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Motor unit size in muscular dystrophy, a macro EMG
and scanning EMG study
PER HILTON-BROWN, ERIK STALBERG

From the Department of Clinical Neurophysiology, University Hospital, Uppsala, Sweden

SUMMARY Patients with muscular dystrophy were investigated with Macro EMG to study activity
from whole individual motor units, and with Scanning EMG to study the distribution of activity
within the motor unit. Macro motor unit potentials were normal or only slightly reduced in
amplitude. In Scanning EMG the units had unchanged mean length compared with normal, but
an uneven distribution of the activity. This was also seen in severely weak muscles. The findings
are interpreted to be the result of degenerative and regenerative processes, giving rise to remod-
elling of the motor unit.

The local fibre density (FD) measured with single
fibre electromyography (SFEMG) is increased in
muscular dystrophies.'-3 An increased FD is com-
monly seen in neurogenic disorders where it is inter-
preted as a sign of reinnervation, giving dense motor
units with increased number of fibres.4 In these cases
the concentric needle EMG (CNEMG) also indi-
cates an increase in number of muscle fibres in the
motor unit within the pick-up area of the electrode.
In muscular dystrophies, however, CNEMG does
not indicate dense motor units. Instead the typical
findings of reduced duration and amplitude of the
motor unit potentials are considered to reflect smal-
ler than normal motor units.5 Thus in muscular dys-
trophies the two techniques give apparently con-
tradictory findings. This may be due to the differ-
ence in pick up area of the two electrodes, although
the concentric electrode is also relatively selective,
recording from only a small part of the entire motor
unit.6 In order to estimate whether the dystrophic
motor unit is small, as suggested by CNEMG or
large as might be concluded from the SFEMG
recordings, information about the whole motor unit
should be of value. Techniques have recently been
developed that provide such information. With
Macro EMG, a less selective recording of the elec-
trical activity from the whole motor unit is
obtained.' In this method the activity in a voluntarily
activated motor unit is recorded from the large bare
terminal portion of an intramuscular electrode. With
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Scanning EMG the spatial and temporal distribution
of the motor unit can be studied.8 The aim of this
study was to investigate fibre density and the total
size of motor units in muscular dystrophy by means
of Macro EMG and Scanning EMG.

Patients

Seven patients with limb girdle (LG) and 11 with facio-
scapulo-humeral (FSH) muscular dystrophy were studied.
The patients had participated in our earlier studies. For
diagnoses and clinical evaluation see reference 3. The
patients were graded for general disability (grade 0 = pre-
clinical, 10 = confined to bed), for rate of progression
during the last two years, and for strength (grade 0 =

paralysis, 7 = full strength) and atrophy in brachial biceps
and tibial anterior muscles (see fig 2, ref 3 where the same
patient numbers are used as here).

Methods

Macro EMG
The Macro EMG electrode is a modified SFEMG elec-
trode which is insulated to within 15 mm of the tip. A
single fibre electrode surface is exposed in a side-port in
the middle of the bare part. A two channel recording is
made. On one channel the Macro EMG is recorded bet-
ween the bare cannula and a remotely placed subcutaneous
reference electrode. Filter settings of the amplifier are 8 Hz
and 8KHz. On the second channel a SFEMG recording is
made from the SFEMG surface with the cannula acting as
reference. The electrode is introduced perpendicularly to
the expected direction of the muscle fibres, 20-30 mm
away from the supposed end-plate area. The whole uninsu-
lated part of the electrode must be within the muscle. The
needle is positioned to obtain steady single fibre activity.
The single fibre action potential is used to trigger the aver-
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Motor unit size in muscular dystrophy, a macro EMG and scanning EMG study

ager and the oscilloscope sweep. The number of spike
components in the triggering SFEMG recording is used to
calculate FD. In order to include also activity preceding the
triggering moment, the Macro signal is delayed 40 ms and
fed to a computer, in which 80 ms (40 ms before and after
the triggering) of the sweep is averaged in two alternating
buffers. The averaging is accepted when the point-to-point
difference in the two buffers is less than a preset value
which is typically reached after 20-200 epochs of averag-
ing. The obtained signal is called the Macro motor unit
potential, Macro MUP. In the analysis of the Macro MUP
the initial and terminal 10 ms are used to define the base-
line. The peak to peak amplitude and the area under the
signal during the remaining 60 ms is calculated.

Activity from motor units that may have a tendency to
discharge synchronously with the studied motor unit may
disturb the recording. In contrast to the rigid time locking
between components in the same motor unit (jitter less
than 0-1 ms) there is a large variation in the locking bet-
ween action potentials from different motor units also
when they tend to fire together. The term semisynchronous
is used to denote this phenomenon. As a control of the
semisynchronous activity the following procedure is used.
In a separate memory the rectified Macro signal is aver-
aged. When the data collection is finished the averaged
original signal is rectified and subtracted from the resulting
average of the rectified signal. A deflection in the remain-
ing signal will indicate semisynchronous activity and the
off-set the amount of background activity. Recordings
indicating semisynchronous activity were not accepted. For
further technical details of Macro EMG see separate
report.7

With varying transverse recording positions at the same
end-plate distance the amplitude of the Macro MUP may
differ but the shape characteristics are usually preserved in
normal muscles. Thus it can usually be recognised if two
recordings are made from the same motor unit. In a com-
plete study at least 20 different potentials are obtained.
Macro MUP amplitude and area vary with age and show

a skew distribution in the normal material. To obtain com-
parable values from patients of different ages relative amp-
litude and area values for individual Macro MUPs were
calculated and used in statistical analysis. (= measured
value/normal median for age). To obtain a normal distribu-
tion of data for statistical calculations the logarithm of the
relative values were used.
A study was considered abnormal if either more than

one Macro Motor Unit Potential (MUP) was below or
above the normal limits, or if the median value in the study
was outside its normal limits.79
A computer pattern recognition programme based on

the same normal material as used here, has been pre-
sented.'0 Its primary aim is to detect Macro MUPs with
abnormal characteristics in addition to amplitude and area.
The programme is at present used for analysis of Macro
MUPs with amplitudes exceeding 150 ,uV, in the brachial
biceps muscle in subjects of more than 40 years of age.
Potentials recorded in dystrophic patients were analysed
with this programme to test whether Macro MUPs with
normal amplitudes were abnormal.
Macro EMG studies were performed in the brachial

biceps and tibial anterior muscles. These muscles were

chosen because they represent proximal and distal muscles,
they have comparatively parallel fibre arrangements and
their bulk is well suited for Macro ENIG.
The fibre density (FD) was calculated from the number of
components in the triggering SFEMG recording according
to standard criteria." The fibre density is expressed as rela-
tive fibre density RFD = measured FD/mean FD for age.

Scanning EMG
So called Scanning EMG was performed according to an
earlier described method.8 A single fibre electrode was
positioned in the voluntarily activated muscle and activity
from a single muscle fibre was used as trigger signal. A
concentric EMG needle was introduced perpendicularly to
the fibre direction 1-3 cm from the single fibre needle and
positioned so that maximal motor unit activity synchronous
to the triggering fibre (that is, belonging to the same motor
unit) was obtained. The concentric electrode was then
pushed slightly deeper into the muscle, until the motor unit
no longer was recorded. A step-motor with 50 micron
steps was connected. The signals from the concentric EMG
needle were delayed, A/D-converted and stored in a com-
puter. The step motor was controlled by the computer, and
it pulled the needle one step per sweep. The consecutive
signals were plotted. The motor unit activity and its dis-
tribution along the retraction path of the needle in the
muscle was thus depicted. A profile of the peak-to-peak
amplitude and area of the unit along the retraction path
was plotted by the computer. The length through which
unit activity with an amplitude exceeding 50 ,uV was meas-
ured. The number of subdivisions in this length, separated
by amplitudes less than 50 ,uV, "silent areas", were
counted. With the cannula inside the studied motor unit
and with the tip outside a signal with reversed polarity was
seen compared with that obtained from the tip in an active
area. This signal, "the trough" has a constant amplitude
during the electrode withdrawal until the tip is close to
active fibres. The trough was not included in the measure-
ments of the signal.

Results

Fibre density in the brachial biceps and the tibial
anterior muscle were significantly increased com-
pared with normal (table 1).
The Macro MUP amplitude was abnormally low in
15, normal in 16 and abnormally high in four of the
35 muscles studied (figs 1, 2, 3 and table 1). As seen
in fig 2 most Macro MUPs had amplitudes within the
normal range. The pooled Macro MUPs from all the
patients showed a slight but significant decrease in
amplitudes compared with normals. This was
slightly more pronounced in the FSH group than in
LG, and slightly more so in tibialis anterior than in
biceps muscles (p < 0.01). The mean Macro MUP
area was not significantly different from normal
except in tibialis anterior in the FSH group where it
was decreased.
The recordings were usually easily obtained even
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Table 1 Summary ofMacro EMG data

No RFD FD no of MUP Change Change Macro MUP area-ampl No of No of
pat pathol median from from Macro Macro

invest ampl normal normal Ratio Correlation Ratio invest invest
(,uV) in mean in mean (r) in MUPs pathol pathol

Macro Macro with decreased increased
MUP MUP ampl
ampl area >150 AV(%o) (%o)

Biceps brachii.
Normal 35 1-000 0 102 0 0 3-4 0-84 3-0 0 0
LG 7 1-540t 7 94 -14-4* + 5*6§ 4-2 0-81 2-4 3 1
FSH 10 1-265t 6 86 -18-1* + 2-9§ 3-9 0-78 2-5 4 1
LG + FSH 17 1-378* 13 89 -16-6* + 4-0§ 4-0 079 2-5 7 2

Tibialis anterior
Normal 35 1-000 0 172 0 0 3-8 0-89 3-6 0 0
LG 7 1-441t 5 155 -10-1t + 16-9§ 4-6 0-81 2-8 2 0
FSH 11 1-246t 5 118 -31-8* - 8-3* 5-4 0-83 3-4 6 2
LG + FSH 18 1-322* 10 132 -23-0* + 2-0t 5-1 0-83 3-2 8 2

In t test when compared to normal, *p<0-001, tp<0*01, 1:p<0O05, §not significant

Fig 1 22 Macro MUPs recordedfrom different positions in biceps brachii in a normal control

(A), and in patients with LG (B) and FSH (C) dystrophy.

in severely weakened muscles. The dystrophic
patients, even at slight activation often recruit sev-

eral motor units which fire at high innervation rates.
Consequently there was often more "background
activity" with an excess of high frequency compo-
nents than is usually seen in normal subjects. To
minimise the background activity, most recordings,
as in the normal material7'9 were made at low activ-
ity. With increasing activity larger MUPs seemed to
be recruited, but this was not systematically studied.
Some potentials were small, corresponding to dou-
ble the noise level. Records, with no detectable
Macro MUPs were only seen when a fibrillation
potential was used as trigger signal. (These record-

ings were not included in the statistics). There was a

tendency for the units to contain more peaks than in
normals.

In two studies a separate single fibre electrode was
used to obtain a constant triggering signal. The
Macro EMG electrode was positioned adjacent in
the direction of the long axis of the muscles but with
a lateral displacement from the SFEMG needle of 0,
5, 10, 15 and 20 mm in both directions. 10 MUPs
were studied in this way. There was a uniform
increase and decline of Macro MUP amplitude and
area with the lateral displacement but some units
varied more in shape than was seen in normals (fig
4).
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Fig 2 Amplitudes of individual Macro MUPs for the LG (L) and FSH (F) patients in
biceps and tibialis anterior muscles. Values are given as the logarithm of the ratio of the

recorded amplitudelnormal median for age .... indicates upper and lower normal limits for
age, for individual Macro MUPs. The material is sorted with decreasing general disability
score. Patient numbers are the same as in ref3. Some patients did not participate in both
studies, therefore some numbers are missing.

In two patients the effect of interference from
other units on the Macro MUP was studied. The
same Macro MUPs were recorded during minimal
contraction when the Macro unit was visible without
averaging and during more forceful contraction,
when it was hidden in the background activity. The
units could increase in amplitude and area, due
mainly to an increased late positive phase. There
was usually a computer indication of semisynchron-
ous activity, which resulted in rejection of the
recording. When there was no such indication, the
Macro MUPs showed little or no increase (up to
15% amplitude increase), even when the back-
ground activity was clearly higher than that which
occurred in the main investigation (fig 5).

The patients were also instructed to produce a

slight voluntary tremor in the studied muscle. This
was detected by the computer before any increase in
the MUP was noted.
The computer pattern recognition programme

was tried on the MUPs from the six patients who fell
within the required age limit. Of the 52 MUPs with
amplitudes above 150 ,uV, 46% were classified as

abnormal. Of the total 136 recorded MUPs in these
patients 2-2% were outside the amplitude limits.

In biceps RFD and mean of the relative Macro
MUP amplitude showed a positive correlation r =

0.71 (p < 0.004). In tibialis anterior there was a

positive correlation between strength and mean of
the relative Macro amplitude r = 0-55 (p < 0.01).
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Fig 3 Histogram ofMUP amplitude (A and B) and area (C and D). The values are given as
logarithm ofthe ratio ofrecorded value,lnormal median for age. Normal material indicated
with full lines, pooled dystrophy material as columns.
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Fig 4 Repeated Macro recordings in a FSH dystrophy
from one motor unit at varying lateral displacement. In this
biceps brachii recording there is a greater variation in the
unit configuration and latency than is seen in normals,
whereas the tibialis anterior recording has a normal
variation.

IJ200,uV
lms

There was no other significant correlation between
Macro amplitude or RFD and the clinical par-
ameters, of age, duration of the disease, serum

creatineinase, grading for total disability, progres-
sion, strength or atrophy.
Scanning EMG was performed in five patients with
LG and in two with FSH dystrophy. The investiga-

tion was performed in the tibial anterior and
brachial biceps and tibiali anterior muscles in the
were moderately to severely weak. Scanning EMG
was also performed in four healthy controls. For
results see table 2, figs 6 and 7. The territory size has
been reported in a separate study.3 There was no

significant difference between dystrophic and nor-
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1001Motor unit size in muscular dystrophy, a macro EMG and scanning EMG study

2

Fig 5 Macro MUPs recorded (1) at minimal activation (2)
at more forceful activation A: Increase in amplitude. Note
increase in late positive peak. There was a clear indication
by the computer ofsemisynchronous activity in this
recording. B: No change in amplitude.

2

2 p50uV

10ms
A4

Fig 6 Scanning EMG in tibialis anterior. A. normal muscle, B. FSH dystrophy. The peak-to-peak amplitude
in each sweep is measured and indicated to the right of the scans (A2, B2). Note that the total size ofthe
territory is in this example slightly longer in the dystrophic muscle, where the unit activity is divided by silent
areas.
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Fig 7 Examples ofamplitude profiles of
Scanning EMG in biceps brachii and
tibialis anterior muscles from normals and
from patients with LG or FSH

LG dystrophies.
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Table 2 Summary ofScanning EMG data

No of Mean total No of silent
scans length areas meanlscan

Biceps brachii
Normal 13 6-02 + 3-91 0-5
LG 2 8-86 + 7-78 1-5
FSH 3 7-21 + 1-29 0-7
LG + FSH 5 7-87 + 2-28 1.0

Tibialis anterior
Normal 11 7-87 + 1-30 0-2
LG 22 8-38 + 3-45 1-0
FSH 11 7-52 - 2-28 1-5
LG + FSH 33 8-09 t 3-10 1-2

mal muscles. The maximal recorded length was

about 15 mm in both muscles in the patient group.
This is similar to the findings in normals.

In the dystrophic muscles the motor unit activity
seemed to change more dramatically compared with
normals, with abrupt changes in amplitude and
duration of the unit. Within a unit, the appearance
of the activity could vary considerably from being
simple to highly complex and polyphasic and also
from short to long duration. The units were

significantly more often fragmented into groups
which were separated by silent areas.

A muscle biopsy had been performed in 16 of the
patients (although some years previous to this study
in some patients). The LG patients had all clearly
abnormal biopsies with increased fibre diameter var-

iation, often fibre splitting, but no type grouping.
There was no apparent decrease in number of fibres
per unit area where this could be appreciated. There
was an increased amount of connective tissue and
fat. The FSH patients biopsies showed similar but
often less pronounced changes. The early cases and
the clinically less involved muscles showed only
slight abnormalities with some variability of the fibre
diameter.3

Discussion

The fibre density was significantly increased in the

brachial biceps and tibialis anterior muscles in the
patients with muscular dystrophy. This increase has

been discussed in a previous paper.3 The main

reasons seem to be a locally increased number of
muscle fibres due to processes such as fibre splitting,
innervation of sequestered fibres, generation of new
muscle fibres from satellite cells and ephaptic trans-
mission between fibres.

LG
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Motor unit size in muscular dystrophy, a macro EMG and scanning EMG study
Macro EMG was used to study the total activity in

the motor unit.9 Simulation studies'2 indicate that
there is a linear correlation between fibre size as well
as number of fibres in the unit and the resulting
Macro MUP amplitude and area. The 50% of the
fibres most adjacent to the recording electrode con-
tribute 70% of the Macro signal.
One might expect the Macro MUPs to be small in

muscular dystrophies but this was not the case in the
present study. Most Macro MUPs were normal or
only slightly reduced in amplitude (although the dif-
ference from normal values was significant for the
pooled material), even in severely weak muscles.
This was in spite of other electrophysiological and
morphological abnormalities such as an increase in
FD and abnormal Macro MUP shape in 50% of the
recordings as detected by the pattern recognition
technique, and also abnormal muscle biopsies indi-
cating that the motor unit was involved by the dis-
ease.
May technical factors make the amplitudes

erroneously high? The possibility of summation of
activity from other units was tested in two ways.
When recording the same motor unit during mini-
mal and during forceful contraction (more than
normally used in the main study) an amplitude
increase could be obtained. At this moment the
computer analysis usually indicated semisynchron-
ous activity, and such recordings were not included
in the material. When an increasing tremor was
introduced on purpose, the semisynchronous activ-
ity of motor units was clearly revealed by the
computer before any change in the Macro MUP
occurred. In the actual patient recordings, no semi-
synchronous activity was accepted. A complete syn-
chronicity between motor units cannot be detected
with this technique but there is no evidence for such
a phenomenon in muscular dystrophies. We there-
fore believe that the Macro MUPs reflect mainly
undisturbed individual motor units.

Since technical factors cannot explain the rela-
tively high Macro MUPs other mechanisms must be
considered. The typical morphological findings in
dystrophic muscles is increased fibre diameter varia-
tion and decreased mean fibre diameter.'3 In compu-
ter simulation the effect of pure atrophy on Macro
MUP has been studied.'2 With a decrease in average
fibre diameter from 55 um to 43,um and normal or
increased diameter variation the Macro MUP amp-
litude was reduced by up to 24%. When the atrophy
was accompanied by a corresponding general shrin-
kage of the motor unit territory the Macro MUP was
only slightly reduced compared with values obtained
with normal motor unit parameters. This is due to a
reduced average distance between the electrode and
the fibres. The model is in agreement with findings

of slightly reduced Macro MUPs in disuse atrophy
with a normal number but atrophic muscle fibres
and reduced muscle volume (unpublished observa-
tion). In Scanning EMG there was no significant dif-
ference in motor unit cross section in muscular dys-
trophies, even in atrophic muscles, compared with
normal. Thus there was no evidence of pronounced
motor unit shrinkage. In summary the effect of atro-
phy on the Macro MUP may theoretically be coun-
teracted by shrinkage and there are no indications
that the amplitude will be increased above normal.
Another factor of importance for the size of the

Macro MUP is the temporal dispersion of the single
fibre action potentials within the motor unit. An
increased synchronicity of action potentials should
increase the Macro MUP, but such a situation is
unlikely to occur. A desynchronization on the other
hand of the action potentials in the motor unit in
muscular dystrophies is more likely. This is sup-
ported by the observations of: increased variability
of fibre diameter typically seen in muscular dys-
trophies,'3 a greatly increased end-plate scatter in
Duchenne dystrophy,'4 an increased variability in
propagation velocity among dystrophic muscle
fibres2 and an increased mean duration of spike
components in SFEMG recordings.3 Increased time
dispersion should lead to a reduction in MUP amp-
litude and to a lesser extent in area, according to the
simulation studies.'2 An increased area/amplitude
ratio was actually found in the present recordings,
particularly for low amplitude Macro MUPs. How-
ever the increased baseline noise contribute to the
area parameter and the significance of the changed
ratio is therefore uncertain.
A changed recruitment order or selective loss of

motor units should influence the Macro EMG
results. In normal subjects larger Macro MUPs are
recruited with increasing muscle strength (unpub-
lished data). Since the Macro measurements are
usually obtained at a low degree of activation, a dis-
turbed recruitment pattern could result in the sampl-
ing of larger motor units. There are no indications of
an altered recruitment order in muscular dys-
trophies compared with normal. A selective loss of
small motor units could also result in increased
average amplitude of the Macro MUPs. There are
no morphological findings indicating loss of motor
neurons,'5 although there are reports of altered
motor neuron function seen as slowing of nerve
conduction in the muscular dystrophies."6 Con-
tradicting results have been reported.'7 McComas
found a decreased number of functional motor units
but a normal mean motor unit amplitude in dys-
trophies.'8 Others have not found reduced number
of functional motor units.'7 19

Altered volume conduction in muscular dys-
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trophies could be of importance for the Macro
MUPs. The decline of the single fibre action poten-
tial over short distances (up to 455 ,um) was the
same in dystrophies as in normals.3 Altered volume
conduction over longer distances may still be pres-

ent. A morphological hallmark of muscular dys-
trophies is the increased amount of connective tissue
and fat and an increasing separation of stroma and
parenchyma.20 It can be inferred that connective tis-
sue and fat have higher resistance values than mus-

cle2' and volume conduction will probably decrease
across bands of stroma. When a CNEMG recording
is performed just outside the muscle fascia, it can be
seen that the fibrous tissue causes low pass filtering
of the EMG signal, and this is probably also true for
intramuscular connective tissue. This is possibly the
cause for the increased fragmentation of motor units
seen in Scanning EMG. The Macro EMG mainly
records low-frequency components which are not
much affected by these changes in volume conduc-
tion. It is however likely that the relative importance
of the closest fibres compared to the distant is more
pronounced than in normal muscle.
The factors so far discussed do not seem to

increase falsely the Macro MUP amplitudes in mus-
cular dystrophies. Therefore the normal or only
slightly reduced Macro MUPs may indicate that
there is no major loss of electrical generators, that is,
muscle fibres or fibre segments in the dystrophic
motor units compared with normal muscle. The
amplitude may be the resultant effect of fibre loss,
atrophy, increased time dispersion counteracted by
shrinkage, formation of new muscle fibres and
ephaptic transmission between fibres.
The FD measurements indicates an increase in

fibres per motor unit by a factor 2-4 in biceps and
1.9 in tibialis anterior when homogeneous fibre dis-
persion is assumed, calculated according to the
description by Gath and Stalberg22 while the Macro
amplitudes are decreased to 0-90 and 0.80 of the
normal respectively. This discrepancy is considered
to indicate a heterogeneous fibre distribution within
the motor unit.

Scanning EMG showed no significant reduction in
the diameter (cord)3 of the motor unit territory in
these patients compared with normals. This is in
agreement with findings of Buchthal et al in a study
of the size of the motor unit territory with a multi
electrode technique in muscular dystrophies.23 But
the Scanning EMG topography was different in
muscular dystrophies. The motor unit showed areas

of activity, with abruptly changing configuration and
amplitudes sometimes with silent portions. Fibre
branching alone cannot give this picture. A variation
in conduction velocity would give a large variation in
latencies but no silent portions. The silent portions

Hilton-Brown, St1berg
could either be due to loss of fibres in the motor unit
or to fibrosis. The latter is not always the reason
since activity from other motor units was sometimes
recorded in the "silent areas" seen in some of the
motor units.
The Scanning EMG thus seems to support the

hypothesis of a clustering of muscle fibres within the
dystrophic motor unit with local grouping mixed
with silent areas. The heterogeneous fibre distribu-
tion also causes slightly more variation in MUP
shape when recording from different areas within
the same motar unit than seen in normal muscles.
These findings are in agreement with our earlier

reported findings in single fibre EMG in muscular
dystrophies, where a myogenic process such as mus-
cle fibre branching is indicated by abnormally low
jitter and a neurogenic process is seen as increased
jitter and blockings.3 These processes could partici-
pate in the cycles of fibre degeneration and regener-
ation20 that probably bring about the remodelling of
the motor units.
How can the characteristic changes in CNEMG be

explained if the Macro EMG indicates a near nor-
mal number of fibres and single fibre EMG indicates
a local increase in fibre density? It seems that
changed volume conduction properties may alter the
CNEMG recording more than the SFEMG or
Macro recordings. Distant fibres, for example, in
neighbouring fascicles that normally contribute to
the CNEMG MUP with spiky components may be
sealed off. Therefore the main component of the
MUP represents only the closest fibres. Owing to
small grouping polyphasic MUPs will be seen with
reduced contribution from distant fibres due to the
filtering effects. The SFEMG recording has a small
uptake area over which no volume conduction
changes can be detected.3 Macro EMG on the other
hand records low frequency components'2 less
influenced by fibrosis. Furthermore the electrode is
passing physically through many fascicular bound-
aries reaching into different fascicles.
The discrepancy between normal Macro MUPs

and reduced muscle strength needs some comments.
This finding could either be due to fibre atrophy and
general shrinkage which could give relatively normal
Macro MUPs or be due to abnormal mechanical
properties in the regenerating structures or a prim-
ary defect in contractile properties in myopathic
fibres. This last possibility is supported in the
patients by the presence of weakness, without atro-
phy and normal Macro MUP amplitudes. A
hypothetical involvement of the muscle spindles in
muscular dystrophies could affect muscle perfor-
mance. This needs to be studied.

It was noted that the largest Macro MUPs were
found in young patients with FSH. This could indi-
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cate an early compensatory hypertrophy in muscular
dystrophies, detectable in Macro EMG. Such a
mechanism is also reported in the literature.'3 The
dynamic changes in the dystrophic motor unit need
longitudinal studies over time in the same patient.

This investigation was supported by the Swedish
Medical Research Council, Grant 135.
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