is the preferred term over myositis
ossificansin describing this entity, since no inflamma-
tion (as suggested by the term *myositis’) is present in
the muscle.’ It usually begins 3-4 weeks after theinjury.
It affects the large muscles in the extremities in approxi-
mately 80% of cases,* and occurs commonly in mus-
clesin contact with bones such as the brachialis, vastus
intermedius and soleus muscles. The ossified mass
matures over a period of 6 months to 1.5 years® with
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(b)

Figure 9. Heterotopic ossification in the anterior compartment of the lower leg. (a) Longitudinal ultrasonography of the extensor compart-
ment of the lower leg where the patient complained of a lump shows a small well-circumscribed hypoechoic lesion in the tibialis anterior
muscle marked by two pairs of measurement calipers. There are two smooth, curvilinear, echogenic calcifications (arrowheads) noted
within the peripheral part of the lesion, orientating along the length of the muscle. (b) The radiograph taken one month prior to the
ultrasound examination was reported as normal. However, subtle longitudinal calcifications can be seen in the soft tissues adjacent and

parallel to the tibial shaft (arrows) on retrospective review.

resorption over aperiod of 1t0 5.5 years.#* The relation-
ship between muscle injury and muscle ossification
is not always easy to identify. Thus, this may be con-
fused with an inflammatory or neoplastic process with
symptoms and signs of pain, tenderness, swelling and a
pal pable mass.

Ultrasound can detect the ossification about 2 weeks
earlier than plain radiographs. In the early phase, a
hypoechoic mass with sheets of echogenic material is
seen (Figures 9a and 9b). L ater, areas of coarse calcifi-
cation casting acoustic shadows, often parallel to the
adjacent diaphysis, may be seen.”® The MRI appearance
is variable and non-specific, and may be mistaken for
soft tissue neoplasm in the early stages. Correlation with
radiographs or computed tomography scanning can help
in arriving at the correct diagnosis. Thiswill show ossi-
fication beginning at the periphery of the lesion that does
not show continuity with the underlying bone.

Compartment Syndrome

Compartment syndrome may be acute or chronic. Com-
partment syndrome is caused by an increase of intersti-
tial pressure within a muscle group covered by a
common inextensible fascia.® This leads to reduced
venous flow, causing a further increase in interstitial
pressure, and eventually leading to ischaemiaand neuro-
muscular injury.
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Although most cases of acute compartment syndrome
are associated with fractures, the second most common
cause isinjury to muscles without fracture.s* The com-
monly affected sites are the anterior compartment of
theleg in football players,® and the triceps and deltoid
muscles in weightlifters.®® Chronic compartment syn-
drome may occur because of exertional causes (eg, ex-
ercise or occupational overuse), as there is an increase
in muscle volume by 20% causing increased pressure
within a non-compliant compartment.>

Imaging is not the primary technique for diagnosing
compartment syndrome, although it may provide infor-
mation on the compartment and evaluate for any under-
lying lesion in the preoperative assessment, particularly
in the non-acute setting.

CONCLUSION

US and MRI are both useful imaging modalitiesin de-
fining the location, extent and severity of muscleinjury.
These modalities can assess healing or scar formation,
detect associated complications, predict prognosis and
monitor treatment response in muscle injuries. The
availability, low cost, ease of examination, and dynamic
capability of USfavour itsuse in theinitial assessment
and subsequent follow-up of the majority of muscle
injuries. As MRI provides better image contrast resolu-
tion than US; it is sometimes helpful in differentiating a
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haematoma from a soft tissue mass. Occasionally,
however, both modalities are utilised as the imaging
findings may be complementary. The choice of imaging
modality selected for the evaluation of muscle injuries
will also depend on local availability, cost, expertise
and local clinical practice.
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