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Making the Diagnosis of Myositis: 
Muscle MRI

Jonas Lötscher, Balazs K. Kovacs, 
and Ulrich A. Walker

 Introduction

Myositis patients present with acute or subacute 
muscle weakness, typically affecting the proximal 
muscles of the upper extremity, lower extremity, and 
spine in a symmetric distribution. Five main clinico-
pathological subtypes are distinguished among adult 
patients, including dermatomyositis (DM), cancer-
associated myositis (CAM), polymyositis (PM), 
immune-mediated necrotizing myopathy (IMNM), 
sporadic inclusion- body myositis (sIBM), and over-
lap myositis (or myositis associated with other sys-
temic autoimmune rheumatic diseases) [1].

The diagnosis of a myositis patient includes 
the typical presentation of symmetric proximal 
muscle weakness, elevated muscle enzymes (e.g., 
creatine kinase or CK), a myopathic electromyo-
graphic (EMG) pattern, characteristic pathological 
changes in skeletal muscle biopsy, and the presence 
of myositis-specific autoantibodies. A critical step 
in the diagnosis of myositis is to exclude myositis 
mimics, especially in the setting of “polymyosi-
tis” where the pathognomonic rash of DM is lack-
ing and the observation that many mimics such as 

metabolic myopathies and muscular dystrophies [2] 
may present with the aforementioned features. MRI 
could aid in recognizing patterns of muscle involve-
ment among various mimics and myositis subtypes. 
Although EMG is used as a guide to muscle biopsy, 
MRI may provide an improved and noninvasive 
tool for selecting the site of muscle biopsy. Despite 
advancement in the outcome measures of myositis, 
we currently lack an objective imaging measure to 
gauge the response to therapy. Moreover, differen-
tiating disease activity vs. damage, both of which 
lead to muscle weakness, poses a significant clini-
cal challenge which may be addressed by muscle 
MRI. An early and accurate monitoring of disease 
activity is of great importance in the tailoring of 
treatment intensity. In this chapter, we review the 
different roles of MRI and other imaging tools 
assisting in the diagnosis and management of idio-
pathic inflammatory myopathies (IIM) (Table 16.1).

 MRI Protocols in IIM

MRI provides an excellent soft-tissue contrast 
at high resolution. Further, general advantages 
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Table 16.1 Potential roles of muscle imaging in IIM

Sensitive detection of muscle pathology
Exclusion of IIM mimics
Differentiation of IIM subsets
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Disease activity vs. damage
Response to therapy
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of MRI are its noninvasiveness, broad availabil-
ity, and lack of ionizing radiation. In contrast 
to ultrasound, MRI provides better resolution of 
the soft tissue and bone. Muscle abnormalities 

found by MRI in IIM include muscle edema, 
fatty replacement, and muscle atrophy. The 
sequences most commonly used (Table 16.2) in 
musculoskeletal MRI are T1-weighted (T1w), 

Table 16.2 MRI sequences in myositis imaging. Examples are shown in Fig. 16.1

MRI sequences Useful key features Potential application
T1w High anatomical resolution Damage evaluation (atrophy, fibrosis, 

and fatty replacement)
Fat-suppressed T2w Detection of muscle edema

Resolution superior to fluid-sensitive sequences
Disease activity, target muscle biopsy, 
therapeutic response

Fluid- sensitive
Sequences (STIR, 
TIRM, SPAIR)

Detection of muscle edema Disease activity, target muscle biopsy, 
therapeutic response

Gadolinium Contrast enhancement not superior to muscle edema 
seen on fluid-sensitive sequences

Not commonly used

a

b

Fig. 16.1 (a) MR sequences 
used in diagnosing myositis 
of a healthy patient. (b) 
Identical MR sequences in a 
71-year-old male patient with 
sIBM. The TIRM and T2w 
fat-saturated images reveal 
muscle edema in the right 
tibial anterior muscle as 
hyperintensities (white 
arrow) and enhancement 
(black arrow with white 
edge). Fatty infiltration of the 
left tibial anterior muscle is 
revealed as hyperintensity in 
T1w images (gray arrow)
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T2-weighted (T2w), both with and/or with-
out fat signal suppression, and fluid-sensitive 
sequences (e.g., short tau inversion recovery 
(STIR), turbo inversion recovery magnitude 
(TIRM), spectral attenuated inversion recovery 
(SPAIR)) [3]. T1w images provide high ana-
tomical resolution and are sensitive in detecting 
fat but insensitive with regard to water detec-
tion. The signal intensity of healthy muscle in 
T1w sequences is below water and above fat. 
T1w sequences are used to depict fatty atrophy 
and to discriminate between acute and chronic 
diseases.

In T2w sequences both water and fat appear 
hyperintense, and the signal intensity of nor-
mal muscle is lower than water and fat. Muscle 
edema reflects an increased amount of intra-
cellular or extracellular free water [4] and thus 
appears hyperintense in the fluid-sensitive T2w 
sequences. Since fat also appears hyperintense in 
T2w sequences, fat-suppressed T2w sequences 
have been developed, facilitating the specific 
detection of edema.

STIR, TIRM, and SPAIR sequences are fluid- 
sensitive sequences that use different techniques 
to better detect water. In muscle protocols they 
are used to sensitively reveal muscle edema.

In the more acute phases of IIM, the signal 
intensity of such fluid-sensitive sequences corre-
lates with disease activity [5].

Gadolinium contrast does not enhance the 
detection of muscle edema by fluid-sensitive 
sequences and is also not superior to T2w fat- 
suppressed sequences. Since the application of 
gadolinium also requires longer scan times, mus-
cle MRI is usually performed without contrast 
agents [3, 6].

 Types of Muscle Magnetic 
Resonance Imagings

 (a) Thigh Muscle MRI: For practical reasons, the 
thighs are often selected for MRI, as proxi-
mal leg muscles are frequently involved in 
myositis and a convenient target for biopsy 

[7]. The scan time of such regional MRI is 
relatively short, but at the same time muscle 
involvement in other body regions remains 
undetected (Fig. 16.2).

 (b) Whole-Body Magnetic Resonance Imaging: 
Whole-body MRI (wb-MRI) allows a com-
prehensive visualization of all large muscle 
groups, rendering it especially useful in early 
disease stages when some muscles may only 
be involved subclinically [8, 9]. Furthermore, 
wb-MRI may reveal characteristic distribu-
tion patterns of muscle inflammation assist-
ing in the differential diagnoses. In the case 
of paraneoplastic IIM, wb-MRI also offers 
the possibility of detecting the underlying 
malignancy. The duration of the standard 
wb-MRI protocol is 45 minutes, which may 
be challenging for the patient and clinical 
centers in terms of time and cost- effectiveness 
(Fig. 16.3).

 (c) Short Whole-Body Magnetic Resonance 
Imaging: A shortened wb-MRI protocol with 
omission of the trunk has recently been 
reported. The diagnostic accuracy of this short-
ened protocol was similar to the regular wb-
MRI protocol with a 30% time-saving [10].

Fig. 16.2 Thigh muscle MRI—coronal TIRM image in a 
healthy female person
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 Diagnostic Yield of Magnetic 
Resonance Imaging

In some centers muscle MRI of the proximal 
extremities is routinely performed in the diagnos-

tic workup of IIM. In the vast majority of patients 
with acute IIM (76–97%), MRI shows muscle 
edema, consistent with inflammation [11]. This 
finding is significantly associated with muscle 
weakness and elevated serum CK values [5, 12], 

Fig. 16.3 Coronal 
TIRM image of a 
whole-body MRI in a 
healthy female

J. Lötscher et al.
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while fatty infiltration and muscle atrophy repre-
sent chronic myositis.

A retrospective study evaluated the diagnostic 
yield of MRI in comparison with the clinical diag-
nosis of myositis in 51 IIM patients (29 PM/22 
DM) [12]. In this study, MRI had a sensitivity of 
92.3% and a specificity of 83.3% for PM/DM. A 
similar sensitivity of 91% was reported in a pro-
spective study of 48 patients with suspected IIM 
(DM, PM, IMNM, nonspecific myositis), but a 
lower specificity of 61%, when biopsy-proven 
myositis was the gold standard [13]. There was 
no subgroup analysis done to differentiate sen-
sitivity and specificity for PM, DM, or IMNM 
or nonspecific myositis. In a retrospective evalu-
ation of 17 patients with sIBM, a characteristic 
pattern of muscle involvement was defined [14]. 
Compared to MRI findings of 118 patients with 
other myopathies, the authors reported a sensi-
tivity and specificity, both exceeding 95%. The 
pattern of muscle involvement characteristic for 
sIBM is described in more detail below. One 
study [15] examined the specificity and sensitiv-
ity of thigh MRI in the detection of IIM subtypes 
(Table 16.3).

 Distribution of Magnetic Resonance 
Imaging Involvement in IIM 
Subtypes

Several studies have demonstrated that the IIM 
subtypes tend to affect particular muscle groups. 
The recognition of such different patterns may 
help to narrow the differential diagnosis.

In the early course of PM, for example, the 
muscle edema is distributed symmetrically in 
the proximal muscles of all extremities. Muscle 
involvement of the upper extremities may include 
the deltoid, trapezius, biceps, and triceps muscle 
[8, 16]. In the lower extremities, the quadriceps 

muscles (vastus medialis, intermedius, and late-
ralis) and the tibialis anterior are preferentially 
involved [17]. In progressive disease, an involve-
ment of pharyngeal muscles and neck flexors has 
also been observed [18].

In DM, the MRI pattern is similar to PM in its 
symmetry and involvement of proximal muscle 
groups (Fig. 16.4). However, edematous inflam-
mation of muscle fasciae (50–100%) [19] and 
subcutaneous fatty tissue (85%) [20] are also 
common (Figs.  16.4 and 16.5). Five of 26 pro-
spectively studied juvenile DM patients with 
subcutaneous edema on the initial thigh MRI 
developed clinically apparent calcinosis at the 
same location within 9 months [20]. Patients with 
a more diffuse or homogenous distribution of 

Table 16.3 Diagnostic yield of thigh MRI [15]

Type of myositis Sensitivity Specificity
PM 63.1% 59.0%
DM 82.6% 64.2%
IMNM 62.4% 90.8%
IBM 83.7% 87.7

Fig. 16.4 TIRM sequence of a 63-year-old male patient 
with extensive intramuscular (white arrow) and subcuta-
neous edema (gray arrow)
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muscle inflammation had a more severe disease 
course compared to patients with a more patchy 
distribution [21].

In IMNM, MRI revealed characteristic edem-
atous and atrophic changes of the hip rotators 
and glutei (Fig. 16.6) [15]. Muscle abnormalities 
in IMNN [associated with antibodies directed 
against signal recognition particle (SRP) or 
HMG-CoA reductase (HMGCR); see Chap. 24] 
appeared to be more severe compared to patients 
with DM or PM [15]. On thigh MRI, patients with 
anti-SRP antibodies had more atrophy and fatty 
replacement than patients with anti- HMGCR 
antibodies [15]. However, there are no studies to 
differentiate IMNM from PM findings on MRI.

In sIBM, fatty infiltration and atrophy are more 
common than inflammatory changes. In compari-
son to PM, the lesions of sIBM tend to be more 

asymmetric and distal in location [6]. In the thigh 
muscles, a predominant involvement of the quad-
riceps with relative sparing of the rectus femo-
ris is reported [22, 23]. Some authors describe a 
“melted” appearance of the distal quadriceps and 
involvement of the sartorius muscle [14]. In the 
calves, the medial gastrocnemius is most frequently 
infiltrated with fat, whereas the soleus muscle is 
relatively spared (Fig. 16.7). Corresponding to the 
weakness of finger flexors, MRI may reveal an 
intramuscular fat accumulation in the flexor digi-
torum profundus muscles [22, 23].

 Magnetic Resonance Imaging 
in Guiding Muscle Biopsies

MRI represents a sensitive tool to detect muscle 
involvement in suspected IIM, but the detection of 
muscle edema and fatty atrophy by MRI is not spe-
cific for inflammation. Thus, the diagnosis of IIM 
should never be based on MRI alone and a muscle 
biopsy is often required for confirmation [2].

The regional distribution of muscle involve-
ment in IIM may range from a few muscles 
to several muscle groups, but the disease 
process may be patchy (Fig.  16.8). Although 
EMG- guided biopsy has a high yield, it is 
invasive and painful, suggesting the need for 
an imaging- guided approach. Moreover, the 
“blind” acquisition of a muscle biopsy is error-
prone, as indicated by a retrospective study of 
153  PM/DM patients in which 25% of blind 

a bFig. 16.5 Coronal 
TIRM image of the 
shoulder girdle (a) and 
thighs (b) in a 66-year- 
old male patient with 
DM demonstrating 
extensive edema in all 
proximal muscles

Fig. 16.6 T1-weighted axial image of the pelvis of an 
80-year-old male patient with IMNM. The arrows show 
the greater gluteal muscles with excessive fat 
degeneration
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biopsies lacked inflammatory infiltrates [24]. 
Muscle biopsies from sites that featured signal 
hyperintensity in T2w fat-suppressed and STIR 
images contained significantly more inflamma-
tory cells than those obtained from sites with a 

normal MRI [5]. In a prospective study of 48 
patients with suspected IIM, the overall false-
negative rate of muscle biopsy was 23% [13]. 
Biopsies, which were performed at sites of 
high signal intensity in T2w fat-suppressed or 

Fig. 16.7 Seventy-one- 
year-old male patient 
with sIBM. Axial T1w, 
fat-saturated T2w, and 
fat-saturated T1w 
images after contrast 
administration at 
identical levels 
demonstrating 
symmetric fatty 
infiltration of the medial 
head of the 
gastrocnemius (broad 
white arrow). There is 
some edema and 
gadolinium 
enhancement (asterisks) 
in the right tibialis 
anterior muscle (thin 
white arrow) and in the 
lateral head of the left 
gastrocnemius (thin gray 
arrow)

Fig. 16.8 Eighty-year- 
old female patient with 
edema and contrast 
enhancement restricted 
to the rectus femoris 
muscle and almost 
complete sparing of the 
vastus lateralis and 
medialis muscles. The 
rectus femoris was 
chosen for biopsy, 
yielding IMNM
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STIR images revealed a false-negative rate of 
19%, compared with 67% of biopsies at MRI-
negative sites [13]. Additional work suggests 
that a pre-biopsy MRI is cost- effective due to 
lower re-biopsy rates [25]. Thus, the use of 
MRI in guiding muscle biopsy increases the 
diagnostic accuracy and MRI may replace an 
EMG-guided approach in the future regarding 
the workup of myositis.

 MRI Pattern in Myositis Mimics

Although muscle edema and fatty atrophy are 
not observed in normal muscle and can be 
detected sensitively by MRI, they are not spe-
cific for IIM (Fig.  16.9a, b). The differential 
diagnosis of IIM is wide and includes inher-
ited myopathies (muscle dystrophies and meta-
bolic myopathies), as well as myopathies due 
to medications, infections, or endocrine disor-
ders. The MRI presentation of the IIM mimics 
can be similar to the involvement seen in true 
idiopathic inflammation, although a few IIM 
mimics have more specific radiographic fea-
tures (Table 16.4).

Muscle edema can also be seen in numerous 
other conditions such as after radiation therapy 
and muscle injury [26], rhabdomyolysis [27], and 
even after physical exercise [28]. Fatty atrophy is 
also observed after muscle denervation [29] and 
in chronic disuse states [30].

 Magnetic Resonance Imaging 
for Disease Activity Versus Damage

The noninvasive nature and lack of ionizing radi-
ation render muscle MRI suitable for serial use 
in the longitudinal monitoring of disease activ-
ity and damage. It may be clinically difficult to 
differentiate ongoing myositis activity in patients 
with persistent or recurrent muscle weakness 
from irreversible damage or glucocorticoid 
myopathy. Similarly, the determination of serum 
muscle enzymes may be of limited value in 
patients (where the CK can be normal in the pres-
ence of active disease) as well as in long-standing 

myopathies. In this situation, the detection of 
muscle edema by MRI may help to distinguish 
between acute inflammation and chronic muscle 
damage (Fig. 16.10 top row) [31], providing an 
important clue for therapeutic decision-making. 

a

b

Fig. 16.9 (a) Muscle edema in a 75-year-old male with 
limb-girdle muscle dystrophy type 2a (calpainopathy). 
Extensive edema in most pelvic muscles, predominantly 
in the external obturator muscle (asterisk) with slight lin-
ear and not patchy contrast enhancement. (b) Fatty infil-
tration of the right rectus femoris muscle (arrow) in the 
same patient

J. Lötscher et al.
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Table 16.4 Clinical presentation and MRI findings of select IIM mimics

IIM mimic Clinical presentation MRI findings Ref
Limb girdle 
dystrophy 
(LGMD) 2A

Onset up to eighth decade. Slowly 
progressive weakness and atrophy 
of proximal muscles due to 
mutations in dysferlin gene. 
Autosomal recessive inheritance. 
Endomysial or perivascular T 
lymphocytes possible

Predominant atrophy of posterior thigh muscles 
(semimembranosus, semitendinosus, biceps 
femoris, and adductors). At calf levels, soleus 
muscle and the medial head of the 
gastrocnemius involved, sparing of the lateral 
gastrocnemius

[64]

Becker’s muscular 
dystrophy

X-chromosomal recessively 
inherited mutations in the 
dystrophin gene. Progressive 
weakness of legs and pelvic 
muscles. Calf hypertrophy. 
Cardiomyopathy

Prominent involvement of the gluteus maximus 
(80% of patients), atrophy of gluteus medius, 
adductor magnus, long head of biceps femoris, 
and semimembranosus (70% each)

[65]

Statin-induced 
myopathy

Can range from myalgia to 
rhabdomyolysis

Fatty atrophy in T1w sequences (29% of 
patients). Edema in 62% of T2w STIR images, 
mainly in dorsal thigh muscles (biceps femoris, 
semimembranosus, semitendinosus) and 
superficial calf muscles (soleus and 
gastrocnemius). Muscle edema associated with 
elevated serum CK and weakness

[66]

Infectious 
myositis

Viral, bacterial, fungal or parasitic. 
Bacterial and fungal myositis tends 
to present as a localized myositis, 
and viral and parasitic muscle 
infections tend to present as 
diffuse myositis
Pyomyositis due to staphylococcus 
aureus, predominantly in the 
tropics
Polymyositis in early HIV 
infection, possibly T-cell-
mediated. Bilateral proximal 
muscle weakness and CK elevation

In pyomyositis abscess formations are 
hypointense in T1w and hyperintense in T2w 
and STIR sequences with a hyperintense rim on 
unenhanced T1w images and peripheral 
enhancement after contrast medium application
In myositis due to Candida tropicalis, MRI 
showed numerous microabscesses and diffuse 
muscle edema
Pork tapeworm causes cystic lesions with low 
signal in T1w and high signal in T2w images. 
MRI may depict scolices
HIV-associated polymyositis may show abnormal 
signal intensity in T2w and STIR sequences

[67–74]

Diabetic muscle 
infarction

Rare complication of poorly 
controlled insulin-dependent 
diabetes. Pain and swelling, mainly 
of thighs and calves

Diffuse edematous enlargement of involved 
muscles and increased signal intensity on T2w, 
STIR, and gadolinium-enhanced images

[75, 76].

Rhabdomyolysis Life-threatening from a large 
variety of causes, including drug 
abuse, excessive muscle exercise, 
ischemic injury, infections, or 
direct muscle injury

Widespread muscle edema. Affected muscles 
hyperintense in T2w and STIR sequences and 
hypointense in T1w

[77, 78]

Sarcoidosis Four types of muscle involvement
Acute myositis: painful swelling of 
muscles
Chronic myopathy: muscle 
weakness and atrophy
Nodular type: palpable 
intramuscular masses
Asymptomatic type: Incidental 
detection of granulomas in biopsy

Acute sarcoid myositis: diffusely increased 
signal in T2w sequences
Asymptomatic and chronic myopathy: The 
granulomas along muscle fibers cannot be 
detected by MRI, only by histology
Nodular sarcoidosis: more specific with a 
star-shaped central decrease of signal intensity in 
axial T1w and T2w sequences, surrounded by 
increased intensity (“dark-star” sign). Axial or 
sagittal images, in which muscle fibers run parallel, 
show three stripes: The inner stripe with decreased 
signal intensity and two outer stripes with increased 
signal intensity (“three stripes”-sign). On histology 
the central area with decreased signal intensity is 
fibrotic, and the surrounding hyperintensity 
represents granulomatous inflammation

[79–83]

(continued)
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Muscle weakness in the setting of MRI find-
ings of extensive replacement by fatty tissue 
(Fig. 16.9 bottom row) has been correlated with 
a lack of improvement with immunosuppressive 
therapy [32].

 Magnetic Resonance Imaging 
for Treatment Response

Several studies have shown that muscle edema 
on MRI decreases during therapy (Fig.  16.11) 
[5, 21, 33, 34]. Muscle MRI may even better 

reflect clinical improvement than muscle biopsy 
[5]. The presence of muscle edema on MRI is 
also significantly associated with the presence of 
muscle weakness and elevated serum CK values 
[5, 12]. In a study of 41 juvenile DM patients, 
18 patients underwent a follow-up wb-MRI [21]. 
Eleven of these patients had lower MRI scores 
in response to treatment. Moreover, nine patients 
showed total resolution of inflammation in wb-
MRI, whereas in the clinical assessment, only 
five patients met the criteria for remission. The 
authors suggest that loss of muscle strength may 
result from muscle damage rather than from 

Table 16.4 (continued)

IIM mimic Clinical presentation MRI findings Ref
Hypothyroid 
myopathy

Muscle stiffness and hypertrophy 
in untreated hypothyroidism

Distal legs predominantly affected. 
Hypertrophic muscles on T1w, increased signal 
intensity on T2w and STIR images

[84–86]

Metabolic 
myopathies

Exercise intolerance and recurrent 
rhabdomyolysis

Lower body MRI of 20 patients with long-chain 
fatty acid oxidation disorders demonstrated 
distinct patterns of increased signal intensity in 
T1W and STIR sequences. In very long-chain 
acyl-CoA dehydrogenase deficiency 
(VLCADD), increased T1W signals in proximal 
muscles. In long-chain hydroxyacyl-CoA 
dehydrogenase deficiency (LCHADD), mainly 
distal involvement. STIR hyperintensity in 
VLCADD and LCHADD associated with 
increased serum CK
T1w changes reflect fatty infiltration, STIR 
hyperintensity edema

[87]

Fig. 16.10 Focal active 
inflammation in the 
vastus medialis muscle 
of a 79-year-old male 
with IMNM (upper row, 
white arrows). Extensive 
fatty infiltration of 
greater gluteal muscle 
(lower row, gray arrows)

J. Lötscher et al.
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myositis activity, and that the clinical assessment 
has overestimated disease activity.

Taken together, these observations suggest that 
MRI provides valuable information regarding dis-
ease activity and treatment response. MRI may 
therefore complement the purely clinical assess-
ment and serve as a myositis outcome measure. 
The IMACS group has now adopted the finding of 
muscle atrophy assessed by radiographic methods 
in its myositis damage index [35].

 Other Advantages of Magnetic 
Resonance Imaging in Myositis

MRI can also be used to screen for cardiac 
involvement [36, 37] as heart-specific sequences 
(late contrast-enhanced T1w sequences) are 
added to the wb-MRI protocol. According to 

the Lake Louise consensus criteria, MRI find-
ings are consistent with myocarditis if they meet 
at least two of the following three criteria: (1) 
increased signal intensity in T2w images repre-
senting edema, (2) increased early myocardial 
gadolinium enhancement reflecting hyperemia 
or capillary leakage, and (3) increased late gado-
linium enhancement in a non-ischemic distribu-
tion representing irreversible cellular injury [38]. 
Left ventricular dysfunction and pericardial effu-
sion may provide additional evidence for myo-
cardial involvement. However, the performance 
of the myocarditis criteria has not been validated 
in IIM.

Finally, MRI may also detect intramuscular 
calcifications in IIM where fluid collections rep-
resent “milk of calcium.” The latter have a vari-
able signal amplitude on T2w images, depending 
on the calcium content of the collections [39].

Fig. 16.11 Sequential 
images of a 22-year-old 
male with PM 
demonstrating 
regressing muscle 
edema (white arrows) 
and contrast 
enhancement (gray 
arrows) in the left lateral 
vastus muscle 5 months 
after the initiation of 
therapy

16 Making the Diagnosis of Myositis: Muscle MRI
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 Functional Magnetic Resonance 
Imaging Techniques

Blood oxygenation level-dependent MRI 
(BOLD MRI) is a functional MRI technique 
quantitating muscle microcirculation by mea-
suring changes between diamagnetic oxy-hemo-
globin and paramagnetic deoxy-hemoglobin. 
As the BOLD MRI signal depends mainly on 
blood oxygenation, blood flow can be derived 
under standardized conditions. In systemic scle-
rosis, BOLD MRI has revealed impaired skel-
etal muscle microcirculation [40]. BOLD MRI 
studies have not yet been carried out in IIM, but 
the technique has the capacity to noninvasively 
quantify vascular involvement in IIM, especially 
DM, where vasculopathy may be a key factor in 
pathogenesis.

Magnetic resonance spectroscopy (MRS) non-
invasively quantifies pH and energy metabolites 
within tissues. In IIM, this technique has revealed 
impaired energy supply [41, 42] but is not part of 
the routine diagnostic armamentarium.

Diffusion-weighted (DWI) MRI is a func-
tional MRI technique that measures the random 
motion of protons within water and calculates 
the extent of fluid motion in terms of diffusion 
and perfusion. IIM patients had increased diffu-
sion values in inflamed muscles, whereas fatty- 
infiltrated muscles had decreased values [43].

T2 mapping is a different imaging method, 
which relies on proton transverse relaxation time 
(T2). T2 signals increase with augmented mus-
cular water content, such as with edema or after 
exercise [44, 45]. The advantage of T2 mapping is 
that the technique provides a quantifiable measure 
of water content (and inflammation in myositis).

 Muscle Ultrasound

The advantage of muscle ultrasound (US) over 
MRI consists of its broad availability, ease in 
handling, and lower cost. In the pediatric popula-
tion, the use of muscle US is even more attractive 
as MRI often requires sedation in young chil-
dren. A large study suggested that substitution of 
MRI for US in musculoskeletal diseases, when 
appropriate, could lead to several billion dollars 

of savings [46]. In this respect the use of US in 
diagnostic workup appears attractive.

In standard B-mode, normal muscle tissue has 
low echogenicity [47]. On longitudinal scans, the 
perimysium appears as oblique, parallel, echo-
genic striae against the hypoechoic background 
representing the muscle fibers [48]. On trans-
verse scans, the perimysium appears as finely 
dotted echoes.

Conventional US has been evaluated in 61 
patients with PM, DM, or sIBM.  In acute DM/
PM, capillary leakage blurs the normal muscle 
architecture and decreases echogenicity. The 
resulting edema can augment muscle volume. 
In chronic myositis, muscles become atro-
phic and infiltrated with fat and therefore have 
reduced volume and increased echogenicity [49]. 
Granulomatous myositis is characterized by the 
highest echo intensities and a tendency toward 
muscle hypertrophy [50].

The sensitivity of US in detecting muscle 
abnormalities of adult IIM patients was 83%, 
although statistically not superior to electromy-
ography (92% sensitivity) and serum CK values 
(69% sensitivity) [50]. US offers the possibil-
ity to detect tissue calcifications as large hyper-
echoic foci with acoustic shadowing and fluid 
collections as “milk of calcium” [51, 52].

Contrast-enhanced power Doppler US was 
compared with MRI in a prospective study of 
35 patients suspected to have DM or PM.  The 
sensitivity of contrast-enhanced US was 73%, 
while the specificity was 91%. MRI however had 
nominally better figures (77% and 100%, respec-
tively) [53]. Despite the inferiority compared to 
MRI, contrast-enhanced US may be an acces-
sible and feasible alternative to MRI, especially 
in resource-poor settings. One of the major dis-
advantages of musculoskeletal US is that its per-
formance is highly dependent on the experience 
of the examiner.

 FDG-PET

Positron emission tomography (PET) uses short- 
lived positron-emitting radioisotopes as tracers. 
The uptake and storage of fluorine-18-labeled 
deoxyglucose (FDG) is routinely used for the 
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sensitive detection of lymphomas and other 
malignancies. Since inflammation increases the 
glucose demands of tissues, the diagnostic util-
ity of FDG-PET is used in a variety of immune- 
mediated inflammatory conditions, such as 
sarcoidosis [54] and large-vessel vasculitis [55].

The role of FDG-PET in the diagnosis of 
IIM remains controversial. One study revealed 
an increased FDG-uptake in only 33% of IIM 
patients (13 PM/11 DM) [56], while a 12-patient 
(2  PM/10 DM) study showed a significantly 
increased FDG uptake in proximal muscles, but 
no significant correlations between uptake and 
disease duration, muscle strength, and CK levels 
[57]. A third study (5 PM/15 DM) noted a signifi-
cant correlation between increased FDG uptake 
in proximal muscles and elevated CK values, 
decreased muscle strength, and inflammatory cell 
infiltrates in biopsy [58].

Since some IIM are associated with an 
increased risk of malignancy [59], FDG-PET 
may also provide a sensitive screening tool for 
neoplasm detection [60]. FDG-PET may also 
offer the added possibility to detect interstitial 
lung disease as an extramuscular complication 
[56, 58], but it is not yet part of the routine diag-
nostic workup of IIM.

 99mTechnetium Pyrophosphate 
Scintigraphy

An increased uptake of 99mtechnetium pyrophos-
phate (99mTc-PYP) in muscles affected by IIM 
has been described in case reports [61, 62]. A 
retrospective analysis of 166 patients with sus-
pected myopathy assessed the diagnostic value 
of 99mTc- PYP scintigraphy [63]. The scan was 
positive in 60% of patients with the final diagno-
sis of IIM. 99mTc-PYP scintigraphy was however 
not able to discriminate between inflammatory 
and non- inflammatory myopathies. In individu-
als with biopsy-proven IIM, the diagnostic sen-
sitivity was 43%, and its specificity was 60%. 
The low- positive and high-negative likelihood 
ratios of 99mTc-PYP muscle scintigraphy (5.0 
and 0.65, respectively) suggest a limited value 
in the routine diagnostic workup of patients with 
suspected IIM.

 Conclusion

MRI is perhaps the most valuable imaging 
technique in the diagnostic workup of IIM as 
it is sensitive, provides good spatial resolu-
tion, and resolves different muscle patholo-
gies such as edema, fatty infiltration, atrophy, 
and concomitant fasciitis. Wb-MRI not only 
provides an overview of the extent of muscle 
involvement but may also reveal further organ 
pathology (heart involvement) and underlying 
malignancies.

IIM subgroups and IIM mimics may manifest 
with characteristic patterns of muscle involve-
ment. Although MRI examination may therefore 
assist in narrowing down the differential diag-
nosis of a given myopathy, muscle biopsy still 
remains the gold standard for most myopathies. 
In this setting, MRI assists in the selection of a 
suitable biopsy site and lowers false-negative 
results compared with blind muscle biopsies.

Last but not least, muscle MRI can assist in 
the discrimination of active myositis and muscle 
damage and therefore may be a useful in assess-
ing treatment response.
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