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Experimental Section
Specific gatingof the early somatosensory evoked potentials duringactive

movement
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Summary The gating effect of self-paced rapid flexion movements of the fingers on the early somatosensory evoked potentials
following electrical stimulation of the median nerve at the wrist was studied in normal volunteers. Triggering of the median nerve
stimulation by the EMG signals with a delay of~D~msec showed that the slow positive wave of the movement-associated potential
was not directly responsible for the SEP amplitude variations observed. The nerve action potential at Erb's point as well as far-field
components P9 and P11 were unchanged by the active movements. Far-field components P13-PI4, which are presumably generated
in the medial lemniscus, were not significantly modified. An enhancing effect on the widespread N18 component was found, which is
in favour of a subcortical gating process. The parietal component N20 was unchanged by active movement interference whereas the
frontal P22 component showed a marked suppression. A fronto-parietal dissociation was thus disclosed which could be in favour of
separate cortical generators in the debate on the origin of SEP components. An important gating effect was observed on parietal P27
and frontal N30 components, the latter being considerably reduced in amplitude. The parietal P45 component showed no significant
alteration. Each component of the early SEPs was thus distinctly influenced by the gating process during active movement
interference.
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During movement the transmission of somato-
sensory afferent information is attenuated by a
process that has been termed 'gating' (Coquery
1978; S.l. lones 1981; Cohen and Starr 1985).
Some classes of somatic sensory analysis could be .
selectively interrupted by movement.

It is well known that voluntary movement im-
pairs the ability to perceive stimulation of the
moving part (Coquery et at 1972; Garland and
Angel 1974; Angel and Malenka 1982). The in-
crease of the sensory threshold is. accompanied by
an amplitude decrease of the somatosensory
evoked potential (Giblin 1964; Lee and White
1974; Rushton et at 1981). An additional observa-
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tion is that somatosensory evoked potentials are
affected by continuous interfering tactile stimula-
tion (S.l. "lones 1981; lones and Power 1984;

. Kakigi and lones 1985, 1986). Several animal in-
vestigations have shown that the gating occurs at
different sites along the sensory pathway: the dor-
sal column nuclei (Towe and labbur 1961; Ghez
and Pisa 1972; Coulter 1973), the thalamus
(Tsumoto et at 1975) and the somatosensory
cortex (Chapin and Woolward 1981). However,
studies 0in man have not provided as yet any
satisfactory measure of the' movement gating'
locus and mechanisms on the somatosensory sys-
tem.

The recent surge of understanding 'of early
somatosensory evoked potential (SEP) compo-
nents provides the most effective system to ex-
amine the 'movement gating' effect. Recent stud-
ies of SEP (Desmedt and Cheron 1980a, 1981,
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1982) by using montages with non-cephalic refer-
ence have clearly described and dissociated the
subcortical and cortical components of SEP. The
neural generators of the subcortical far-field com-
ponents (P9, Pll, P13-14) are now located respec-
tively in the plexus, the dorsal column and the
medial lemniscus (Desmedt and Cheron 1980a).
On the other hand, the proper evaluation of the
early cortical responses is critical to know the
exact extent of a gating effect. Consistent new
features have disclosed a widespread N18 cpmpo-
nent that must be distinguished from the' primary'
contralateral post-rolandic N20 (Desmedt and
Cheron 1981; S.J. Jones 1981). Moreover, most
current SEP studies including the gating effect
have neglected the SEP components that can be
picked up in front of the central sulcus. The early
frontal components P22 and N30 have now been
shown to involve independent generators and they
persist in patients with post-rolandic cortical le-
sions that eliminate the early parietal SEP compo-
nents (Mauguiere et al. 1983).

The present paper analyses the' movement gat-
ing' effect on the early SEP parietal and prero-
landic components recorded with non-cephalic or
with earlobe reference.

Material and methods

Subjects
Twenty-six experiments were carried out on 13 .

normal volunteers (7 males and 6 females), 20-28
years old. They were in good health, free from
neurological disease, and had given informed con-
sent. They lay comfortably on a couch in a
sound-attenuating chamber.

Stimuli

The stimuli were 0.2 msec square electrical
pulses delivered through a pair of Beckman cup
electrodes to the left median nerve just proximal
to the wrist. The intensities of the stimuli were
adjusted to the threshold for eliciting visible small
thumb twitches. The appropriate stimulation rate
will be stated for each paradigm considered in this
study.
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Recording and analysis
Scalp, earlobe and upper neck sites were re-

corded from with stainless steel needles of 0.2 mm
diameter. Jelly-filled cups were placed on the mid-
line over the C7 spinous process of the neck and
on the dorsum of the right hand (non-cephalic
reference). The standard electrode positions were
a contralateral postcentral site 70 mm from the
midline and 30 mm behind C3 or C4 (interna-
tional 10-20 system) and frontal Fz. Differential
amplifiers with 10 MD input impedance were
connected to 1- or 2-channel Hewlett Packard FM
magnetic recorder(s), Model 3968A, operated at 7
in./sec, and to a Nicolet digital computer, Model
1074 with 4096 words of 9 bits. The overall band-
pass extended from 2.5 kHz to 0.5 Hz. The bin
width was 80 JLsecwith 1024 points/channel. As a
rule 1024 or 2048 samples were averaged off-line
after editing the FM taped data to remove muscle
and other interference.

The traces were not smoothed and were written
out on an X-V plotter. Several writings of the
same trace (with a 0.2 mm shift along the ordinate)
were used to obtain a thicker line for identifica-

tion when two different records were superim-
posed (normal and gated potential).

Component profiles and latencies were con-
sistent in repeated runs on any given subject. The
SEP components were labelled from the positive
(P) or negative (N) polarity and their model peak
latency, as recommended by an international com-
mittee (Donchin et al. 1977).

In order to clarify the data, all early SEP com-
ponents were given standard labels with the model
peak latency for median nerve stimulation in a
young subject of mean arm length: the labels for
the positive scalp far fields P9-Pll-P13-P14, for
the widespread negativity N18, for the postcentral
N20-P27-P45 and for the precentral or frontal
P22-N30 are used irrespective of the actual peak
latency. Amplitudes of cerebral evoked potentials
were measured in 2 ways: (1) absolute amplitudes
between baseline and positive or negative peaks
and (2) differential amplitudes between each com-
ponent and the following component of opposite
polarity. Amplitudes of potentials recorded during
finger movement are expressed as a percentage of
a control recorded from the same subject during
the same session.
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Finger movement interference
Two different procedures were used in testing

the finger movement interference.
In the first type of experiment, all of the 13

subjects were encouraged to flex and extend the 4
fingers together rapidly (to close and open the
hand). Their finger movements were unrelated to
the frequency of median nerve stimulation. In this
procedure regular or random intervals between
stimuli came within the 0.2 and 0.8 sec range.
These stimulus intervals remained the same at rest
and with movement interference. The stimulation
rate never exceeded 4jsec.

In a second type of experiment, only 9 of the 13
subjects were used. A shock was delivered to the
median nerve 100 msec after a voluntary flexion
movement. EMG signals from flexor digitorum
communis muscle were differentially amplified,
filtered (2000 X , 60-2500 Hz), full wave rectified
and converted to a trigger pulse. Each self-ini-
tiated EMG burst was followed by a median nerve
shock delivered at a fixed latency. In this proce-
dure the stimulation rate at rest was chosen to

correspond approximately to the natural frequen-
cies of the voluntary flexion movement in order to
match, as closely as possible, the stimulation fre-
quencies at rest and with movement (intervals
between stimuli 4 and 5 sec).

In this paradigm the hand was positioned in a
contention device that permitted only finger flex-
ion movements. The metacarpo-phalangeal joints
of the last 4 fingers coincided with, the horizontal
axis of the shaft of the torque motor (Printed
Motors Ltd., G9M4H). The subject was instructed
to do a rapid flexion of the 4 fingers around the
metacarpo-phalangeal joints (the phalangeal joints
remained in an extended position during move-
ments). One second after the end of the voluntary
movement the torque motor moved the fingers
smoothly back into the initial extended position.
This procedure avoided interference between the
median shock (SEP) and a voluntary extension
movement of the fingers.

Results

Random movement interference
A clear-cut effect of random movement inter-
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ference on SEP was recorded in each of the 13
subjects. Table lA summarizes the effect of this
active random movement interference and disclos-
es a significant effect of the movement on the P22
and N30 prerolandic components as well as the
P27 parietal component. However, in this first
paradigm the initiation, the execution and the
termination of the movement were mixed in ran-
dom sequences temporally unrelated to the nerve
stimulation and the SEP wave. For this reason, 9
subjects were tested in a second procedure where
the different parts of the voluntary movement and
the movement-related potentials were controlled.

Movement sequence and early SEP components
Fig. 1 illustrates the second procedure used in

this study. For each subject we recorded brain
waves in 3 circumstances: (1) the subject flexed
his fingers in the absence of median nerve shock
(Fig. la, c, e); (2) the subject made no flexion but

TABLEI

Comparison of baseline amplitude UN) (:f::S.D.) of the early
SEP components recorded with an earlobe reference in normal
and movement interference conditions.

Normal in rest Movement
interference

t test

A. First paradigm (n = 13)
Erb's nerve

potential 6.83:f::1.11 6.98:f::Ll4 P > 0.30

Postrolandic components (contralateral postcentral site)
N20 1.01:f::0.40 0.90:f::0.46 P > 0.05
P27 1.25:f::0.56 0.53:f::0.36 P < 0.001
P45 1.73:f::1.06 1.59:f::0.82 P> 0.10

Prerolandic components (frontal Fz site)
P22 0.82:f::0.51 0.26:f::0.50
N30 2.81 :f::2.27 0.94:f::1.24

P < 0.001
P < 0.001

B. Second paradigm (n = 9)
Erb's nerve

potential 7.20:f::1.20 7.40:f::LlO P > 0.20

Postrolandic components (contralateral postcentral site)
N20 0.84:f::0.42 0.73:f::0.34 P> 0.60
P27 Ll1:f::0.64 0.31:f::0.31 P<0.02
P45 1.38:f::0.60 0.72:f::0.46 P> 0.40

Prerolandic components (frontal Fz site)
P22 0.75:f::0.42 0.36:f::0.64
N30 2.17:f::0.72 0.37:f::0.33

P < 0.05
P < 0.05
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Fig. 1. Typical set of averaged curves for normal SEP recording (thin traces in b, d, f) superimposed on the movement interfering
condition (movement + median nerve shock) (thick traces in b, d, 0. The single (unsuperimposed) and thin traces (a, c and e)
correspond to the movement-related potentials. The negative readiness potential or BP was followed by a slow positive potential. The
averaged data from the contralateral parietal electrode are presented with F2 reference (a and b) and with earlobe reference (c and d).
The traces from the frontal Fz electrodes are presented with earlobe reference (e and 0. The average of rectified flexor EMGs is
presented in g. The crossed darked lines correspond to the trigger point for delivering an electrical shock to the median nerve at the
wrist 100 msec later (vertical fine-dotted line). The early SEP components N20, P27 and N30 are indicated in the normal traces (thin
lines). The gating effect of the parietal P27 components and the frontal N30 are illustrated by the thicker lines (drawn by several
writings of the computer). Notice the enhancement of N130 and N300 in the interfering condition (thicker traces in d and 0.

there was a shock applied to the median nerve
(Fig. 1b, d, f, fine line); and (3) the subject flexed
his fingers and the electric shock was given to the
median nerve 100 msec after the EMG trigger
(Fig. 1b, d, f, heavy line).

Before the movement the readiness potential
(BP) described by Deecke and Kornhuber (1966)
was recorded at the parietal (Fig. 1c) and at the
frontal electrodes (Fig. le). This wave began

~i~ultaneOUSlY in the two sites 230 msec before
the EMG onset but terminated differently, a sec-
ond negative component occurring at the frontal
electrode while a slow return to the baseline or a
positive wave characterized the record at the
parietal electrode. This difference is best seen in
Fig. la when using the frontal electrode as the
reference.

On this montage a positive component began at
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36 msec after the EMG onset and culminated at
86 msec. After the EMG the parietal and frontal
electrodes' (earlobe reference) presented a long-
lasting positive deflection. In fact, the early SEP
components were superimposed on this positive
deflection. When the parietal and the frontal early
SEPs aft;; compared, in the presence of the slow
positive wave there is a specific effect on each
parietal and frontal component. Fig. I shows that
the slow positive potentials related to thy motor
act are not directly responsible for SEP amplitude
variations: there is no algebraic summation be-
cause in the parietal area the early positive wavesf'

are reduced in the presence of the motor slow
positive wave but in the frontal area the early
negative N30 component is reduced in the pres-
ence of the same slow positive component. Inci-
dentally, we also observed (Fig. Id) 2 SEP compo-
nents in relation to the movement plus shock, an
N130 and a long-lasting N300. These late poten-
tials are not within the scope of this study.

Effect of movement on far-field components
With a non-cephalic reference on the right hand

the neck (Fig. 2A) and the scalp records (Fig. 2C,
D, E, F) disclosed a positive far-field P9. At the
neck level (C7) the P9 component was followed by
the NIl and N13 potentials. In spite of an ap-
parent reduction of amplitude of NIl in this
particular subject, the neck SEP NIl-N13 were
not significantly changed by the movement (see
Table lIB). In all scalp records the first far-field
P9 generated in the nerve proximal to the axilla
was not reduced during finger movement; likewise
the nerve potentials recorded at Erb's point were
not modified by the active movement (Fig. 3A).
The pooled diagram of Fig. 4 illustrates clearly
that the afferent volley in the nerve represented by
the Erb's potentials and by P9 remains the same
during the run with active movement (statistical
analysis given in Table I). The second far-field
PIl, interpreted as volume-conducted action
potentials ascending the dorsal column, was not
influenced by the movement. In some subjects, as
in Fig. 2, the PII was not clearly delineated from
the following P13-PI4.

This' ungated' PII is illustrated in another
subject by Fig. 3B for the parietal site and Fig. 3C
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Fig. 2. SEP in a healthy female subject of 25 years to normal
stimulation of the left median nerve at the wrist (thin traces)
and with movement interference (thicker traces). The electrical
shock indicated by a vertical dotted line is given 100 msec after
the EMG trigger of the rapid finger flexion movement in the
interference run (thicker traces). Earlobe reference SEP compo-
nents are recorded at the frontal scalp (B) and at the con-
tralateral parietal scalp (D). Non-cephalic reference SEPs are
recorded at the neck (C7) (A), at the frontal scalp (C), at the
contralateral parietal scalp (E) and at the ipsilateral parietal
scalp (F). The far-field P9 and P14 are well delineated and
perfectly maintained during the movement. The onset of com-
ponent N18 is indicated after P14 on the negative-going traces
(vertical dotted line). The gating of the prerolandic P22 (hatched
area) and N30 (dotted area) and of the parietal P27 (fine
dotted area) are respectively illustrated in B (earlobe reference)
and C (non-cephalic reference) and in D (earlobe reference)
and E (non-cephalic reference).
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Fig. 3. SEP in a healthy male subject of 27 years. Same presentation of non-cephalic reference recording at rest (thin traces) and with
movement interference (thicker traces). In A: nerve potentials recorded at Erb's point (N9). In B: contralateral parietal recording

with the N20-P27 and P45 components. In C: frontal Fz recording with the prerolandic P22 and N30 components. Notice the gating

effect on the far-field P14 present in this subject.

for the mid-frontal site. The baseline amplitude of
PH measured in 3 of the 4 subjects analysed with
non-cephalic reference was not significantly differ-
ent: 1.26 /LV::!:0.6 at rest and 1.38 /LV::!:0.6 with
movement interference. The same result was found
with peak-to-peak amplitude (see Table I). The
P13-P14 components interpreted as volume-
conducted action potentials in the medial lemnis-
cus were not statistically reduced or enhanced by
the movement (Table II). In more detailed view
the subject presented in Fig. 3 shows a reduction
of P14 with movement interference while the pre-
ceding far-field P9 and PH are unchanged. Never-
theless, in two other subjects the P14 far field was

increased with movement interference and un-
changed in the subject illustrated in Fig. 2.

Effect of movement on the widespread N 18 compo-
nent

With a non-cephalic reference the P14 far field
was followed by a widespread negativity N18.
After P14, a first inflection (Fig. 2F) on the nega-
tive-going trace indicates the onset of component
N18 (vertical fine-dotted line in Fig. 2). This large
component was recorded in all recording sites on
the scalp (Fig. 2C, E, F) and earlobe electrodes
(not illustrated) (the N18 phenomenon was
analysed with more detail in Desmedt and Cheron
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Fig. 4. Means and standard deviations of SEP amplitudes
recorded with non-cephalic reference in 4 subjects in normal
condition (empty columns) and in movement interference
(hatched columns). In A, upper part: nerve recording at Erb's
point. In A, lower part: baseline amplitude of the subcortical
P9, Pll, P14 and N18 and the cortical parietal N20-P27-P45
and prerolandic P22-N30 components. In B: peak-to-peak
amplitudes of the same subcortical and cortical components.
Notice the significant gating of the parietal P27 and the
prerolandic P22 and N30.

1981). The N18 component was clearly isolated
and roughly similar at both earlobe recordings.
The N18 activity measured in 4 subjects at the
earlobe was significantly increased with movement
interference (Table 11). The baseline mean mea-
sure of the N18 component was increased by 36%
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TABLE 11

Comparison of baseline and peak-to-peak amplitudes (fN)
(i: S.D.) of the far-field and the N18 widespread components
and the peak-to-peak amplitudes of the neck SEP recorded
with a non-cephalic reference (n = 9).

Normal in rest Movement

interference
t test

TABLE III

Comparison of baseline and peak-to-peak amplitudes (fLY)
(i: S.D.) of the early SEP components recorded with a non-
cephalic reference (n = 9).

Normal in rest Movement
interference

t test

A. Baseline amplitude

Postrolandic components (contralateral postcentral site)
N20 2.21 i: 0.93 2.40 i: 0.81 P> 0.10
P27 1.20i: 0.68 0.13 i: 0.12 P < 0.001
P45 1.45i:0.60 0.95i:0.55 P > 0.10

Prerolandic components (frontal Fz site)
P22 0.37 i: 0.14 0.03 i: 0.05
N30 3.06i: 1.29 1.23 i: 1.53

P < 0.001
P < 0.001

B. Peak to peak amplitude

Postrolandic components (contralateral postcentral site)
N20 3.47i: 1.00 3.43i: 0.98 P > 0.80
N27 2.99 i: 0.79 1.51i: 0.65 P < 0.01
P45 1.80i:0.40 1.90i:0.31 P>0.20

Prerolandic components (frontal Fz site)
P22 0.61 i:0.26 0.10i: 0.13
N30 3.33i: 1.13 1.05i: 0.80

P < 0.001
P < 0.001
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A. Baseline-amplitude
(frontal Fz site)

P9 0.95 i: 0.48 0.97 i: 0.56 P > 0.70
Pll 1.15 i: 0.52 1.26i: 0.61 P > 0.30
P13-PI4 1.80i: 0.90 1.68 i: 0.48 P > 0.40
N18 1.47i:0.78 2.00i: 1.03 P < 0.001

B. Peak-to-peak amplitude
neck SEP-C7

Nll 0.42 i: 0.20 0.44 i: 0.20 P > 0.60
NB 0.58 i: 0.20 0.64i:0.17 P > 0.50

Frontal Fz site
P9 1.07i: 0.54 1.13 i: 0.67 P > 0.20
Pll 0.58 i: 0.36 0.61 i: 0.40 P > 0.60
P13-PI4 1.07 i: 0.55 0.80i:0.19 P > 0.20
N18 2.28 i: 0.55 3.16i: 1.25 P < 0.02
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(1.47 /LV::!:0.7 at rest up to 2.0 /LV::!:1.0 with
movement interference). The peak-to-peak (P14-
N18) mean amplitude increased by 38% (2.28 /LV
::!:0.55 at rest up to 3.16 /LV::!:1.2 with movement).

Effect of movement on early cortical components
Figs. 2, 3 and 4 and Table I clearly show that

when the 4 fingers of the hand stimulated are
actively moving the resulting early SEP is altered
(heavy line). This is in striking contrast with the
records obtained when the hand is stationary (fine
line). We excluded the possibility that the shock
might be less effective while the fingers were mov-
ing by a change in the relationship of the stimulat-
ing electrodes and the median nerve at the wrist or
through a change in the effectiveness of skin con-
tact. In fact, the Erb's nerve potentials and P9
remained unchanged and the same afferent drive
arrived at the first synaptic relay. Once. this was
established, we explored ibe gating effect on each
early SEP recorded in the contralateral parietal
area and in front of the central sulcus. With
earlobe reference the return of the P14 positivity
was followed in the parietal sites (Fig. 2D) by the
rising limb of N20. At the frontal electrode P14
return was followed by the P22 component. It is
important to emphasize that the active movement
suppresses a large part of the frontal P22 compo-
nent (Fig. 2B and Table I). The mean baseline
amplitude obtained in 9 subjects for the P22 with
earlobe reference was 0.75 ::!:0.42 /LVat rest and
0.36::!:0.64 /LVin active movement. However, ap-
proximately at the same time but in the parietal
site the N20 component remained unchanged by
movement interference (Fig. 2D). In the same 9
subjects the mean baseline amplitude of N20 was
0.84 ::!:0.42 /LVat rest and 0.73 ::!:0.34 /LVin active
movement.

After this fronto-parietal dissociated gating of
N20-P22 components, 2 other suppressions were
recorded: the parietal P27 (Fig. 2D) was sup-
pressed (1.11 ::!:0.64 /LVat rest and 0.31 ::!:0.31 IN
with movement interference); likewise the frontal
N30 (Fig. 2B) was considerably reduced by the
movement interference (2.17 ::!:0.7 /LVat rest and
0.37 ::!:0.33 /LV with movement gating). In the
parietal area the P45 component was not signifi-
cantly modified by the movement. With ex-

-
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tracephalic reference the enhanced widespread
N18 contributed partly to a more important sup-
pression of the frontal P22 (Figs. 2C and 3C) but
the N30 gating effect was clearly present with the
same NI8 enhancing (Figs. 2C and 3C). The group
means and standard errors of mean baseline am-
plitude or peak-to-peak amplitude measurements
in 4 subjects recorded with an extracephalic refer-
ence (Fig. 4 and Table Ill) disclosed the contrast
effect of movement gating on the preserved parietal
N20 and P45 and the frontal or prerolandic sup-
pressed P22 and N30. In fact, the classical' W'
profile of the parietal SEP was more preserved by
the active movement than the frontal or prero-
landic SEP.

Discussion

The present study examines how distinct early
SEP components are gated by a rapid self-paced
movement. A number of past papers have de-
scribed the somatosensory gating by movement
(Giblin 1964; Broughton et al. 1965; Coquery et
al. 1972). A general reduction of the early SEP
was described but attention was directed more
precisely to the temporal relationship between the
movement and the shock and to the late SEP
components up to 300 msec. Coquery in 1978
found that evoked potentials start to decrease in
the first 100 msec after EMG onset and are
abolished in the subsequent 100-200 msec. Lee
and White (1974) found an increased Nl30 and a
slight depression of components between 50 and
100 msec if the active voluntary movement oc-
curred in the immediate vicinity of the stimulating
point. A similar Nl30 enhancing was illustrated in
our study (Fig. Id) and followed by a sustained
N300. Hazemann et al. (1975) reported the same
results and an enhanced P45 (their P40) when the
voluntary self-paced hand movements preceded by
2500 msec or followed the shock by up to 880
msec. Our parietal P45 was not significantly
changed by the movement. Other studies were
focused on the relationship between SEP ampli-
tude and speed of movyment (Rush ton et a1.1981;
Angel and Malenka 1982; Rauch et al. 1985).
They concluded that SEP general amplitude was
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(1.47 flV:!::0.7 at rest up to 2.0 fl-V:!::1.0 with
movement interference). The peak-to-peak (P14-
N18) mean amplitude increased by 38% (2.28 fl-V
:!::0.55 at rest up to 3.16 fl-V:!::1.2 with movement).

Effect of movement on early cortical components
Figs. 2, 3 and 4 and Table I clearly show that

when the 4 fingers of the hand stimulated are
actively moving the resulting early SEP is altered
(heavy line). This is in striking contrast with the
records obtained when the hand is stationary (fine
line). We excluded the possibility that the shock
might be less effective while the fingers were mov-
ing by a change in the relationship of the stimulat-
ing electrodes and the median nerve at the wrist or
through a change in the effectiveness of skin con-
tact. In fact, the Erb's nerve potentials and P9
remained unchanged and the same afferent drive
arrived at the first synaptic relay. Once this was
established, we explored the gating effect on each
early SEP recorded in the contralateral parietal
area and in front of the central sulcus. With

earlobe reference the return of the P14 positivity
was followed in the parietal sites (Fig. 20) by the
rising limb of N20. At the frontal electrode P14
return was followed by the P22 component. It is
important to emphasize that the active movement
suppresses a large part of the frontal P22 compo-
nent (Fig. 2B and Table I). The mean baseline
amplitude obtained in 9 subjects for the P22 with
earlobe reference was 0.75 :!::0.42 fl-Vat rest and
0.36 :!::0.64 fl-Vin active movement. However, ap-
proximately at the same time but in the parietal
site the N20 component remained unchanged by
movement interference (Fig. 20). In the same 9
subjects the mean baseline amplitude of N20 was
0.84 :!::0.42 fl-Vat rest and 0.73 :!::0.34 fl-Vin active
movement.

After this fronto-parietal dissociated gating of
N20-P22 components, 2 other suppressions were
recorded: the parietal P27 (Fig. 20) was sup-
pressed (1.11 :!::0.64 fl-Vat rest and 0.31 :!::0.31 fl-V
with movement interference); likewise the frontal
N30 (Fig. 2B) was considerably reduced by the
movement interference (2.17 :!::0.7 fl-Vat rest and
0.37 :!::0.33 fl-V with movement gating). In the
parietal area the P45 component was not signifi-
cantly modified by the movement. With ex-
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tracephalic reference the enhanced widespread
N18 contributed partly to a more important sup-
pression of the frontal P22 (Figs. 2C and 3C) but
the N30 gating effect was clearly present with the
same N18 enhancing (Figs. 2C and 3C). The group
means and standard errors of mean baseline am-
plitude or peak-to-peak amplitude measurements
in 4 subjects recorded with an extracephalic refer-
ence (Fig. 4 and Table Ill) disclosed the contrast
effect of movement gating on the preserved parietal
N20 and P45 and the frontal or prerolandic sup-
pressed P22 and N30. In fact, the classical' W'
profile of the parietal SEP was more preserved by
the active movement than the frontal or prero-
landic SEP.

Discussion

The present study examines how distinct early
SEP components are gated by a rapid self-paced
movement. A number of past papers have de-
scribed the somatosensory gating by movement
(Giblin 1964; Broughton et al. 1965; Coquery et
al. 1972). A general reduction of the early SEP
was described but attention was directed more
precisely to the temporal relationship between the
movement and the shock and to the late SEP
components up to 300 msec. Coquery in 1978
found that evoked potentials start to decrease in
the first 100 msec after EMG onset and are

abolished in the subsequent 100-200 msec. Lee
and White (1974) found an increased N130 and a
slight depression of components between 50 and
100 msec if the active voluntary movement oc-
curred in the immediate vicinity of the stimulating
point. A similar N130 enhancing was illustrated in
our study (Fig. Id) and followed by a sustained
N300. Hazemann et al. (1975) reported the same
results and an enhanced P45 (their P40) when the
voluntary self-paced hand movements preceded by
2500 msec or followed the shock by up to 880
msec. Our parietal P45 was not significantly
changed by the movement. Other studies were
focused on the relationship between SEP ampli-
tude and speed of movement (Rush ton et al.1981;
Angel and Malenka 1982; Rauch et al. 1985).
They concluded that SEP general amplitude was
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approximately inversely related to the speed of
movement. The finger flexion movement in our
study was chosen to fit with a ballistic and auto-
matic pattern produced by a brief EMG burst
around 120 msec in duration. This kind of move-
ment was classified by Deecke et al. (1984) as a
short duration single movement in which the pre-
paratory potentials like the negative BP were di-
rectly followed by the termination potentials like
the positive relaxation potentials (RXP).

The return of the fingers to the extended posi-
tion was passively accomplished by a torque mo-
tor. This procedure avoided interference between
the SEP wave and a goal-directed movement
potential (GDMP) (Griinewald-Zuberbier and
Grunewald 1978) or a movement monitoring
potential (MMP) (Foit et al. 1982). These negative
potentials are associated with every kind of move-
ment of longer duration that requires adjustment
and thus cerebral monitoring. The movement-re-
lated potentials recorded in our paradigm are well
delineated as follow: before the EMG onset the
BP wave was recorded at parietal and frontal
electrodes, after the EMG onset the frontal elec-
trode disclosed a further increase up to a maxi-
mum after the agonist EMG peak. The same
potential was recorded by Grunewald-Zuberbier
et al. (1981) and Grunewald and Grunewald-
Zuberbier (1983). This component may be the
'motor cortex potential' described by Papakosto-
poulos (1978). These negative potentials were fol-
lowed by a positive deflection associated with the
relaxation potentials (RXP, cf., Deecke et al. 1984).
The return to the baseline was accomplished after
::!::300 msec. Our results demonstrate clearly that
the specific SEP suppressions are not explained by
an algebraic summation between these related mo-
tor potentials and the SEP components.

Good evidence is available in the literature to
show that the gating may occur at different sites
along the somatosensory pathways. In Jones' ex-
periment (S.J. Jones 1981) the random active finger
movement produced significant reduction of the
N9 at clavicle and the NB at Cv2. However, a
similar reduction was never found in our experi-
ments. Our explanation of these sensory nerve
potentials diminished by movement is that such
an effect could result from a change of the elec-
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trode contact and thus a change in the shock
intensity at the wrist. If the afferent drive changes
in the nerve itself it is difficult to interpret the real
gating effect at the subcortical and cortical level.
Moreover, N18, N20 and P27 (their N17, N18 and
P21) waves were also reduced by random move-
ment. These last results were obtained with a
mid-frontal reference. In this situation the N20
(their N18) reduction was probably due to a pre-
rolandic P22 gating effect. Likewise P27 (their
P21) reduction could result from a mixed gating of
the prerolandic N30 and post-rolandic P27 waves.

In awake cats, Ghez and Pisa (1972) found
inhibition of the lemniscal response to superficial
radial nerve stimulation by active movement; the
gating must presumably occur at the dorsal col-
umn nuclei. However, in our experimental para-
digm the gating effect on the PB-P14 far-field
potentials did not reach statistical significance (see
Table II). Nevertheless,. individual comparisons
show a consistent reduction of P14 far field (Fig.
3) in 3 subjects, a maintained P14 in 3 subjects
and an increased response in 3 others; this par-
ticular variability in the gating effect on the P14
contrasts with the maintained subcortical P9 and
PH and the suppressed cortical P27, P22 and N30
recorded for each subject. The far-field P14 is
interpreted as a volume-conducted potential re-
lated to the summation of the travelling activity in
the medial lemniscus. The presumed location of
this far-field potential is based on topographical
and time analysis (Desmedt and Cheron 1980a,
1981): the far-field onset corresponds to the
activation of the caudal lemniscal fibres while its
peak at P14 reflects the arrival of the fastest
lemniscal action potentials at the thalamus. This
interpretation is supported by clinical evidence
that the P14 far field is preserved in patients with
a thalamic vascular lesion that eliminates all sub-
sequent SEP activity (Nakanishi et al. 1978;
Mauguiere et al. 1982). It is intriguing to record
significant enhancement of the widespread N18
with active movement interference (see Figs. 2F
and 3C and Table I). The exact origin of this
component is unknown but first of all its occur-
rence all over the scalp seems to preclude any
specific regional or areal generator of the somato-
sensory cortex. Secondly, the observation reported
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by Desmedt and Cheron (1981) that N18 presents
a sizeable amplitude on the ipsilateral scalp is
incompatible with its origin in the thalamo-corti-
cal radiation potentials elicited only from the
hemithalamus contralateral to the side stimulated.
Moreover, the N18 persists in patients with an
extensive thalamic or suprathalamic lesion elimi-
nating both the postcentral N20-P27-P45 and the
prerolandic P22-N30 SEP components. Our find-
ing of the enhancing effect on N18 produced by
movement is the most significant evidence in
favour of a subcortical gating process.

In the discussion of the early cortical gating
two main points must be clarified. First of all, the
N20 component recorded from the parietal scalp
contralateral to the hand stimulated is considered
as the earliest cortical wave of the somatosensory
receiving cortex. The dual nature of the earliest
cortical negativity (widespread N18 and localized
N20) demonstrated by Desmedt and Cheron (1981)
explains the results of Kritchevsky and Wiederholt
(1978) on the apparently bilateral distribution of
the early negativity and the clinical data presented
by Chiappa et al. (1980), suggesting a thalamic or
a thalamo-cortical radiation origin for the early
negativity recorded around 20 msec. Furthermore,
the neuromagnetic field records of Kaufman and
Williamson (1982) suggest that the activity picked
up around 20 msec has a cortical rather than
subcortical generator. Secondly, the prerolandic
P22 component recorded in our study at Fz can-
not be interpreted as a mirror image (phase rever-
sal) of the parietal N20 (as suggested by Brough-
ton 1969). With scalp recording Desmedt and
Cheron (1980a) found a significant difference in
on sets and peak latencies for N20 and P22. The
independence of the first pre- and postcentral
cortical components was also demonstrated by
corticographic recording (Papakostopoulos et al.
1975). An independent sensorimotor rhythm is
also independently generated in the pre- and post-
central cortical areas (Papakostopoulos and Crow
1980). More recently, Slimp et al. (1986) have
demonstrated, in a patient with a discrete resec-
tion of part of the postcentral somatosensory
cortex, that N20-P27-P45 components are sup-
pressed while the prerolandic P22 and N30 are
unaltered.
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Moreover, Mauguiere et al. (1983) have shown
in many cases that the prerolandic P22-N30 SEP
components persisted after postcentral cortical le-
sions that eliminated the early parietal responses
N20-P27-P45. The P22 and N30 origins are well
discussed in the latter study and it was proposed
that the prerolandic P22 is generated in area 4,
and that the N30 is probably generated in the
premotor areas which receive connections from
area 4 and also from parietal areas (E.G. lones
1983). The precentral lesions eliminated P22 and
were associated with a severe hemiplegia (cf.,
Mauguiere et al. 1983). Like the more spectacular
gated wave by movement the prerolandic N30
component is also the most vulnerable SEP com-
ponent in the course of ageing (Desmedt and
Cheron 1980b). A recent study of Kakigi and
lones (1985) reveals a slight reduction of the fron-
tal P22 and N30 in a tactile interfering condition
(cf., Fig. 2 in their paper). Furthermore the sup-
pression of P22 accompanied by a preserved
parietal N20 disclosed in our study, in conjunction
with a rapid self-paced flexion movement, might
also be suggestive for separate cortical generators.
On the other hand, these new findings about the
prerolandic P22 gating might suggest a functional
significance of this short-latency prerolandic gen-
erator for somatic sensation and for motor control
and might be related to the fact that the pyram-
idal neurones of motor area 4 are controlled by
feedback through sensory inputs from the move-
ment (Evarts and Tanji 1976; Conrad 1978; Evarts
and Fromm 1978).

In conclusion, the present study demonstrated
that the movement gating of SEP components is
significantly directed to the cortical processing
rather than the subcortical process (except for the
enhanced N18) and more precisely to the parietal
P27 and to the early prerolandic P22 and N30.
The presumed generators of these 3 components
are functionally implicated in sensorimotor in-
tegration with a rapid self-paced flexion move-
ment.
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