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Abstract 

Objectives: The aim of this study was to investigate the pathologic changes, evaluated by 

MRI, which involve the muscles of patients affected by calpainopathy (LGMD2A) and dys-

ferlinopathy (LGMD2B), and evaluate their correlation with muscle strength and muscle 

performance. 

Methods: 18 patients affected by LGMD2B and 10 patients affected by LGMD2A have 

been evaluated clinically and by MRI imaging. We also tested, in our patients, the muscle 

strength of 11 upper and lower limbs muscle groups using MRC scale. Their muscular per-

formance has been evaluated using the GSGCA scale (Gait, Stairs, Gowers, Chair, Arms 

functional tests). We have studied the skeletal muscles of upper and lower limbs by using 

MRI imaging (T1, T2, STIR sequences). The fibro-fatty replacement has been evaluated on 

T1 sequences by using a specific score. Myoedema has been evaluated on STIR sequences 

by using a new oedema score. 

Results: We observed an inverse linear correlation between muscle strength (MRC scale) 

and functional muscular performance (GSGCA scale) in patients with LGMD2A and 2B. 

We, also, found a significant inverse linear correlation between the degree of fibro-fatty 

changes, on MRI, and the strength of the same muscles tested with MRC scale. A direct li-

near correlation was found between the degree of fibro-fatty changes, on MRI, and the fun-

ctional muscular performance, (GSGCA scale). The presence of myoedema was detected in 

upper and lower limbs of LGMD2B and was described for the first time, also, in LGMD2A 

patients. These findings have been evaluated on STIR sequences and, in both muscle disor-

ders, a peculiar pattern of myoedema distribution was found: the anterior compartment of 

lower limb was more involved than the posterior compartment in both dystrophies, the leg 

more than the thigh for LGMD2B, in equivalent extent in thigh and leg for LGMD2A. 

Conclusions: MRI imaging is useful to study LGMD, because the quantification of fibro-

fatty replacement and myoedema, associated with the clinical examination resulted of 

prognostic value in disease progression. 
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Introduction 

The limb-girdle muscular dystrophies (LGMDs) are 

an heterogeneous group of genetically determined pro-

gressive disorders of skeletal muscle with a primary or 

predominant involvement of the pelvic or shoulder-

girdle musculature15,27,36,37. 

The muscle pathology is characterized by necrotic and 

regenerating fibres, increase in fibre size variation, fibre 

splitting and centrally located myonuclei. Chronic cy-

cles of degeneration and regeneration of muscle fibres 

result in replacement of muscle with fatty and fibrous 

tissue
18,27,35

. 

They are, clinically, characterised by symmetrical 

wasting and weakness of the pelvic, scapular, and trunk 

muscles. The symptoms usually begin during the first 

two decades of life, with gradual worsening of the dis-

ease, often resulting in loss of walking ability 10 to 20 

years after onset15,27,36. However, the clinical course is 

characterized by great variability, ranging from severe 

forms with onset in the first decade and rapid progres-

sion to milder forms with later onset and slower 

course37. 

The diagnostic criteria include raised serum creatine 

kinase activity, myopathic electromyography, muscle 

biopsy with features ranging from mildly myopathic to 

overt dystrophic changes and absence or reduction of a 

protein, involved in a specific form of LGMDs, on 

western blotting3,4. 
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At least 17 genes, 7 autosomal dominant (AD) and 10 

autosomal recessive (AR), responsible for LGMDs, 

have been mapped. The AD forms are relatively rare 

and represent less than 10% of all LGMDs, whereas the 

AR forms constitute 90% of all LGMDs27. 

LGMD2A, whose locus has been mapped to chromo-

some 15q15.1, is considered to be the most frequent 

type of recessive LGMDs, including about 30% of all 

AR forms13,19,25,36. 

CAPN3 gene encodes for calpain-3 (originally named 

p94), the muscle-specific member of a family of Ca2+-

activated neutral proteases, characterized by 3 exclusive 

sequence inserts (NS, IS1, IS2); domain I has regulatory 

role, domain II is the proteolytic module, domain III has 

a C2-domain like Ca2+-binding function23,25. 

On the basis of age-onset, LGMD2A patients can be 

subdivided in three different clinical phenotypes: 1) 

“early onset LGMD” with onset of muscle weakness 

occurring in the pelvic girdle before the age of 12 years; 

2) “LGMD” with onset of weakness in the pelvic-

femoral girdle (the classical Leyden-Mobius type) or in 

the shoulder girdle (Erb phenotype with scapular wing-

ing) between the age of 13 and 29 years; 3) ”late onset 

LGMD” with onset of weakness in the pelvic girdle at 

more than 30 years of age19. At onset, presence of hy-

pertrophy of calves and joint contractures, especially at 

the ankles tendon, which cause the characteristic “tiptoe 

walk”, is very frequent. These patients have difficulty in 

standing on their heels. Hyperlordosis and waddling gait 

are also, in a later stage, present19,27,36,37. 

LGMD2B is the second more frequent form of reces-

sive LGMD (accounting for about 20% of all AR forms) 

caused by mutations in the dysferlin gene (DYSF) on 

chromosome 2p1312,14,18,27,36. 

Dysferlin is a 237-kDa protein expressed predomi-

nantly in skeletal muscle which localizes to the plasma 

membrane of muscle fibre, but it does not associate with 

the dystrophin–glycoprotein complex. Dysferlin has a 

single transmembrane domain at its C-terminus and six 

C2 domains along the length of the cytoplasmic domain. 

Dysferlinopathy includes three different clinical phe-

notypes with an early-adult onset: two distal forms: Mi-

yoshi myopathy (MM), with an involvement of calf 

muscles and the distal anterior compartment myopathy 

(DACM)24 of the leg and one proximal form, involving 

the pelvic or shoulder-girdle (LGMD2B)17,18,34,37. Upper 

limb girdle involvement in LGMD2B, usually, follows 

some years after the onset in lower limbs. In MM, the 

initial muscles involved may be restricted to the poste-

rior compartment of the lower leg or may gradually 

spread to the proximal muscles and upper limbs. It is 

still unknown why mutations of the same gene can 

cause either proximal LGMD or distal myopathies. 

Many patients usually participated actively in sports 

during adolescence, before disease onset. The first 

symptoms appear during the second or third decade of 

life as “clumsiness when running”, “fatigue when walk-

ing long distances” and “difficulty in climbing stairs”. 

All these difficulties are related to proximal lower limb 

weakness, and are characteristic of patients with LGMD 

phenotype whereas the “incapacity to walk on tiptoes” 

is characteristic of distal phenotype. Calf hypertrophy 

and tendon contractures are rare. Hyperlordosis and 

waddling gait are also present. Patients can remain as-

ymptomatic for many years with only hyperCKaemia 

before having first clinical signs of disease27,36. 

Skeletal muscles imaging is one of the most interest-

ing applications of MRI. Among all of the modern tech-

niques applied to the study of pathological muscles, 

those mostly suggested are echography, CT scan, and 

just recently, MRI21,22,26,29-33. In comparison to the other 

two methodologies, MRI has a greater sensitivity and a 

better contrast resolution; in comparison to CT scan, it 

does not show artefacts, due to the bone cortex and to 

the use of non-ionizing radiation. Various myopathies 

may be responsible for the muscular alterations. 

Changes in signal intensity have been described in vari-

ous muscle pathologies like muscular dystrophies and 

inflammatory myopathies21,26,29-33. The characteristic 

distribution of such changes and their severity of evolu-

tion could be useful in the diagnosis and follow-up of 

patients with muscle diseases. The advantage of MRI is 

that it allows to demonstrate the variations of relaxation 

time induced by the quantity of intra or extracellular 

water in three sequences (T1, T2, STIR). The changes in 

the time duration of T1 and T2 reflect alterations of in-

tra-extracellular spaces30,32. The increase of the extracel-

lular liquid compartment, relative to myoedema, causes 

variations in the relaxation time. Extracellular water in-

deed has a relaxation time of T2, longer than that of the 

intracellular one, so that even small variations in the 

percentage of the liquid content of the two compart-

ments can produce large variation in the signal intensity. 

The increase in signal intensity due to extracellular oe-

dema is clear with techniques that suppress adipose tis-

sue. STIR are sequences of inversion recovery that pro-

duce a suppression of fat signal so that STIR sequences 

have great sensitivity to show changes in muscle-signal 

intensity due to inflammatory causes
26,33

. The appear-

ance of fat replacement in the muscle suggests an irre-

versible alteration: the shortening of Tl, due to the in-

crease of fat concentration in the tissue, produces an in-

crease of the signal intensity in T1-weighted sequences 

so that these sequences have greater sensitivity to dys-

trophic changes. Further, it is useful to monitor severity 

of muscle wasting and for accurate biopsy targeting22,26. 

The aims of this study are to investigate the pathologic 

changes, evaluated by MRI, which involve the muscles 

of patients affected by LGMD2A and LGMD2B, and 

correlate muscle strength and muscular performance of 

the same patients. We plan to verify if MRI can show 

particular patterns of fibro-fatty and myoedema distribu-

tion and to show the different clinical progression of the 

two muscular diseases. 

Materials and Methods 

Patient selection criteria 

In this retrospective study, we examined patients who 

received LGMD2A or LGMD2B diagnosis on the basis 

of following criteria: increased creatine kinase level, 

myopathic electromyography, muscle biopsy histopa-

thology consistent with a dystrophic or myopathic proc-
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ess, reduced or absent Calpain-3 or Dysferlin protein on 

western blotting and gene mutation detection in molecu-

lar analysis. 

Clinical and radiological study of selected patients 

18 patients affected by dysferlinopathy (14 males, 4 

females, mean age 33 years) and 10 patients affected by 

calpainopathy (8 males, 2 females, mean age 32 years) 

have been evaluated clinically and by MRI imaging. 

We assessed the muscle strength in 11 muscle groups 

of upper and lower limbs (upper limbs: shoulder abduc-

tion, elbow flexion and extension; lower limbs: hip flex-

ion, extension, abduction and adduction, knee flexion 

and extension, ankle flexion and extension) by using 

MRC (Medical Research Council) scale. Muscle 

strength was graded using a scale of 0-5. Grade 5: nor-

mal strength. Grade 4: slight weakness to moderate 

weakness. Grade 3: muscle can move the joint against 

gravity but not against any added resistance. Grade 2: 

muscle can’t move the joint against gravity but only in 

absence of it. Grade 1: trace of contraction, Grade 0: no 

visible evidence of contraction. 

The muscular performance has been evaluated using 

the GSGCA (Gait, Stairs, Gowers, Chair, Arms) scale 

(Figure 1). The score of these functional tests was, pre-

viously, validated in other muscle diseases (DMD6, 

LGMD2D5, adult glycogen storage type 27). We tested 

the capacity to walk for 10 meters, to climb stairs (4 

steps), to raise from a chair without banister and from 

the floor, to perform Gowers’ manoeuvre and to raise 

upper arms over the head. 

Figure 1. GSGCA functional scale. 1: Gait; 2: Stairs; 3: 

Gowers; 4: Chair; 5: Arms. Each movement has 

been evaluated by a score. When the score 

raises, the muscular performance becomes 

worse. 

This functional scale is able to quantify the disability 

of our patients with a 5-32 score: when the score raises, 

the patient’s disability progressively increases too. 

The clinical course of both diseases has been evalu-

ated with 9 grades of the modified Gardner-Medwin-

Walton as previously described18: grade 0 = hy-

perCKemia, all activities normal; grade 1 = normal gait, 

unable to run freely, myalgia; grade 2 = incapacity to 

walk on tiptoes, waddling gait; grade 3 = evident mus-

cular weakness, steppage and climbing stairs with banis-

ter; grade 4 = difficulty to rise from the floor, Gowers’ 

sign; grade 5 = incapacity to rise from the floor; grade 6 

= incapacity to climb stairs; grade 7 = incapacity to rise 

from a chair; grade 8 = unable to walk unassisted; grade 

9 = unable to eat, drink or sit without assistance. 

The skeletal muscles of upper and lower limbs have 

been studied using MRI imaging (T1, T2, STIR 

weighted spin echo sequences) on a 1.0-tesla MRI sys-

tem. Non-contrast images were obtained from right 

shoulder, right elbow, pelvis, bilateral thighs and legs. 

We obtained 12 slices from each site (12 slices for 5 

anatomic sites). Slices were 10 mm thick and the gap 

between slices varied from 10 mm to 50 mm dependent 

on the site and on the size of patient. 

One patient affected by LGMD2B was excluded from 

MRI examination because was pregnant.  

The fibro-fatty replacement has been evaluated on T1 

sequences by using Mercuri score30-32, which correlates 

directly the dystrophic aspects with a 4 grade scale of 

increasing signal intensity (Table 1). Myoedema has 

been evaluated on STIR sequences by using a specific 

new oedema score, properly created for this study to 

quantify this morphologic aspect (Table 2). This new 

scale with 3 grades evaluates the extracellular liquid 

amount, expressed as intensity of muscle inflammation 

and as myoedema’s distribution in inter-fascicular or 

intra-fascicular muscular spaces. 

Table 1 Mercuri score, MRI, T1 sequences. 

Stage MRI muscle appearance 

0 Normal appearance 

1 
Early moth-eaten appearance, with scattered 

small areas of increased signal 

2a 

Late moth-eaten appearance, with numerous 

discrete areas of increased signal with beginning 

confluence, comprising less than 30% of the 

volume of the individual muscle 

2b 

Late moth-eaten appearance, with numerous 

discrete areas of increased signal with beginning 

confluence, comprising 30-60% of the volume 

of the individual muscle 

3 
Washed-out appearance, fuzzy appearance due 

to confluent areas of increased signal 

4 

End-stage appearance, muscle replaced, in-

creased density connective tissue and fat with 

only a rim of fascia and neurovasc. structures dis-

tinguishable 

Table 2 Myoedema score, MRI, STIR sequences. 

Stage MRI muscle appearance 

0 Myoedema absent 

1 Slight, inter-fascicular myoedema 

2a 
Slight, intra-fascicular, segmental myoedema 

of individual muscle 

2b 
Slight, intra-fascicular, global myoedema of 

individual muscle 

3a 
Moderate, intra-fascicular, segmental myoe-

dema of individual muscle 

3b 
Moderate, intra-fascicular, global myoedema of 

individual muscle 
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RESULTS 

Clinical-functional aspects in LGMD2A 

We examined 10 patients (8 males and 2 females). 

Two patients had consanguineous parents. The mean 

age is 32 years, ranging from 17 to 60 years. At the time 

of this clinical-radiological study, 4 patients had LGMD 

phenotype (the classical Leyden-Mobius type) with age 

onset between 13 and 29 years; 1 patient Erb phenotype 

with scapular winging, with age onset between 13 and 

29 years (25 years old); 4 patients had an “early onset 

LGMD” phenotype with onset before the age of 12 

years and 1 patient had “late onset LGMD” with onset 

after 30 years (54 years old). The GSGCA functional 

scale showed the following data: 1 patient had evident 

pelvic-girdle weakness with difficulty in climbing stairs, 

5 patients had difficulty in rising from the floor, 2 pa-

tients were unable to raise from the floor and 2 patients 

were unable to raise from a chair. Two patients had an-

kle tendon retractions, 4 patients scapular winging and 2 

calves hypertrophy. 

Clinical progression of disease has been evaluated on 

the basis of modified Gardner-Medwin-Walton scale. 

Only one patient was excluded from the clinical scale, 

but not from the other imaging studies because his age 

was too different (65 years old) from the other patients’ 

age, whose mean age was 32. In LGMD2A patients, the 

mean age-onset was 13.7 years and the mean age of loss 

of ambulation was 26 years. When we correlated the age 

of onset with the corresponding grade of functional 

scale (grade 0, patient asymptomatic or hyperCKemia), 

we observed that the progression’s time to the last grade 

(grade 8, loss of ambulation) of disease was, on average, 

12 years. Global muscular strength (evaluation of 11 

movements with MRC scale) has been compared with 

disability score (GSGCA scale). There was an inverse 

linear correlation between muscle strength and func-

tional muscular performance (GSGCA disability scale): 

Pearson Index (r)=-0.78; p<0.005 (Figure 2a). 

Clinical-functional aspects in LGMD2B 

We examined 18 patients (14 males and 4 females, 3 

couples of brothers including 1 couple of siblings). Two 

patients had consanguineous parents. The mean age was 

33 years, ranging from 16 to 50 years. At the time of 

this clinical-radiological study, 13 patients had MM 

phenotype, 3 patients had classical LGMD phenotype 

and 2 patients had only hyperCKemia. The GSGCA 

functional scale showed the following data: 2 patients 

(12%) were asymptomatic with only hyperCKemia, 5 

patients (28%) had difficulty in rising from the floor, 5 

patients (28%) were unable to rise from the floor, 3 pa-

tients (17%) were unable in rising from a chair and 3 

patients (17%) were not able to walk without assistance.  

Clinical progression of disease has been evaluated on 

the basis of the modified Gardner-Medwin-Walton 

scale. In LGMD2B patients, the mean age-onset was 

19.2 years and the mean age of loss of ambulation was 

32 years. When we correlated the age of onset with the 

corresponding grade of functional scale, we observed 

that the progression’s time to the last grade (grade 8, 

loss of ambulation) of disease was, on average, 13 

years. Global muscular strength (evaluation of 11 

movements with MRC scale) was compared with dis-

ability score (GSGCA scale). There was an inverse lin-

ear correlation between muscle strength and functional 

muscular performance (GSGCA disability scale): Pear-

son Index (r)=-0.93; p<0.005 (Figure 2b). 

Figure 2. Relationship between functional muscular 

performance (evaluated by GSGCA scale) and 

muscle strength (evaluated by MRC score) in 

LGMD2A (A) and LGMD2B (B). In both 

LGMDs, there is an inverse linear correlation: 

when the global muscle strength decreases, the 

muscular performance, also, becomes worse. 

Radiological features in LGMD2A 

Each patient was evaluated by MRI imaging (T1, T2, 

STIR sequences). The fibro-fatty changes were quanti-

fied by Mercuri score on T1 sequences. The imaging 

score, resulting from a global evaluation of dystrophic 

process (sum of each muscle score) was compared with 

global muscular strength (MRC scale) and disability 

score (GSGCA disability scale). There was an inverse 

linear correlation between Mercuri (T1) score and mus-

cle strength (MRC scale): Pearson Index (r)=-0.79; 

p<0.005. There was a direct linear correlation between 

Mercuri (T1) score and disability score (GSGCA dis-

ability scale): Pearson Index (r)=0.98; p<0.001. The dis-
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tribution of fibro-fatty replacement in lower limbs was, 

also, investigated: in 9 patients (90%) the posterior 

compartment of the thigh and of the leg was more in-

volved than the anterior; the mean fibro-fatty replace-

ment grade in the posterior compartment of thigh and 

leg (% respect to the entire posterior compartment of the 

thigh and leg) was 78.5% and 72%, respectively (Figure 

3a). 

STIR sequences analysis revealed an hyper-intense 

signal whose meaning should be correlated to extracel-

lular oedema (myoedema). The quantification of this 

inflammatory aspect (myoedema score) revealed a pecu-

liar distribution: in 8 patients (80%) the anterior com-

partment of the thigh was more involved than the poste-

rior, whereas, in the leg, this percentage decreased to 

50%. The mean myoedema grade in the anterior com-

partment of thigh and leg (% respect to the entire ante-

rior compartment of thigh and leg) was 35.7% and 42%, 

respectively (Figure 3b). 

Figure 3. (A) Mean distribution of fibro-fatty changes 

(T1 sequences) in lower limbs of 10 patients af-

fected by LGMD2A and 17 by LGMD2B. Note 

the greater mean fibro-fatty replacement grade 

in the posterior compartments respect to the an-

terior compartments in both dystrophies.  

(B) Mean distribution of myoedema (STIR se-

quences) in the lower limbs of the same patients. 

Note that, in both dystrophies, distribution of 

myoedema involves particularly the anterior 

compartments of the lower limbs (opposite dis-

tribution respect to fibro-fatty replacement de-

scribed in (A)). 

Radiological features in LGMD2B 

We evaluated 17 patients by MRI imaging (T1, T2, 

STIR sequences). There was an inverse linear correla-

tion between Mercuri (T1) score and muscle strength 

(MRC scale): Pearson Index (r)=-0.84; p<0.001. There 

was a direct linear correlation between Mercuri (T1) 

score and disability score (GSGCA disability scale): 

Pearson Index (r)=0.95; p<0.005. The distribution of 

fibro-fatty replacement in lower limbs was, also, inves-

tigated: in 15 patients (88%) the posterior compartment 

of the thigh and of the leg was more involved than the 

anterior; the mean fibro-fatty replacement grade in the 

posterior compartment of thigh and leg (% respect to the 

entire posterior compartment of the thigh and leg) was 

72.6% and 72.9%, respectively (Figure 3a). 

STIR sequences analysis reveals a hyper-intense sig-

nal (myoedema), also in these patients. The quantifica-

tion of this inflammatory aspect (Myoedema score) re-

veals a particular distribution: in 14 patients (82%) the 

anterior compartment of the thigh and leg is more in-

volved than the posterior. The mean myoedema grade in 

the anterior compartment of thigh and leg (% respect to 

the entire anterior compartment of thigh and leg) is, re-

spectively, 29.6% and 41.8% (Figure 3b). 

DISCUSSION 

We have investigated a total of 28 patients, 10 af-

fected by LGMDA (mean age 32) and 18 by LGMD2B 

(mean age 33). 

LGMD2A is caused by defects in a protein with an 

enzymatic rather than structural function. Some gene 

mutations are expected to impair the main biochemical 

activities of calpain-3: autocatalytic activity, α-fodrin 

proteolysis, and binding to titin25. Due to its nuclear lo-

calization signal sequence, calpain-3 might act in the 

nucleus in particular conditions and might be involved 

in the regulation of transcription factors controlling sur-

vival genes and apoptosis. Calpain-3 deficiency would 

be associated with myonuclear apoptosis and a profound 

perturbation of the IkBα/NF-kB pathway8,9. 

In LGMD2B, also, the dystrophic process is not due to 

structural mechanism defects. Dysferlin presents a high 

degree of sequence homology with the protein Fer-1 in 

Caenorhabditis elegans: because the mutant worm has 

an abnormal spermatogenesis, it was argued that mutant 

Fer-1 might be involved in the failure of membrane fu-

sion between the organelles and plasmalemma
1,10,11,28,35

. 

Later, the pathogenetic mechanism in dysferlinopathy 

was correlated with the abnormal trafficking of vesicles 

to sarcolemma, and to abnormal repair of damaged 

muscle fibres. The repair pathway is initiated by an in-

flux of calcium through the site of sarcolemma’s injury. 

This, in turn, triggers the accumulation of vesicles, 

which fuse with one another and then with the plasma 

membrane, within the injury. A ‘patch’ is thereby added 

across the wounded area, resealing the plasma mem-

brane
10,18

. 

The clinical progression of the two dystrophies, evalu-

ated by modified Gardner Medwin – Walton scale, 

seems to have a similar slope of progression but differs 

in age onset: in each step of modified Gardner Medwin 

– Walton clinical scale’s grade, LGMD2A patients, on 

average, preceded LGMD2B patients of 5 years. In our 

LGMD2A population, the mean age-onset was 13.7, the 

following progression’s time of disease, to reach the last 

grade (loss of ambulation) was 12 years. In our 

LGMD2B population, the mean age-onset was 19.2, the 
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following progression’s time of disease, to reach the last 

grade (loss of ambulation) was 13 years. 

There was an inverse linear correlation between mus-

cle strength (evaluated by MRC scale) and functional 

muscular performances (evaluated by GSGCA scale) in 

patients with LGMD2A and 2B (Figure 2a and 2b). In 

both LGMDs, when the global muscle strength de-

creased, the muscular performance, also, worsened. 

There was, also on MRI, a strong correlation between 

the degree of fibro-fatty changes, evaluated by using 

Mercuri score on MRI (T1 sequences), and the strength 

of the same muscles tested with MRC scale in 

LGMD2A and 2B. In both diseases, when the fibro-fatty 

replacement became worse (rise of Mercuri score), the 

global muscle strength, consequently, decreased. A di-

rect linear correlation was between the degree of fibro-

fatty changes, evaluated by Mercuri score on MRI (T1 

sequences), and the functional muscular performances, 

evaluated by GSGCA scale in LGMD2A and 2B. In 

both diseases, when the fibro-fatty replacement became 

more evident (rise of Mercuri score), the muscular per-

formance, also, worsened. 

Clinical and instrumental examinations revealed pecu-

liar aspects for both the dystrophies: muscular MRI im-

aging, revealed that dystrophic process involved both 

proximal and distal musculature of limbs, particularly 

the posterior compartments, which have a more evident 

fibro-fatty replacement than the anterior compartments. 

The presence of myoedema was been confirmed in 

upper and lower limbs of patients with dysferlinopa-

thy16-18 and it was demonstrated, for the first time, also 

in calpainopathy patients. These findings were particu-

larly evident on STIR sequences. Both muscular dystro-

phies showed a particular pattern of myoedema distribu-

tion: the anterior compartment of lower limb was more 

involved than the posterior, the leg more than the thigh. 

In the thighs, vastus medialis and lateralis muscles 

seemed to be more inflamed than other muscles of ante-

rior and posterior compartments; in the legs, tibialis an-

terior, extensor digitorum longus muscles appeared to 

be more inflamed than other muscles of posterior 

calves, in both dystrophies (Figure 4). 

The fibro-fatty replacement seemed to have an oppo-

site distribution: where the presence of myoedema was 

more marked (anterior compartment), the fibro-fatty re-

placement did not appear with the same intensity, while, 

in the posterior compartment, the fibro-fatty replace-

ment was more marked than myoedema. In LGMD2A 

and 2B, there was an early fibro-fatty replacement of 

semitendinosus, semimembranosus and biceps femoris 

muscles (posterior thigh), then a progressive involve-

ment of vastus medialis and lateralis muscles (anterior 

thigh). Fibro-fatty replacement of the leg, was more 

characteristic and severe in LGMD2B, particularly in 

distal form: in fact in Miyoshi myopathy (MM), the pos-

terior compartment of calves was involved early (medial 

gastrocnemius and soleus muscles); however, in the 

proximal form, pelvic-shoulder girdle (LGMD) there 

was, also, a distal involvement. In both dystrophies, sar-

torius and gracilis muscles are, usually, spared even 

when all others muscles were completely replaced (Fig-

ure 5). 

The over inflammatory aspects did not correlate with 

muscle strength or with functional muscular perform-

ance. This could be explained because the functional 

aspects (muscle strength and muscular performance), 

mainly, depend on skeletal-muscle structure’s integrity 

which is conditioned, directly, by dystrophic changes, 

whereas inflammatory aspects are secondary to fibre 

injury. However, the inflammatory aspects (evaluated 

by myoedema score) could be useful to monitor the dys-

trophic process’ activity: in the posterior compartments, 

at the moment of MRI scan, the fibro-fatty replacement 

has been almost completed, and the inflammation activ-

ity has a low grade; in the anterior compartments, the 

dystrophic changes have just started and not yet con-

cluded: here the inflammation has a greater grade. 

MRI imaging is useful for the study of LGMD, be-

cause the evaluation of the degree of fibro-fatty changes 

with the physical examination, may be a prognostic tool 

of the evolution of the disease. 

MRI imaging, also, revealed a peculiar pattern of dis-

tribution of myoedema which represents a new finding 

in these diseases. 

Previous immunopathological studies revealed that 

there is muscle inflammation and MHC I up regulation 

in muscular dystrophy with lack of dysferlin16,18. These 

findings suggest a relationship between myoedema 

(quantified on STIR sequences) and defective mem-

brane repair: the inflammatory response secondary to 

necrosis was identified by the presence of macro-

phages18, which, in turns, could increase the speed and 

distribution of the same dystrophic process, by releasing 

 
Figure 4. Evaluation of myoedema grade in lower 

limbs of LGMD2A and 2B patients, by using 

myoedema score on MRI (STIR sequences). 

Traverse slices of thigh (A) and leg (B) in pa-

tient affected by LGMD2A put in evidence 

(red arrow) an hyper-intense signal in the an-

terior compartments due to inflammatory 

myoedema. Traverse slices of thigh (C) and 

leg (D) in patient affected by LGMD2B show 

an hyper-intense signal (red arrow) in the an-

terior compartments due to inflammatory 

myoedema. The leg seems to be more involved 

than the thigh in both dystrophies. 
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oxidizing enzymes or lytic substances which produce 

fibre injury. 

Recent studies revealed, also, that patients with cal-

painopathy have more apoptotic myonuclei on muscular 

biopsy than those in specimens from patients affected 

by other myopaties8,9,20,23. Muscular myoedema could 

have a role in disease progression also for patients with 

calpainopathy because inflammation might modify the 

apoptosis regulation8,9, resulting in a increased dys-

trophic activity. 

Concluding remarks 

MRI study has an important role in follow up of the 

muscle diseases; it is useful in evaluating inflammatory 

aspects which could influence LGMDs progression, and 

it is an useful tool for prognosis, because we found a 

strong correlation between clinical and radiological 

data. 

Clinical and instrumental examinations revealed pecu-

liar aspects for both the dystrophies: muscular study, 

with application of MRI imaging, revealed that dys-

trophic process involve both proximal and distal muscu-

lature of limbs, particularly the posterior compartments 

show a more evident fibro-fatty replacement than the 

anterior compartments. MRI imaging, also, revealed the 

presence of a particular pattern of distribution of myoe-

dema which represents a new element in these diseases. 

MRI imaging is useful for the study of LGMD, be-

cause the evaluation of the degree of fibro-fatty changes 

by using E. Mercuri score is able to give, with the 

physical examination, a prognostic estimation of the 

disease. 

Furthermore, MRI study has an important role in fol-

low up of these diseases because it is useful in evaluat-

ing these new inflammatory aspects which could influ-

ence the same LGMDs progression, and so it is useful 

as a prognostic predictor. 
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