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Abstract
Magnetic resonance imaging (MRI) is considered the most sensitive and specific imaging technique for the detection of muscle
diseases related to myopathies. Since 2008, the use of whole-body MRI (WBMRI) to evaluate myopathies has improved due to
technical advances such as rolling table platform and parallel imaging, which enable rapid assessment of the entire musculo-
skeletal system with high-quality images. WBMRI protocols should include T1-weighted and short-tau inversion recovery
(STIR), which provide the basic pulse sequences for studying myopathies, in order to detect fatty infiltration/muscle atrophy
and muscle edema, respectively. High signal intensity in T1-weighted images shows chronic disease with fatty infiltration,
whereas high signal intensity in STIR indicates an acute stage with muscle edema. Additional sequences such as diffusion-
weighted imaging (DWI) can be readily incorporated into routine WBMRI study protocols. Contrast-enhanced sequences have
not been done. This article reviews WBMRI as an imaging method to evaluate different myopathies (idiopathic inflammatory,
dystrophic, non-dystrophic, metabolic, and channelopathies). WBMRI provides a comprehensive estimate of the total burden
with a single study, seeking specific distribution patterns, including clinically silent involvement of muscle areas. Furthermore,
WBMRI may help to select the Btarget muscle area^ for biopsy during patient follow-up. It may be also be used to detect related
and non-related pathological conditions, such as tumors.
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Introduction

Idiopathic inflammatory myopathies (IIMs) are a heteroge-
neous group of potentially treatable autoimmune muscle dis-
eases, having a significant morbidity and mortality. Myositis-

specific antibodies have led to further categorization of IIMs
from the traditional polymyositis (PM) versus dermatomyosi-
tis (DM), to other entities such as necrotizing autoimmune
myopathy (NAM) [1]. Another two subcategories including
sporadic inclusion-body myositis (s-IBM) and overlap myo-
sitis syndromes (systemic sclerosis being the most common)
have also been recognized [2]. Taking into account the poten-
tial susceptibility of these diseases to therapy, early and correct
diagnosis and a detailed work-up to evaluate therapeutic re-
sponse are mandatory. On the other hand, other myopathies,
or the so-called Bnon-idiopathic inflammatory myopathies^,
including dystrophic, congenital, metabolic, and channelopa-
thies, are classified differently since the therapy and prognosis
of these diseases are completely different. The aim of this
review was to describe the histological and whole-body MRI
(WBMRI) patterns of muscle involvement to achieve an early
and accurate diagnosis of the type of myopathy. In addition,
we describe additional advantages of WBMRI such as its use
in Bguiding muscle biopsy ,̂ monitoring patient follow-up and
detecting both related and non-related abnormalities (Table 1).
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Whole-body MRI technique (WBMRI)

Due to its excellent soft tissue contrast, MRI is currently a
useful imaging method for studying myopathies [3].
WBMRI has become increasingly important in the last
years for assessing the entire musculoskeletal system, in-
cluding the psoas, intercostal, neck, and muscles of the
lower limbs, which are not visualized using standard MRI
protocols [4–7]. In our study, all images were acquired
using a 1.5-T MR scanner (Aera; Siemens. Erlangen,
Germany), and were performed in the axial and coronal
plane using T1-weighted turbo spin-echo, STIR sequences
and diffusion-weighted imaging (b50-b800DWI). For the
whole-body scan, axial slices were made at five contiguous
stations. Contrast was not used in any of the patients. The
acquisition time was 50–60 min. Institutional review board
approval was obtained and written informed consent was
waived.

Muscle MRI patterns: Edema, fat replacement,
and apparent diffusion coefficient (ADC)

Edema

In the STIR or fat-suppressed T2 sequences, the fat presents a
low signal while fluid (edema) and is hyperintense, facilitating
visualization of these two processes [8]. STIR is quicker to obtain
and more homogeneous than T2 sequence [9]. In the acute stage
of the disease, MRI shows muscle edema in most (76–97%)
patients suffering idiopathic inflammatory myopathies [10–13],
which often, albeit not always, corresponds to abnormalities in
electromyography (EMG) and/or creatine kinase (CK) levels. In
patients with symptoms suggestive of myopathy but with normal
muscle enzyme values, MRI (muscle edema) can provide added
value for achieving the diagnosis [14].

Fat replacement

A chronic inflammatorymyopathic process can induce several
pathologic changes within the muscle, including loss of mus-
cle bulk (atrophy) and fatty involution (fat replacement), pro-
ducing largely irreversible damage as opposed to disease ac-
tivity [15]. Fat replacement appears hyperintense on T1-
weighted images, while edema appears as a low signal [9].
MRI scoring systems developed to semi-quantitatively evalu-
ate muscle inflammation, muscle volume, and the degree of
fat replacement in neuromuscular conditions [16], are often
more effective than clinical muscle testing in the evaluation
of muscle disease [17, 18]. Most classifications or diagnostic
criteria developed for idiopathic inflammatory myopathies ex-
clude MRI as a variable [15, 19, 20], whereas in 2004 other
groups such as ENMC consider MRI finding of edema in
STIR images as one of the variables [21]. In summary, there
is no universally accepted consensus for the scoring and
reporting of MRI findings [22].

Diffusion-weighted imaging (DWI), apparent diffusion
coefficient (ADC)

Diffusion-weighted imaging (DWI) is a functional MRI tech-
nique, the basic principle of which is stochastic Brownianmotion
or specific diffusion of extra-cellular water molecules within tis-
sues. Diffusion therefore indirectly reflects the histology of tis-
sues (cellularity as well as fibrosis and hemoglobin degradation
products). DWI is obtained by out-of-phase spin using a diffu-
sion gradient (Bb^) with in phase using a second gradient. When
diffusion is high, the return to phase is incomplete: spins are out
of phase and move and no longer make use of the back in phase
gradient. The use of Bb^ factors varies but is generally high. If
b = 0 or low, a T2-weighted image is obtained without a true
DWI. Conversely, if the b value is high (for example b = 800),
a genuine DWI is obtained beyond the T2 and perfusion image,
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generally with poorer spatial resolution and a poorer signal-to-
noise ratio. Diffusion-weighted MR images must therefore be
visually assessed, comparing the images obtained with a low b
value (T2-weighting) with those obtained with a high b value.
The difference in signal between these two images is related to
water diffusion. Diffusion is represented by a quantitative vari-
able, the apparent diffusion coefficient (ADC), which is the first-
line method to assess DWI data [23]. DWI sequences can be
readily incorporated into routine MRI study protocols requiring
no more than 5 min [24]. Diffusion is increased (elevated ADC
compared to normal muscles) in active inflammation due to in-
creased capillary perfusion [25]. Conversely, diffusion is de-
creased (lower ADC values compared to normal muscles) in
the case of fatty degeneration, due to a reduction inwater content,
being a biomarker of disease progression and response to treat-
ment in myopathies [25, 26]. At present, DWI is the most ad-
vanced MRI technique showing clinical benefits in the study of
myopathies [15].

Idiopathic inflammatory myopathies (IIMs)

Dermatomyositis (DM)

DM affects children and adults alike, being more common in
women and the most common inflammatory myopathy in
children. The presentation is usually subacute, with muscle
pain weakness and stiffness and purple discoloration of the
upper eyelids (Bheliotrope^), edema around the eyes, facial
erythema, and scaly erythematous papules on the elbows,
knuckles, and any of the finger joints, the latter being known
as Gottron’s sign (Fig. 1). Subcutaneous calcifications are
characteristic of DM [2]. In adults, the risk of developing
cancer (ovarian, breast, and lung, among others) is increased
during the first 3 to 5 years after the onset of DM, with a
reported frequency of 15–32%. An annual workup is therefore
essential during the first 3 years after disease onset [27, 28].
Although a positron emission tomography-computerized to-
mography (PET-CT) study as a single imaging technique is
recommended in this scenario, WBMRI can help to detect
associated malignancies in these patients. In patients with
DM, a commonMRI finding is edema along the muscle fascia
and in the subcutaneous tissue (Fig. 1), which is less common-
ly seen in patients with polymyositis [29].

Polymyositis (PM)

The diagnosis of PM is achieved by exclusion, and is best
defined as a subacute proximal myopathy in adults not pre-
senting a rash, a family history of neuromuscular disease,
exposure to myotoxic drugs (e.g., statins, penicillamine, and
zidovudine, among others), involvement of facial and
extraocular muscles, endocrine disease, or the clinical

phenotype of inclusion-body myositis [2]. PM is more com-
mon in women and may be associated with malignancy, al-
though the risk of malignancy is lower than in DM. Up to one-
third of the cases of PM are associated with a systemic auto-
immune disease [2]. DM and PM commonly lead to symmet-
ric involvement of the extremities (Fig. 2), with relative spar-
ing of the distal muscles and those of the body trunk [6, 30,
31]. Edema has been described as Bpatchy^ in DM and
Bdiffuse^ in PM [32, 33]. DM frequently involves the quadri-
ceps femoris, whereas PM involves the adductors [34].

Sporadic inclusion body myositis (s-IBM)

s-IBM is a slowly progressive inflammatory and degenerative
muscle disease, which is the most common and disabling IIMs
in people over 50 years of age [2, 35–41]. Muscle atrophy and
fatty degeneration are the predominant findings. Early symp-
toms include involvement of the distal muscles, especially
foot extensors and finger flexors, atrophy of the forearm and
quadriceps muscles, mild facial-muscle weakness [2, 36,
39–41] and dysphagia in more than 50% of the patients [41].
The axial muscles may also be affected, resulting in
camptocormia syndrome (bending forward of the spine) or
head drop [2]. Unlike DM and PM, s-IBM is not associated
with malignancy [42]. Disease onset is insidious and develops
over a period of years, (fatty replacement being the most strik-
ing MRI finding), sometimes asymmetrically (Fig. 3) in 10–
44% of the patients [32, 34, 43]. A typical pattern involves the
quadriceps muscle (with relative sparing of the rectus
femoris), the distal sartorius, severe atrophy of the medial
gastrocnemius, the ankle dorsiflexors and the wrist and deep
finger flexors, whereas the adductor and abductor muscles of
the shoulder and pelvic girdles are relatively spared [44].

Necrotizing autoimmune myopathy (NAM)

NAM accounts for up to 19% of all IIM [45], and may devel-
op alone or following a viral infection, or in association with
cancer, systemic autoimmune diseases, or in patients taking
statins. For instance, most patients with NAM have antibodies
against the signal recognition particle (SRP) or 3-hydroxy-3-
methylglutaryl coenzyme A reductase (HMGCR) [46–48].
Regarding statins-related myopathy, in cases showing im-
provement of myopathy within 4 to 6 weeks after discontinu-
ation of statins treatment, it can be assumed that the etiology is
a reversible toxic effect. On the contrary, myopathy continues
to worsen after statins withdrawal; MAMmust be considered,
and a muscle biopsy is mandatory [36, 46–49]. Severe fatty
replacement has been found in patients with anti-SRP antibod-
ies, particularly in the hamstrings and adductor magnus [35].
Edema tends to be marked in the vastus lateralis with relative
sparing of the vastus intermedius [35, 36]. A recent study of
over 666 subjects, including 101 patients with NAM, showed
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a higher proportion of thigh muscle edema, atrophy, and fatty
infiltration compared with DM or PM [50] (Figs. 4, 5, and 6).

Overlap syndromes

Myositis may be part of the clinical spectrum of other
autoimmune diseases such as systemic autoimmune dis-
eases, the most frequent being systemic sclerosis,
followed by systemic lupus erythematous (SLE) [14].
The proximal muscles of the upper and lower extremi-
ties are the most frequently involved, similar to classical

�Fig. 1 A 75-year-old woman with dermatomyositis. a Photomicrographs
of the frozen muscle tissue stained with Gomori’s trichrome showing
perivascular inflammatory cells (arrows) with perifascicular atrophy. b
Gottron’s sign in hands: red, sometimes scaly, papules that erupt on any
of the finger joints (in metacarpophalangeal or interphalangeal joints). c
Coronal STIR-weighted WBMRI shows bilateral symmetrical muscle
and fascial edema of the shoulder girdle, thoracic wall and legs, as well
as subcutaneous edema of the gluteal area. d and e, comparative axial
STIR-weighted (d) and a high-b-value of 800 s/mm2 DWIWBMRI (e) of
the thighs showing elevated signal on STIR and DWI (diffusion restric-
tion and BT2-shine-through^) of muscles with inflammation respectively
(arrows)

Fig. 2 A 50-year-old woman with polymyositis. a Muscle (H&E in fro-
zen tissue) biopsy showing variability in fiber size with an endomysial
inflammatory infiltrate (arrow) and partial non-necrotic cells invasion. b,
c Axial STIR-weighted WBMRI shows bilateral symmetrical edema
(arrowheads) of the thighs (b) and legs (c). In this case, we did not

observe the previously reported Bdiffuse^ (vs. patchy) edema or involve-
ment of the adductors (vs. quadriceps) muscles, suggesting that these
MRI signs should not be strictly considered. d Coronal STIR-weighted
WBMRI shows bilateral symmetrical edema of the thighs (arrowheads).
The shoulder and pelvic girdles were not involved
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Fig. 3 A 72-year-old female with sporadic inclusion body myopathy (s-
IBM). a A muscle (H&E in frozen tissue) biopsy shows marked variabil-
ity in fiber size with endomysial fibrosis. Some mononuclear inflamma-
tory cells are present in the endomysium (arrow). Some typical rimmed
vacuoles can be seen in the central muscle fibers (arrowheads). b Axial
T1-weighted WBMRI of the shoulder girdle shows mild atrophy of the
paraspinal muscles (arrowheads) and the left subscapularis muscle
(arrow). c, d Coronal (c) and axial (d) T1-weighted WBMRI of the
thoracic and lumbar area, respectively, showing non-symmetrical atrophy

of the paraspinal muscles (arrows). e Axial T1-weighted WBMRI of the
thighs showing asymmetric involvement of the left vastus lateralis
(arrow) with relative sparing of the rectus femoris (arrowhead) and pos-
terior muscles. f Axial T1-weighted WBMRI of calves shows fatty in-
volvement of medial gastrocnemius (arrows). These findings are consid-
ered a typical pattern of this entity. IBM mainly involves Bventrally lo-
cated muscles^ rather than Bdorsally located muscles^ of the extremities.
It may also present an asymmetrical pattern
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IIM [51]. Schanz et al. described bilateral symmetrical
generalized myositis in 14/18 (78%) patients with over-
lap myositis and systemic sclerosis (Fig. 7). The pres-
ence of edema is explained by an increased amount of

fluid and inflammatory infiltration. In up to one-third of
the cases of PM, an underlying systemic autoimmune
disease may be identified [52, 53]. A scleroderma-like
disorder, eosinophilic fasciitis (EF), is an uncommon

Fig. 4 A 38-year-old woman with necrotizing autoimmune myopathy
(NAM). a, b Muscle biopsy slides (H&E in frozen tissue) showing var-
iability in muscle fiber size with some necrotic muscle cells (a; arrows)
and some regenerating basophilic muscle cells (b; arrows). Note the
absence of significant inflammation. c Universal MHC class I sarcolem-
ma positivity (H&E in frozen tissue). A single necrotic cell is seen

(arrow). Positive endothelial cells can also be observed. d Axial STIR-
weighted WBMRI of the thighs demonstrates an marked symmetric fas-
cial edema of the hamstring muscles (arrowheads). Other inflammatory
myopathies and other entities such as Churg–Strauss, myositis, neoplasm,
myonecrosis, necrotizing fasciitis, and compartment syndromemay show
fascial thickening

Fig. 5 A 75-year-old womanwith
necrotizing autoimmune myopa-
thy (NAM). a, b Axial T1-
weighted (a) and STIR-weighted
WBMRI (b) of the lumbar spine.
Symmetrical atrophy and edema
of paraspinal muscles respective-
ly (arrows). c Axial-T1 weighted
WBMRI of the thighs shows
symmetric mild atrophy of the
hamstring muscles (arrowheads)
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Fig. 7 A 49-year-old female with
dermatomyositis and systemic
sclerosis; overlap syndrome. a
Pelvic radiograph and b axial T1-
weighted WBMRI shows coarse
subcutaneous calcifications
(arrowheads)

Fig. 6 A 68-year-old female with
necrotizing autoimmune myopa-
thy (NAM). a Axial STIR-
weighted WBMRI of the pelvic
girdle demonstrates symmetric
edema of the rectus abdominis
muscles (arrowheads) and b the
semimembranosus muscles
(arrows)
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Fig. 8 A 31-year-old man with eosinophilic fasciitis (EF) with subjacent
myositis. Axial STIR-weighted WBMRI. a Symmetric, diffuse edema of
the latissimus dorsi (arrowheads), pectoralis major (short arrows) and
armmuscles (long arrows). b Pelvic girdle. Bilateral edema of the gluteus
maximus (arrowheads), proximal thigh muscles (short arrows), adductor
fascia and muscles (long arrows). c Severe, diffuse bilateral edema of the

three fascial compartments that divide and contain the thigh muscles
(arrowheads). d Bilateral symmetric edema of the medial gastrocnemius
(arrowheads). EF is a rare scleroderma-like disorder that can be associ-
ated with myositis. In the acute phase of the disease, MRI shows a mark-
edly increased signal intensity within the fascia and muscles on fluid-
sensitive STIR-weighted sequences

Table 2 Idiopathic inflammatory myopathies (IIMs). Anatomical distribution

Head/neck
Upper limb girdle

Thorax
Abdomen

Lower limb girdle Thighs Legs Miscellaneous

Dermatomyositis ++ Bilateral
symmetrical
muscle and fascial
edema

+ ++ Bilateral
symmetrical
muscle,
subcutaneous and
fascial edema

+++ Bilateral symmetrical
muscle (quadriceps)

subcutaneous and fascial
edema

+ Heliotrope
Gottron’s sign
Subcutaneous

calcifications
Neoplasms

Polymyositis +++ Bilateral
symmetrical
muscle and fascial
edema

+ ++ Bilateral
symmetrical muscle
and fascial edema

+++ Bilateral symmetrical
muscle (adductors)a and
fascial edema

+ Dysphagia
Neoplasms

Sporadic
inclusion-body
myositis
(s-IBM)

++ Wrist and deep
finger flexors

++ Axial muscles
Camptocormia
Head drop

++ Atrophy of the
axial muscles;
Camptocormia

Head drop

Adductor and abductor
muscles are
relatively spared

+++ Quadriceps muscle
(with relative sparing of
the rectus femoris), distal
sartorius

+++ Atrophy of the
medial
gastrocnemius,
ankle dorsiflexors

Dysphagia
Bventrally located >

dorsally located
muscles^a

10–44% are
asymmetrical

Necrotizing
autoimmune
myopathy
(NAM)

++ Paraspinal
musclesb

++ Rectus
abdominis
musclesb

+++ Atrophy hamstrings and
adductor magnus

+++ Edema vastus lateralis;
relative sparing of the
vastus intermediusa

Statins-related

Overlap
syndrome

++ Bilateral
symmetrical
edema of proximal
muscles.

Subcutaneous
calcifications

++ Bilateral symmetrical
edema of proximal
muscles

Systemic sclerosis
Lupus
Eosinophilic

fasciitis

Boldface values indicate the important finding
a Not present in our study
b Rare finding identified in our study
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connective tissue disorder that can present with muscle
symptoms mimicking other neuromuscular diseases [54].
EF is characterized by an abrupt onset of edema, follow-
ed by progressive induration of primarily the distal ex-
tremities with symmetrical scleroderma-like indurations
of the skin and pain. Patients may show inflammatory
arthritis, joint contractures, decreased mobility, and
nerve entrapment. Almost half of patients with EF have
coexisting morphea plaques. Classic laboratory studies
report peripheral eosinophilia, hypergammaglobulinemia,
and elevated inflammatory markers. EF is included with-
in the spectrum of scleroderma-like disorders and may
be difficult to differentiate from other sclerosing skin
disorders [55]. Although fascial biopsy has classically
been considered the gold standard for diagnosing EF,
radiologic imaging techniques, especially MRI, have
been increasingly used for both the diagnosis and mon-
itoring of treatment response [56]. MRI of the thighs has
demonstrated superficial and deep fascial thickening
with T2 hyperintensi ty. Some cases may show

lymphocytic infiltration and degeneration of the underly-
ing muscle, leading to a diagnosis of EF associated with
myositis (Fig. 8) [54, 57]. Other entities beyond inflam-
matory myopathies such as Churg–Strauss, myositis,
neoplasm, myonecrosis, necrotizing fasciitis, and com-
partment syndrome may show fascial thickening [58]
(Table 2).

Dystrophic myopathies

Dystrophinopathies (Duchenne and Becker muscular
dystrophies)

Muscular dystrophies are a heterogeneous group of slowly
progressive and disabling myopathies which, in most cases,
present with proximal pelvic girdle and shoulder girdle weak-
ness. The most common and severe muscular dystrophy is
called Duchenne muscular dystrophy, which is an X-
chromosomal recessive disorder presenting during childhood

Fig. 9 A 69-year-old male show-
ing MRI signs suggestive of
Becker muscular dystrophy. This
case was finally diagnosed as a
distal muscular dystrophy. Axial
T1-weighted WBMRI of the pel-
vic girdle (a) showing symmetri-
cal mild atrophy of gluteal mus-
cles (arrows), thighs (b); mild at-
rophy of the semimembranosus
(arrows) and moderate atrophy of
the vastus externus (arrowheads),
and legs (c); the soleus and gas-
trocnemius muscles are spared
(arrows)
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and characterized by the absence of dystrophin [59].
Beginning in the thighs, muscle fibers become necrotic, and
over time, are replaced by fat and connective tissue. As op-
posed to the complete absence of dystrophin observed in
Duchenne, Becker muscular dystrophy is characterized by
the presence of a partially functional dystrophin protein. The
clinical symptoms of these dystrophinopathies range from
minimal to severe [60]. MRI can assess the extension of mus-
cle atrophy and fatty replacement, including subclinical stages
[61]. Qualitative scores have been developed to evaluate these

diseases. The four-point Mercuri score [62] ranges from B0^
(normal appearance) to B4^ (end-stage disease involving com-
plete replacement of muscle by fat and connective tissue, de-
tected by a lower density in CT, or T1-weighted hyperintense
signal in MRI). STIR MRI sequence allows early detection of
muscle edema, which is helpful in younger children, in whom
fatty atrophy is not yet a prominent feature [63]. The MRI
pattern of muscle involvement in Becker muscular dystrophy
(Fig. 9) can grossly affect the same anatomic areas as
Duchenne dystrophy, albeit with milder intensity [60, 64,

Fig. 10 A 56-year-old female
with facioscapulohumeral mus-
cular dystrophy (FSMD) type 2
SSLP 161166. a, b Coronal T1-
weighted WBMRI depicts sym-
metric atrophy of the shoulder
girdle, arms, thoracic wall, and
paraspinal muscles (arrowheads).
c Axial T1-weighted WBMRI of
the thighs shows moderate atro-
phy of quadriceps (with sparing
of the rectus femoris; arrows) and
semimembranosus muscles
(mainly left; arrowheads). This
symmetric and extended pattern is
unusual in patients with FSMD
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Fig. 11 A 59-year-old female
with limb girdle muscular dystro-
phy (LGMD). a Comparative ax-
ial T1-weighted and b inverted
gray-scale with a b-value of 800 s/
mm2 diffusion-weightedWBMRI
of the pelvic girdle showing ex-
treme bilateral atrophy of the
gluteal muscles (arrows) and de-
creased signal (BT2 blackout
effect^) of the same muscles
(arrowheads). c Comparative ax-
ial T1-weighted and d inverted
gray-scale with a b-value of 800 s/
mm2 diffusion-weightedWBMRI
of the thighs shows mainly atro-
phy of the right biceps femoris
and semimembranosus muscles
and of the left biceps femoris
muscle (arrows) with decreased
signal (BT2 blackout effect^) of
the same muscles (arrowheads).
The sartorius and gracilis muscles
are spared
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65] and with the upper extremities being less commonly af-
fected [66]. Patients with Duchenne muscular dystrophy pres-
ent a distinctive pattern according to the severity of fat replace-
ment; in severe fat replacement the gluteus medius and
minimus, the biceps femoris and adductor magnus muscles
are affected while in moderate-to-severe fat replacement the
gluteus maximus and quadriceps are involved; lastly, in cases
with the absence of or low fat replacement, the gracilis, sarto-
rius, long adductor, and semimembranous are completely
spared [67].

Myotonic dystrophy (MD) and facioscapulohumeral
muscular dystrophy (FSMD)

Among the different types of muscular dystrophy, MD
type I dystrophy (Steinert’s disease) and FSMD are the

second and third most common worldwide, respectively.
The so-called BBeevor’s sign^ consists of an upward
movement of the umbilicus towards the head on flexing
the neck when in a supine position or sitting up due to
a spinal injury leading the rectus abdominis muscle to
remain intact but the lower part weak, and may be
present in FSMD, Pompe’s disease and s-IBM [68]. A
new Bextended-Beevor’s sign^ has recently been de-
scribed in a patient with s-IBM. This patient presented
a deviation of the umbilicus to the right while when
standing due to asymmetric involvement of the right
paraspinal muscle with indemnity of the right abdominal
oblique muscle [69]. MD and FSMD are characterized
by facial and distal muscle weakness and wasting of the
forearm, the anterior part of the thighs, with a relatively
spared rectus femoris (Fig. 10), and presents a

Fig. 12 a A 56-year-old female
with facioscapulohumeral mus-
cular dystrophy (FSMD). b A 59-
year-old female with limb girdle
muscular dystrophy (LGMD).
Axial T1-weighted WBMRI of
the legs. Neither patient (the same
patients as in Figs. 10 and 11,
respectively) showed the previ-
ously reported sign of fatty re-
placement of the gastrocnemius.
In both cases, the morphology of
the gastrocnemius was normal
(arrows)

Fig. 13 A 72-year-old female
with congenital or non-dystrophic
myopathy due to a receptor mu-
tation. The muscle biopsy (hema-
toxylin and eosin in frozen tissue)
shows an abnormal location of the
central nucleus in most of the
muscle cells (Bradial wheel sign^;
arrows). Centronuclear myopathy
derives its name from this central
location of the muscle cell nucle-
us, which is normally located at
the periphery of the muscle cell
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Bsemilunar pattern^ of involvement [70] and lower leg
muscles (especially the medial gastrocnemius and soleus
muscles). The tibialis posterior is entirely spared [71].

FSMD patients often show asymmetric leg muscle in-
volvement with distal prominence, mainly of the tibialis
anterior and medial gastrocnemius [72].

Fig. 14 A 20-year-old male with
congenital or non-dystrophic my-
opathy, known as Bethlem my-
opathy, associatedwith collageVI
abnormalities. Axial T1-weighted
WBMRI. a Symmetrical atrophy
of the thoracic wall (arrows) and
b abdominal wall muscles
(arrows). c Thighs. BCentral
shadow^ rectus femoris pattern
(arrows) and Boutside-in^ rim
pattern of vastus externus
(arrowheads). d Legs.
Thickening of connective tissues
between the soleus and gastroc-
nemius muscles (arrowheads).
These MRI signs are strongly
suggestive of Bethlem myopathy
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Limb girdle muscular dystrophy (LGMD)

LGMD is a heterogeneous group of autosomal dominant and
recessive hereditary myopathies. The MRI pattern shows a
BDuchenne-like^ distribution, with severe fatty replacement
in the thigh muscles, mild-to-moderate involvement of the

pelvic muscles and sparing of the sartorius and gracilis
(Fig. 11) [73, 74]. Other studies have reported some differ-
ences in MRI findings between Becker muscular dystrophy
(quadriceps affected, gastrocnemius relatively spared) and
LGMD (quadriceps spared, gastrocnemius affected)
(Fig. 12) [60, 75, 76].

Fig. 15 A 43-year-old female with a glycogen storage disorder. a
Periodic acid Schiff (PAS) staining in frozen muscle tissue.
Subsarcolemic PAS positive material is clearly seen in several muscle
fibers (stars). b Axial STIR-weighted WBMRI of the thighs shows ede-
ma of the hamstring muscles (arrowheads) and c edema of left medial

gastrocnemius muscle of the legs (arrow). d, e Inverted gray-scale with a
b-value of 800 s/mm2 diffusion-weighted WBMRI at the same anatomi-
cal planes as b and c, respectively, shows increased signal (BT2-shine-
through^) of the same muscles (arrowheads)
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Fig. 17 A 60-year-old female with McArdle disease (type V glycogen
storage disorder; metabolic myopathies). T1-weighted WBMRI. a
Shoulder girdle with symmetrical atrophy of rotator cuff muscles
(arrows). b Thoracic wall with symmetrical atrophy of the biceps and
thoracic muscles (arrows). c Pelvic girdle with atrophy of the gluteal

(medium and major) muscles (arrows). d Legs with asymmetrical, bulky
atrophy of the left peroneus muscles (arrow). e, f Symmetric atrophy of
the paraspinal muscles (arrows). This MRI sign has been previously
reported as being Brare^, but we consider that it could be more frequent
than previously published

Fig. 16 A 66-year-old female
with Pompe disease (type II gly-
cogen storage disorder; metabolic
myopathies). a, b Coronal FST2-
weighted with fat-saturation MRI
depicts a heterogeneous, low sig-
nal in the intrinsic muscles of the
tongue and the floor of the mouth,
predominantly on the right side
(arrows). The tongue is a Btarget
area^ of severe involvement in
Pompe disease and is not visual-
ized in other myopathies
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Congenital or non-dystrophic myopathies
(CM)

CM is a heterogeneous group of rare autosomal-dominant or
autosomal-recessive myopathies classified according to the
predominant histopathologic findings in skeletal muscle. It
may be associated with collagen VI abnormalities (Bethlem
and Ullrich myopathies) or associated with receptor mutations
[9]. BCentronuclear myopathy^ is a histopathologic umbrella
term that is sometimes used in association with some of these
mutational diseases. In centronuclear myopathy, the cell nu-
cleus, which is normally located at the periphery of the muscle
cell, is in a central position (Fig. 13). Bethlem myopathy and
the more severe Ullrich congenital muscular myopathy are
characterized by contractures that typically affect the fingers
and elbows, and these patients also present spinal rigidity.
MRI may show a characteristic Boutside-in^ pattern, with
pathologic outer rim of muscle with relative sparing of the
muscle belly [77, 78]. Another interesting finding is thicken-
ing of the connective tissues between muscles, such as the

rectus femoris (Bcentral-shadow^) soleus and gastrocnemius
(Fig. 14) [78]. In CM associated with receptor mutations, the
patients present muscle weakness at birth or the onset of per-
manent symptoms during childhood [79], usually with very
slowly progressive muscle weakness [80]. The cranio-facial,
pelvic girdle, and limb muscles may show fatty replacement,
with different previously described MRI patterns showing
muscle fatty replacement in different subgroups [81]. For in-
stance, the quadriceps and gastrocnemius are relatively spared
in ACTA 1-related myopathy. In contrast, in patients with
RYR1 mutations, the quadriceps muscle is frequently affected
with relative sparing of the rectus femoris muscle [82, 83].

Metabolic myopathies, glycogen storage
disorders (GSD)

Glycogen storage disorders are the result of defects in the
processing of glycogen synthesis within the muscles, liver,
and other tissues. Up to 11 different diseases have been

Fig. 18 A 74-year-old male with muscle channelopathy. a Axial STIR-
weighted WBMRI of the legs depicts a subtle bulk of the left lateral
gastrocnemius (arrow). No other previously reported MRI findings such
as degeneration of the gastrocnemius muscles or a semilunar pattern of
the quadriceps muscle sparing the rectus femoris were found in this pa-
tient. In most cases, channelopathies do not generally show pathological
MRI findings such as fatty replacement or muscle edema. b However, an
axial inverted gray-scale with a b-value of 800 s/mm2 DWI WBMRI of

the legs showed an increased signal with no significant concordant signal
abnormality on the ADCmap (c), consistent with diffusion restriction and
T2-shine-through of the medial gastrocnemius muscles (arrows).
Although DWI with ADC mapping is being explored for evaluation of
ADC maps, its current potential uses include qualitative detection of
signal abnormalities on DWI that are occult on STIR, targeting for biopsy
and treatment response

Skeletal Radiol (2019) 48:653–676 669



reported, some of which can potentially cause muscle damage.
Several examples of GSD with muscle involvement are: type
II (Pompe disease), due to acid maltase deficiency, an autoso-
mal recessive disorder caused by a deficiency of alpha-
glucosidase activity; type III (Cori’s or Forbes disease), due
to a deficiency of the glycogen disbranching enzyme, and type
V (McArd le d i sease ) , due to musc le g lycogen
myophosphorylase deficiency. These subgroups can target
the muscular system (Fig. 15). Symptom severity and onset
depend on the amount of enzymatic deficiency. Timely diag-
nosis is important to implement the early treatment with en-
zyme replacement therapy [84]. MRI in patients with Pompe
disease has shown relative sparing of the rectus femoris, sar-
torius, gracilis, and superficial vastus laterals, whereas the
tongue (Fig. 16), adductor magnus, and anterior arm muscles

have shown severe involvement [85–87]. McArdle disease is
extremely rare in patients under 40 years old, but when pres-
ent, wasting usually affects the shoulder girdle [88]. Axial
involvement of paraspinal muscles has been exceptionally re-
ported [89], but we have found this finding in two patients
(Fig. 17).

Muscle channelopathies

Electrical hyperexcitability or inexcitability due to changes in
ionic conductivities (defective ion channels) of the muscle fiber
membrane is the physio-pathological origin of muscle myotonia
and paralysis, respectively. Non-dystrophic myotonias and peri-
odic paralysis are the main early episodic symptoms observed in

Table 3 Non-idiopathic inflammatory myopathies. Anatomical distribution

Head/neck
upper limb girdle

Thorax
abdomen

Lower limb
girdle

Thighs Legs Miscellaneous

Dystrophinopathies
(Duchenne and
Becker muscular
dystrophy)

++ Bilateral
symmetrical
muscle atrophy

++ Bilateral
symmetri-
cal muscle
atrophy

++ Bilateral symmetrical
muscle atrophy

Gastrocnemius
relatively spared

X-chromosome
recessive
disorders

Severity
Duchenne >
Becker

Myotonic dystrophy
(MD) and
facioscapulohumeral
muscular dystrophy
(FSMD)

Facial and distal
muscle weakness
and wasting of the
forearm

++ Symmetric
atrophy of
thoracic wall and
paraspinal
musclesb

++ Anterior part of the
thighs, with a relatively
spared rectus femoris
(semilunar pattern)

+semimembranosusb

++ Medial heads of
gastrocnemius,
soleusa

The tibialis
posterior is
entirely spared

Limb girdle muscular
dystrophy (LGMD)

+/++
Atrophy

+++ Atrophy
Sparing of the sartorius and

gracilis

+++Gastrocnemiusa

Congenital or
non-dystrophic my-
opathies (Ullrich and
Bethlem diseases)

++ Symmetric
atrophy of
thoracic and
abdominal wall
musclesb

BOutside-in^ pattern
BCentral shadow^ of the

rectus femoris

BCentral-shadow^
of the soleus and
gastrocnemius

Septal thickening

BCentronuclear
myopathies^

Severity Ullrich >
Bethlem

Type II glycogen storage
disorder (Pompe)

++ Tongue
+++ Anterior arm

muscles

+++ Adductor magnus.
Sparing of the rectus
femoris, sartorius, gracilis
and vastus lateralis

Type V clycogen storage
disorder (McArdle)

+++ Shoulder girdle 0/+ Paraspinal
musclesb

Channelopathies Muscle bulk hypertrophy of
thighsa

Perifemoral semilunar
pattern of quadriceps
muscle sparing the rectus
femorisa

Muscle bulk
hypertrophy of
calves

Early degeneration
of gastrocnemius
musclesa

DWI (b800) in-
creased signal of
gastrocnemiusb

Disturbances in the
serum K+ level

Periodic paralysis
Do not generally

show pathologic
MRI findings

Boldface values indicate the important finding
a Not present in our study
b Rare finding identified in our study
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these patients, due to disturbances in serum K+ levels.
Progressive focal and general musclemuscular weakness is pres-
ent in most cases [90]. Slight myopathic changes may be found
with increased occurrence of central nuclei and variation of fiber
diameter [91]. Channelopathies do not generally show patholog-
ical MRI findings such as fatty replacement or muscle edema.
However, muscle bulk hypertrophy of thighs and calves
(Fig. 18) due to genuine muscle hypertrophy has been reported
[71], as well as early degeneration of gastrocnemiusmuscles and
a perifemoral semilunar pattern of quadriceps muscle affection
sparing the rectus femoris has been reported [70]. Weber et al.
have described promising perspectives with 23Na MRI to eluci-
date muscular changes in periodic paralyses and other muscular
dystrophies [91] (Table 3).

Additional advantages of WBMRI

Imaging-guided muscle biopsy

False-negative results are greatly reduced in MRI-guided
biopsies of muscle with edema in IIM patients com-
pared to blind biopsies of clinically involved muscles
(rate of non-diagnostic specimen ranges from 10 to
25%) [30]. Another review on the use of STIR se-
quences reported a sensitivity of 89–100% and a spec-
ificity of 80–88% [15]. WBMRI can increase the yield
of muscle biopsy by directing the biopsy to a site with
active inflammation (edema; STIR sequence) versus
areas with fat replacement (T1 sequence), which may
have a non-diagnostic histopathology. Therefore, in pa-
tients suspected of having myositis, MRI can help to
determine the most adequate site for muscle biopsy
(Fig. 19) and has shown to be cost-effective in patients
with PM [18].

Fig. 19 A 74-year-old male with an unknown myopathy. a Axial STIR-
weighted WBMRI of the right thigh depicts a mild subcutaneous hema-
toma after a Bblind^ biopsy (before WBMRI) of the vastus lateralis mus-
cle (arrow). Edema, suggesting the presence of inflammatory activity, is
not shown. The biopsy was Bnegative^. b In the same axial STIR-
weighted WBMRI, edema of the left medial gastrocnemius and soleus
muscles (arrow) was identified. Based on these WBMRI findings, a sec-
ond biopsy of the medial gastrocnemius was performed. The biopsy was
Bpositive^ for myofibrillar myopathy. WBMRI may increase the yield of
muscle biopsy by guiding the biopsy to a site with active inflammation
(edema; STIR sequence)

Fig. 20 A 43-year-old female presenting polymyositis with progressive
muscle weakness. Comparative axial T1-weighted WBMRI of the pelvic
girdle at diagnosis (a, upper images) and the 3-year follow-up after (b,
lower images) showing new fatty infiltration of tensor fascia lata (arrows)

and vastus lateralis muscles (arrowheads), revealing muscle damage.
WBMRImay provide important information and guidance for therapeutic
decision-making, differentiating activity of ongoing inflammation
(edema) from muscle damage (fatty infiltration)
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Fig. 22 A 64-year-old female
with Sjögren’s syndrome and
muscle weakness. a and b Axial
STIR-weighted WBMRI of the
mandibular area found an inci-
dental left epiglottic mass
(arrowhead) with regional
adenopathies (arrows). c, d Axial
STIR-weighted WBMRI of the
thighs shows subtle subcutaneous
(arrows) and fascial edema
(arrowheads). These findings are
frequently observed in dermato-
myositis, which can be associated
with Sjögren’s syndrome. A pos-
terior neck biopsy confirmed a
squamous epiglottic cancer. The
patient and her referring physician
did not keep up with this occult
malignancy. WBMRI can stage
inflammatory myopathies and
detect occult malignancies and/or
systemic sclerosis in the same
study

Fig. 21 A 76-year-old female presenting dermatomyositis. Comparative
WBMRI of the thighs (same level of slices) at diagnosis (a, b, c) and at
1 year after follow-up (d, e, f). d, e STIR-weighted coronal pulse se-
quence shows new edema surrounding semitendinosus and

semimembranosus muscles (arrows) and subcutaneous tissue
(arrowheads). f DWI of b-value of 800 s/mm2 WBMRI of the thighs
depicts increased signal surrounding semitendinosus muscles (arrows).
These findings are compatible with ongoing inflammation
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Response to therapy, follow-up

It has been reported that clinical improvement seems to be better
demonstrated by MRI findings than by muscle biopsy after a
short-term follow-up of < 6 months [92]. In patients with per-
sistent muscle weakness, MRI is critical to differentiate active
inflammation (STIR/edema) from muscle damage with fatty
infiltration (T1/muscle atrophy) (Figs. 20 and 21).

Detection of related and non-related disease

The presence of underlying malignant neoplasms (such as ovar-
ian, breast, and lung cancers), and connective tissue diseases such
as systemic sclerosis have shown to be associated with some IIM
(DM, PM, and overlap myopathy) [14, 27, 28]. WBMRI can be
used to stage these IIMs, as well as to detect occult malignancies
or non-related pathologies in the same study (Figs. 22 and 23).

Fig. 23 A 52-year-old female with systemic sclerosis syndrome, breast
cancer, and muscle weakness. a Axial T1-weighted and b axial STIR-
weighted WBMRI of the supraclavicular area found an incidental right
thyroid mass (star) with regional and mediastinal adenopathies
(arrowheads). The esophagus was dilated (long arrow) due to systemic
sclerosis. Furthermore, intense fascial edema in the shoulder girdle was

found (short arrows). c Axial STIR-weighted WBMRI caudalad to b
showed other mediastinal adenopathies (arrowhead), a dilated esophagus
with fluid (long arrow) and edema in the right triceps muscle (short
arrow). d, e Axial STIR-weighted WBMRI depicting symmetric edema
in the paravertebral muscles (black arrows) and popliteal soft tissues
(white arrows), compatible with an overlap myopathy

Fig. 24 Coronal T1 and STIR-weighted WBMRI in different cases. Coverage of arms and legs byWBMRI may be incompletely visualized in heavy or
tall individuals, respectively. On suspicion of involvement of these areas, the performance of a new dedicated MRI should be considered
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The drawbacks of WBMRI

Study duration

The length of a WBMRI study depends on the number
of sequences acquired. In our hospital, a complete
WBMRI with SET1, STIR, and DWI in axial and cor-
onal planes takes 50–60 min. According to our expe-
rience, we strongly recommend beginning with STIR
and SET1 axial sequences, which are the most impor-
tant for evaluating myopathies if the WBMRI proce-
dure has to be discontinued due to patient fatigue.

Patient size

If the patient is too big with respect to the bore width, artifacts
(Fig. 24) may hamper the evaluation of the shoulder girdle
and/or arms [79]. Involvement of the oculomotor/facial mus-
cles or the calf may be relevant in somemyopathies and there-
fore inclusion of these anatomical areas in the WBMRI is
necessary, despite the inherent difficulties in tall patients. In
cases showing involvement of these areas (IBM, FSMD,
Pompe, among others) a new, dedicated MRI should be
considered.

Conclusions

In summary, myopathic signs such as muscle, fascial,
and subcutaneous edema (STIR), fatty muscle infiltra-
tion (T1) and diffusion imaging values (DWI) can be
clearly evaluated in the different muscle compartments
using WBMRI, providing a comprehensive estimate of
the total burden with a single study. Specific types of
myopathy can be identified according to the clinical
(Heliotrope, Gottron, Beevor, and extended Beevor),
pathological (radial wheel) or MRI signs presented (sub-
cutaneous calcifications or edema, central-shadow rectus
femoris, tongue infiltration, etc.). Nevertheless, there are
no consensus criteria for the diagnoses of myopathies.
Indeed, compared to previous reports, we have found
different MRI patterns, including paraspinal muscle in-
volvement (axial myopathy) in two cases of McArdle
disease and absence of fatty replacement in the gastroc-
nemius in LGMD and FSMD.

WBMRI is a diagnostic tool that is useful to deter-
mine the most adequate site for muscle biopsy, and to
improve the diagnostic accuracy compared to Bblind^
biopsies. In addition, WBMRI provides important infor-
mation and guidance for therapeutic decision-making,
differentiating activity in terms of ongoing inflammation
(edema) from irreversible muscle damage (fatty infiltra-
tion). Finally, related and non-related pathological

conditions, such as tumors, may be detected in the same
imaging study. On the contrary, WBMRI has several
limitations in certain anatomical areas such as the arms
(artifacts in Blarge patients^), and the oculomotor/facial
muscles or the calf (Btall patients^). On suspicion of
involvement of these areas (IBM, FSMD, Pompe, etc.),
the performance of a new, dedicated MRI should be
kept considered.
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