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We describe clinical, pathological, and muscle imaging findings in a patient 
with an early adult-onset progressive muscular weakness in association with 
atrophy beginning in the legs and involving both gastrocnemi in particular. 
Muscle biopsy findings showed a severe dystrophic process with no vacu- 
oles, consistent with Miyoshi’s myopathy. Computerized tomography and 
magnetic resonance imaging scans were used to provide an ongoing per- 
manent record of the various stages of the disease. 0 1996 John Wiley & Sons, 
Inc. 
Key words: distal myopathy computerized tomography imaging magnetic 
resonance imaging Miyoshi’s myopathy muscular dystrophy 

MUSCLE 81 NERVE 19:1476-1480 1996 

IMAGING IN MIYOSHI’S MYOPATHY 

GlOVANNl MEOLA, MD, VALERIA SANSONE, MD, GIUSEPPE ROTONDO, MD, 
and ANTOINE JABBOUR, MD 

Patients with primarily distal weakness and histo- 
logical evidence pointing to muscular dystrophy are 
rare. These disorders are characterized clinically by 
distal weakness and atrophy beginning in the 
muscles of the hands or feet, without abnormalities 
of the cranial innervated muscles, sensory loss, or 
signs indicating an involvement of the central ner- 
vous system. Some cases progress to involve the 
proximal muscles. The age of onset varies while he- 
redity includes sporadic, autosomal recessive, and 
dominant forms. Muscle biopsy demonstrates pro- 
gressive muscle degeneration, often associated with a 
vacuolar myopathy for which there is no known eti- 
ology. This report describes a patient with Miyoshi’s 
myopathy whose clinical features were progressive 
muscular weakness and atrophy beginning in the 
legs associated with a dystrophic process in the skel- 
etal muscles. We performed muscle computerized 
tomography and magnetic resonance imaging scans 
to confirm the predominant site of involvement 
(posterior compartment of the legs), to obtain mor- 
phological information about deep-seated muscles 
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that cannot be assessed clinically, and to provide ob- 
jective information on muscles that can be stored in 
the form of images for review once the disease has 
reached a later stage. These muscle imaging tech- 
niques are also a potential tool for the study of the 
natural history of patients with Miyoshi’s myopathy. 

CASE REPORT 

A.S. (IV-5) is a 39-year-old man, son of consanguin- 
eous healthy parents (111-1 and 111-2) (Fig. l ) ,  who 
was in good health until age 11 when he started 
experiencing difficulties in walking; he had dil‘ficulty 
in placing his feet, especially the left one, correctly 
on the ground, as if he suffered from pes planus. 
This difficulty in walking got gradually worse so that 
at age 12 he started wearing arch-support shoes with 
scarcely any advantage. By the age of 18 he had de- 
veloped an increasing muscular atrophy affecting 
muscles of the anterolateral and posterior compart- 
ment of the legs with particular iiivolvement of  both 
gastrocnemi; he started suffering from pain in his 
feet and knees and sought medical advice. He was 
given antiflogistic drugs, which partially alleviated 
the pain. Since then, the distal weakness described 
has worsened and extended toward the proximal 
muscles of his lower limbs so that walking is still 
possible but only for short distances and there is a 
definite bilateral footdrop; he now displays a typical 
waddling gait and cannot climb stairs. Toe extension 
is still possible bilaterally (Fig. 2b). Family history is 
negative for neuromuscular diseases. The patient’s 
daughters of 6 and 3 years of agc (V-4 and V-5) have 
been tested for creatine kinase (CK) levels and 
these were normal. 
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FIGURE 1. Family pedigree of patient with Miyoshi's myopathy. 
See text for detailed explanation. 

Neurological Examination. No abnormalities of the 
cranial innervated muscles were found, while upper 
limb strength was unimpaired. In the lower extremi- 
ties the patient had a severe distal atrophy especially 
evident in both gastrocnemi and there was definite 
back-kneeing (Fig. 2a) so that he was unable to hop 
on one leg and he could stand upright only with a 
hyperlordic posture and a broad base; he displayed 
severe distal muscle weakness (anterior and poste- 
rior tibialis grade 2 MRC grading) and a less promi- 
nent impairment of proximal muscles (quadriceps 
grade 4 MRC grading); knee extension was weaker 
than knee flexion. He had a clear bilateral footdrop 
and his gait was waddling. Deep tendon reflexes 
were abolished in all four limbs. 

Laboratory Investigations and Diagnostic Proce- 
dures. Serum blood studies were normal except for 
CK levels between 3000 and 4000 U/L (increased by 
15-20 times) and a twofold increase in alanine ami- 
notransferase (ALT) and aspartate aminotransferase 
(AST) . Electrocardiography, Echocardiography, and 
respiratory function were within the normal ranges. 

Electromyography (EMG). EMG studies demon- 
strated that there were no voluntary motor unit po- 
tentials or involuntary fibrillation potentials or fas- 
ciculations in either gastrocnemius; in the other 
muscles investigated, short and long duration 
muscle potentials with reduced and increased ampli- 
tude were present. Polyphasic action potentials were 
also present. 

Muscle Biopsy. The left quadriceps muscle showed 
a clear dystrophic process. There was a highly 
marked variation in fiber diameter, with 
phic and hYF'ertrophic (up to 2oo pm), and an 
increase in central nuclei and fiber splitting with 
some necrotic fibers undergoing phagocytosis by 

FIGURE 2. (a) Notice the prominent back-kneeing and severe 
distal atrophy compared to the relative hypertrophy Of the quad- 
riceps muscle; (b) toe extension is the only spared movement in 
distal muscles of the lower limbs; (c) note the increase in endo- 
mysial connective tissue; central nuclei, muscle variability, and 
some necrotic and regenerative fibers; no vacuoles are present. 
Hematoxylin and eosin, original magnification xl00. 
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mononuclcar inflammatory cells while there were 
signs of regeneration in others. N o  vacuoles were 
seen. A marked increase in endo- and perimysial 
connective tissue was noted (Fig. 2c). Adenosine tri- 
phosphatase (ATPase) staining showed a good dis- 
tribution and differentiation of fiber types with some 
type IIC muscle fibers. An altered pattern of distri- 
bution of oxidative activity by NADH-staining was 
found in some fibers with a “motheaten” appear- 
ance. A slight increase in acid phosphatase was 
found. No  abnormalities in lipid and glycogen con- 
tent were observed. Immunocytochemical dystro- 
phin staining using antibodies directed against the 
COOH-, NH-,, arid mid-rod domains showed nor- 
mal distribution in all fibers. 

Computerized Tomography (CT) and Magnetic Reso- 
nance Imaging (MRI) Scans. CT scans of muscles 
(Figs. 3 and 4) were carried out according to a stan- 
dardized protocol, using a General Electric GE 9800 
without intravenous contrast. Seven axial CT planes 

were imaged from the groin to the ankle.”‘“ We ad- 
justed the contrast levels for optimum visnalization 
of muscle and soft tissue. MRI scam were carried out 
with a General Electric Signa 1 3  Tesla using spin- 
echo sequences and T1-weighted images from the 
thigh and from the calves as in CT examination 
(Figs. 3 and 4). In CT imaging (Figs. 3a, 3c, 4a, 4b) 
the muscles involved were hypodense with a well- 
defined peripheral rim due to epimysial connective 
tissue. Figure 3a shows a relatively symmetrical tatty 
replacement of muscle tissue i n  the quadriceps 
muscle, in accordance with our biopsy findings, and 
in the biceps femoris. This is clearly distingriisliable 
from the relatively hyperdensc spared iniiscles 
(gracilis, sartorius, and semirnernbraiious) o f ’  the 
thighs. These features are best represented by MRI 
scans (Fig. 3b) where T1-weighted images of affected 
muscles show a hyperintense signal comparable to 
that of subcutaneous fat. Figure 3c  confirms the pre- 
dominant and symmetrical site of iiivolvement of the 
posterior and medial compartment of the legs. The 

FIGURE 3. (a) Midthigh CT scans showing symmetrical and predominant involvement of both quadriceps (Q) and biceps femoris (BF) 
muscles with relative sparing of gracilis (G), sartorius (S), and semimembranous (SM) muscles; (b) midthigh MRI scans showing affected 
muscles as relatively hyperintense with a signal comparable to that of subcutaneous fat (*); (c) note the predominant and symmetrical 
involvement of the posterior and medial compartment of the legs with affected soleus (S) and gastrocnemius (G) and spared tibialis 
anterior (TA), tibialis posterior (TP), and fibularis longus (FL). The peripheral rim due to epymisial connective tissue is indicated (arrow- 
heads) both in a and c;  (d) MRI T1-weighted images show affected muscles as hyperintense. 
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FIGURE 4. (a) Myotonic dystrophy midthigh CT scans showing an involvement of quadriceps (Q) with sparing of biceps femoris (BF), 
semitendinosus (ST), and semimembranosus (SM); (b) in the legs both anterior [tibialis anterior (TA)] and posterior compartments 
[gastrocnemius (G), soleus (S)] are affected, while peroneal muscles [fibularis longus (FL)] are spared. 

peroneal, extensor digitalis, and tibialis anterior 
muscles have a normal or relatively normal density 
and morphology. T1-weighted sequences in MRI 
(Fig. 3d) offer the best representation of fatty infil- 
trated muscles compared to the relatively spared 
muscle groups. These findings of preferential in- 
volvement of the posterior compartment muscles of 
the lower limbs in Miyoshi's myopathy differ from 
the data obtained from another distal myopathy 
such as myotonic dystrophy. In this disease CT im- 
aging of the thigh shows an involvement of the quad- 
riceps while the biceps femoris, semitendinosus, and 
semimembranosus are spared (Fig. 4a), and in the 
leg both the tibialis anterior, soleus, and the gastroc- 
nemi are affected, while peroneal muscles are spared 
(Fig. 4b). 

DISCUSSION 

The patient described above shows the characteristic 
clinical and laboratory features of the autosomal re- 
cessive adult-onset distal muscular dystrophy first re- 
ported by Miyoshi et al.' and subsequently by oth- 
ers.'" The salient clinical features of this disorder 
are: (1) probable autosomal recessive inheritance, 
although sporadic cases have been described; (2) 
onset between 15 and 25 years of age; ( 3 )  early and 
predominant involvement of the gastrocnemi with 
relative sparing of the tibialis anterior; (4) CK 
values 15-20 times higher than normal; and (5) bi- 
opsy evidence of an active dystrophic process without 
vacuoles, especially evident in relatively spared 
m u ~ c l e . ' - ~ * ~ , ~  

In our patient consanguinity is strongly sugges- 
tive of an autosomal recessive mode of inheritance; 
onset was at about 11 years old and was predominant 
in both gastrocnemi with relative sparing of the 
proximal lower limb muscles. No involvement of fa- 

cial or upper limb muscles was noticed by the pa- 
tient. CK levels were 20 times normal values. A dis- 
tinctive feature of Miyoshi's myopathy compared to 
the other adult-onset distal myopathy (Nonaka's my- 
opathy) is a less progressive course while the ability 
to stand and walk without assistance is maintained. 
As in Japanese and Western cases our patient shows 
a very slow progression. After a 30-year history and a 
3-year follow-up, our patient is still ambulatory and 
the degree of muscle disability over a 3-year period 
suggests a relatively benign course; no signs of car- 
diomyopathy or multisystem involvement are pres- 
ent and the patient does not complain of any dete- 
rioration. Several points regarding the distribution 
of weakness and muscle biopsy findings in our pa- 
tient deserve mention. Even though the quadriceps 
muscle and the biceps femoris were similarly af- 
fected on CT scans, in our patient knee extension 
(MRC 4) was weaker than knee flexion (MRC 5). 
The dystrophic changes noted in the quadriceps 
muscle biopsied are consistent with the progression 
of the dystrophic process in other muscle groups and 
show features comparable with those described pre- 
viously with regard to the biceps femoris.' For this 
reason we suggest that the quadriceps muscle in 
these patients may also be the region of choice for 
diagnostic procedures. Nevertheless, in any given pa- 
tient, there may be a considerable variation in the 
findings, depending on which muscle is biopsied; in 
our patient, as in other cases of Miyoshi's myopathy, 
vacuoles within muscle fibers have not been noted 
and frequent necrotic and regenerating fibers were 
found, in contrast with Nonaka's biopsy findings.' 

To the best of our knowledge CT and MRI 
muscle imaging have never been used so far to assess 
the degree of nenromuscular involvement in cases of 
distal myopathies like the one described above. We 
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have assessed the information obtained by CT and by 
MRI imaging of distal and proximal lower limb 
muscles in relation to the conventional clinical as- 
sessment of patients with neuromuscular involve- 
ment to confirm the predominant site of muscle 
weakness and the degree of the dystrophic process in 
those muscle groups that have not been biopsied but 
prove to be affected by the dystrophic process. MRI 
also yielded better soft tissue resolution than CT and 
it was the most sensitive technique for detecting fatty 
infiltration. These techniques also permit the evalu- 
ation of individual muscles that can be clinically ex- 
amined only as a group; marked imaging abnormali- 
ties in muscles where clinical testing had revealed 
only mild involvement (i.e., 4 MRC grading in the 
quadriceps) were found to be in striking contrast 
with normal imaging of clinically severely affected 
muscles (i.e., 2 MRC in the tibialis anterior). In con- 
clusion, our study shows that CT and MRI imaging 
provide information that is not obtainable by clinical 
examination alone while the same techniques also 
make it possible to effect a potential quantitative 
evaluation of single muscle involvement, useful in 
the study of the natural history of Miyoshi's myopa- 

It  is clear from this and from other reports that 
the distal myopathies are a heterogeneous group of 
disorders and that an increasing number of detailed 
studies of distal myopathies, including muscle imag- 
ing techniques, will permit a more precise classifica- 
tion of this qndrome. An important new scientific 
development is the linkage of Miyoshi's myopathy to 

chromosome 2p12-14, as established by Bejaoui et 
al.3 in large informative families. More and more 
families with Miyoshi's myopathy will have to be stud- 
ied in detail in order to diagnose symptomatic and 
presymptomatic patients. Such stirdies would also 
simplify prenatal and carrier diagnosis and ulti- 
mately help us to identify a gene reqponsible for this 
form of adult-onset distal myopath) . 
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