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MR Imaging of the Brain in Fukuyama-Type Congenital 
Muscular Dystrophy 
Mieko Yoshioka,1 Shigeo Saiwai,2 Shigekazu Kuroki, 1 and Hiroyuki Nigami1 

Cerebral malformations in conjunction with congenital mus
cular dystrophy are unusual. Three such combinations have 
been described, including Walker-Warburg syndrome [1, 2]; 
muscle, eye, and brain disease [3]; and Fukuyama-type con
genital muscular dystrophy (FCMD) [4] . FCMD occurs with 
particularly high frequency in Japan, where it is the second 
most prevalent form of progressive muscular dystrophy. 
FCMD comprises a particular clinicopathologic syndrome. 
Clinical signs include mental retardation , progressive muscle 
weakness, joint contractures, and seizures in 50% of cases . 
Pachygyria and polymicrogyria are the most consistent neu
ropathologic findings [5]. CT findings are low-density areas 
involving the cerebral white matter in almost half of all cases 
[6] . Delay in myelination has been suspected as the patho
genesis of these low-density white matter areas [7]. Patho
logic studies have been inconclusive as to the presence of 
degenerative cerebral lesions. We present here the MR im
aging findings for three typical cases of FCMD. 

Case Reports 

Case 1 

This girl was born at 39 weeks gestation by vaginal delivery without 
complications after an uneventful pregnancy. Birth weight was 2782 
g. The patient had one older sister (case 2), who also suffered from 
FCMD. Her serum creatine kinase (CK) activity was 11 ,500 IU/1 5 
days after delivery (normal range is < 130 IU/1). The patient did well 
until 5 months of age, when she displayed hypotonia and flexion 
contractures of both knees. Psychomotor development was delayed 
with head control at age 6 months. She also could not roll over, sit 
alone, or speak any words at 18 months. Hyporeflexia and pseudo
hypertrophy of the calves were evident. After 1 year of age, convul
sions developed during febrile illnesses, however EEG revealed no 
paroxysmal discharges. 

MR was performed on a 1.5-T imaging system (Siemens, Erlangen, 
Germany). T1-weighted inversion-recovery images and T2-weighted 
spin-echo images were obtained. The first series of MR images was 
made at the age of 11 months (Figs. 1 A and 1 B); the second series 
at the age of 18 months (Figs . 1 C and 1 D). On inversion-recovery 
images at the age of 11 months (Fig. 1 A) , myelination was present in 

the internal capsule , corpus callosum, occipital, and paracentral re
gions. But the temporoparietal and frontal white matter demonstrated 
an absence of myelination and showed symmetric low intensity. At 
the age of 18 months (Fig. 1 C) , progression of myelination was 
shown, but the frontal white matter attained less myelination. This 
was a grossly immature pattern for 18 months of age. On T2-
weighted images (Figs. 1 B and 1 D), unmyelinated white matter dem
onstrated extensive high intensity. Pachygyria was also present. 

Case 2 

This girl was born 2 years and 1 0 months prior to her sibling, who 
was case 1. Because the infant showed hyper CK-emia during the 
neonatal period , a muscle biopsy was done at 39 days. Marked 
fibrosis and extensive scattered degenerated fibers were seen and 
the patient was diagnosed as having FCMD. At 4 years of age she 
still demonstrated persistent head lag and was unable to roll over or 
sit alone. 

The first series of MR images was made at the age of 9 months; 
the second series at the age of 42 months. Myelination progressed, 
but a small portion of the frontal white matter demonstrated an 
absence of myelination. Pachygyria was also present. 

Case 3 

This boy was the second child of healthy unrelated parents. He 
was delivered at term after a normal pregnancy with a birth weight 
of 2500 g. Because he was unable to roll over at the age of 5 months, 
he was referred to our institution. Physical examination revealed 
generalized muscular hypotonia and decreased deep tendon reflexes. 
Contractures of the hip and knee joints were present. Serum CK 
levels were elevated, and a muscle biopsy revealed strik ing pathologic 
changes consistent with a dystrophic process. Developmentally, the 
patient obtained head control at 3 months, sat alone at 18 months, 
and rolled over at 34 months. 

The first series of MR images was made at the age of 8 months 
(Figs. 2A and 2B); the second series at the age of 18 months (Figs. 
2C and 20). On inversion-recovery images at the age of 8 months 
(Fig. 2A), myelination was present except for the frontal white matter. 
At the age of 18 months (Fig. 2C) , progression of myelination was 
shown but a small portion of the frontal white matter showed sym
metric low intensity, which revealed an immature pattern for 18 
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months of age. On T2-weighted images (Figs. 2B and 20) , unmy
elinated white matter showed high intensity. Pachygyria was less 
present in this case than in cases 1 and 2. 

Discussion 

Myelination is a dynamic process beginning during intra
uterine life and continuing after birth and can thus be used as 
an index of brain maturation [8] . This is particularly true in the 
first 2 years of life, when changes are occurring most rapidly. 
MR is well suited for assessing myelination of the brain 
because it surpasses both CT and sonography in sensitivity 
to contrast differentials [9, 1 0) . In particular, the high degree 
of gray-white contrast provides a basis for visualizing normal 
myelination , as well as delays or deficits in this process. 

Our previous CT studies of FCMD showed that the low
density areas in the cerebral white matter were most apparent 
around the age of 1 year and that they decreased or disap
peared by 2 to 3 years of age [7, 11). Delayed myelination 
was suspected as the pathogenesis of the low-density areas. 
Previous autopsy studies of FCMD have shown that the white 
matter change was not striking [5, 12). A mild gliosis or 
edema of the cerebral white matter or myelin pallor in the 
centrum semiovale was sometimes reported ; however, most 
cases showed no remarkable abnormalities in the cerebral 
white matter. In most cases, the age at autopsy was greater 

Fig. 1.-Case 1. 
A-D, MR images at age 11 months (A and 8) 

and at age 18 months (C and D). A and C are 
inversion recovery sequences (3000/400/22/1); 
B and D are T2-weighted spin-echo sequences 
(3000 f90 11 ). In A, myelination is present in the 
internal capsule, corpus callosum, and occipital 
region (small arrows). The temporoparietal and 
frontal white matter show an absence of myeli
nation and symmetric low intensity (large ar
rows). Pachygyria is also apparent (arrow
heads). In C, progression of myelination from 
posterior to anterior is shown, but the frontal 
white matter remains less myelinated. This is a 
grossly immature pattern for 18 months of age. 
In 8 and D, unmyelinated white matter demon
strates high intensity (arrows). 

than 5 years. In contrast to these findings, hypomyelination 
of the cerebrum was noted in one case autopsied at the age 
of 11 months. 

Our present results , both in cross-sectional and serial MR 
studies of three infants with FCMD, demonstrate that my
elination was delayed, but continued to follow the stages in 
an orderly and predictable manner. Although the abnormal 
signal in the frontal lobes did not go away completely as the 
children got older, it became smaller when we performed the 
third MR study of case 2 at the age of 59 months. These 
areas are thought to represent the areas of last myelination, 
as are the "terminal zones" [9] or the pathway of unmyelinated 
fibers in these dystrophic patients. From these observations 
it might be suggested that the low-density areas found in 
FCMD on CT scanning are mainly due to a delay in myelination 
rather than to a demyelination or a dysmyelination process. 

Another characteristic finding revealed by our MR study is 
the presence of pachygyria. All three cases studied displayed 
this finding . Previous neuropathologic studies have described 
pachygyria and poly microgyria as the most consistent findings 
of FCMD [5]. 

Such developmental abnormalities as delayed myelination 
and arrested migration (pachygyria) may be due to either 
faulty programming or a destructive process in fetal life. Faulty 
programming would be the result of an abnormal genetic 
code. Both of these processes have been reported as possi-
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Fig. 2.-Case 3. 
A- D, MR images at age 8 months (A and B) 

and at age 18 months (C and D). A and C are 
inversion-recovery sequences (3000 I 400/22/ 1 ); 
B and D are T2-weighted spin-echo sequences 
(3000 /90 I 1 ). In A, myelination is present except 
in the frontal white matter (arrow). InC, progres
sion of myelination is shown but a small portion 
of the frontal white matter shows symmetric low 
intensity (arrow} . This is an immature pattern lor 
18 months of age. Pachygyria is less apparent 
in this case than in case 1. In B and D, there is 
high intensity in the white matter (arrows). We 
believe that this represents unmyelinated fiber 
tracts. 
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ble causes of FCMD [4, 12), but further study will be neces
sary to determine the exact mechanism responsible. 
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