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Somatosensory evoked potentials following
stimulation of the lower limb in cortical reflex
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SUMMARY Generating mechanisms of giant somatosensory evoked potentials (SEPs) following
stimulation of the posterior tibial nerve as well as the big toe were investigated in three patients with
cortical reflex myoclonus. Scalp distributions of recognisable components were very similar to those
in normal subjects, except that their amplitude was much larger. The tibial nerve SEPs were remark-
ably attenuated by interfering tactile stimulation. Therefore, the giant SEPs observed in the present

cases seem to be, at least partially, due to input from cutaneous nerve fibres on the background of
extremely enhanced excitability in area 3b of the primary sensory cortex where normal SEPs are

generated

Somatosensory evoked potentials (SEPs) in patients
with "cortical reflex myoclonus"' or "pyramidal
myoclonus"2 are of remarkably high amplitude, and
hence they have been commonly called "giant SEPs".
Although there have been a number of reports con-
cerning the giant SEPs following stimulation of the
upper limbs,3- 17 no systematic study of SEPs follow-
ing stimulation of the lower limbs in cortical reflex
myoclonus has been reported.
The present study, therefore, aimed at elucidating

the pathophysiology of SEPs following stimulation of
the lower limbs in cortical reflex myoclonus using var-
ious methods such as conventional nerve trunk stimu-
lation, electrical finger stimulation, and the
interference approach.'8-22 In particular, the de-
tailed scalp topography of each component was in-
vestigated.

Pitients and methods

Three patients were carefully selected from those who man-
ifested myoclonus, according to the following criteria: (1)
the amplitude of the initial cortical positive potential
recorded at or around the somatosensory leg area of the
scalp following stimulation of the posterior tibial nerve at
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the ankle was larger than the mean plus 2 standard devi-
ations of normal subjects, (2) enhanced long-loop reflex (C
reflex, termed by Sutton and Mayer7) could be recorded
even at rest (without voluntary contraction of the corre-
sponding muscle), and (3) the presence of cortical spike was
demonstrated by the jerk-locked averaging method9 14 23 to
precede a spontaneous myoclonic jerk.

All patients manifested intention as well as postural myo-
clonus, and they were taking normal doses of anti-
myoclonus medication, as listed in table 1, to suppress
myoclonus at the time of study. SEPs following stimulation
of the upper limbs in all three cases were also of remarkably
high amplitude.

Recordings were performed in a quiet, dimly lit room. The
patient was kept awake in a reclining arm-chair, and was
encouraged to relax. The electrical stimulus was a constant
voltage square-wave pulse of 0-2 ms duration. It was deliv-
*ered to the right posterior tibial nerve at the ankle. The stim-
ulus intensity was sufficient to produce a definite twitch of
the big toe. The right big toe was stimulated using silver ring
electrodes with the stimulus intensity approximately 15 mA.

Interfering tactile stimulus was applied by the experi-
menter by gently rubbing the right sole using a soft wad of
tissue paper continuously and concurrently with the elec-
trical stimulation of the posterior tibial nerve.

Silver disc recording electrodes were attached at 19 scalp
locations based on the international 10-20 system. LFC,
MFC, RFC, LCP, MCP and RCP electrodes were midway
between corresponding sites of the 10-20 system as indicated
in fig 1. All sites were referred to the linked earlobes (AIA2).
The frequency response of the amplifiers was between 1 and
1500 Hz (- 3dB). Five hundred responses to the posterior
tibial nerve stimulation and 1000 responses to the big toe
stimulation were averaged. At least three recordings were
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Table 1 Patients with cortical reflex myoclonus subjected to the present study

Case 1 2 3

Diagnosis Progressive myoclonic epilepsy Sialidosis type 2 Uremic encephalopathy
Sex and age Female, 17 yr Male, 55 yr Female, 15 yr
Other symptoms Cerebellar ataxia Cerebellar ataxia Consciousness disturbance
Medication at the time of study Clonazepam 6 mg Clonazepam 4 mg Phenytoin 200 mg

Valproate 800 mg Valproate 600 mg
Primidone 500 mg Propranolol 60 mg
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Fig 1 Electrode placements based on the international
10-20 system. LFC, MFC, RFC, LCP, MCP and RCP
were midway between F3 and C3, Fz and Cz, F4 and C4,
C3 and P3, Cz and Pz, and C4 and P4, respectively. The
linked earlobes (Al + A2) were used as the reference.

made for each stimulus condition. An analysis window was

5-125 ms for the posterior tibial nerve stimulation and
10-130 ms for the big toe stimulation. The sampling rate was
0-23 ms. Responses contaminated with large artifact over
200 pV were rejected by a computer program.

Each recognisable component was cursored for the peak
latency and amplitude, the latter being measured from the
preceding peak of the opposite polarity. The upper limit of
the normal range was set to the mean plus 2 SD of the value
obtained from 18 normal subjects in our department for
each recording session (table 2).

Scalp topography of each consistent component was
drawn using two different methods. In the first method, the
topography was drawn using the peak-to-peak amplitude of
each peak visually identified by the experimenter at each
electrode to show its scalp distribution. The second method,
which was the so-called isopotential map, was based on the
amplitude from the baseline at each electrode at a particular
time interval after the stimulus onset. The baseline was de-
termined by averaging the deflection of the first 10 ms of the
analysis window at each electrode.

Relative positivity at grid 1 resulted in a downward
deflection in all recordings. Each recognisable component
was named, because of the similarity of its wave form to that
of the normal SEPs, according to the previous report of nor-
mal SEPs,2" and it was based on the polarity and peak
latency.

Results

(1) SEPs following stimulation of the posterior tibial
nerve at ankle
The wave forms recorded at the MCP and F3 elec-
trode in the present cases as well as in one normal
subject, whose data were selected as a representative
in terms of the wave form and the scalp topography,
are shown in fig 2. The amplitude of P39 and N48 at
the MCP electrode was much larger than the normal
range in all three cases (table 2 and fig 2). N33 was
identified before P39 in all three cases, but its ampli-

Table 2 The amplitude of recognisable components in normal subjects as well as in patients with cortical reflex myoclonus
in the present study

Amplitude (puV)
Case

Control (n = 18)
Stimulus site Electrode Component mean + SD 1 2 3

Posterior tibial nerve MCP P39 1-6 + 0-7 5-1 6 5 100
at ankle F3 N39 1-0 + 04 1 8 2-7 2 5

MCP N48 35 + 1-4 156 97 105
F3 P48 15+07 88 50 60

Big toe MCP P39 0-7 + 0-3 4-1 1 8 2 2
F3 N39 03 ± 02 10 1.0 07
MCP N48 17 + 08 64 40 5-5
F3 P48 07 ± 03 25 16 22
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Fig 2 Waveforms of SEPs following stimulation of the
right posterior tibial nerve at ankle recorded at two selected
electrodes in one normal subject to show the nomenclature
ofeach recognisable component, and in the present three
cases. N33 is not so large in each case. In contrast, P39 and
N48 at the MCP as well as N39 and P48 at the F3
electrode are very large in the present cases.
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Fig 3 Wave forms ofSEPs at all electrodes following
stimulation of the right posterior tibial nerve at ankle in
case 1. 500 responses were averaged.
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Fig 4 Scalp topography of P39-N39 complex in one
normal subject as well as in each individual case. In (a), it
was drawn using the peak-to-peak amplitude to show the
distribution of P39 and N39, and in (b), it was drawn using
the amplitude measuredfrom the baseline at the latency
when P39 was maximal in each individual record
(isopotential maps). Electrode marked - or + shows the
maximal point of the negative and positive component,
respectively, and its amplitude is shown below each figure.
80, 60 and 40 are the percentage amplitude with respect to
the maximal point. P39 is maximal at the Cz or MCP
electrode, and N39 is maximal at the F3 or LFC electrode
in the normal subject as well as the present cases.
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Fig 5 Scalp topography ofN48-P48 complex based on the
peak-to-peak amplitude (a), and isopotential maps at the
latency when N48 was maximal in each individual record
(b). (refer to the legendfor fig 4). In (a), N48 is maximal
at the Cz or MCP electrode, and P48 is maximal at the F3
or LFC electrode in the normal subject as well as the
present cases. However, the isopotential maps in (b) are

relatively different from those in (a) probably because of
the influence of the preceding P39 and N39 components.
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tude was within the normal range. The amplitude of
N39 and P48 at the F3 electrode was also larger than
the normal range, but was relatively smaller com-
pared with P39 and N48 (table 2 and fig 2). The wave
forms of components following N48 and P48 were
variable from case to case. SEPs at all electrodes in
case I were shown in fig 3.
The peak latencies of P39, N39, N48 and P48 were

within the normal range. The peak latencies of P39
and N48 at the MCP electrode showed no significant
difference from those of N39 and P48 at the F3 elec-
trode, respectively (paired t test.).

Scalp distributions of P39-N39 and N48-P48 com-
plexes in each case as well as in one normal subject
were shown in figs 4A and 5A, respectively. In all
three cases, both P39 and N48 potentials were max-
imal at the MCP or Cz electrode, and spread in the
central and parietal regions more to the hemisphere
ipsilateral to the stimulated nerve. N39 and P48 were
maximal at the F3 or LFC electrode, and spread to
the frontal and central regions over the hemisphere
contralateral to the stimulated nerve. Isopotential
maps at the latency when P39 was maximal (fig 4b)
were very similar to the scalp distribution of the
P39-N39 complex (fig 4a), but those at the latency
when N48 was maximal appeared different from the
scalp distribution of N48-P48 complex in case 2 and
normal subject (fig 5), probably because of the
influence of the preceding P39 and N39. The scalp
distributions of those components in three cases were
almost the same as those of our normal subjects as
well as those from the previous reports,21 24 in terms
of the maximal point and distribution of each com-
ponent, and of the orientation as well as the bordering
area of their scalp distributions.

(2) Interfering effects
Interference effects by the continuous tactile stimu-
lation applied to the sole ipsilateral to the stimulated
nerve are shown at two selected electrodes, F3 and
MCP (table 3 and fig 6). P39 and N48 at the MCP

Table 3 Amplitude changes of SEPs following stimulation
of the right posterior tibial nerve at ankle due to concurrent
interfering tactile stimulation of the right sole

Case

Electrode Component Control* 1 2 3

MCP P39 -34% -59% -27% -62%
F3 N39 -21% -56% -46% -16%
MCP N48 -33% -60% -29% -33%
F3 P48 -27% -61% -47% -14%
F3 N59 -10% -69% -20% +18%
MCP P62 -15% -58% - 3% -29%

*The average change due to interference in 18 normal subjects
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Fig 6 Wave form changes ofSEPs at two selected
electrodes following stimulation of the right posterior tibial
nerve at ankle by concurrent tactile stimulation applied to
the right sole in case 1. The upper traces are conventional
SEPs (Control) and the lower ones are SEPs with
interference (Interference). 500 responses were averaged.
Each potential at each electrode is markedly attenuated by
the tactile interference.

electrode were remarkably reduced in cases I and 3,
and moderately reduced in case 2. N39 and P48 at the
F3 electrode were moderately reduced in cases 1 and
2, and slightly reduced in case 3. In contrast, the
changes of the following components, N59 and P62,
varied from subject to subject. Compared with the
interference effects in normal subjects, the relative
changes were consistently larger in case 1, but were

not different in cases 2 and 3 (table 3).

(3) SEPs following stimulation of the big toe
The wave forms of SEPs following electrical stimu-
lation of the big toe by using ring electrodes (fig 7)
were almost the same as those following the posterior

Right big toe stimulation
Case 1 Ref: A1A2
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Fig 7 Waveforms ofSEPs at four selected electrodes
following stimulation of the right big toe in case 1. 500
responses were averaged. The potentials, corresponding to
P39, N39 and the following potentials to posterior tibial
nerve stimulation, are also very large.

tibial nerve stimulation. The amplitude was smaller
than that to the posterior tibial nerve stimulation, but
was much larger than the normal range in all cases
(table 2). The scalp topographies of recognisable
components were not significantly different from
those of the corresponding components following
stimulation of the posterior tibial nerve.

Discussion

To our knowledge, this is the first systematic study of
SEPs following stimulation of the lower limb in corti-
cal reflex myoclonus. P39, N39, N48 and P48 are con-
sidered to be cortical potentials like those in normal
subjects,2' 24- 30 since they showed a clearly localised
distribution. Scalp distributions of P39 and N48 (figs
4 and 5) suggest that their generator source might be
the leg region of the primary sensory cortex. Not only
P39 and N48 recorded in the parietal region but also
N39 and P48 recorded in the contralateral frontal re-
gion were larger than the normal range, and they were
similarly reduced by tactile stimulation. Moreover,
the difference of peak latencies between P39 and N39,
or between N48 and P48 was not statistically
significant. Therefore, it seems reasonable to consider
that frontal potentials, N39 and P48, result from an
orientation of dipolar activities generated in the pri-
mary sensory cortex, as reported in the studies of nor-
mal subjectS.21 25 27 30
The components following stimulation of the big

toe, corresponding to P39-N39 and N48-P48 of the
tibial nerve SEPs, were also very large in each case,
and their scalp distributions were very similar to those
of the corresponding potentials following stimulation
of the posterior tibial nerve. Moreover, the P39-N39
as well as N48-P48 complexes of the tibial nerve SEPs
were considerably attenuated by tactile stimulation
applied to the sole ipsilateral to the stimulated nerve
in each case (fig 6 and table 3). These findings suggest
that those potentials following the posterior tibial
nerve stimulation might be, at least partially, due to
input from cutaneous nerve fibres. This is compatible
with the study of normal subjects in our previous re-
port.2' Therefore, the generator source for giant
P39-N39 and N48-P48 complexes may contain, as
for SEPs in normal subjects,2' area 3b in the primary
sensory cortex whose neurons receive input mainly
from cutaneous nerve fibres.3'

In conclusion, it seems reasonable to consider that
giant SEPs following stimulation of the lower limb in
cortical reflex myoclonus are generated by the same
mechanisms as SEPs in normal subjects, although the
excitability of the generator source, probably area 3b,
must be extremely enhanced. This conclusion is not
different from that for generating mechanisms of
giant SEPs following stimulation of the upper limb in
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our previous report.17 In that study,'7 N19 and P19,
corresponding to the so-called N20 and P20, were not
enlarged, but the following potentials, both P25 in the
contralateral parietal region and N25 in the frontal
region, were of remarkably large amplitude. There-
fore, it seems reasonable to consider that the small
negative deflection, N33 recorded at the parietal elec-
trodes following the posterior tibial nerve stimu-
lation, corresponds to N20 of the median nerve SEPs,
and that the following potentials, P39 and N39,
correspond to P25 and N25 of the median nerve

SEPs, respectively.
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