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Myotonia in centronuclear myopathy
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SUMMARY Centronuclear myopathy, which is unusual because of clinical myotonia, is
described in two sisters. The diagnosis was established in adult life, but the first symptoms were

noticed in infancy. The outstanding points of the clinical picture were mild amyotrophy, paresis,
and clinical myotonia.

Myotubular myopathy (Spiro et al., 1966) is an
entity defined by its morphological muscular
alterations. The disease displays a notable clinical
variability and marked genetic heterogeneity
(Radu et al., 1977). Usually it is present early in
life, and is found only rarely in adults (Vital et al.,
1970). Electrical myotonia (Munsat et al., 1969;
Radu et al., 1977) with accompanying cataract
has been described in this disease (Hawkes and
Absolon, 1975).
We report a family in which two members dis-

played mild amyotrophy, paresis, and clinical
myotonia. Three muscle biopsies performed in two
members of the family showed changes typical of
centronuclear myopathy. From a clinical point of
view, these cases of centronuclear myopathy dis-
played unusual similarities to myotonic dystrophy.
We believe that this is the first report of clinical
myotonia in a case of centronuclear myopathy,
thus broadening the spectrum of familial muscular
diseases accompanied by myotonia, and adding to
the masterful classification of Becker (1977).

Case reports

CASE 1
The proband, a 35 year old woman, had polio-
myelitis at one year of age that produced
amyotrophy and paresis of the right leg. Since
then she has always walked and got up from the
floor with difficulty. These facts were attributed
by the patient to the sequela of poliomyelitis. At
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the age of 27 years she noticed increased muscular
difficulties, and needed support to climb stairs.
Later on, paresis of the upper extremities, of
indeterminate onset, caused difficulty in raising
the arms above the shoulders. These symptoms
were not modified by cold weather. The patient
repeatedly suffered from corneal ulcers, and within
the past year she had noticed macular skin lesions
on the right arm.
The patient walked with a waddling gait and a

limp on the right side. Getting up from a prone
position was difficult, and accomplished only by
climbing up upon herself. There was mild paresis
of the orbicularis oculi, flexors of the neck, and
sternocleidomastoid muscles. The external ocular
muscles were normal. A diffuse paresis of the upper
extremities was more pronounced in the proximal
muscles, and of lesser degree in the biceps and
triceps brachii. The rhomboid major and minor
and latissimus dorsi muscles were unaffected. A
slight symmetrical amyotrophy of both thenar
eminences was seen. Paresis of the truncal flexors
and extensor muscles was demonstrated, and the
patient exhibited lumbar lordosis. There was
bilateral paresis of the lower extremities, with the
right side affected more acutely. In the left lower
extremity paresis predominated in the proximal
musculature and was similar to that observed in
the upper extremities. There was mild bilateral
retraction of Achilles tendons, more pronounced
on the right. The right leg was also shorter. The
tendon reflexes were absent, except for the right
biceps and left patellar. Percussion myotonia was
elicited in the tongue (Fig. 1) and thenar
eminences. Mild voluntary myotonia of the hands,
which did not change after immersion in 40C cold
water for 10 minutes, was recorded.
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Fig. 1 Myotonia of the tongue.

CASE 2

A 38 year old woman, the sister of the proband,
had difficulty in learning to walk, and later re-

quired warming-up exercises before being able to
walk or run properly. She has always needed help
in getting up from the floor and complained of a

lack of arm strength. During the winter she suffers
from stiffness of the muscles. According to the
patient these symptoms have not changed since
she was a child.

Physical examination revealed diffuse paresis,
mainly proximal in all four extremities. There was

a slight talipes cavus and bilateral retraction of the
Achilles tendons. Paresis of the truncal extensor
and flexor muscles was observed. The flexors of
the neck and sternocleidomastoid muscles were
unaffected. The external ocular muscles were

normal. Tendon reflexes were absent. No muscle
wasting was observed. Percussion myotonia of the
tongue and mild voluntary myotonia of the hands
was induced, and the latter was not affected by
immersion in cold water.

FAMILY HISTORY

Certain facts concerning this family have been
established for three generations. The father,
who had died at the age of 58 years, was

described by his sister and daughters as suffering
from muscular stiffness of his hands during cold
weather. The mother died at age 64 years, and
was described as normal. Nine members from the
three generations were examined clinically and
found to be normal, including absence of myotonia
and cataracts. Two members, one from the second
and the other from the third generation, had slight
shortening of Achilles tendons. In another sister
of the two patients, an EMG was normal.

FURTHER STUDIES
Results of the following studies were normal in
both patients: haemoglobin, urinalysis, blood
urea, glucose tolerance test, serum electrolytes,
serum proteins and immunoelectrophoresis,
serology test for syphilis, ASLO, serum phos-
phatase, transaminase, aldolase, CPK, and LDH,
skull and chest radiographs, ECG, and thyroid
function studies. Slit lamp examination of the eyes
of both patients showed no abnormality. The
corneal ulcer of the proband was attributed to
probable viral origin. In addition, localised
scleroderma of the right arm was diagnosed in
the same patient.

EMG studies
The following muscles were examined in both
patients: left deltoid, abductor pollicis brevis, and
left tibialis anterior. Slight spontaneous activity,
fibrillations, and positive potentials were observed
in the abductor pollicis and in the tibialis anterior.
Repetitive discharges of high frequency were re-
corded in all muscles examined, either spontane-
ously or after muscle percussion; discharges lasted
for as long as 22 seconds with constant frequency
and amplitude. There were infrequent discharges
of constant frequency and decreasing amplitude
lasting up to 14 seconds. Rapid interference pat-
terns were present on submaximal contraction.
Maximal contraction caused interference patterns
of 2-4 mV in amplitude. In the proband's deltoid
muscle the mean duration of the motor units was
diminished (43.5%) with increased polyphasia
(40%). In the deltoid muscle of the proband's
sister the mean duration of the motor units was
diminished (44.5%) with increased polyphasia
(20%).

Muscle histology
Biopsies of the deltoid and biceps brachii muscles
in the proband and of the deltoid muscle of the
sister were performed. One fragment of the biopsy
samples was processed in a routine fashion. A
second fragment was frozen, and sections were
stained with haematoxylin and eosin (H and E)
and periodic acid Schiff (PAS). Serial sections were
used to demonstrate ATPase (pH 9,4; 4,6; 4,3)
NADH-D, and SDH activities. The interpretation
of the findings and the preparation of the histo-
grams were as described by Dubowitz and Brooke
(1973). For electron microscopy a third fragment
was fixed in 4% glutaraldehyde buffered with
0.1 M sodium cacodylate for 24 hours, postfixed
in 1% osmium tetroxide buffered in S-collidine
for one hour, dehydrated in graded alcohols and
embedded in Epon 812. Thin sections stained with
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uranyl acetate and lead citrate were examined
under a Philips 300 electron microscope.

Light microscopy
In all three muscles the findings were similar.
Based on the diameter of the fibres, two sizes, one
large and the other small, were seen throughout
the transverse sections of the biopsy specimens.
Occasionally fibres of intermediate size were also
present. In both fibre populations, the nuclei were
located exactly in the centre (Fig. 2). With serial
sections it was demonstrated that this occurred
throughout all fibres. Subsarcolemmic nuclei
could be distinguished only rarely among the small
fibres. In the centre of some fibres several grouped
nuclei, numbering up to four, were present.
Chains of centrally located nuclei with free inter-
nuclear spaces were found in the longitudinal
sections. In the transverse sections stained with
H and E and in the semi-thin sections from Epon
stained with toluidine blue, the central portions of,~~~~~~~~~~~~~~~~~. VP

... e #bW., , .,-.,....

Fig. 2 Transverse section showing small and large
fibres with central nuclei. Cryostat section. H and E,
original magnification X400.

the fibres occasionally showed large vacuoles and a
fuzzy appearance (Fig. 3). The perymysial adipose
tissue and the endomysial connective tissue were
increased.

Histochemical studies
An abnormal distribution of the oxidative activity
was noticeable (Fig. 4) as (a) small calibre fibres
in which the activity was scanty in the centre and
intense in the periphery, (b) larger fibres where the
central activity was absent and the remainder
displayed normal intensity, (c) fibres in which the
activity was absent in the centre and intense in
the peripheral zone, (d) fibres with intense activity
in the centre and normal in the periphery, (e)
fibres with homogeneous activity throughout, and
(f)' fibres with intense activity distributed in a
reticular or radial fashion. Similar appearances
were found in the sections stained with PAS.
No differentiation of type 1 and 2 fibres was

obtained with the oxidative techniques. With the
ATPases, the differentiation could only be ob-
tained in a small area of the specimen from the
proband's biceps brachii. In this differentiated
area the type 1 fibre displayed unusually intense
activity at pH 9,4, and the type 2 at all pH levels
showed an activity usually found only in normal
type 2a fibres. All fibres showed an absence of
activity at their centre.
The mean diameter of the proband's deltoid

muscle fibres was 30.90 ,um with standard deviation
of 10.3 and range between 10 and 67 ,um. In the
sister, the mean fibre diameter of the same muscle
was 41.3 [sm with standard deviation of 13.18 and
a range between 8 and 68 ,m. In the differentiated
zone, mentioned above, the type 1 fibre had a
mean diameter of 32.47 ,um with a standard devia-
tion of 13.3 and a range between 8 and 68 ,um.
The type 2 fibres had a mean diameter of~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..

..:~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~....X...fM:

Fig. 3 A fuzzy appearance is seen (lower right) at
the centre of the fibre. A large vacuole occupying most
of the fibre is noticeable. Epon thick section.
Toluidine blue, original magnification X120.

::: Y W.:- SKr::-.%..z-z.:50 . -> ..v .;-, -;we t- : >': f ' m_

Fig. 4 Transverse section showing a peculiar
abnormal distribution of the oxidative activity,
Cryostat, NADH-D, original magnification X150.
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Fig. 5 Histograms of the deltoid
muscles in both patients showing
atrophic values.

55.14 ,tm with standard deviation of 10.40 and a
range between 30 and 80 ,um. The type 1 fibres
represented 76.5% of the total amount. The
histograms of the undifferentiated portions (Fig. 5)
demonstrated a deviation towards values typical
of atrophy. In the differentiated areas the lower
values corresponded to the type 1 fibres, with
normal limits and distribution for type 2 fibres
(Fig. 6).

Electron microscopy
The changes observed were similar in both cases.

Case 1
Biceps brachii
Type 1
Type 2 - - -

In most fibres, centrally located nuclei were seen
which were normal in shape or slightly indented.
Around the nuclei, especially at their poles, and
along the centre of the fibre, normal mitochondria,
lipid droplets, vacuoles, endoplasmic reticulum, and
moderate amounts of glycogen were seen (Fig. 7).
In the perinuclear zone the normal banding pattern
was altered. Nuclei in chains and nuclei grouped
together in the centre of the fibre could also be
seen. Sometimes the central areas of the fibres
were occupied by granules, possibly of glucogen,
and in other fibres large vacuoles limited by mem-
branes were visible. Large deposits of lipids were
also present. "Streaming" of Z bands was rarely
seen. The remainder of the structures were well
preserved.
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Fig. 6 Histograms of the differentiation zone with
atrophic values for type I fibres and normal for
type 2 fibres.

Fig. 7 Central nucleus with abnormal deposit of
organelles and vacuoles at one of the poles and
normal structure of the myofibrils, original
magnification X 10000.
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Discussion

The presence of muscular paresis, mild amyo-
trophy, and percussion myotonia in our patients
presented a difficult differential diagnosis with
myotonic dystrophy. However, a more detailed
study of the patients revealed features which were
rather unusual for myotonic dystrophy. The long
evolution of the paresis and its distribution would
make it difficult to accept (a) the normality of the
sternocleidomastoid muscle in the proband's sister
who had the longer history, (b) the absence of
myopathic facies, and (c) the lack of multisystemic
involvement, especially cataracts. Furthermore,
the onset of the disease in the lower extremities
and the mainly proximal distribution would be
uncommon in myotonic dystrophy. The age and
manner of onset related by one of the patients
resembled that of autosomal recessive non-
dystrophic myotonia. However, the complete
clinical feature of this disease is very different
(Becker, 1977). The morphological alterations in
our cases are diagnostic of centronuclear myopathy
(Sher et al., 1967; Campbell et al., 1969; Harriman
and Haleem, 1972; Radu et al., 1977).

In centronuclear myopathy fibre type differentia-
tion with ATPase activity has been reported to be
abnormal (Goulon et al., 1976; Radu et al., 1977).
In one case the abnormality of the ATPase
activity of the muscle fibres was shown by the
lack of differentiation in types 1 and 2 fibres
(Harriman and 1-laleem, 1972), although the pres-
ence of an artefact has not been ruled out. How-
ever, the abnormal distribution of the oxidative
activity, evident in our case study as well as in
another published report (Radu et al., 1977),
favours the interpretation of actual absence of
differentiation. In our cases, when differentiation
of fibre types with ATPase activity at various
pH levels was achieved, this only occurred in a
very small part of one of the samples. Within
this differentiated zone, at ATPase pH 9.4 the
type 1 fibres w3re darker than usually seen. These
facts are in agreement with the theory of defective
maturation of the muscle fibres (Spiro et al., 1966;
Radu et al., 1977). An abnormality in the DNA
structure has been postulated for this defective
maturation (Radu and Wild, 1977). Some authors
attribute the defect to an alteration of the per-
ipheral nerves (Bethlem et al., 1969; Pongratz et at.,
1975), but results of other studies of the intra-
muscular nerves and of the motor endplates do
not support this theory (Harriman and Haleem,
1972; Coers et al., 1976; Goulon et al., 1976). In
our cases, the intramuscular nerves had a normal
ultrastructural appearance.

The central position of the nucleus and the
atrophy of type 1 fibres present in certain cases of
centronuclear myopathy resembles the so-called
atrophy of type 1 fibres with central nuclei (Engel
et al., 1968; Brooke and Williamson, 1969; Engel,
1970; Karpati et al., 1970; Askanas and Engel,
1975; Inokuchi et al., 1975). Nevertheless, thesc
diseases are distinct entities (Harriman and
Haleem, 1972; Goulon et al., 1976). A neurogenic
mechanism was proposed by Brooke (1973) to
explain type 1 fibre hypotrophy in congenital fibre
type disproportion. Inokuchi et al. (1975) propose
the same mechanism for the hypotrophy found in
atrophy of type 1 fibres with central nuclei. In-
deed it is possible that this mechanism is the
causative atrophic factor in all three diseases and
accounts for some of the similarities. The absence
of type 2 fibre hypertrophy in our cases of long
duration supports the presence of a maturation
defect which inhibits this type of fibre from hyper-
trophying. It is, therefore, possible that two distinct
mechanisms exist, one which explains the hypo-
trophy of type 1 fibre, and a second which explains
the absence of type 2 fibre hypertrophy. This
second mechanism might also explain the central
abnormalities found in type 2 fibres in our cases.

If the faulty maturation theory is accepted, it
is difficult to explain why in certain cases the
clinical appearance is delayed until adolescence or
adulthood. Given the fact that most of the
symptoms are silent and only slightly incapacitate
the patient, it is difficult to ascertain the precise
time of onset in adult patients. It is possible that
in some patients the onset had actually passed
unnoticed during their infancy (Vital et al., 1970).
This may also explain the discrepancy in the ages
of onset in various afflicted members of the same
family (McLeod et al., 1972). The family presented
here is another clear example of this difficulty,
and the problem is compounded by the fact that
the proband had earlier suffered from poliomyelitis.

In some cases (Munsat et al., 1969; Hawkes and
Absolon, 1975; Radu et al., 1977) bizarre high
frequency EMG discharges of myotonic or pseudo-
myotonic character have been recorded. However,
to our knowledge, no cases of clinical percussion or
voluntary myotonia have been described in the
presence of centronuclear myopathy. The existence
of this myotonia could be explained if we accepted
the coexisten^c of centronuclear and familial
myotonic disease. This is improbable as no
myotonic manifestations have been encountered
in any other members of the family who are not
affected by the centronuclear myopathy. Yet
another explanation might be that we are dealing
with a myotonic dystrophy which is being mor-
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phologically expressed in an unusual way. To our
knowledge, morphological findings of centro-
nuclear myopathy have never been described in
relatives of a patient with myotonic dystrophy.
Since, in our case study, the three biopsy samples
were typical of centronuclear myopathy, it is
logical to conclude that the clinical myotonia is
actually an expression of this disease.
The genetic alteration causing the myotonic

dystrophy may in some way also provoke the
appearance of centronuclear myopathy. In muscle
samples of severe cases of neonatal myotonic
dystrophy (Sarnat and Silbert, 1976) certain mor-
phological features similar to those seen in neo-
natal cases of recessive sex-linked centronuclear
myopathy were found by Barth et al. (1975).
However, in none of the biopsies taken at a later
date in neonatal myotonic dystrophy (Karpati et
al., 1973; Farkas et al., 1974) was the morphology
of centronuclear myopathy found.

It seems that our cases are centronuclear myop-
athies associated with clinical myotonia. Without
the verification of a muscle biopsy our two patients
could easily have been diagnosed as suffering from
myotonic dystrophy with unusual clinical features.
Therefore, these cases of centronuclear myopathy
resembling myotonic dystrophy encompass the
most important characteristic of this study, and it
is possible that these cases would previously have
been included among the myotonic dystrophies.

We would like to express our appreciation to Dr C.
Montero, pathologist, for kindly making the histo-
chemical material available to us, to Dr J. M.
Castilla for the electromyographic studies, and S.
Shewchuk, PhD, for his help in preparing the
manuscript.
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