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Welander's distal myopathy: clinical,
neurophysiological and muscle biopsy
observations in young and middle aged adults
with early symptoms

Kristian Borg, Gabrielle Ahlberg, Jorgen Borg, Lars Edstrom

Abstract
Nine young or middle aged patients with
early symptoms of Welander's distal
myopathy were subjected to a detailed
neurological examination including
quantitative sensory testing, determina-
tion of motor and sensory nerve conduc-
tion velocity (NCV), sensory nerve action
potentials, electromyography (EMG)
and muscle biopsy from the tibialis
anterior muscle (TA). Slight weakness of
the extensors ofthe fingers and hands was
found in all nine patients, and of the
dorsiflexors of the feet in seven. All
patients had a distal sensory disturbance
most prominent for temperature which
agrees with earlier observations. EMG
changes in TA and extensor digitorum
communis (EDC) muscles were of
myopathic type. Slight abnormalities
compatible with either myopathy or
early neuropathy were found in one
muscle biopsy. These findings indicate
that a neurogenic lesion affecting at least
the peripheral sensory system is present
at an early stage of Welander's distal
myopathy and that the neurogenic lesion
might precede the myopathic changes.
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In 1951 Welander' described a distal
myopathy in 249 cases from 72 pedigrees with
an autosomal dominant mode of inheritance.
Onset before the age of 30 was exceedingly
rare and an onset before the age of 40
was as uncommon. However, in the study by
Welander' three affected individuals had an

early onset of symptoms, at the ages of 20, 27
and 29, respectively.
The histopathological changes in affected

muscles were described by Welander' as being
typical of a primary myopathy and similar
to other muscular dystrophies. Data from
electromyographic'-5 and muscle fibre histo-
chemical and ultrastructural studies,'8 how-
ever, have suggested a neurogenic component
which might be primary, secondary or

parallel.
Sensory abnormalities were originally

described by Welanderl but were ascribed to
coincidental disorders and ageing. Recently, a

sensory nerve dysfunction in both myelinated
and unmyelinated nerve fibres89 and a loss of
small diameter myelinated nerve fibres in
the sural nerve8 have been described in
Welander's distal myopathy giving a further
support for a neurogenic component.

The aim of this study was to characterise
the early stage of Welander's distal myopathy
with reference to clinical, electrophysiological
and muscle biopsy findings and to clarify
whether the neurogenic component is an early
and primary, or late and possibly secondary
phenomenon.

Materials and methods
Nine patients, five women and four men,
23-47 years of age (median 31 years) were
selected from a group of 20 young or middle-
aged relatives of patients who clinically and
neurophysiologically fulfilled the criteria for a
hereditary distal myopathy as described by
Welander.' The selection was made on the
basis of abnormalities found on routine
neurological examination. The nine patients
were members of six families and in each of
these families there was at least one member
who was originally diagnosed by Welander.
A detailed neurological examination was

carried out. Sensibility screening was
performed with cotton wool, pinprick,
graphaesthesia, and warm and cold metallic
rollers of 40'C and 20°C, respectively.
Thermal thresholds and thresholds for

thermal pain were determined in the thenar
region of the hand and on the lateral aspect of
the foot according to Fruhstorfer et al 1976.'0
The warm and cold thresholds were defined as
the temperatures at which the patients per-
ceived warm and cold, respectively, and the
warm-cold difference limen as the difference
between those two values. The thermal pain
threshold was defined as the temperature at
which the stimulus was perceived as painful.

Vibration thresholds were determined over
the carpal, tibial and tarsal bones with an
electromagnetic vibrator using Goldberg and
Lindblom's method." An average was cal-
culated from at least three determinations at
each site and the threshold was defined as the
average of the amplitude at which vibration
was first perceived and the amplitude at which
the sensation disappeared on subsequent
stimulus reduction. Data from determinations
of thermal and vibratory thresholds were
compared with data from reference materials
of healthy, normal subjects.'01 Deviations of
more than + 2 SD were considered as ab-
normal.

Determination of sensory and motor nerve
conduction velocities (NCV) were performed
in peroneal, median and sural nerves using
standard techniques. Temperature corrected
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conduction velocity values were compared
with age matched control data.
Electromyography (EMG) was performed

in the tibialis anterior muscle (TA) and the
extensor digitorum communis (EDC) muscle.
Concentric needle electrodes (Medelec 22585)
were used for routine examinations and for
computerised analysis of interference pattern
and motor unit potentials according to
Stalberg et al,2 (using Intersoft programs TA
and MUP, version 3 1988).

Single fibre needle electrodes (Medelec
16829) were used to determine fibre density
and jitter using the method of Stalberg and
Trontelj. 13
EMG recordings were displayed either on a

Medelec oscilloscope (MS92B no 67127) con-
nected to a microcomputer (Victor VPCII
611112780 C) or on a Medelec oscilloscope
(MS6 no 4329) with simultaneous printout on
Kodak Linagraph Direct print paper for man-
ual measurement of motor unit potential
parameters. For the motor unit potential
analysis the sweep speed was 1 mm/ms using
both the computerised and manual method,
while the band width was 2 Hz-10 kHz or 1-6-
16 KHz, respectively, depending on different
equipment properties.

Muscle biopsy procedure
Biopsies were performed in the TA by the
percutaneous conchotome method originally
described by Radner'4 and slightly modified by
Lindholm."5
The biopsy material intended for histo-

chemistry and light microscopical mor-
phology was quickly frozen in Freon 13 kept
at its melting point (- 190°C) in liquid
nitrogen and kept in a refrigerator at - 75°C
until further processed. Sections of 10-15 ,um
were cut in a cryostat operating at - 25'C.
The biopsy sections were stained with
haematoxylin-eosin, modified trichrome accor-
ding to Engel and Cunningham,'6 myosin
adenosine triphosphatase (ATPase) according
to the original method of Padykula and Her-
man'7 and the modifications by Brooke and
Kaiser'8 and NADH-TR.19
The muscle fibre nomenclature was based

on the ATPase stainability according to
Brooke and Kaiser.'8 Thus fibres with a high
content of acid stable ATPase and low content
of alkali stable ATPase were termed "type I"
while fibres with the opposite staining pattern
were termed "type II". All fibres on a muscle
biopsy cross-section were classified and the
total number of fibres of each type estimated.
Cross-sectional areas of individual muscle
fibres from each biopsy were measured by
a semi-automatic technique applied on
black and white photomicrographs of muscle
cross-sections (MOP Videoplan, Kontron,
Munich). Muscle fibre data were compared
with data from normal controls presented
earlier.20 Deviations of more than + 2 SD
from those values were considered abnormal.

Results
Eight ofnine patients admitted some stiffness in

the fingers and clumsiness especially at cold
exposure. A common complaint was a difficulty
in using the opposed thumb and index finger
grip against resistance, for example, when
turning the key of a stiff lock. Two patients
complained of slight walking problems and one
was examined at the age of 16 and was already
then unable to walk on her heels.
The present clinical neurological examina-

tion revealed slight extensor weakness of the
hands and fingers in all patients. Seven of the
patients had moderate dorsiflexor weakness of
the feet and had difficulty in walking on their
heels. No proximal weakness and no obvious
muscle atrophy were found in any of the
patients. One patient had bilateral absence of
the achilles tendon reflexes. The other tendon
reflexes in this patient and all tendon reflexes in
the other eight patients were normal.
For results of the sensibility screening and

quantitative sensory testing see fig 1. All
patients had hypoaesthesia for thermal sen-
sibility distally in the lower extremities on
screening. In addition, three of the patients had
impaired sensibility for touch and six had
impaired sensibility for pain (one had hyper-
algesia) in the feet. Sensibility impairment for
temperature in the hands was found in seven
patients, for touch in three patients and for pain
in these three and another two. Graphaesthesia
was normal in all patients.

Six of the patients had abnormal thermal
thresholds in the feet. Four of these patients
had abnormal thresholds in the hands as well.
Four patients had a paradoxical warm sensa-
tion on cold stimulation ofthe feet (fig 2). Three
patients had abnormal thermal pain thresholds
in both the hands and feet.

All patients had normal vibratory thresholds
over the carpal and tarsal bones but three had
abnormal thresholds over the tibial bone.

Sensory and motorNCV were within normal
range as were the sensory nerve action potential
amplitudes of the median, peroneal and sural
nerves.

All patients were subjected to routine EMG
analysis. EMG recordings in the TA and EDC
included quantitative EMG in seven patients.
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Figure 1 Results of the sensibility screening and
quantitative sensory testing (Temp quant = thermal and
thermal pain thresholds and Vibr quant = vibratory
thresholds) of the extremities in the nine patients with
Welander's distal myopathy.
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Figure 2 Records of
warm, cold, cold pain
(CP) and heat pain
(HP) thresholds from the
feet of a patient with
Welander's distal
myopathy (1). In the
right foot all thresholds
were normal. In the left
foot, the warm threshold
was increased; the patient
felt warmth instead of cold
(paradoxical sensation)
and exhibited hyperalgesia
on cold stimulation.
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There was no pathologica
activity. A complete interferen
achieved at maximal voluntar
muscles. Automatic analysis of t
ference pattern" was abnormal a
defined criteria (two or more dat
limits) in 2/14 investigated mu
and 7 in the table). In the other
data were within normal limits.
Motor unit potentials (MUPs

manually in 3/7 patients (1-3)
ised in all seven patients. At boti
or more motor units were an
muscle. Computerised data are
the table.
MUP amplitudes were withir

at manual and computerised an
TA motor units the amplitudes N

85%, 1-2 mV in 12% and 2-
Corresponding figures from 18
units were 93%, 5% and 3%.
MUP durations were ordina:

manual analysis the mean val
10 5 ms in three TA muscles, u
below -2 SD when compare(
ponding data from healthy subji
puterised analysis the mean val
13-57 ms in TA and 7A49-10 '
shown in the table. These dat

Mean values for motor unit potential amplitude and duration at compu
of 20 or more motor unit potentials (MUPs) of TA and EDC in seven
with Welander's distal myopathy. Mean values ofMUP duration fron
shown in parenthesis. The patient numbers correspond to those offig 1
m = male). Patients 4 and 9 in fig 1 are not included in the quantitativi

MUP amplitude (m V) MUP duration (m

Patients TA EDC TA

1 (f) 0-37 0-82 8-18 (13-1)
2 (f) 0-35 0-64 8-81 (13-1)
3 (f) 049 033 8-39 (13-1)
4 (i) 0-92 0-76 10-72 (12-7)
6 (i) 0-71 0-36 10-29 (13-8)
7 (i) 0-61 0-47 7 49 (13 8)
8 (f) 070 0-50 13-57 (140)

Left foot more than 2 SD below the published normal
ST 290 values2' in the TA of four patients (1, 2, 3, and

7) and in two of these patients (3 and 7) also in
HP 440 EDC. However, statistical analysis of the com-

puterised data was not possible since normal
values are so far lacking.
MUP polyphasia was prominent in four

patients (1, 2, 3, and 7). Two of these (3 and 7)
0 were also abnormal using the automatic

analysis of interference pattern described
earlier. Manual measurement showed abnor-
mal polyphasia with four or more base line

0 crossings2' in 20-50% of the motor units of
three TAs. Computerised analysis showed two
or more highly polyphasic potentials (five or
more base line crossings) in the TA in all four

-20 patients and in EDC in one of them (2).Warm,pain 20° Fibre density was within normal limits (+ 2

SD) in TA and EDC of all patients investi-
gated. Abnormal jitter or blockings were not
observed. 13

Based upon the data presented, EMG was
considered abnormal in the four patients (1, 2,
3, and 7) with MUPs exhibiting low amplitude,
short duration and polyphasia in TA. Accord-
ing to conventional criteria these changes were
of "myopathic" type. Similar but less pro-il spontaneous nounced changes were seen in the other

Ice pattern was patients
-y effort in all The TA muscle biopsies from eight patients
he EMG inter- did not show any morphological abnormalities.iccording to the There was a normal range of fibre cross-ta outside given sectional areas and no atrophic fibres were
scles (patient 1 found. In the last patient (7) there was a small12/14 muscles number ofatrophic, angulated fibres some with

rimmed vacuoles but there were no structural
) were analysed abnormalities in the normal sized fibres (fig 3).
and computer- Muscle fibre differentiation was present in all
aprocedures 20 biopsies and permitted an identification of type
alysedu

n each I and II muscle fibres according to conventionalsummarised in criteria of stainability for ATPase. The type I
muscle fibre percentage was within the normal

nthealow range range as compared with data from healthyalysis. For 202 idvdas2
were < 1 mV in individualS.20
-3 mV in 3%.
38 EDC motor Discussion

Our young or middle aged patients were
ry or short At members of families in which Welander's distal
lues were 9a myopathy occurs with an autosomal dominant
dhichwasrateor inheritance. All patients had slight clinicaldi with corres- patient
ects21 At com signs including weakness of extensors of theuecs were 749 fingers and hands and in most cases also of the
u2es wereDC749 dorsiflexors ofthe feet. These findings conform92inEDC as with the typical clinical picture described by:a (table) were Welander.' Thus it is obvious that these

patients had early symptoms of Welander's
terised analysis distal myopathy, that the disease might have an
!of the patients early onset and that a sensory dysfunction
n Ludin2' aren L=female, seems to be an early sign of the disorder. There
e EMG study is a prerequisite for a significant patient delay

because of the mild symptoms and slow pro-
is) gression rate of symptoms.

EDC Impaired sensibility, most pronounced for
thermal stimulation, and a corresponding loss

9-43 (9-8) of small diameter myelinated nerve fibres in the
7-61 (9-8) sural nerve was recently found in typical cases
8930 (1905) of long standing Welander's distal myopathy.89
749 (10i3) The sensory dysfunction observed in all our9-58 (10-5) patients agrees with this finding and strongly
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Figure 3
Photomicrographs of a TA
muscle biopsy from patient
7. Cryostat cross-sections
are stainedfor Htx-eosin
(a and d), myosin
A TPase after acid
preincubation at pH 4-6
(b) and NADH-TR (c).
Fig a-c are serial sections
and a cross facilitates the
comparison. In d is shown
an enlargement of a detail
from a. A bar in all
sections indicate 50 sm.
Note the scattered
atrophic, elongated fibres,
some of which are strongly
stainedfor NADH- TR.
Arrows in a and d indicate
rimmed vacuoles. Fibres of
type I, IIA and IIB are
observed in b and there is
no convincing type
grouping but rather a type
Ifibre dominance.
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suggests that this is a typical early phenomenon
in Welander's distal myopathy. Three of the
patients had normal thermal thresholds on

quantitative sensory testing although their
thermal sensibility was abnormal on screening.
This phenomenon was recognised in our pre-
vious study9 and is most probably explained by
hypoaesthesia confined to the suprathreshold
range as suggested by Lindblom and Ochoa.22
To characterise and quantitate early EMG

changes in Welander's disease the conventional
EMG was combined with computerised meth-
ods for interference pattern analysis and motor
unit potential analysis. The interference pat-
tern analysis showed statistically significant
"myopathic" pattern in two examined muscles
but no muscles with a "neurogenic" pattern.
Motor unit fibre density was normal in all
muscles. Motor unit potential durations were

short when compared with published normal
values.2" There was an increased incidence of
polyphasic potentials at both manual2' and
computerised analysis. It is concluded that
when EMG changes occur in cases with early
symptoms of Welander's disease they are of
"myopathic" type. These changes are then
compatible with a primary myopathic process
but might also be compatible with terminal
axonal twig neuropathy in combination with
reduced reinnervation capacity. The lack of
spontaneous activity in resting muscle, how-
ever, favours a myopathy.

In previous histopathological studies of
TA muscle in patients with long-standing
Welander's distal myopathy, extensive light
microscopical and ultrastructural changes were
found.'8 A loss of muscle fibre differentiation
was typical in advanced cases.6 In our early
cases of Welander's distal myopathy no mor-

*26j

V-'at4

phological muscle fibre abnormalities were
found in eight of nine cases. When considering
the lack of significant histopathological changes
in spite of electromyographic abnormalities in
the corresponding patients it should be remem-
bered that the muscle biopsy represents a

smaller sampling area than the EMG which
picks up signals from different needle positions.
Another explanation for this finding could be
that the muscle disorder primarily affects the
muscle fibre membrane and not the contractile
apparatus. Yet another explanation is the pos-
sibility ofa terminal twig neuropathy suggested
by Stalberg and Ekstedt.4
The sensory dysfunction and the previously

reported loss of small diameter myelinated
nerve fibres in the sural nerve in patients with
Welander's distal myopathy"9 conclusively
demonstrates that a peripheral nerve lesion
precedes or coincides with the muscle affection.
Thus the mutant gene might be expressed as an

abnormality both in nerve and muscle tissue.
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