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Adult onset scapuloperoneal myopathy: diagnostic
value of nerve morphometry and multiple muscle
biopsies
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SUMMARY In the scapuloperoneal syndrome, differentiation between neurogenic and myopathic
processes may be difficult despite electromyography and muscle biopsy. Extensive analysis, includ-
ing morphometry, was conducted on multiple nerve and muscle biopsies from two adult onset,
sporadic cases with the syndrome. These studies confirm a myopathic process and further define the
entity of adult onset scapuloperoneal myopathy.

The scapuloperoneal syndrome is a rare entity charac-
terised clinically by the combination of proximal
shoulder girdle and distal lower limb muscle wasting
and weakness. The entity is probably heterogenous
and has been related to primary myopathic and to
neurogenic disease processes. 1-3 However, in spite of
EMG and nerve conduction studies and muscle
biopsy, elucidation of the underlying disease process
is often difficult because of non-specific or con-
tradictory results.2 4 5
We investigated two patients with the syndrome

with adult onset and negative family histories. Exten-
sive studies of multiple muscle and nerve biopsies,
which included light and electron microscopy, muscle
histochemistry, teased nerve fibre analysis and nerve
fibre morphometry, were performed. These studies
helped to confirm a primary myopathic disease pro-
cess. The findings in these patients further define the
entity of adult onset scapuloperoneal myopathy. l 6 7

Methods

Muscle biopsies were taken from a distal lower limb muscle,
the tibialis anterior or the extensor hallucis longus, and from
a proximal upper limb muscle, the deltoid. Cryostat sections
were processed for enzyme histochemistry, haematoxylin-
eosin and Gomori's trichrome stains. Fixed tissues were
embedded in resin and semithin sections stained with
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toluidine blue were viewed by light microscopy. Ultrathin
sections were viewed using a Philips 401 electron microscope.

Fascicular nerve biopsies were obtained from both
superficial and deep peroneal nerves and processed using the
method of Dyck.8 Semithin sections stained with toluidine
blue were analysed by light microscopy. Ultrathin sections
were viewed using a Philips 401 electron microscope. The
teased fibre preparation of the deep peroneal nerves con-
tained a minimum of 100 myelinated fibres. The fibres were
analysed and classified according to Dyck.8 A morphometric
analysis of myelinated fibre density and size distribution in
the deep and superficial peroneal nerves was performed using
the method of Dyck.8

Case reports

Case 1
This 64 year old man of Maltese origin first noted difficulty
with walking in the snow at the age of 55 years. A physician
noted bilateral foot drop at the time and diagnosed "mus-
cular dystrophy." Two years later, weakness in lifting the
arms was noted. These symptoms progressed insidiously
over the years. Currently, he requires the use of a right ankle
brace for foot drop. There is no difficulty getting up from a
chair and hand grip remains strong. There was no family
history of related muscular disorders.
On examination, he walked with bilateral foot drop.

Cranial nerve examination was normal with no facial or neck
muscle weakness. Winging of both scapulae was observed in
association with moderate weakness and wasting of all
shoulder girdle muscles. The biceps, triceps and forearm
extensor muscles were mildly weak but other distal muscles,
including the small muscles of the hands, were spared. In the
lower limbs, severe wasting of the anterior compartment of
the legs was associated with total loss ofpower in dorsiflexor
and evertor muscles. The right extensor digitorum brevis
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Fg Deltoid' Case 1 Fibre size variation with

hypertrophied and atrophied fibres, internal nuclei and fibre
splitting. Gormori's Trichrome stain. (Bar = 70 Mm).

muscle was wasted though the left retained more muscle
bulk. Gastrocnemii muscles were mildly increased in bulk
and had normal strength. Proximal muscles of the lower
limbs were also of normal strength. Triceps, brachioradialis
and ankle jerks were unobtainable. Knee jerks were dimin-
ished and biceps jerks preserved. Plantar responses were

downgoing. The sensory examination was normal. There
was no action or percussion myotonia. Serum creatine kinase
was slightly elevated to 356 U/l (normal 36-188 U/1). Serum
lactic dehydrogenase levels were normal. The EKG was

normal.

EMG and nerve conduction studies
Motor conduction velocities and latencies were normal for
the median, tibial and peroneal nerves. The right median and
sensory conduction velocities and distal latencies were nor-

mal with normal sensory action potentials. A mild com-

pressive palsy at tise elbow was noted in nerve conduction
studies of the right ulnar nerve. Needle EMG studies demon-
strated numerous fibrillation potentials, positive sharp waves
and complex high frequency discharges in the right tibialis
anterior and extensor digitorum brevis muscles. There was

an increase in polyphasic motor unit potentials of normal or

short duration in both muscles. Needle EMGs of five
upper limb muscles did not demonstrate any abnormality.

Muscle biopsy
Biopsy of the extensor hallucis longus muscle showed severe

replacement by fat and connective tissue. A few hyper-
trophied muscle fibres remained. In the deltoid muscle
biopsy, (fig 1), muscle fibre size varied with hypertrophied
fibres and small fibres of both fibre types distributed

Table I Myelinated fibre densities of superficial and deep
peroneal nerves (fibres/mm2.)

Deep peroneal nerve Superficial peroneal nerve

Case 1 7,613 11,669
Case 2 8,891 10,176

Table 2 Teasedfibre analysis of deep peroneal nerve

No. Classification (%)

Fibres counted A&B C D E F

Case I 110 90 0 0 09 10
Case 2 101 93 0 0 0 7

(Classification according to Dyck'; A-normal appearance, B-
myelin irregularity and wrinkling, otherwise similar to A, C-
paranodal or internodal segmental demyelination, myelin thinning of
50% or more, 0-same as C, except myelin thinning <50%, E-
rows of myelin ovoids, F-excessive variation in myelin thickness
between internodes without segmental demyelination)

randomly. Fibre splitting accounted for a few small groups
ofsmall fibres. Rare small angulated fibres were also evident.
Internal nuclei were moderately prominent. Muscle fibre
degeneration, necrosis and regeneration were not observed.
Occasional fibres with ringbinden were noted on semithin
and ultrathin microscopy. No inflammatory infiltrates were
present.

Nerve biopsy
The light and electron microscopic appearances of both
superficial and deep peroneal nerves were normal with no
evidence of axonal loss, axonal degeneration, demyelination
or remyelination. The myelinated fibre densities and fibre
diameter distributions were normal (table 1, Fig 4a, b).
Teased fibre analysis of the deep peroneal nerve was also
normal for age (table 2).

Case 2
This 58 year old Caucasian woman (fig 2) was noted inci-
dentally by her doctor to have weakness of the left leg 7 years
earlier. She subsequently complained of progressive weak-
ness in her legs and difficulty in lifting up her arms. There was
a tendency to catch her toes on walking, and some difficulty
rising from a chair. The patient was a known hypertensive on
treatment with clonidine and aldactazide (spironolactone
and hydrochlorothiazide). There was no known family his-
tory of muscle disease.
On examination, she was noted to have prominently slop-

ing shoulders and bilateral foot drop. There was no facial
muscle weakness. Mild neck flexor muscle weakness was
noted. Winging and elevation of the scapulae were present
together with moderate weakness and wasting in all shoulder
girdle muscles, including the deltoid and biceps muscles.
Triceps muscles and distal forearm and hand muscles were
unaffected. In the lower limbs, there was mild weakness in
proximal muscles but marked weakness and wasting were
noted in the anterior compartment muscles of the legs with
severe weakness in dorsiflexion and eversion. The gastro-
cnemii muscles appeared to be spared with normal plantar
flexion. Deep tendon reflexes were normal with the exception
of the ankle jerks, which were absent. No response was
observed with the plantar reflex. The sensory examination
was normal. There was no action or percussion myotonia.
Serum creatine kinase was minimally elevated to 207 U/I

(normal 36-188 U/1). The lactic dehydrogenase level was
similarly mildly elevated to 240 U/l (normal 100-225 U/1).
The EKG showed sinus rhythm with minor non-specific
repolarization changes. An echocardiogram showed no
structural or functional abnormality.
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Fig 2 Case No. 2. Note elevation of'scapula and wasting
of deltoid muscle.

EMG and nerve conduction studies
Superficial peroneal and sural sensory conduction studies
were normal with normal velocities, distal latencies and sen-
sory action potentials. Peroneal motor conduction velocity
was normal with a normal evoked amplitude recorded from
the extensor digitorum brevis muscle. EMGs of the tibialis
anterior, extensor digitorum brevis, quadriceps and deltoid
muscles showed no abnormal spontaneous activity. In the
tibialis anterior and extensor digitorum brevis muscles, the
amplitude and duration of motor unit potentials were often
increased with an increased firing rate. There was also an
increased incidence of polyphasic units in these muscles.

Muscle biopsy
The tibialis anterior biopsy showed moderate infiltration by
fat and connective tissue. Muscle fibre size variation was
pronounced with atrophied and hypertrophied fibres in a
random distribution. Small fibres were rounded. Internal
nuclei were prominent. Necrotic, degenerating or regen-
erating fibres were not observed. Frequent ringbinden were
seen and on electron microscopy, some areas of focal
myofibrillar degeneration and subsarcolemnal collections of
mitochondria were also noted. The mitochondria showed no
abnormal features.

In the deltoid muscle biopsy, there was only mild variation
in fibre size. Small rounded fibres mostly of type I, were
randomly distributed (fig. 3). There was no fibre necrosis,
degeneration or regeneration. Electromicroscopy showed a
few fibres with focal myofibrillar degeneration and excess
glycogen accummulation. In both biopsies, inflammatory
infiltrates were not seen.

Nerve biopsy
There was no evidence of axonal loss, axonal degeneration,
demyelination or remyelination on light microscopy and
electronmicroscopy of both superficial and deep peroneal
nerves. The density of myelinated fibres was within the
normal range (table 1). The myelinated fibre diameter histo-
grams showed a normal bimodal distribution (Fig 4C, D).
Teased fibre analysis of the deep peroneal nerve was also
normal (table 2).
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Discussion

Both patients presented with clinical features
consistent with the diagnosis of scapuloperoneal syn-
drome. Weakness and wasting occurred in a typical
distribution and no known cause was determined.
In both patients, as is not uncommon with the
scapuloperoneal syndrome, neither the clinical
examination nor the electrophysiological studies
differentiated between a myopathic and a neurogenic
disorder with certainty.

Clinically, the combination of proximal upper and
distal lower limb wasting was associated with the loss
of deep tendon reflexes. Nerve conduction studies
demonstrated normal values in both patients. In
patient 1, features suggestive of a myopathy and of
denervation were both present on EMG of distal leg
muscles. In patient 2, polyphasic motor unit poten-
tials with increased duration, increased amplitude and
increased firing rates would be more suggestive of
chronic denervation. However, the diagnosis of a
myopathic or neurogenic process could not be made
solely on the basis of the EMG.
To determine the underlying basis of the syndrome,

as to whether it is a myopathy, a neuropathy or a
spinal muscular atrophy, selected multiple muscle and
nerve biopsies were performed. Muscle biopsies were
performed on a severely wasted distal leg muscle and
a moderately affected proximal shoulder muscle. In
patient 1, specific features of neurogenic or myopathic
atrophy could not be distinguished in the extensor
hallucis longus muscle because of severe replacement
by fat and connective tissue. In patient 2, the distal leg
muscle biopsy specimen showed features in favour of
a myopathy, with random fibre size variation, hyper-
trophied fibres and rounded small fibres, internal
nuclei and frequent ringbinden. In the deltoid muscles

Fig 3 Deltoid, Case 2. Fibre size variation, randomly
distributed fibre types. Small fibres mostly Type 1. A TPase
stain ph 4 3. (Bar = 50 gm).
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Fig 4 Myelinatedfibre diameter distributions of superficial (SPN) and deep (DPN) peroneal nerves.
b-Case 1, SPN; c-Case 2, DPN; d-Case 2, SPN).

of both patients, mild changes were seen, such as
internal nuclei, random fibre size variation and
atrophy, fibre splitting and ringbinden, which were
suggestive of a myopathy. Specific features of
neurogenic atrophy were lacking in these biopsies.

In order to resolve concerns ofan underlying neuro-
genic disorder, biopsies were performed on the deep
and superficial peroneal nerves. It should be noted
that muscles supplied by the deep peroneal nerve
included some severely wasted muscles. Careful exam-
ination of semithin sections by light microscopy and
ultrathin sections by electron microscopy showed no
evidence of chronic axonal loss, active axonal degen-
eration, demyelination or remyelination. These obser-
vations were further supported by normal myelinated
fibre densities, diameter distributions and teased fibre
analysis.

These normal nerve biopsy results taken in conjunc-
tion with the muscle biopsy findings rule out the
likelihood of an underlying peripheral neuropathy
or spinal muscular atrophy. We can conclude with
certainty that these two patients have a primary

9 10 11 12 13

(a-Case 1, DPN;

myopathy in the category of scapuloperoneal
myopathy.
The difficulty encountered in differentiating

between a myopathic and neurogenic disorder in these
two patients is not unusual for this syndrome, and is
a recurrent theme in the literature. It is not possible to
ascertain the exact nature of cases initially identified
by Brossard9 and other early authors, prior to the
advent of electromyography and muscle histo-
chemistry. Subsequent reports have related their cases
to either a peripheral neuropathy,10-13 a spinal mus-
cular atrophy14-9 or a primary myopathy.20-25
These reports relied on EMG and nerve conduction
studies and muscle biopsy histology, either alone or in
combination, to diagnose the underlying disorder.
A number of reports have specifically commented

on the problem of identifying a neurogenic or myo-
pathic disorder in the individual patient with the scap-
uloperoneal syndrome.245 Feigenbaum and Munsat4
noted that EMGs were normal or indeterminate in
three of their 10 cases. In one case, a "myopathic"
EMG was associated with features of denervation on
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muscle biopsy. Carroll,2 in his review, illustrated this
problem with a case showing similar discordance
between EMG and muscle biopsy and other cases

whose muscle biopsy showed non-specific or complex
changes that were difficult to interpret. Indeed, cases

that have been related to a myopathy in the literature
not infrequently showed features on muscle biopsy
that were suggestive but not specific for a

myopathy.' 6 7Some reported cases showed severe

endstage changes in muscle that made differentiation
between a myopathic and neurogenic cause

difficult.67 On the other hand, cases related to a

neurogenic cause in the literature have also showed
the coexistence of myopathic features on EMG or

muscle biopsy. 5-17 In the presence of these
difficulties, in individual cases, such as the two
patients reported here, extensive analysis of selective
multiple muscle and nerve biopsies would resolve
most doubts in the diagnosis.
The diagnosis of scapuloperoneal myopathy in

these two patients requires further analysis as it is
itself a heterogenous entity. Thus, a distinct group of
patients with sex linked inheritance, multiple con-

tractures, and cardiac dysrhythmia has been
identified.26-29 Thomas et al6 distinguished an entity
of adult onset scapuloperoneal myopathy. Of his six
cases, two were sporadic, two of indeterminate inher-
itance and two showed autosomal dominant inher-
itance. Two additional cases with probable autosomal
dominant inheritance were described by Todman and
Cooke.7 Serratrice et al,' in their review of 22 cases of
"scapuloperonal myopathy", expressed the opinion
that those cases with dominant inheritance were sim-
ple variants of facioscapulohumeral muscular dys-
trophy. Although some of these had late onset, most
had younger ages of onset. Facial weakness was also
common in this group. However, in their series, Ser-
ratrice et al regarded three sporadic cases, all with
adult onset, as a distinct group, possibly related to the
"restricted myopathies."
Our two cases clinically resemble the cases with

adult onset described in these reports. As with other
reported cases, specific abnormalities were not noted
in muscle histology, although prominent ringbinden
were an unusual feature in the muscle biopsy
specimens of our cases. Both cases were sporadic, and
their identification again suggests a distinct entity of
adult onset scapuloperoneal myopathy, separate from
facioscapulohumeral muscular dystrophy. It may be
anticipated that linkage studies with specific genetic
markers will help to resolve this controversy.

The authors thank David Mallott and Gordon Helps
for their technical assistance and Debra Jones for
assistance in the preparation of the manuscript.
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