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Abstract

Myositis has many etiologies, and it can be encountered in the acute or chronic setting. Our goal is to increase the radiologist’s
knowledge of myositis and other urgent muscle disorders encountered in the emergent or urgent setting. We review the clinical
presentation, the MRI appearance, and the complications that can be associated with these entities. Since myositis can affect
multiple muscle compartments, we review how to differentiate the compartments of the appendicular skeletal in order to generate
reports that relay important anatomic information to the treating physician. Given the poor sensitivity and positive predictive
value of the clinical signs and symptoms used to diagnosing acute compartment syndrome, we discuss the potential use of MRI in
cases of suspected but clinically equivocal compartment syndrome in the future.
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Introduction

Recent data indicates that musculoskeletal complaints com-
prise 15% of all emergency department encounters [1]. A
small, but potentially urgent percentage of these cases may
involve myositis. Myositis is a broad term used to describe
inflammation of muscle tissue but has many etiologies. In its
chronic form, myositis is associated with connective tissue or
autoimmune inflammatory cascades, primarily managed by
rheumatologists. Our focus is on the more acute manifesta-
tions of myositis that might present to an emergency depart-
ment, urgent care center, or as a complication of a newly
admitted inpatient. Specifically, we look at the spectrum of
MRI findings and the role MRI has in the diagnosis, manage-
ment, and treatment of myositis and other urgent muscle-
related disorders. With the increased utilization of MRI, on-
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call radiologists may need to interpret these cases without the
benefit of fellowship-trained musculoskeletal imaging
expertise.

MR imaging of myositis

Currently, MR myositis protocols are characteristically brief,
using a fluid-sensitive sequence such as short TI inversion
recovery (STIR) or proton density with fat saturation in the
axial and coronal planes as well as an axial T1 sequence. The
brevity of the protocol reflects the inherent sensitivity of MR
in the detection of abnormal muscle signal over specificity.
The use of composed MR post-processing technique helps to
seamlessly link upper and lower components of the arms or
legs. Occasionally, paraspinal muscles and shoulders are im-
aged when clinically indicated.

In general, MRI has been criticized for long scan times,
difficulty of access, and lack of specificity. However, with
the ever-increasing accessibility, more efficient image acqui-
sition, and the clinical use of techniques formerly reserved for
research or less acute entities, emergent MRI could be useful
in the diagnosis of myositis and even cases complicated by
acute compartment syndrome (ACS). The inconsistent perfor-
mance of intracompartmental pressure measurements has
spawned research into the biochemical markers of impending
irreversible muscle ischemia. Pyruvate and phosphocreatine
levels have been shown to decrease in the setting of muscle
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glycolysis (anaerobic respiration). Conversely, lactate concen-
tration has been shown to increase, leading to decreased tissue
pH [2]. Efforts are in progress to measure muscle compart-
ment pH by using an indwelling catheter or needle; however,
P31 magnetic resonance spectroscopy (MRS) has proven to
accurately measure intracellular pH in a noninvasive manner
[3, 4]. MRS uses the relative chemical shift of inorganic phos-
phate (Pi) and phosphocreatine (PCr) to calculate pH using the
Henderson-Hasselbalch equation. Sedivy et al. reported a scan
time of 4 min using a 3T system [4]. Another emerging tech-
nology is MR elastography (MRE). MRE “measures tissue
stiffness by encoding displacements due to the propagation
of externally induced acoustic waves into the MR phase sig-
nal” [5]. The inherent tissue stiffness affects the speed of the
wave propagation, with stiffer tissue inducing faster wave
speed. It remains to be seen whether the muscle compartment
tension associated with myositis and ACS coincides with
measurable tissue stiffness afforded by MRE. Ultimately,
one could conceive of an abbreviated ACS protocol that uses
isotopic 3D volume acquisition combined with P31-MRS and
MRE to yield anatomic and biochemical information. Such an
endeavor would require specialized software, a streamlined
patient selection protocol, and close coordination between
the radiologist and technologist; however, with the proper
equipment, the idea is imaginable. Incorporating an artificial
intelligence automation tool could assist with data processing
in order to optimize the turn-around time for these cases.
Potentially, cases of suspected but clinically equivocal ACS
may benefit from this type of MRI imaging in the future.

Anatomy

A thorough understanding of compartmental anatomy is nec-
essary to adequately describe MR imaging findings of myosi-
tis and its complications. Accurate localization of the abnor-
malities can help clinicians understand the extent of disease
and whether the process is affecting adjacent structures such
as bone, joint space, bursa, tendons, and neurovascular bun-
dles. The compartments are space-limited areas, confined by
the deep and intermuscular fascia.

Upper extremity

The upper extremity anatomy can be divided into the arm and
the forearm (Table 1). The muscle compartments of the arm are
separated into anterior and posterior compartments by the me-
dial and lateral intermuscular septa, which are fascia thicken-
ings that extend from the humerus to the deep fascia (Fig. 1a).
The long and short heads of the biceps make up the superficial
muscles of the anterior compartment, while the coracobrachialis
and brachialis make up the deeper muscles of the compartment.
The three heads of the triceps muscle (long, lateral, and medial)
occupy the posterior compartment in toto. The deltoid muscle is
not included in the arm compartment schema [6].

The description of the forearm is more variable with two,
three, and four compartments cited in the literature [7]. In the
four compartment classification, there are dorsal, mobile wad
of Henry, volar superficial, and volar deep compartments.
Anatomically, the forearm compartments are often

Table 1 Anatomy (upper and

lower extremities) Compartments, divisions and muscles of the appendicular skeleton

Extremity  Division = Compartment  Muscles

Upper Arm Anterior
Posterior

Forearm  Volar

Dorsal

Lower Thigh Anterior

Medial
Posterior

Lower Anterior
leg Lateral
Deep
posterior

Superficial
posterior

Long and short heads of the biceps, coracobrachialis, brachialis
Long, lateral, medial heads of the triceps

Pronator teres, palmaris longus, flexor digitorum superficialis, flexor
carpi ulnaris, flexor pollicis longus, flexor digitorum profundus

Brachioradialis, supinator, extensor carpi radialis longus, extensor
carpi radialis brevis, extensor digitorum, extensor digiti minimi,
extensor carpi ulnaris, extensor pollicis brevis, extensor pollicis
longus

Sartorius, rectus femoris, vastus medialis, vastus intermedius, vastus
lateralis

Adductor longus, gracilis, adductor brevis, adductor magnus

Biceps femoris long and short heads, semitendinosus,
semimembranosus

Tibialis anterior, extensor hallucis longus, extensor digitorum longus
Peroneus longus, peroneus brevis
Tibialis posterior, flexor hallucis longus, flexor digitorum longus

Medial gastrocnemius, lateral gastrocnemius, soleus
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incompletely separated, and for the purpose of this discussion,
can be thought of as either dorsal or volar (Table 1). These two
compartments are separated by the radius, ulna, and the
intraosseous membrane which spans these bones (Fig. 1b).
Due to the porous nature of the forearm compartments, often
a single fasciotomy will suffice, releasing tension in the re-
maining compartments [6].

Lower extremity

The lower extremity anatomy can be divided into the thigh
and the lower leg (Table 1). The thigh has three anatomic
compartments: anterior, medial, and posterior. The fascia lata
defines the circumferential superficial border investing all
three compartments. The anterior compartment is separated
from the medial and posterior compartments by fascial thick-
enings called the medial and lateral intermuscular septa that
extend from either side of the femur to the fascia lata [8]. The
medial compartment is separated from the posterior compart-
ment by a thin fascial plane called the posterior intermuscular
septum (Fig. 1¢). The gluteus maximus is not included in the
thigh compartment schema [9].

The lower leg is comprised of four anatomic compart-
ments: anterior, lateral, superficial posterior, and deep pos-
terior (Table 1). The deep crural fascia defines the circum-
ferential superficial border investing all four compart-
ments, and it fuses with the anterior periosteum of the tibia.
The lateral compartment is separated from the anterior and
posterior compartments by the anterior and posterior
intermuscular septa, respectively. The posterior compart-
ment is divided by the posterior intermuscular fascia into
deep and superficial compartments (Fig. 1d). The
interosseous membrane bridges the tibia and fibula, sepa-
rating the anterior and deep posterior compartments [8].

Etiologies and entities
Infectious myositis

Infectious myositis is a type of urgent myositis that can
present to the emergency department and can be bacterial
or viral. Bacterial pyomyositis typically emanates from he-
matogenous bacteremia, with patients exhibiting three
stages (Table 2). Patients in stage 1 present with localized
pain, low-grade pyrexia, and malaise, but purulence is not
present. Stage 2 of the disease presents with overt signs of
local and systemic infection and usually follows stage 1 by
10 to 21 days. Severe muscle pain, swelling, and skin ery-
thema can be present at this stage. Inflammatory markers
and white blood cells become elevated. Frank pus and in-
tramuscular abscesses can be present in stage 2. Stage 3
patients exhibit signs and symptoms of sepsis and
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complications that may involve other organ systems, in-
cluding renal failure. Staphylococcus aureus is the most
commonly isolated organism in pyomyositis [10, 11].

MRI is the imaging modality of choice for suspected
pyomyositis. MRI has inherent qualities that allow us to dif-
ferentiate tissue properties with marked sensitivity. Combined
with intravenous contrast, MRI is excellent at distinguishing
the rim-enhancing fluid collections that mark the transition
from a phlegmonous stage 1 to a purulent stage 2. In stage 1
pyomyositis, one can expect muscle enlargement with loss of
definition and heterogenous increased T2-weighted signal ab-
normalities (Fig. 2). T1-weighted sequences are usually
isointense to slightly hyperintense depending on the proteina-
ceous nature of the fluid. In the late stage 2, T2-weighted
images reveal hyperintensity with corresponding hypointense
T1 signal. At this stage, post-contrast T1-weighted images
with fat saturation may depict rounded or irregularly shaped
rim-enhancing fluid collections that are typical of abscesses.
MRI helps to identify percutaneously drainable fluid collec-
tions and surgical planning if necessary. Up to 40% of
pyomyositis cases involve multiple muscle groups [10, 11].

Necrotizing fasciitis is an infection that can occur concom-
itantly with pyomyositis or as a distinct entity. The imaging
hallmarks of this type of infection are the result of fascial
inflammation and necrosis that leads to fascial thickening,
interfascial fluid, and perifascial hyperemic changes, often in
multiple compartments [12]. Thickening of the deep and
intermuscular fascia greater than 3 mm is associated with
86% of necrotizing fasciitis when compared to non-
necrotizing fasciitis [12]. The accumulation of fluid along
the fascial planes results in hyperintense T2 signal and
hypointense T1 signal. Enhancement is variable, likely due
to the disruption of capillary networks traversing the deep
fascial planes [12]. Crepitus is the physical sign representing
subcutaneous emphysema tracking along fascial planes. This
gas is readily identified using conventional radiographs and
CT; however, only a minority of cases involves gas-forming
organisms. Gradient-echo sequences can help to identity gas
on MRI scans. While MRI can yield exquisite tissue contrast
and could be useful to map the extent of the disease to aid
surgical planning, treatment should not be delayed in lieu of
imaging in severely toxic patients [13].

Viral infections are commonly associated with myositis
which can range from mild myalgias to rhabdomyolysis, lead-
ing to renal failure and cardiac arrhythmias [14]. Multiple
viruses have been implicated in myositis and myositis-
induced rhabdomyolysis including influenza A/B;
parainfluenza; coxsackie; hepatitis A, B, C, and E; and HIV
[14-16]. Toscana, Dengue, and West Nile viruses have also
been documented causes of viral-related myositis [17].
Recently, Beydon et al. presented an MRI documented case
of SARS-CoV-2-related myositis of the external obturator and
vastus lateralis muscles [18]. The mechanism of viral-related
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Table 2  Etiologies, entities, and special features
Etiology/entity MRI T1-weighted =~ MRI T2- Special features Clinical presentation Other
weighted
Bacterial Isointense to slightly ~ Heterogeneously Irregular, thickened, Stage 1—Tlocalize pain, low-grade S. aureus is most common in
pyomyositis hyperintensity hyperintense rim-enhancing ab- fever, malaise pyomyositis
depending on signal scesses accentuated  Stage 2—severe, pain, swelling,
proteinaceous fluid with T1 fat sat + skin erythema, purulence
content contrast Stage 3—sepsis and multi-organ
system damage
Necrotizing Hypointense to Hyperintense Fascial thickening Rapidly progressing infection Can occur concomitantly with
fasciitis isointense signal signal >3 mm Crepitus/subcutaneous gas in pyomyositis
Interfascial fluid minority of cases
Perifascial edema in
multiple
compartments
Variable enhancement
Viral infections ~ Hypointense to Hyperintense Patchy or streaky Mild to severe myalgias Most commonly: influenza A/B,
isointense signal signal infiltration of muscle Can progress to rhabdomyolysis parainfluenza, coxsackie,
with heterogenous or hepatitis A, B, C, E, and HIV
diffuse enhancement
Rhabdomyolysis Type Type 1-homogenously Type 1-homogenous enhance- Muscle pain, weakness,
1-homogeneously high signal ment dark-colored urine
isointense to faintly Type 2-heterogenous  Type 2-rim enhancing collections, Markedly elevated CK
hyperintense hyperintensity myonecrosis “stipple sign” Can lead to renal failure and fatal
Type 2-homogeneous cardiac arrhythmias
or heterogeneous
isointense to faintly
hyperintense
Multiple causes:
overexertion,
exercise,
blunt trauma,
vascular
occlusion,
carbon
monoxide
poisoning, or
medication
induced
IMNM Isointense with Hyperintense Edema, atrophy, fatty =~ Muscle weakness, very high CK  Autoantibodies of anti-HMGCR or
hyperintense replacement anti-SRP, associated with statin
use
Diabetic Isointense to faintly ~ Hyperintense Subfascial and Acute onset of pain, with or Long-standing, uncontrolled
myonecrosis hyperintense subcutaneous edema without mass, decreased range complicated diabetes often with
(DMN) Can have small of motion, low-grade fever, nephropathy, neuropathy, and
rim-enhancing col- mildly elevated CK retinopathy
lections with Predominately effects lower
hypointense foci extremities and can be
with T1 fat sat + C multifocal
Acute Isointense to faintly =~ Hyperintense Variable enhancement ~ Signs and symptoms of six P’s Blunt, crush, penetrating trauma
compartment hyperintense with of the affected Sustained ICP of > 30 mmHg or most commonly of the anterior
syndrome swelling and loss of muscle and perfusion pressure (diastolic compartment of the tibia
(ACS) muscle architecture subfascial regions BP-ICP) less than 30 mmHg
Overdose Isointense to faintly ~ Diffuse or patchy Variable enhancement Patient “found down” with More likely to present with gluteal
compartment hyperintense with hyperintense depending on degree overlapping clinical and involvement than ACS
syndrome swelling and loss of of tissue imaging findings of
(ODCS) muscle architecture devitalization rhabdomyolysis and/or com-
Late findings of fibrosis ~ partment syndrome
and fatty infiltration
Abbreviations:

T1 fat sat + C (T1 fat saturation with contrast)

S. aureus (Staphylococcus aureus)

CK (creatine kinase)

ICP (intracompartment pressure)

IMNM (immune-mediated necrotizing myopathy)

Anti-HMGCR (anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase)

Anti-SRP (anti-signal recognition particle)

@ Springer



414

Emerg Radiol (2021) 28:409-421

Fig.2 a Stage 2, pyomyositis in a 36-year-old immunosuppressed patient
with an irregularly shaped, multiloculated, peripherally enhancing ab-
scess within the posterior compartment of the proximal thigh on this T1
fat-saturated post-contrast image (arrows). Note the enhancement of the
surrounding musculature consistent with infectious myositis (star). Axial

myositis is unclear; however, direct viral invasion, viral-
mediated myotoxic cytokines, and viral-induced autoimmune
reaction have all been posited [14] (Fig. 3).

The MRI appearance of viral-related myositis varies by
extent and distribution; however, streaky or patchy infiltration
of muscle by abnormally high T2-weighted signal is a com-
mon theme. Heterogeneous or diffuse enhancement of muscle
lesions is often seen [17, 18].

Rhabdomyolysis

Rhabdomyolysis can occur as a complication of myositis
resulting from a myriad of viral, exertional, toxic, and crush
etiologies. Sarcolemma membrane disruption causes myoglo-
bin, potassium, phosphate, creatine kinase (CK), and urate to
leak into the systemic circulation [19]. Myoglobin exhibits
direct toxic effects that are detrimental to renal blood flow,
leading to renal ischemia, and the production of myoglobin
casts that cause proximal tubular necrosis [14]. Between 4 and

Fig. 3 Viral myositis (HIV) 48-
year-old. Axial STIR images
through the mid-thighs reveals
heterogeneous hyperintense sig-
nal affecting all compartments
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proton density with fat saturation at the same level b reveals an abnormal
area of increased signal intensity that corresponds to the abscess; howev-
er, is less well defined (arrows). Increased signal is also noted in the
adjacent muscle (star)

40% of rhabdomyolysis patients experience acute renal failure
[14]. Severe cases exhibit the clinical triad of muscle pain,
weakness, and dark-colored urine. Laboratory findings usual-
ly include elevated creatine phosphokinase, transaminases,
BUN (blood urea nitrogen), creatinine, as well as hyperurice-
mia and hyperkalemia. Hypocalcemia and hypophosphatemia
have also been reported. Compartment syndrome as a compli-
cation of rhabdomyolysis can arise due to muscle swelling,
compressing nervous and vascular structures within the com-
partment [19].

Imaging of rhabdomyolysis by MRI is more sensitive than
CT or ultrasound, allowing greater detail of the distribution
and extent of affected muscles [19] (Fig. 4). Two types of MR
imaging findings were described by Lu et al. [20]. Type 1
revealed homogeneously isointense to hyperintense T1-
weighted signal, homogenously high T2 and short tau inver-
sion recovery sequences (STIR), and homogenous enhance-
ment after IV contrast administration. Type 1 rhabdomyolysis
is associated with overexertion from exercise [20]. While the
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Fig. 4 ODCS with type 2,
rhabdomyolysis in a 34-year-old.
Coronal proton density fat
saturation image (a) reveals
patchy, heterogeneously
hyperintense images of the right
hip musculature after being
“found down” due to OxyContin
overdose. Note the bulging
piriformis (star), gluteus minimus
(diamond), and gluteus medius
(arrowhead) muscles and fluid
tracking along the proximal
iliotibial band. Coronal T1 image
(b) of the same patient

upper and lower extremities are often involved, axial compart-
ments of the trunk, including the paraspinal, deltoid, abdom-
inal, and gluteal muscle groups, have been reported [21-23].

In type 2 rhabdomyolysis, either homogeneous or het-
erogenous isointense to hyperintense signal on T1 imag-
ing, heterogenous hyperintensity on T2 or STIR se-
quences, and rim-enhancement daubed the “stipple sign”
is seen on post contrast T1-weighted sequences. The rim-
enhancing foci represent areas of myonecrosis [20]. The
MR findings of type 2 rhabdomyolysis are found in pa-
tients with overdose compartment syndrome (ODCS),
blunt trauma, vascular occlusion, and carbon monoxide
poisoning [24]. Intramuscular hemorrhage can be seen as
hyperintense T1-weighted signal abnormalities and signal
void or blooming artifacts on gradient-echo sequences
[24] (Fig. 4).

Fig. 5 Rhabdomyolysis in a 23-
year-old patient who presented to
the emergency department 1 week
after smoking synthetic cannabi-
noids with a creatine kinase of
203,700. Axial proton density fat-
saturated image reveals selective
but symmetric bilateral
hyperintensity of all compart-
ments with relative sparing of the
adductor longus muscles (star)
and vastus intermedius muscles
(arrowhead) groups

Drug-induced and immune-mediated necrotizing
myositis

Drug-induced myositis may also be encountered in the emer-
gent or urgent setting. Drugs of abuse, namely, alcohol, co-
caine, opiate, phencyclidine, and some wild mushrooms, have
been documented causes of myositis [15, 25]. Synthetic
cannabinoid-induced myositis leading to rhabdomyolysis
has been reported [26] (Fig. 5).

Even more commonly, prescribed drugs have been impli-
cated in causing myositis and ultimately muscle necrosis such
as gabapentin [27], empagliflozin [28], statins, fibrates, cyclo-
sporine, tacrolimus, propofol, labetalol, telbivudine, antipsy-
chotics, voriconazole, entecavir, zidovudine, colchicine, se-
lective serotonin reuptake inhibitors, and lithium, among
others [15]. Typically, the myalgias associated with these
drugs are self-limiting, resolving when the drug is ceased.
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However, an increasingly recognized type of inflammatory
myopathy is immune-mediated necrotizing myopathy
(IMNM). IMNM is a novel subset of the family of inflamma-
tory myopathies of which polymyositis, dermatomyositis, and
inclusion body myositis are most well-known. In distinction
to the other drug-induced causes of myositis, IMNM is diffi-
cult to treat because the drug, most commonly a statin, pro-
duces anti-3-hydroxy-3-methylglutaryl-coenzyme A reduc-
tase antibodies (anti-HMGCR) or anti-signal recognition par-
ticle (SRP) that continue to circulate long after the discontin-
uation of the offending agent [29]. Unlike, other inflammatory
myopathies such as dermatomyositis, polymyositis, and inclu-
sion body myositis which are the product of T cell-mediated
attack of the muscle fibers, IMNM is an antibody-mediated
response to the muscle fibers characterized by the presence of
macrophages. These antibodies can be detected by immuno-
assays, obviating the need for muscle biopsy [30].

Patients can present to the emergency department with ex-
treme fatigue, muscle soreness, and extremity weakness.
Laboratory findings include markedly elevated CK and trans-
aminase levels. The addition of myoglobinuria suggests pro-
gression to rthabdomyolysis. Of note, in contradistinction to
non-inflammatory myopathies, IMNM patients CK levels fail
to improve despite aggressive hydration. Long-term, aggres-
sive, immunosuppressive therapies are the current treatment,
and several months of therapy may be required before CK
levels normalize [30]. MRI examination may reveal diffusely
hyperintense T2-weighted signal within affected muscle
groups, consistent with muscle edema of myositis [30].
Additional findings include muscle atrophy and fatty replace-
ment which is more severe in patients with anti-SRP antibod-
ies [29]. Elessawy et al. utilized whole-body MRI for a variety
of chronic myositis. He used coronal STIR and T1 sequences
with a total scan time ranging from 15 to 20 min [31]. Using a
whole-body technique allowed for the detection of bilateral
and early asymptomatic myositis muscles groups.

Diabetic myonecrosis

Diabetic myonecrosis (DMN), also called diabetic muscle in-
farcts, is a sequela seen in patients that have longstanding,
suboptimal glycemic control [32]. Characterized by acute on-
set pain with or without a focal mass and reduced range of
mobility, these patients may have a low-grade fever and a
mildly elevated CK; however, leukocytosis is usually absent.
Chronic diabetic renal disease seems to be the common factor,
predicting incidence and recurrence of DMN [32]. Other stig-
mata of uncontrolled diabetes are often present such as neu-
ropathy and retinopathy. Jelinek et al. studied 21 patients and
found that the thigh was most commonly affected site (81%),
followed by the calf (19%). Up to 38% of these patients had
bilateral infarcts, 62% had multicompartmental involvement,
and 86% had more than three muscles involved. Combined
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thigh and calf involvement were present in 10% of patients
[33].

MRI is the study of choice for imaging DMN because it
clearly identifies the location, number, and extent of disease
involvement. Muscle swelling, exhibiting isointense T1-
weighted signal and hyperintense T2-weighted/inversion-re-
covery signal are the usual imaging characteristics (Fig. 6).
Subfascial and subcutaneous edema may be present [33].
Diffuse enhancement on gadolinium-enhanced T1-weighted
imaging typically corresponds to the hyperintense T2-
weighted signal abnormalities; however, 29% of the patients
studied by Jelinek et al. exhibited small rim-enhancing foci
with low central T1-weighted signal. These rim-enhancing
components represent muscle infarction and necrosis.
Fourteen percent of patients had small foci of both
hyperintensity T1-weighted and T2-weighted signal abnor-
malities corresponding with post-infarct hemorrhage [33].

While highly sensitive, the specificity of MRI is limited
by an extensive differential diagnosis, including soft tissue
abscess, pyomyositis, necrotizing fasciitis, inflammatory
myositis, and primary muscle lymphoma. Therefore,
DMN remains a clinical and imaging diagnosis [33]. A clin-
ical history of uncontrolled, insulin-dependent, complicated
diabetes with sudden onset thigh and/or calf pain without
overt signs of infection should raise the suspicion of DMN.
These findings, in addition to bilateral or simultaneously
discontinuous sites of disease on MRI imaging, can lead
one to the diagnosis of DMN. In contradistinction to
DMN, necrotizing fasciitis is more likely to have fever, cel-
lulitis, and leukocytosis [33]. Occasionally, histopathologic
diagnosis via a percutaneous biopsy is required for cases of
diagnostic dilemma.

Paraneoplastic myositis and polymyositis

While a rare disease, with an incidence of approximately
1/100,000, adult-onset dermatomyositis is associated with a
concomitant malignancy in 15-30% [34]. Parancoplastic
polymyositis may herald a yet undiagnosed malignancy or
coincide with a tumor diagnosis. Occasionally, paraneoplastic
dermatomyositis or polymyositis patients can present to the
emergency department or urgent care center experiencing
proximal muscle weakness, myalgias, and elevated muscle
enzymes. Croce et al. report a case of severe paraneoplastic
polymyositis in a 38-year-old patient who presented with my-
algias and proximal muscle weakness and ultimately was di-
agnosed with a breast mass [35]. Min et al. reported a similar
clinical scenario of 45-year-old patient presenting to an emer-
gency department who exhibited significantly elevated mus-
cle enzymes and myoglobin. Min et al.’s patient was discov-
ered to have a serous ovarian carcinoma that caused a rapidly
progressing paraneoplastic necrotizing myopathy [36]. Given
the rarity of paraneoplastic polymyositis, MRI imaging of
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Fig.6 Diabetic myonecrosis in a 48-year-old patient who presented to the
emergency department with acute calf pain and a long history of uncon-
trolled diabetes, including nephropathy and retinopathy. Sagittal STIR
image (a) reveals heterogeneous, hyperintense signal within the superfi-
cial posterior compartment (arrow). Axial PD fat saturation images

such cases are sparse; however, the clinical expression of
paraneoplastic polymyositis does not differ from polymyositis
without cancer [35]. One could presume that the MRI appear-
ance would be similar to that of non-paraneoplastic myositis
or thabdomyolysis depending on the severity of the
disease (Figs. 7, 8, and 9).

Muscle compartment syndromes
Acute compartment syndrome

While some cases of myositis can develop into acute compart-
ment syndrome (ACS), the most common cause of ACS are
tibial diaphyseal fractures due to blunt, crush, or penetrating
trauma. The anterior compartment of the lower leg is the most
commonly involved compartment [37]. The classic physical
signs and symptoms of compartment syndrome are pain with
passive stretching, increased pressure, pallor, paresthesia, pa-
ralysis, and pulselessness (six P’s) [38]. An intracompartmental

through the calf (b) reveals heterogenous hyperintense T2-weighted sig-
nal throughout the lateral gastrocnemius muscle (arrows). Axial T1 image
(¢) notes isointense effacement of intermuscular fat within the lateral
gastrocnemius relative to the surrounding musculature (arrowhead)

monitoring device can be used to quantitate the compartment
pressures. A sustained intracompartment pressure (ICP) of (>
30 mmHg) or perfusion pressure (diastolic BP-ICP) of less
than 30 mmHg is considered abnormal [38]. The medicolegal
risks associated with a “missed or delayed compartment re-
leases have resulted in some of the highest indemnity payments
in orthopedic litigation” [39].

While MR should not delay surgery in manifest ACS cases
for more than 1 h, if signs and symptoms are equivocal, MR
can play an adjunctive diagnostic role [40]. Rominger et al.
described a loss of normal muscle septation or architecture on
T1 imaging and diffuse increased signal intensity on T2-
weighted images in cases of compartment syndrome.
Contrast enhancement of these cases was variable, but intense
muscle enhancement was noted early in the process. As tissue
became devitalized, enhancement patterns became more var-
iable. The development of fluid collections may have repre-
sented muscle necrosis. Late or follow-up imaging revealed
areas of fibrosis and fatty infiltration [40] (Fig. 10).

Fig.7 Polymyositis. Axial T1-weighted image (a) through the mid-thigh
reveals mildly increased but isointense bilateral muscle swelling. Axial
proton density fat-saturated image (b) through the same level reveals

patchy hyperintense signal within all compartments with relatively spar-
ing of some posterior and medial compartment muscles
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Fig. 8 Dermatomyositis in 59-
year-old. Axial STIR image of the
lower pelvis reveals patient with
diffusely increased hyperintensity
of the obturator internus (circle)
and obturator externus muscles
(arrowhead) due to chronic,
steroid-resistant dermatomyositis.
Patient succumbed to respiratory
failure within 1 month of this
image

Overdose compartment syndrome

Nontraumatic or less acute causes of compartment syndrome
can pose more of a diagnostic dilemma. This type of compart-
ment syndrome often produces vague symptoms, and
obtunded patients may require more of an investigative
work-up to elucidate the cause and extent of the disease pro-
cess. The physical signs and symptoms classically associated
with compartment syndrome (six P’s) may be either late find-
ings or cannot be elicited due the patient’s level of conscious-
ness [38].

The combination of legally prescribed and illicit drug use
has caused an opioid epidemic in North America. Eighty per-
cent of the world’s prescription opioids are consumed by
Canadians and Americans, and there are 467,000 heroin ad-
dicts in the USA [41, 42]. A common scenario is the patient
that is “found down” presenting with muscle compartment

Fig. 9 A 59-year-old with rheumatoid arthritis and polymyositis. Axial
STIR image of the left mid-thigh reveals patchy hyperintense involve-
ment of all three compartments with some muscle sparing in the medial
and posterior compartments. Note relative atrophy of the hyperintense
muscles

@ Springer

tension, varying degrees of functional deficit, and varying
degrees of obtundation. Overdose compartment syndrome
(ODCS) patients present differently than acute traumatic com-
partment syndrome, and there are no clear guidelines for treat-
ment [42]. Parzych et al. prepared a retrospective analysis of
30 patients “found down” with clinical concern for compart-
ment syndrome and found that these patients present with
special diagnostic challenges. These patients are often
unexaminable, have been immobile for an unspecified amount
of time, and are often of “lower socioeconomic health status,
leading to increased complication profile and less-reliable
long-term follow-up” [42]. Compartment ischemia due to
long-term immobility, lying on a hard-noncompliant surface,
ultimately causes cell membrane destruction, tissue inflamma-
tion and damage (myositis), muscle necrosis, rhabdomyolysis,
elevated compartment pressure, and compartment syndrome

Fig. 10 Dorsal compartment syndrome of the forearm. Coronal proton
density fat-saturation image (a) reveals heterogeneously hyperintense
signal affecting the dorsal compartment due to blunt trauma. Axial short
TI inversion recovery (STIR) (b) reveals bowing of the superficial deep
fascia secondary to the swollen muscles throughout the dorsal compart-
ment (arrows)
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[38]. Parzych et al.’s group reserved compartmental pressure
measurements for patients who were unexaminable, believed
to be down for a relatively short period of time, and who had
compartments that were not frankly tense but had clinical
concern for ongoing muscle necrosis [42]. Laboratory find-
ings most often revealed an elevated creatinine, creatine phos-
phokinase, and lactate; however, there was no significant re-
lationship between the laboratory findings and the degree of
muscle necrosis found at surgery [42]. Compared to acute
traumatic compartment syndrome, the gluteus muscles are
more often affected with ODCS [43].

Given the difficulty assessing the signs and symptoms of
ODCS, MRI may play a greater role in assessing these patients
than in acute compartment syndrome. MRI may help to dif-
ferentiate equivocal cases of compartment syndrome by re-
vealing whether single or multiple muscle compartments are
involved, by guiding selective compartment fasciotomies and
avoiding unnecessary fasciotomies [40]. In addition, informa-
tion on the overall extent of the process, detection of fascial
bowing, muscle herniation, or focal fluid collections may
prove useful.

MR findings of ODCS overlap with rhabdomyolysis and
compartment syndrome exhibiting isointense to faintly hyper-
intense T1-weighted findings with muscle swelling, fascial
bowing, and decreased definition of compartmental architec-
tural detail. T2-weighted finding include diffuse or patchy
hyperintensity. Post-contrast administration reveals variable
levels of enhancement which may depend on the degree of
tissue devitalization.

Diagnosis of compartment syndrome

Acute compartment syndrome (ACS) is the most severe com-
plication of the entities we have described; however, many
sources state that it is a “clinical diagnosis™ [44, 45]. Despite
this assertion, a study performed by Ulmer found the signs and
symptoms use to diagnose acute compartment syndrome were
debatable [46]. Specifically, Ulmer’s research found a low
sensitivity of 13% to 19%; a positive predictive value of
11% to 15%; specificity of 97%; and a negative predictive
value of 98%. He concluded that the “clinical features of com-
partment syndrome of the lower leg are more useful by their
absence in excluding the diagnosis then they are when present
in confirming the diagnosis™ [46].

The measurement of intracompartmental pressure is an at-
tempt to objectify the diagnosis of ACS. Large et al. consid-
ered a compartment pressure difference of greater than
5 mmHg from the standard to be a significant deviation in
their study. They found that the most competent operators,
using correct technique, achieved the acceptable standard only
60% of the time. Accuracy decreased to 42% if there were
small errors in technique and 22% when catastrophic errors

were committed [47]. Moreover, additional errors led to sam-
pling unintended compartments and failure to penetrate the
fascia with the needle [47].

The lack of sensitivity of the classic clinical signs and
symptoms for ACS, combined with the questionable accuracy
of intracompartmental pressure tests, raises concerns when
deciding whether to perform a fasciotomy. Fitzgerald et al.
performed a retrospective study of 60 patients and concluded
that wounds sustained secondary to fasciotomy were “associ-
ated with marked morbidity and of such an appearance that
their lifestyles were altered” [48]. Similarly, Lim et al. con-
cluded that “as necessary as they are, fasciotomies are not
benign procedures” and that “less invasive tests” may help
to reduce unnecessary fasciotomies [49].

As discussed, MRI can play an adjunct role in in the diag-
nosis of myositis by identifying the location, distribution, and
extension of the disease process. MRI is also useful in
presurgical planning by accurately revealing vital information
about the proximity of anatomic structures and by identifying
fluid collections that may indicate abscesses or tissue necrosis.
MRI is the imaging modality of choice in many cases of myo-
sitis, especially in cases that do not involve imminent interven-
tion in order to prevent tissue devitalization. However, given
the aforementioned limitations in diagnosis, invasive testing,
and treatment morbidity, we posit that MRI may have a role
yet to play in ACS. We have seen how rapid MRI scans play an
important role in acute brain ischemia, using abbreviated pro-
tocols to quickly discriminate between strokes to be treated with
IV-tPA and stroke mimics [50]. Similarly, the shorter length of
time from injury to fasciotomy portends a better outcome for
patients with ACS. A common mantra is that skeletal muscle
ischemia for less than 3 h is reversible, and that ischemia for
more than 4-8 h is irreversible. However, Vaillancourt et al.
stated that these parameters did not comport with their intraop-
erative findings of tissue necrosis [51].

Conclusion

Myositis and other urgent muscle disorders can present in the
emergent setting in several forms with varying levels of se-
verity. Patients usually present with an array of complaints
that range from myalgias and muscle swelling to decreased
range of motion and weakness. Specific entities may include
fever and leukocytosis, and many exhibit increased CK levels.
Some patients are unresponsive due to their level of con-
sciousness, precluding adequate assessment of history and
physical exam. In addition, the classic physical signs and
symptoms for the detection of ACS are low in sensitivity but
high in specificity. Given the spectrum of findings, MRI re-
mains a useful, sensitive, diagnostic tool that should be corre-
lated with the available clinical and laboratory data. While
some patients require urgent surgical intervention, most can
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be safely imaged using MR with relative haste considering the
efficiency of modern protocols. Potential research incorporat-
ing 3D-isotropic volume sets with spectroscopy and
elastography could be promising and help to refine the future
specificity of MR imaging in this field.
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