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Motor unit potential abnormalities in multiple sclerosis:
further evidence for a peripheral nervous system defect
ANDREW I WEIR, STIG HANSEN, AND JOHN P BALLANTYNE
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SUMMARY We have recently reported abnormalities of single fibre EMG in patients with multiple
sclerosis. The present study applies quantitative electrophysiological techniques to the same group
of patients. The number of motor units in the extensor digitorum brevis muscle was measured and
their characteristics recorded. Also the shortest distal motor latency and fastest motor conduction
velocities were estimated. Abnormalities suggesting a patchy denervating/reinnervating process due
to pathology in the intramuscular nerve network or at the endplate were found in a number of
patients. There was a good correlation between patients with abnormal motor unit potentials and
those with abnormal single fibre EMG "jitter."

The traditional concept that mutiple sclerosis
is a disease confined to the central nervous sys-
tem (CNS) has been challenged on pathological'
and electrophysiological grounds.2 3 We have
recently reported results of a single fibre electro-
myographic study of patients with this disease
showing significant abnormalities in the per-
ipheral nervous system (PNS).4 The present study
of the same group of patients involves estima-
tion of the motor unit numbers and motor unit
potential parameters as a further sensitive test
of peripheral nerve and muscle function.
The infrequent reports of neuropathological

investigations of the PNS in multiple sclerosis
have already been re-iewed.4 In summary there
were three main postmortem findings:
(a) no abnormality,5
(b) significant distal demyelination in the per-

ipheral nerves of emaciated patients thought
to be due to a nutritional neuropathy,6

(c) hypertrophic neuropathy in a few single
case reports,7-9 and a review of four cases
where the neuropathy predominated proxim-
ally in the spinal roots.'0

In addition, Pollock et all have undertaken sural
nerve biopsies in patients with undoubted multi-
ple sclerosis but with minimal disability and have
shown a significant percentage of patients with
abnormal internodes characterised by reduced
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myelin thickness due to a loss of myelin lamellae
without change in the axonal cross-sectional area.

Electrophysiological studies of peripheral nerve
conduction in multiple sclerosis have been nor-
mal using conventional techniques.'1-13 However,
Hopf has shown reduced conduction velocities
in small diameter motor nerve fibres2 and an
increase in relative refractory periods in median
nerve sensory fibres.3 These results suggest that
there is a PNS defect in this disease but detect-
able only by sensitive techniques. Our recent
study of the single fibre electromyographic jitter
(SFEMG jitter) showed that of a group of 15
patients with "definite" multiple sclerosis,'4 two
had a previously undiagnosed peripheral neur-
opathy. The latter was however detected clinically
and confirmed electrophysiologically at the time
of this investigation. A further four patients had
clearly abnormal jitter. Of the remaining nine
patients, five had minor abnormalities whilst
four were entirely normal. Ten of the 15 patients
had a mean jitter above the accepted upper
limit of normal.15

Subjects and methods

The 15 patients have been supplemented by a further
seven for the present investigation. The criteria for
inclusion were similar: (a) all had been investigated
in the Institute of Neurological Sciences, Glasgow
within the past four years, (b) all fulfilled the criteria
of "definite" multiple sclerosis (Schumacher14) (c)
all had confirmatory investigations including abnormal
IgG/total protein ratio in the CSF and/or prolonged
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or abnormal visual evoked potentials. Drug histories
of the patients showed no known neurotoxic prep-
arations although most had received a course of
corticotrophin at diagnosis but none in the year
prior to tfhis study. Informed consent was obtained
from the patients prior to examination. The investiga-
tions were carried out in a thermostatically controlled
room and the patients' skin temperature over the
muscle under investigation was maintained at 33+
1 OC.

Tihe methods of recording and analysing the motor
unit potentials in the extensor digitorum brevis
(EDB) muscle have been described in detail in pre-
vious papers.'6 1' In summary, motor unit potentials
(MUPs), recorded from surface electrodes over the
EDB muscle are evoked sequentially by finely graded
incremental stimulation of tihe anterior itibial nerve

at the ankle. Recruitment of tp to 15 motor units
can be recognised by a combination of visual and
computer analysis of muscle action potential incre-
ments displayed on the oscilloscope screen. The first
MUP is displayed in isolation on the oscilloscope;
the potential of the second is incorporated in a
compound muscle action potential containing MUPs
and 2. As each new potential is added to the pre-

ceding, one compound muscle action potential is
stored in a computer memory (Template). Template
1 contains MUP 1, template 2 contains the sum of
MUPs 1 and 2; template 3 contains the sum of
MUPs 1, 2 and 3 and so on. Up to 15 templates can
be stored. The number of motor units in the EDB
muscle is calculated from the formula

A(N)

where A(M) is the area of the supramaximally
evoked muscle action potential and A(N) is the area
of the compound muscle action potential containing
N MUPs.
By a process of template subtraction, the compu-

ter also displays the first and sequentially recruited
MUPs in isolation, for example, subtraction of tem-
plate from template 2 will leave MUP 2 in isola-
tion; subtraction of template 2 from template 3
will leave MUP 3 in isolation and so on. The laten-
cies, durations, areas and amplitudes of individual

MUPs are then measured either by the computer
or by hand on a printout. The fastest motor nerve
conduction velocities (FMNCV) were obtained by
conventional surface recording techniques18 of the
evoked potential in the EDB muscle using the same
undisturbed electrodes as the motor unit potential
study. The anterior tibial nerve was supramaximally
stimulated at the ankle and the common peroneal
nerve at the head of the fibula. In all the patients
the conduction velocity measurements were per-

formed on the right common peroneal nerve and
the MUP estimations on the right EDB muscle
whatever the location of the patient's symptoms or

signs. All patients were examined clinically for signs
of a peripheral neuropathy. Tihree of the 22 patients
had overt clinical evidence of a peripheral neuro-

pathy but are included in the results section as a

subgroup for comparison. In none of these patients
was an obvious cause for neuropathy found. The 27
control subjects aged 46-9 + 12-4 years were members
or relatives of tihe staff of the Institute of Neuro-
logical sciences, Glasgow and had no evidence of
neurological disease.

Results

The results shown in Tables 1 to 3 are expressed
as the mean ± 1 standard deviation and the
statistical significance estimated using Student's
t test. In the tables the patients have been divi-
ded into subgroups as follows (see table 1).

Line a
Line b

Line c

= control values.
= All the patients with multi-

ple sclerosis.
= Patients with a clinical per-

ipheral neuropathy.

Line d = Patients without a clinical
neuropathy.

Line e and f = Subdivision of patients with-
out neuropathy by abnormal
or normal SFEMG jitter.

(Therefore b = c + d and d = e + f).

Table 1 Age and duration ofsymptoms

Age (yr) Duration (yr)

N inm SD "t" test N m SD "t" test Line
P= P=

Control 27 46-9 12-4 a
All 22 49-5 9-2 NS 20 7-1 6-0 b
Neuropathy 3 46-7 14-4 NS 3 3-3 121 c
No NS <0-02
Neuropathy 19 49-9 8-6 NS 17 7-8 6-3J d
Abnormal jitter 12 50-1 9 3 NS 11 7-7 7-3 e

NS NS
Normal jitter 7 49-7 8-0 NS 6 7-8 4-3 f

In all Tables N=number of observations m=mean values for the group
p=result of "t" test comparing values with control subjects.
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Table 2 Shortest distal motor latency, fastest motor conduction velocity and the area under the supramaximal
compound action potential

SDML ms FMNC V m/s

N m SD "t test" N m SD "t test"

C 27 3 56 0-45 - 16 50 5 4 59 -All 22 3-76 0-65 NS 22 46-8 4-8 <0.05
Neuropathy 3 3-97 0-45 NS 3 40 7 2-1 <0 005
No } NS 0-02
Neuropathy 19 3-72 0-68 NS 19 47-7 4-4 NS
Abnormal jitter 12 3-83 0 74 NS 12 47-3 4-3 NS

} NS } NS
Normal jitter 7 3-53 0 58 NS 7 48-5 4-8 NS

MCAP (area units)

C 20 2425 880 -
All 22 2081 1070 NS
Neuropathy 3 1030 338 < 0-02
No } NS
Neuropathy 19 2246 1054 NS
Abnormal jitter 12 1998 1140 NS

} NS
Normal jitter 7 2671 784 NS

Table 3 Motor unit parameters
MUP latency (ms) MUP duration (ms)

N m SD "t test" N min SD "t test"

C 150 4-63 0-98 - 150 9 43 1-71 -All 143 5 27 1-77 <0 0005 143 9-67 1-71 NS
Neuropathy 20 5 05 1-57 NS 20 9-95 1-23 NS
No NS NSNeuropathy 123 5 30 1-80 <0 001 J 123 9-63 1-78 NS
Abnormal jitter 79 5-42 1-89 <0-002 79 9-91 1-75 NS

pNS W < 0-02Normal jitter 44 5 10 1-63 NS J 44 9.11 1 73 NS

MUP amplitude (ji V) MUP area (area units)
C 150 61-9 30-1 - 150 17-4 8-40 -All 143 87-3 72-9 <0 0005 143 25-3 21 0 <0-0002Neuropathy 20 148-1 127-0 <0-01 20 45-5 41-2 <0 0001No <0 05 <0-02Neuropathy 123 77.5 54 5 <0 01 J 123 22-0 13-1 <0-002
Abnormal jitter 79 83-0 62 5 <0-01 79 24-3 15-0 <0 001

NS } < 0-002Normal jitter 44 67-6 34-4 NS J 44 17-7 7 0 NS

Motor unit numbers

C 26 196 54.3 -
All 22 161 94-9 NS
Neuropathy 3 48 20-2 < 0 0005
No < 0-0002
Neuropathy 19 178 90 0 NS
Abnormal jitter 12 160 100-7 NS

NS
Normal jitter 7 209 60-8 NS J

The definitions of SFEMG abnormality have potential pairs with an MCD greater than 55 us
been detailed elsewhere,4 1519 20 but in summary plus a mean MCD greater than 34 gs. Each group
our criteria of abnormality were (a) two poten- was compared statistically with the control grouptial pairs with a mean consecutive difference and a further test of significance was made be-
(MCD) greater than 55 its; or (b) one of six tween the groups with and without clinical
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neuropathy and with and without abnormal
SFEMG jitter.

Table 1 indicates the mean age and duration
of symptoms in each group. The three patients
with a clinical neuropathy had a significantly
shorter duration of illness than the others. How-
ever, as the numbers with neuropathy are small
no great weight can be pl,aced on this result.
Table 2 shows the mean shortest distal motor
latency (SDML), mean fastest motor conduction
velocity (FMNCV) and the mean area of the
supramaximal compound action potential
(MCAP) in each group. The mean SDML is not
significantly different from the control value in
any groups, nor is there any difference between
those patients with and without neuropathy and
with and without abnormal jitter. In the patients
with neuropathy, however, the mean FMNCV is
significantly less than in the control group and
the patients without neuropathy. In addition the
mean area (MCAP) is significantly smaller in
the subjects with neuropathy than in the control
subjects, and smaller (though not to a significant
level) than the patients without neuropathy.
Table 3 shows the MUP parameters in the
various subject groups. In the patients with
neuropathy the motor unit numbers (MUN) are
markedly reduced. The mean MUP amplitudes
and areas are significantly increased in this group
compared with control values and patients with-
out neuropathy. There is a significant increase
in the MUP duration in the group with abnormal
jitter compared with that with normal jitter.
Only the subgroup with abnormal jitter in the
group without neuropathy had a mean MUP
latency significantly different from the control
values. The mean MUP amplitude and area are
closely correlated (r = 0-90 p<0-001) although
we have argued previously'6 that the area is the
most reliable index. Both are significantly in-
creased compared with the control subjects in
all the patient groups apart from those without
neuropathy who had normal jitter. The greatest
amplitude and area were obtained in those
patients with a neuropathy, and these were
significantly larger than in patients without
neuropathy.

Discussion

The results have confirmed the previous find-
ings12 that SDML and FMNCV are normal in
the multiple sclerosis patients without a clinical
peripheral neuropathy. In those who do have
evidence of neuropathy there is a significant

reduction in FMNCV, MUN and an tincrease in
MUP area and amplitude. Slowing of conduc-
tion of this order indicates loss of function in
fastest conducting axons which is confirmed by
the low MUN. The increased MUP areas and
amplitudes can be explained by collateral rein-
nervation of denervated muscle fibres by the
remaining viable motor axons. These findings
agree with our previous studies of axonal peri-
pheral neuropathies by these techniques.24-26 In
the group of patients without a neuropathy, those
with normal jitter show no abnormalities of any
motor unit parameter. Those with abnormal jit-
ter have significant abnormalities of many motor
unit parameters. Each parameter is discussed
separately below.

MUP latency
The mean MUP latency of the abnormal jitter
group is significantly prolonged. This latency is
the time taken for the action potential to pass
from the point of stimulation to the branching of
the axon, the time for conduction through the
intramuscular nerve branches and for neuro-
muscular delay. The normal FMNCV suggests
that the fastest axons proximal to the intra-
muscular nerve branches are functioning normally
and our attention is therefore drawn to the
branches themselves and to neuromuscular trans-
mission. Increased SFEMG jitter is usually
attributable to the variability of the rise time to
threshold of the endplate potential (EPP) when
the safety factor for transmission is reduced.
Theoretically, fluctuation in saltatory conduction
in the intramuscular branches could produce the
same effects on the jitter. Slowing of impulse
propagation in immature collateral sprouts
involved in reinnervation has been reported2l"2
and could explain both the abnormal jitter and
increased MUP latency. The histological evidence
of internodal demyelination in the sural nerve'
and the abnormal electrophysiology of motor and
sensory axons2 3 both suggest dysfunction in the
nerve fibre. Increased curare sensitivity has been
shown in multiple sclerosis23 but no conclusion
as to a pre-junctional or post-junctional defect
could be made. We are at present investigating
neuromuscular transmission in multiple sclerosis
and the results will be presented in a subsequent
paper.

Unlike the mean MUP latencies the mean
SDMLs are not significantly longer than the
control values. The SDML is a measure of the
fastest conducting axons whilst the mean motor
unit potential latencies relate to a wider spectrum
of motor axon conduction velocities and sizes. In
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each patient more than two-thirds of the SFEMG
jitter values were normal while less than a third
were abnormal. This suggests that the lesions are
not homogeneous throughout the muscle. A
heterogeneous defect would be represented better
by the mean MUP latency than by the SDML.

MUP duration
The MUP duration recorded from a surface
electrode includes the differences in conduction
time through the intramuscular nerve branches,
the neuromuscular transmission delay, the time
for propagation of the muscle fibre action
potential and in the spatial distribution of the
endplates. In this study the mean MUP durations
were all greater than the control values but not
to the level of significance in most subgroups.
However, the MUP durations of the abnormal
jitter group were significantly longer than those
of the normal jitter group. The MUP duration
is the sum of the differences in all the above
factors and these cannot be individually dis-
tinguished by this technique. However, we have
shown an increased MUP duration and prolonged
MUP latency of this order in several conditions
such as the Guillain-Barre syndrome,24 diabetic
neuropathy25 and myotonic dystrophy.26 In these
we have concluded that this was due to increased
conduction time in the intramuscular nerve
branches.

MUP area and amplitude
The mean MUP area and amplitude are
significantly increased in the group with abnormal
jitter. This increase could be due to an increased
number of muscle fibres within the motor unit
or to an increase in the size of the individual
muscle fibres. There are no reports of muscle
fibre hypertrophy in multiple sclerosis. The
increase can therefore be explained by the
presence of increased number of muscle fibres in
each motor unit by a reinnervation process. It
follows that other motor units must have lost the
muscle fibres initially. Table 3 shows that there
is no significant difference from control values
in the number of motor units in any group other
than that with neuropathy. Fig 1, however,
demonstrates the relationship between MUN and
MUP area in the patients (without neuropathy)
who had abnormal and normal jitter.
There is a significant negative correlation

(p= <0 02) between MUN and MUP area. In
addition, although the mean MUN of both
control and patient groups lies above the 95%
confidence limit at 100 units all individual figures
below that are from patients with abnormal
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Fig 1 Graph of the relationship between motor unit
numbers (MUN) and mean MUP area.
* =abnormal jitter
A =normal jitter
* =mean MUN of patients with abnormal jitter
*=mean MUN of patients with normal jitter.
jitter. The negative correlation suggests that as
the motor unit numbers fall, denervated muscle
fibres are reinnervated from intact axons to
produce the increase in MUP area.

Conclusion

Two independent electrophysiological techniques
(SFEMG and quantitative electrophysiology)
have demonstrated a peripheral nervous system
defect in multiple sclerosis. Both have separated
a group of subjects with abnormal findings from
those with normal findings. The evidence suggests
a patchy denervation/reinnervation process due
to pathology in the intramuscular nerve network
or at the endplate in multiple sclerosis. It is
interesting to speculate whether the spectrum of
dysfunction in the peripheral nervous system is
wide enough to include the three cases of overt
clinical neuropathy.

We acknowledge gratefully the advice and
encouragement of Professor JA Simpson. We
are grateful to the consultant staff of the Institute
of Neurological Sciences for referring their
patients and to Mrs M McColl for secretarial
services. Dr Weir is a Research Fellow supported
by the Muscular Dystrophy Group of Great
Britain.
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