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Background: The overlapping clinical presentations of limb-girdle muscular dystrophy

(LGMD) and idiopathic inflammatory myopathy (IIM) make clinical diagnosis challenging.

This study provides a comprehensive evaluation of the distributions and characteristics

of muscle fat substitution and edema and aims to differentiate those two diseases.

Methods: This retrospective study reviewed magnetic resonance imaging (MRI) of

seventeen patients with pathologically proved diagnosis, comprising 11 with LGMD

and 6 with IIM. The fat-only and water-only images from a Dixon sequence were

used to evaluate muscle fat substitution and edema, respectively. The degrees of

muscle fat substitution and edema were graded and compared using the appropriate

statistical methods.

Results: In LGMD, more than 50% of patients had high-grade fat substitution in

the majority of muscle groups in the thigh and calf. However, <50% of IIM patients

had high-grade fat substitution in all muscle groups. Moreover, LGMD patients had

significantly higher grade fat substitution than IIM patients in all large muscle groups (p

< 0.05). However, there was no significant difference in edema in the majority of muscle

groups, except the adductor magnus (p = 0.012) and soleus (p = 0.009) with higher

grade edema in IIM. Additionally, all the adductor magnus muscles in LGMD (100%)

showed high-grade fat substitution, but none of them showed high-grade edema.

Conclusions: MRI could be a valuable tool to differentiate LGMD from IIM based on the

discrepancy in muscle fat substitution, and the adductor magnus muscle could provide

a biosignature to categorizing LGMD.
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INTRODUCTION

The idiopathic inflammatory myopathy (IIM), such as
dermatomyositis and polymyositis, often presents as proximal
and symmetric muscle weakness, joint pain, and fatigue (1).
The muscle weakness involved the thigh and hip early, then
the upper limbs and pharynx, resulting the difficulties climbing
stairs, rising from a seated position, or even in swallowing
function (2). Its clinical presentations overlap with those of other
muscular disorders, such as limb-girdle muscular dystrophy
(LGMD). LGMD is an inherited muscular disorder, with the
general features of progressive muscle atrophy and weakness (3).
The difficulties in climbing stairs or other mobility reduction
showed in the patients with LGMD, as those with IIM. In the
laboratory test, both diseases show elevated serum creatine
kinase (CK) (3–5). Thus, differentiation of LGMD and IIM
based on clinical symptoms and signs may be challenging (6–8).
Moreover, IIM and LGMD need to be managed in different
ways. IIM should be aggressively treated with glucocorticoids
and immunosuppressants (9, 10), while LGMD is mainly treated
with supportive measures and limb motion preservation (11).
Thus, an early diagnosis of IIM or LGMD is essential to prevent
delayed treatment.

Although invasive muscle biopsy is the standard diagnostic
tool for all muscular disorders, magnetic resonance imaging
(MRI) may also be able to play a pivotal role in identifying
different muscular disorders. As the primary manifestation
of MRI in patients with dermatomyositis or polymyositis,
the muscle edema is usually in the proximal and symmetric
distribution (12, 13). The hamstrings are usually involved early,
followed by the muscles of the buttocks, proximal upper limbs,
and neck flexors. The muscle edema is correlated with an active
phase of the IIM, but in the chronic stage, fatty infiltration
and muscle atrophy could be seen (14–16). In the patients with
LGMD, MRI shows fatty infiltration and muscle atrophy as the
most salient findings. The involvement of the adductors and
semimembranosus muscles could be visualized in several types of
LGMD, including 1A, 1B, 2A, 2B, and 2L (17–19). The variance
of the degree and distribution of muscle involvement may exist
among different types of LGMD (20). Of the common types,
the predominant involvement in the posterior thigh muscles
demonstrates in LGMD 2A with a sparing of the vastus lateralis
muscles until the late stage; but the LGMD 2B shows an early
progression to the vastus muscles (17).

Different muscular disorders may show various patterns
and degrees of muscle edematous change or muscle atrophy
(16). Through the detection of the muscle changes, MRI can
identify patients with muscular diseases and reflect the extent
of disease involvement (21, 22). However, the literature with
direct comparison of the MRI presentations between the IIM
and LGMD is scarce, even though the differentiation of the two
disease entities based on clinical symptoms and signs could be
difficult. Therefore, this study aims to provide a comprehensive
evaluation of the distributions and characteristics of muscle
fat substitution and edema in both diseases. By understanding
the normal muscle patterns and characteristics and the various

patterns and extensions of muscle involvement in both diseases,
clinicians might be able to make a confirmative diagnosis of
LGMD or IIM based on MRI.

MATERIALS AND METHODS

Patients
This study was approved by the Institutional Review Board of
Chang Gung Memorial Hospital, with IRB No. 202101135B0
on 12 July 2021 and in compliance with the Health Insurance
Portability and Accountability Act. Seventeen patients with
muscle biopsy-proven IIM and LGMD between October
2015 and March 2016 were recruited, and MR examinations
were reviewed. Four patients had polymyositis, two had
dermatomyositis, and 11 had LGMD. Each subtype of LGMDwas
also recorded if the genetic diagnosis was confirmed. The serum
CK level within 6 months before or after the date of MRI in each
patient was also collected. Clinical data including sex, age and
durations of illness was also reviewed.

MRI Study
MRI of bilateral lower extremities was performed on a 3-
tesla scanner (Skyra, SIEMENS, Germany) with surface-coil
arrays for signal detection. The standard protocol included
a T2-weighted turbo spin-echo Dixon sequence (TR =

4,110ms, TE = 75ms, acquisition matrix 256 × 162, slice
thickness = 10mm). Water-only and fat-only images were
reconstructed from the Dixon T2 sequences. Each leg was
imaged individually. Slices were generally assessed at the mid-
portion of the thigh and the thickest portion of the calf
(Figure 1).

Image Analysis
The MRI scans were analyzed by a radiologist with five more
years of experience interpreting musculoskeletal imaging and
was blind to the clinical information and final diagnosis. The
assessment of muscle lesions was based on the distributions and
characteristics of muscle involvement and the degrees of muscle
fat substitution and edema (13, 19). In the thigh, the following
individual muscles in three compartments were identified and
analyzed: in the anterior compartment, the vastus lateralis,
vastus medialis, rectus femoris, and sartorius; in the medial
compartment, the gracilis and adductor magnus; and in the
posterior compartment, the semimembranosus, semitendinosus,
and biceps femoris. The vastus intermedius is also assessed as
a part of the vastus lateralis. The calves included the tibialis
anterior, peroneus longus, flexor hallucis longus, lateral and
medial gastrocnemius, and soleus. In consideration of the
patients’ discomfort during the time-consuming MRI containing
both T1- and T2-weighted sequences, the T2-weighted Dixon
sequence with water-only and fat-only images in the evaluation
of muscle edema and fat substitution was applied to shorten
the acquisition time. Moreover, there was a high inter-method
agreement between the Dixon sequence and T2-weighted short-
tau inversion recovery in the evaluation of muscle edema
(23). In the grading of muscle involvement (16), the grade of
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FIGURE 1 | MRI image acquisition. The horizontal arrows in the right side coronal T1-weighted image demonstrated the level of assessed planes, as showed in the

left T2-weighted Dixon fat-only axial images. The scanning slices are at the mid-portion of the thigh and the thickest portion of the calf.

muscle fat substitution was determined by the area of fatty
infiltration in Dixon fat-only images. It was categorized into
4 grades as follows: grade 1, no evidence of the presence of
fatty infiltration; grade 2, fatty infiltration of <30% of the total
muscle area; grade 3, fatty infiltration of between 30 and 60%
of the total muscle area; and grade 4, fatty infiltration of more
than 60% of the total muscle area (24–26). The degree of
individual muscle edema was also determined by the area of
involvement assessed by the Dixon water-only images. The grade
of edema of each muscle was categorized into 4 grades with the
same definitions as fat substitution, but with edema replacing
fat substitution in the definitions above. Fat substitution and
edematous changes in both legs were recorded, but there was no
significant difference between the right and left legs in patients
with LGMD and patients with IIM by the Mann-Whitney
U-test, as shown in Supplementary Tables 1, 2. Therefore, we
evaluated only one leg (the left leg) of each patient for further
detailed analyses.

For a better understanding of the patterns and distributions
of the fat substitution and edematous changes in each muscle,
grades 3 and 4 of fat substitution were categorized as high-
grade fat substitution, featuring abundant intramuscular
fatty replacement with marbling distribution in the muscles,
reminiscent of Japanese A5 Wagyu beef. In contrast, grades
1 and 2 of muscle fat substitution were categorized as
low-grade fat substitution, featuring mild intramuscular
fatty replacement resembling United States Department of
Agriculture Choice filet steak. Similarly, high-grade and
low-grade edema was categorized with an adapted version
of the fat substitution grading system above. Figure 2 shows
the cases with different grades of muscle fat substitution
and edema, as well as the illustration of Wagyu beef and
filet steak.

Statistics
Statistical analyses were performed using the SPSS software
package (Version 20.0. Armonk, NY: IBM Corp.). For the
description of demographic data, quantitative variables were
expressed as the mean ± standard deviation. The differences in
the age, duration of illness and CK value between LGMD and
IIM were assessed through the two-sample t-test. The difference
in the sex between the two groups of patients were performed
by the Fisher exact test. The differences in fatty infiltration and
edema between LGMD and IIMwere assessed in terms of median
rank through the Mann-Whitney U test. A p-value <0.05 was
considered significant.

RESULTS

A total of 17 patients were included: 11 patients with LGMD
and 6 patients with IIM. All the patients with LGMD received
the Whole Exome Sequencing (WES) to recognize the subtype
of LMGD. There were three patients with LGMD1G, one with
2A, two with 2B, one with 2I, but the rest of four patients with
undetermined genotypes. The mean age was 42.6 ± 13.1 (mean
± standard deviation) years in patients with LGMD and 41.8 ±

12.8 years in patients with IIM. There were 5 females (45.45%)
in the LGMD group, but the patients with IIM were all females.
The mean duration of illness was 9.9 ± 6.2 years in the LGMD
group and 2.7 ± 3.2 years in the IIM group. The CK value in the
LGMD was 1,859.7 ± 2,089.8 units per liter (U/L), and 571.8 ±

532.6 U/L in the IIM. There was no significant difference in the
age (p-value = 0.991) and CK value (p-value = 0.164) between
the LGMD and IIM, but more females in the patients with IIM
(p-value = 0.043) and longer duration of illness in the patients
with LGMD (p-value= 0.025) were found.
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FIGURE 2 | Magnetic resonance imaging (MRI) of muscle fat substitution and

edema in different grades and the illustration of Wagyu beef and filet steak. (A)

T2-weighted Dixon fat-only image of a 40-year-old female with limb-girdle

muscular dystrophy (LGMD). There was a high-grade fat substitution in almost

all compartments of the thigh muscles, which resembled Japanese A5 Wagyu

steak. The marked fatty replacement was noted in the adductor magnus,

biceps femoris, semimembranosus, and semitendinosus muscles. (B)

T2-weighted Dixon fat-only image of a 50-year-old female with polymyositis.

Low-grade muscle fat substitution was depicted in IIM compared with LGMD,

which resembles the United States Department of Agriculture Choice filet

steak. (C) T2-weighted Dixon water-only image of a 24-year-old female with

polymyositis. High-grade edema in the quadriceps, adductor magnus,

semimembranosus, semitendinosus, and biceps femoris.

Analysis of the Grades of fat Substitution
In the patients with LGMD, no muscle group of the thigh was
spared from fat substitution, and high-grade fat substitution
was found in the following muscles (Figure 3; Tables 1, 2):
in the thigh, the adductor magnus (100%, percentage of
patients), vastus medialis (90.0%), biceps femoris (81.8%),
semimembranosus (81.8%), semitendinosus (72.7%), and vastus
lateralis (72.7%); in the calf, the medial gastrocnemius (63.6%),
and soleus (54.5%). Under 50% of patients had high-grade fat
substitution in the other muscles of the thigh and calf. For IIM,
under 50% of patients had high-grade fat substitution in all

muscle groups. Moreover, high-grade fat substitution was found
only in the following muscles: in the thigh, the adductor magnus
(16.7%), biceps femoris (16.7%), semimembranosus (16.7%), and
semitendinosus (16.7%); in the calf, the medial gastrocnemius
(16.7%), and soleus (16.7%).

When the grades of fat substitution were compared between
LGMD and IIM, most muscle groups in the thighs and calves
showed higher grades of fat substitution in the LGMD than IIM
(p-value < 0.05) as follows: the thigh—the adductor magnus,
vastus lateralis, vastus medialis, and all the muscles of the
posterior compartment; the calf—the tibialis anterior, medial and
lateral gastrocnemius, and soleus (Table 3).

Analysis of the Grades of Edema
In LGMD, high-grade muscle edema was found in the
following muscles (Figure 3; Tables 1, 2): in the thigh, the
semimembranosus (36.4%), vastus lateralis (36.4%), vastus
medialis (27.3%), biceps femoris (18.2%), and semitendinosus
(9.1%); in the calf, the medial gastrocnemius (18.2%), lateral
gastrocnemius (18.2%), flexor hallucis longus (9.1%), and
soleus (9.1%). There was a lack of high-grade edema in
the other muscles of the thigh and calf. In IIM, high-grade
edema was found in the following muscles: in the thigh, the
semimembranosus (50.0%), adductor magnus (33.3%), vastus
lateralis (16.7%), vastus medialis (16.7%), rectus femoris (16.7%),
semitendinosus (16.7%), and biceps femoris (16.7%); in the calf,
themedial gastrocnemius (33.3%), lateral gastrocnemius (33.3%),
and soleus (33.3%).

When the grades of edema were compared between the
LGMD and IIM, most muscle groups in the thighs and calves
showed no significant differences, except the adductor magnus
(p-value = 0.012) and soleus (p-value = 0.009), with more
severe edema in the patients with IIM than in those with LGMD
(Table 4).

DISCUSSION

The overlapping clinical presentations and imaging findings
in LGMD and IIM can easily lead to misdiagnosis of these
diseases in clinical practice (6–8). The comparison in the age and
CK value in our study demonstrated no significant difference,
but there were more females in IIM and longer duration of
illness in LGMD. This study aims to provide a comprehensive
evaluation of the distributions and characteristics of muscle fat
substitution and edema in both diseases. LGMD had significantly
higher grade fat substitution in the majority of muscle groups
of the thigh and calf, except for smaller muscle sizes, such
as the rectus femoris, sartorius, gracilis, peroneus, and flexor
hallucis longus. However, there were no significant differences
in edema among most of the muscle groups between the two
disease entities, except the adductor magnus and soleus showed
higher grades of muscle edema in IIM. Furthermore, all the
adductor magnus muscles showed high-grade fat substitution
in the patients with LGMD, but none of the adductor magnus
muscles showed high-grade edema. Therefore, the adductor
magnus muscle could be considered a biosignature muscle in
categorizing LGMD. LGMD should be first considered if there is
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FIGURE 3 | (A) The location of each analyzed thigh muscle on the axial imaging. (B) The location of each analyzed calf muscle on the axial imaging. More than 50%

of the LGMD patients showed high-grade fat substitution in the muscles marked with an asterisk (*): VL, VM, AM, SM, ST, BF, SO, MGC. LGMD, limb-girdle muscular

dystrophy; VL, vastus lateralis; VM, vastus medialis; RF, rectus femoris; SA, sartorius; GR, gracilis; AM, adductor magnus; SM, semimembranosus; ST,

semitendinosus; BF, biceps femoris; TA, tibialis anterior; PR, peroneus; FHL, flexor hallucis longus; SO, soleus; MGC, medial gastrocnemius; LGC, lateral

gastrocnemius.

TABLE 1 | The percentage of people with high-grade fat substitution and edema

of the thigh muscles among patients with limb-girdle muscular dystrophy and

idiopathic inflammatory myopathy.

Analyzed Muscle LGMD IIM

Fat

substitution

Edema Fat

substitution

Edema

Anterior compartment

Vastus Lateralis 72.7% 36.4% 0.0% 16.7%

Vastus Medialis 90.9% 27.3% 0.0% 16.7%

Rectus Femoris 45.5% 0.0% 0.0% 16.7%

Sartorius 36.4% 0.0% 0.0% 0.0%

Medial compartment

Gracilis 36.4% 0.0% 0.0% 0.0%

Adductor Magnus 100.0% 0.0% 16.7% 33.3%

Posterior compartment

Semimembranosus 81.8% 36.4% 16.7% 50.0%

Semitendinosus 72.7% 9.1% 16.7% 16.7%

Biceps Femoris 81.8% 18.2% 16.7% 16.7%

LGMD, limb-girdle muscular dystrophy; IIM, idiopathic inflammatory myopathy.

high-grade fat substitution and almost no edema in the adductor
magnus muscle.

In previous reports, the most salient MRI findings for LGMD
were muscle wasting and fat replacement, and the IIM was
muscle edema (14, 16, 17, 19, 27). Although muscle wasting and
fat replacement eventually occur in the chronic stage of IIM
(14, 16, 28), the degree of wasting may still be different between
LGMD and IIM. In this study, both diseases were in a chronic
stage, and fat replacement within the muscle of the LGMD
was remarkably abundant, resembling Japanese A5 Wagyu beef
(Figure 2). In contrast, the development of severe and diffuse fat

TABLE 2 | The percentage of people with high-grade fat substitution and edema

of the calf muscles among patients with limb-girdle muscular dystrophy and

idiopathic inflammatory myopathy.

Analyzed muscle LGMD IIM

Fat

substitution

Edema Fat

substitution

Edema

Tibialis Anterior 36.40% 0.00% 0.00% 0.00%

Peroneus 36.40% 0.00% 0.00% 0.00%

Flexor Hallucis Longus 9.10% 9.10% 0.00% 0.00%

Medial Gastrocnemius 63.60% 18.20% 16.70% 33.30%

Lateral Gastrocnemius 45.50% 18.20% 0.00% 33.30%

Soleus 54.50% 9.10% 16.70% 33.30%

LGMD, limb-girdle muscular dystrophy; IIM, idiopathic inflammatory myopathy.

substitution was not seen in the chronic stage of IIM. The degree
of muscle fatty replacement was significantly lower in the patients
with IIM, resembling leaner filet steak. Thus, the degree of muscle
fat substitution may consider a biomarker to differentiate LGMD
from IIM.

The literature comparing muscle edema between LGMD
and IIM is scarce. It was previously reported that muscle
edema could be found in IIM, especially in the active stage
of disease (14, 15). However, in our study, there was no
significant difference in muscle edema of most of the lower
limb muscle groups between the LGMD and IIM, except the
adductor magnus and soleus muscles. The edematous change
indicates the active phase of myositis. The mild degree of muscle
edema in both disease entities might be related to the chronic
disease status. However, the early stage of LGMD and IIM
may be clinically silent, and most of them were diagnosed only
in the subacute or chronic stage (29–31). However, further
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TABLE 3 | Comparison of the grades of muscle fat substitution between

limb-girdle muscular dystrophy and idiopathic inflammatory myopathy.

Analyzed muscle Median grade p-value

LGMD IIM

THIGH MUSCLE

Anterior compartment

Vastus Lateralis 4 1 0.002*

Vastus Medialis 4 1 0.001*

Rectus Femoris 1 1 0.155

Sartorius 1 1 0.172

Medial compartment

Gracilis 1 1 0.172

Adductor magnus 4 1.5 <0.001*

Posterior compartment

Semimembranosus 4 2 0.016*

Semitendinosus 4 2 0.021*

Biceps Femoris 4 2 0.003*

CALF MUSCLE

Tibialis anterior 2 1 0.033*

Peroneus 2 1 0.054

Flexor hallucis longus 1 1 0.173

Medial gastrocnemius 3 1 0.020*

Lateral gastrocnemius 2 1 0.004*

Soleus 3 1 0.022*

*Significant p-value.

LGMD, limb-girdle muscular dystrophy; IIM, idiopathic inflammatory myopathy.

investigations of muscle edema in an acute stage of LGMD and
IIM are warranted.

Notably, this study demonstrated that the adductor magnus
could be a good biomarker to differentiate LGMD from
IIM. Previously, muscle wasting followed a specific pattern in
various LGMDs and might help categorize different subtypes
of LGMD. For example, in LGMD 2I, the adductor and
biceps femoris muscles are commonly involved muscle groups,
followed by the rest of the thigh muscles. At the same
time, the gracilis and sartorius muscles were relatively spared
(19, 32). Moreover, apparent wasting of the adductor muscle
with fatty infiltration could be found in numerous LGMD
subtypes, such as 1A, 1C, 1D, 2A, 2B, 2C, 2I, and R1 (13,
17–19, 32–34). The above findings are consistent with our
study, suggesting that the adductor magnus muscle showed
high-grade fat substitution in all patients with LGMD. Thus,
the adductor magnus muscle might be the most vulnerable
muscle in LGMD that consequently shows high-grade fat
substitution but an absence of edema. Moreover, adductor
magnus muscle is an easily identified muscle. Therefore, the
adductor magnus could be a biosignature muscle in categorizing
LGMDwith a characteristic of high-grade muscle fat substitution
and lack of muscle edema. To better realize the imaging
characteristics in the two diseases, the summary was presented
in Table 5.

However, there are still some limitations in the study. First,
a relatively small sample size without an age-matched study

TABLE 4 | Comparison of the grades of muscle edema between limb-girdle

muscular dystrophy and idiopathic inflammatory myopathy.

Analyzed muscle Median grade p-value

LGMD IIM

THIGH MUSCLE

Anterior compartment

Vastus Lateralis 2 1 0.097

Vastus Medialis 1 1 0.345

Rectus Femoris 1 1 0.590

Sartorius 1 1 0.176

Medial compartment

Gracilis 1 1 0.460

Adductor magnus 1 2 0.012*

Posterior compartment

Semimembranosus 1 2.5 0.180

Semitendinosus 1 1 1.000

Biceps Femoris 1 1.5 0.650

CALF MUSCLE

Tibialis anterior 1 1 0.460

Peroneus 1 1 0.281

Flexor hallucis longus 1 1 0.173

Medial gastrocnemius 2 2 0.669

Lateral gastrocnemius 1 1 0.906

Soleus 1 2 0.009*

*Significant p-value.

LGMD, limb-girdle muscular dystrophy; IIM, idiopathic inflammatory myopathy.

TABLE 5 | The brief summary of the imaging characteristics in the patients with

limb-girdle muscular dystrophy and idiopathic inflammatory myopathy.

LGMD IIM

Edema Low grade in most muscles Low grade in most muscles

Fat substitution High grade in most muscles Low grade in most muscles

Biosignature muscle Adductor magnus No

LGMD, limb-girdle muscular dystrophy; IIM, idiopathic inflammatory myopathy.

design may not be appropriate to generalize the findings to
the entire population. To verify the diagnostic accuracy of the
imaging biomarker, a prospective, large number, age-matched
and blind study is warranted. Second, because of the retrospective
nature of this study, the interval from disease onset to MRI
studies varied greatly, and most patients had a chronic disease
status. Nevertheless, all of our patients were diagnosed with
a definitive pathology by muscle biopsy. Third, the semi-
quantitative evaluation of edema and fat substitution was used
in our study, rather than a quantitative approach with precise
estimation of the fat fraction. However, the semi-quantitative
method may be more feasible in daily clinical practice without
the need for an additional software assistance. Fourth, the bias
cannot be avoided with the imaging interpretation form one
single radiologist. Nonetheless, previous literature showed the
inter-rater agreements were acceptable in the MRI evaluation
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of fat substitution and muscle edema (35). Fifth, instead of
thinner thickness, we acquired 10mm slice thickness acquisition
for all our scans to shorten the scanning time. Lastly, there
were three patients with LGMD1G, one with 2A, two with 2B,
one with 2I, but the rest of four patients with undetermined
genotypes. However, literature reported up to 50% of clinically
defined LGMD cases are without a genetic diagnosis, despite
intensive research and much effort on the identification of novel
causative genes (36). Furthermore, we tried to figure out the
imaging characteristics of most of the patients with LGMD rather
than the specific features of each subtype, because our study
aimed to differentiate between the LGMD and IIM, which have
different treatments.

CONCLUSIONS

MRI Dixon imaging was demonstrated to be a useful diagnostic
tool in differentiating LGMD from IIM based on the degree
of muscle fat substitution in various muscle groups. LGMD
patients had significantly higher grade fat substitution than IIM
patients in most of the muscle groups of the thighs and calves.
However, there was no significant difference in edema among
most of the muscle groups between the two diseases. Notably, the
adductor magnus appears to be useful as a biosignature muscle in
categorizing LGMD. LGMD should be first considered if there is
high-grade fat substitution and almost no edema in the adductor
magnus muscle.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of Chang Gung
Memorial Hospital with IRB No. 202101135B0 on 12 July 2021.
Written informed consent for participation was not required
for this study in accordance with the national legislation
and the institutional requirements. Written informed consent
was not obtained from the individual(s) for the publication
of any potentially identifiable images or data included in
this article.

AUTHOR CONTRIBUTIONS

W-CH and Y-CL: conceptualization, formal analysis,
investigation, methodology, and original draft writing. H-HC,
K-YY, and WC: resources and draft review and editing. L-SR:
conceptualization, supervision, validation, and draft review and
editing. All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The illustration of beef in Figure 2 and the leg muscle in Figure 3
were drawn by Chile-Yu, Shih, who authorized their use in
this paper.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.783095/full#supplementary-material

REFERENCES

1. Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two parts).New

Engl J Med. (1975) 292:344–7. doi: 10.1056/NEJM197502132920706

2. Briemberg HR, Amato AA. Dermatomyositis and Polymyositis. Curr Treat

Opt Neurol. (2003) 5:349–56. doi: 10.1007/s11940-003-0025-9

3. Wicklund MP. The Limb-Girdle Muscular Dystrophies. Continuum. (2019)

25:1599–618. doi: 10.1212/CON.0000000000000809

4. Straub V, Murphy A, Udd B. 229th ENMC international workshop: Limb

girdle muscular dystrophies - Nomenclature and reformed classification

Naarden, the Netherlands, 17-19 March 2017. Neuromusc Disord. (2018)

28:702-10. doi: 10.1016/j.nmd.2018.05.007

5. Iaccarino L, Pegoraro E, Bello L, Bettio S, Borella E, Nalotto L, et al.

Assessment of patients with idiopathic inflammatory myopathies and

isolated creatin-kinase elevation. Autoimmunity Highlights. (2014) 5:87–94.

doi: 10.1007/s13317-014-0063-1

6. Jethwa H, Jacques TS, Gunny R, Wedderburn LR, Pilkington C, Manzur AY.

Limb girdle muscular dystrophy type 2B masquerading as inflammatory

myopathy: case report. Pediatr Rheumatol Online J. (2013) 11:19.

doi: 10.1186/1546-0096-11-19

7. Pimentel LH, Alcântara RN, Fontenele SM, Costa CM, Gondim Fde

A. Limb-girdle muscular dystrophy type 2B mimicking polymyositis.

Arq Neuropsiquiatria. (2008) 66:80–2. doi: 10.1590/S0004-282X20080001

00019

8. Xu C, Chen J, Zhang Y, Li J. Limb-girdle muscular dystrophy type 2B

misdiagnosed as polymyositis at the early stage: Case report and literature

review.Medicine. (2018) 97:e10539. doi: 10.1097/MD.0000000000010539

9. Bronner IM, van der Meulen MF, de Visser M, Kalmijn S, van Venrooij WJ,

Voskuyl AE, et al. Long-term outcome in polymyositis and dermatomyositis.

Ann Rheumat Dis. (2006) 65:1456–61. doi: 10.1136/ard.2005.045690

10. Schmidt J. Current Classification and Management of Inflammatory

Myopathies. J Neuromusc Dis. (2018) 5:109–29. doi: 10.3233/JND-180308

11. Narayanaswami P, Weiss M, Selcen D, David W, Raynor E, Carter G, et al.

Evidence-based guideline summary: diagnosis and treatment of limb-girdle

and distal dystrophies: report of the guideline development subcommittee of

the American Academy of Neurology and the practice issues review panel of

the American Association of Neuromuscular & Electrodiagnostic Medicine.

Neurology. (2014) 83:1453–63. doi: 10.1212/WNL.0000000000000892

12. Maurer B, Walker UA. Role of MRI in diagnosis and management of

idiopathic inflammatory myopathies. Curr Rheumatol Rep. (2015) 17:67.

doi: 10.1007/s11926-015-0544-x

13. Degardin A, Morillon D, Lacour A, Cotten A, Vermersch P, Stojkovic T.

Morphologic imaging inmuscular dystrophies and inflammatory myopathies.

Skeletal Radiol. (2010) 39:1219–27. doi: 10.1007/s00256-010-0930-4

14. Del Grande F, Carrino JA, Del Grande M, Mammen AL, Christopher

Stine L. Magnetic resonance imaging of inflammatory myopathies. Top

Magn Reson Imaging. (2011) 22:39–43. doi: 10.1097/RMR.0b013e31825

b2c35

Frontiers in Neurology | www.frontiersin.org 7 December 2021 | Volume 12 | Article 783095

https://www.frontiersin.org/articles/10.3389/fneur.2021.783095/full#supplementary-material
https://doi.org/10.1056/NEJM197502132920706
https://doi.org/10.1007/s11940-003-0025-9
https://doi.org/10.1212/CON.0000000000000809
https://doi.org/10.1016/j.nmd.2018.05.007
https://doi.org/10.1007/s13317-014-0063-1
https://doi.org/10.1186/1546-0096-11-19
https://doi.org/10.1590/S0004-282X2008000100019
https://doi.org/10.1097/MD.0000000000010539
https://doi.org/10.1136/ard.2005.045690
https://doi.org/10.3233/JND-180308
https://doi.org/10.1212/WNL.0000000000000892
https://doi.org/10.1007/s11926-015-0544-x
https://doi.org/10.1007/s00256-010-0930-4
https://doi.org/10.1097/RMR.0b013e31825b2c35
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Hsu et al. MRI Differentiates LGMD and IIM

15. Yosipovitch G, Beniaminov O, Rousso I, David M. STIR magnetic

resonance imaging: a noninvasive method for detection and

follow-up of dermatomyositis. Arch Dermatol. (1999) 135:721–3.

doi: 10.1001/archderm.135.6.721

16. Smitaman E, Flores DV, Mejía Gómez C, Pathria MN. MR imaging

of atraumatic muscle disorders. Radiographics. (2018) 38:500–22.

doi: 10.1148/rg.2017170112

17. Díaz-Manera J, Llauger J, Gallardo E, Illa I. Muscle MRI in muscular

dystrophies. Acta Myol. (2015) 34:95–108. Available online at: https://www.

actamyologica.it/issue/fascicolo-2_3-2015/

18. Barp A, Laforet P, Bello L, Tasca G, Vissing J, Monforte M, et al.

European muscle MRI study in limb girdle muscular dystrophy

type R1/2A (LGMDR1/LGMD2A). J Neurol. (2020) 267:45–56.

doi: 10.1007/s00415-019-09539-y

19. Fischer D, Walter MC, Kesper K, Petersen JA, Aurino S, Nigro V, et al.

Diagnostic value of muscle MRI in differentiating LGMD2I from other

LGMDs. J Neurol. (2005) 252:538–47. doi: 10.1007/s00415-005-0684-4

20. Giacomucci G, Monforte M, Diaz-Manera J, Mul K, Fernandez TorrŴin R,

Maggi L, et al. Deep phenotyping of facioscapulohumeral muscular dystrophy

type 2 by magnetic resonance imaging. Eur J Neurol. (2020) 27:2604–15.

doi: 10.1111/ene.14446

21. Theodorou DJ, Theodorou SJ, Kakitsubata Y. Skeletal muscle disease:

patterns of MRI appearances. Br J Radiol. (2012) 85:e1298–308.

doi: 10.1259/bjr/14063641

22. Gerevini S, Scarlato M, Maggi L, Cava M, Caliendo G, Pasanisi B, et al. Muscle

MRI findings in facioscapulohumeral muscular dystrophy. Eur Radiol. (2016)

26:693–705. doi: 10.1007/s00330-015-3890-1

23. Guerini H, Omoumi P, Guichoux F, Vuillemin V, Morvan G, Zins M, et al.

Fat suppression with dixon techniques inmusculoskeletal magnetic resonance

imaging: a pictorial review. Semin Musculoskeletal Radiol. (2015) 19:335–47.

doi: 10.1055/s-0035-1565913

24. Mercuri E, Pichiecchio A, Allsop J, Messina S, Pane M, Muntoni F. Muscle

MRI in inherited neuromuscular disorders: past, present, and future. J Magn

Reson Imaging. (2007) 25:433–40. doi: 10.1002/jmri.20804

25. Mercuri E, Pichiecchio A, Counsell S, Allsop J, Cini C, Jungbluth H, et al. A

short protocol for muscle MRI in children with muscular dystrophies. Eur J

Paediatr Neurol. (2002) 6:305–7. doi: 10.1053/ejpn.2002.0617

26. Lee YH, Lee HS, Lee HE, Hahn S, Nam TS, Shin HY, et al. Whole-

body muscle MRI in patients with hyperkalemic periodic paralysis

carrying the SCN4A mutation T704M: evidence for chronic progressive

myopathy with selective muscle involvement. J Clin Neurol. (2015) 11:331–8.

doi: 10.3988/jcn.2015.11.4.331

27. Stramare R, Beltrame V, Dal Borgo R, Gallimberti L, Frigo AC, Pegoraro E,

et al. MRI in the assessment of muscular pathology: a comparison between

limb-girdle muscular dystrophies, hyaline body myopathies and myotonic

dystrophies. Radiol Med. (2010) 115:585–99. doi: 10.1007/s11547-010-0531-2

28. Schulze M, Kötter I, Ernemann U, Fenchel M, Tzaribatchev N, Claussen

CD, et al. MRI findings in inflammatory muscle diseases and their

noninflammatory mimics. Am J Roentgenol. (2009) 192:1708–16.

doi: 10.2214/AJR.08.1764

29. Menezes MP, Waddell LB, Evesson FJ, Cooper S, Webster R, Jones

K, et al. Importance and challenge of making an early diagnosis

in LMNA-related muscular dystrophy. Neurology. (2012) 78:1258–63.

doi: 10.1212/WNL.0b013e318250d839

30. Meyer A, Meyer N, Schaeffer M, Gottenberg JE, Geny B, Sibilia J.

Incidence and prevalence of inflammatory myopathies: a systematic review.

Rheumatology. (2015) 54:50–63. doi: 10.1093/rheumatology/keu289

31. Weitoft T. Occurrence of polymyositis in the county of GŴ¤vleborg,

Sweden. Scand J Rheumatol. (1997) 26:104–6. doi: 10.3109/

03009749709115827

32. Willis TA, Hollingsworth KG, Coombs A, Sveen ML, Andersen S, Stojkovic

T, et al. Quantitative magnetic resonance imaging in limb-girdle muscular

dystrophy 2I: a multinational cross-sectional study. PLoS ONE. (2014)

9:e90377. doi: 10.1371/journal.pone.0090377

33. O’Connell MJ, Powell T, Brennan D, Lynch T, McCarthy CJ, Eustace SJ.

Whole-body MR imaging in the diagnosis of polymyositis. Am J Roentgenol.

(2002) 179:967–71. doi: 10.2214/ajr.179.4.1790967

34. Mercuri E, Bushby K, Ricci E, Birchall D, Pane M, Kinali M, et al. Muscle

MRI findings in patients with limb girdle muscular dystrophy with calpain

3 deficiency (LGMD2A) and early contractures. Neuromusc Disord. (2005)

15:164–71. doi: 10.1016/j.nmd.2004.10.008

35. Schlaeger S, Klupp E, Weidlich D, Cervantes B, Foreman SC, Deschauer

M, et al. T2-Weighted dixon turbo spin echo for accelerated simultaneous

grading of whole-body skeletal muscle fat infiltration and edema in patients

with neuromuscular diseases. J Comp Assist Tomogr. (2018) 42:574–9.

doi: 10.1097/RCT.0000000000000723

36. Fichna JP, Macias A, Piechota M, Korostyński M, Potulska-Chromik
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