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Summary
Three different interfering conditions were studied during the recording of pre- and postcentral somatosensory evoked
potentials (SEPs) following median nerve stimulation at the wrist in 16 normal subjects: active finger movement (MVT), light superficial massage
(LSM) and deep muscular massage (DMM) of the hand. Special attention was focused on selective effects on individual SEP components. The
frontal N3o component showed the most significant amplitude reduction during the three interfering conditions (76.4% of reduction in MVT,
36.4% in DMM and 32.9% in LSM). In contrast the frontal N23~wasnot significantly changed and the preceding P22component was only reduced
in the MVT condition.
Postcentral Nlo was unchanged by the three conditions while Pn was clearly gated by movement but not significantly by LSM and DMM. The
three interfering conditions enhanced the parietal N32 and had no significant effect on the parietal P4s,
An important point was the interindividualvariabilityof these effects and it appeared that group average wave forms would therefore be
confusing.
The peak latency of some SEP components was changed during the interfering conditions. The most important effect was an increase of
postcentral P45 latency which was found to be related to the amplitude enhancement of N3l'
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The recent surge of the "movement gating" approach to somatosensory evoked potentials (SEPs) provides some agreement that during active movement a
centrifugal gating occurs at cortical or thalamo-cortical
sites (Cheron and Borenstein 1987; Cohen and Staff
1987; Tapia et al. 1987; lones et al. 1989). This gating
effect is well demonstrated by strong and specific attenuation of parietal Pn and frontal P22 and N3o SEP
components.
Centrifugal gating (motor to sensory cortex) occurs
both before and during motor activity and is considered now as a common mechanism, described earlier in
the visual system where the visual thresholds were
"gated" by saccadic eye movements (Latour 1962; Zuber and Stark 1966; Staff et al. 1969). However, centripetal (periphery to central-competitive) gating might
also be involved in some active movement paradigm in
which the joint, cutaneous and muscle spindle afferents
might produce a significant interfering effect on SEP
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components. This centripetal gating is described during
passive movement (Rushton et al. 1981; lones et al.
1989) and during continuous sensory stimulation (Abbruzzese et al. 1980; lones 1981; lones and Power
1984; Kakigi and lones 1985, 1986).
Do centrifugal and centripetal gating produce the
same specific attenuation of parietal and frontal SEP
components? To answer this question the somatosensory evoked potentials (SEPs) following median nerve
stimulation provide a most effective system in which
the different wave patterns and associated neural generators are well defined in normal subjects (Desmedt
and Cheron 1980, 1981, 1982; Desmedt et al. 1987) and
in pathological situations (Mauguiere et al. 1982, 1983;
Slimp et al. 1986). Moreover, recent studies of Ebner
and Deuschl (1988) have demonstrated, both in myoclonic disease and in pharmacological alterations, a
clear dissociation of stable and modifiable SEP components. Almost the same dissociation was shown in the
"movement gating" situation (Cheron and Borenstein
1987). The aim of this study was to investigate the
plasticity of this highly modifiable cortical system and
to compare the active movement interference state
with the specific gating effect on each SEP component
of two different continuous sensory stimuli modalities:
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Material and methods
Subjects
The data were collected from 16 normal volunteers
(10 females and 6 males, mean age: 24 years, range:
21-32 years). They were in good health, free from
neurological disease, and had given informed consent.
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 cup electrodes to the left
median nerve just proximal to the wrist. The intensities
of the stimuli were adjusted to elicit visible small
thumb twitches. The stimulation rate never exceeded
3/sec and remained the same during the different
paradigms considered in this study. The skin temperature of the stimulated arm was monitored and maintained between 31 and 35°c.
Recording and analysis
Stainless steel needles of 0.2 mm diameter were
used to record from scalp and earlobe sites. Jelly-filled
cups were placed on Erb's point of the brachial plexus
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 and frontal F2, referred to
the contralateral earlobe. SEPs were recorded using a
4-channel Nicolet averager Pathfinder 11. The overall
band-pass was 5 Hz to 1.5 kHz, analysis time was 100
msec (bin width: 100 /-tsec). For each paradigm considered in this study, at least 2 series of 512 potentials
were checked for reproducibility. The non-smoothed
traces were stored on floppy disks for off-line analysis
and written out on a system integrated X-Y plotter.
All SEP components are 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-PI4' for the
widespread negativity Nls, for the postcentral N2o-P27N32-P45and for the frontal P22-N23-N3o-P42are used
irrespective of the actual peak latency. Amplitudes of
cerebral evoked potentials were initially measured in
two ways: (1) absolute amplitudes between baseline
and positive or negative peaks and (2) differential
amplitudes between each component and the following
component of opposite polarity. After analysis the latter method appeared rather confusing and was therefore discarded. Statistical comparison of wave amplitude between control and each of the three interfering
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a light superficial massage and a deep muscular massage of the hand.

-

conditions employed a one way analysis of variance
(ANOV A).
Interference procedures
Three interference paradigms were compared in this
study (1): active finger movement (MVT); (2) light
superficial massage of the hand (LSM) and (3) deep
muscular massage of the hand (DMM). In the first
interference (MVT) state during median nerve stimulation the subjects were encouraged to flex and extend
the last 4 unilateral fingers together rapidly (to close
and open the hand). The second interference state
(LSM) was provided by a continuous light skin massage
applied to the thenar eminence by a finger of the
experimenter concurrently with the median nerve stimulus; this kind of massage is known to activate the
superficial cutaneous fibres. The third interference
state (DMM) followed the same procedure, but in this
situation the massage was made by the tip of the
experimenter's thumb and applied deeply with rotating
pressure. This kind of massage is known to activate not
only the superficial but also the deep cutaneous fibres,
the muscle receptors and the innervated articular connective tissues such as tendon grooves, joint capsules,
ligaments, periosteum and pericapsular connective tissue (Ralston et aI. 1960).
The order of these three interference conditions was
alternated throughout the recording session. A series
of the control condition was made before and after the
interference session.

Results
A clear-cut effect of the three interfering conditions
on SEP was recorded in each of the 16 subjects. The
histograms of the Fig. 1 summarize the comparative
effects of these different interfering conditions (MVT,
DMM, LSM) and disclose the same trend of variation
on the P22 and N30 prerolandic components (Fig. lA)
as well as on the P27and N32 parietal components (Fig.
lE). The pooled diagram of the Erb's potential amplitudes remains the same during the three interfering
conditions, indicating that the gating effect was unlikely to have been due to a change of the afferent
volley (in the refractoriness of peripheral nerve fibres
or shift in the position of the stimulating electrodes)
(Table I). The PI4 farfield component was not statistically changed by these three interfering situations. The
same stability was also clearly obtained for the focal
contralateral parietal N20, corresponding to the first
cortical activation (Table I).
The first clearly dissociated prerolandic cortical
event was the P22. This wave was significantly attenuated by the random movement interference. One way
analysis of variance (Table I) revealed that in LSM and
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Fig. 1. Histogram showing the gating effect of three different interfering conditions on the mean amplitude (I S.D.) of the frontal (A)
and parietal (B) somatosensory evoked potentials following stimulation of the median nerve at the wrist in 16 normal subjects. Empty
area: control at rest, without interference. Black area: active finger
movement (MVT). Hatched area: deep muscular massage of the
hand (DMM). Dotted area: light superficial massage of the hand
(LSM).

DMM the Pn attenuation was not statistically significant (P > 0.09 and P> 0.10, respectively).
The next event generally described in the pre-

rolandic or frontal area was the more widespread N3o
component. Close inspection of individual frontal SEP
waves at rest and in the gating situation disclosed an
N23 component (mean latency: 22.5:t 1.5 msec), well
individualized in 12 subjects. This prerolandic component was not significantly altered by the three interfering conditions. This 'is clearly illustrated in Fig. 3A for
MVT and in 3C for DMM and also in the two other
subjects of Fig. 5 (see ANOV A values of Table I).
By contrast, the immediately following frontal N3o
was strongly gated in the three interfering states (76.4%
of reduction in MVT, 36.4% in DMM and 32.9% in
LSM). ANOV A analysis of the parietal Pn component
revealed that its amplitude in the interfering states was
only significantly different in the MVT paradigm (P <
0.016); the reduction of DMM (P> 0.09) and LSM
(P > 0.016) was not significant. Surprisingly, the next
gating effect in parietal records was increase of the
amplitude of the N32 component, which attained in
each of the three interfering states a significant level
(see Table I).
Analysis of the quantitative pooled data was limited
by smoothing of the individual wave peculiarities, which
were very important for the understanding of the specific effects of the different gating modalities. For this
reason, subsequent descriptions concentrate on the
individual morphology changes associated with the
three different paradigms.
Five representative subjects are graphically illustrated and separately analysed in this paper. When we
<compared their global SEP wave forms at rest and in
the different. interfering states we reached the conviction that a group average wave form would clearly be
inadequate because the individual waves did not always
show the same changes. Interesting individual behaviors of the wave forms would certainly be blurred by
interindividual averaging. For example, in the subject

TABLE1
Comparison of baseline amplitude (/-IV) (I S.D.) of the early SEP components recorded with an earlobe reference in normal (N), movement
interference (MVT), light superficial massage (LSM) and deep muscular massage (DMM). One-way analysis of variance (ANOV A) analyses the
effect of each interfering condition.
N

MVT

ANOVA
significance level

LSM

ANOVA
significance level

DMM

ANOVA
significance level

No.

4.7 I1.9
0.6 IO.7

4.7 I 1.8
0.5 IO.7

0.95 NS
0.82 NS

4.9 I 1.8
0.6 IO.7

0.89 NS
0.96 NS

4.7 I 1.8
0.7 IO.4

0.96 NS
0.80 NS

16
16

Postrolandic components (contralateral postcentral
N20
1.39 I 0.61 1.32 I 0.62
P27
1.84 I 0.79 1.20 IO.57
N32
1.40 I 0.60 2.12IO.50
P45
2.39 I 1.19 1.89 I 1.06

site)
0.75 NS
0.016 * *
0.004 ***
0.22 NS

1.33 I 0.61
1.60 I 0.76
1.97 IO.82
2.03 I 1.22

0.77 NS
0.38 NS
0.03 * *
0.42 NS

1.20 I 0.67
1.41:t 0.54
1.97 IO.90
1.97 I 1.20

0.43 NS
0.09 NS
0.05 *
0.34 NS

16
15
15
14

Prerolandic components (frontal Fz site)
P22
1.20 I 0.48 0.73 I 0.44
N23
1.52 I 0.65 1.25 IO.59
N30
2.92 I 1.18 0.69 I 0.74
P42
1.40 I 1.60 1.90 I 1.30

0.005 ***
0.29 NS
0.000 ***
0.76 NS

0.98 I 0.31
1.49 IO.57
1.99 I 1.33
1.50 I 1.10

0.09 NS
0.93 NS
0.05 *
0.82 NS

0.97 I
1.44 I
1.86 I
1.50 I

0.100 NS
0.77 NS
0.024 * *
0.91 NS

15
15
15
15

Erb's nerve potential
P14

NS = not statistically

significant;

* = just significant;

* * = significant;

* * * = highly significant.

0.31
0.55
1.27
1.30
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illustrated in Fig. 2, the random movement interfelence produced a great attenuation of the prerolandic
P22 and N3o components (Fig. 2A) while the
postrolandic P21 and N32 were not significantly altered
(Fig. 2D). During deep muscular massage (Fig. 2B) the
prerolandic N3o attenuation was less important but in
this case the postrolandic N32 component was increased by this afferent interference. This is clearly
illustrated in Fig. 2E where the peak amplitude of the
N32 is larger than that of the peak of the preceding
postrolandic N2o' In this subject the prerolandic N23
was not clearly dissociated from the following classical
N3o. By contrast, in the four other illustrated subjects
(Figs. 3-5), the two negative prerolandic components
(N23 and N30) were clearly dissociated at rest and
showed a functional dissociation during the interfering
conditions.
In the subject of Fig. 3, the prerolandic N3o was
completely abolished during the three interfering conditions (two of them were illustrated in Fig. 3) while
the prerolandic N23 remained unchanged. Moreover,
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Fig. 2. Example illustrating the gating effect of three different
interfering modalities on the frontal (left column) and parietal (right
column) somatosensory evoked potentials in response to median
nerve stimulation at wrist in a normal subject. A and D: finger
movement interference producing a marked attenuation of frontal
P22 and N3owhile parietal P27 and N32 show little change. Band E:
deep muscular massage of hand muscles inducing a less marked
attenuation of frontal N3o but an increase of parietal N32' C and F:
light superficial massage of the hand.

~
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1ams
Fig. 3. Effects of two difthent interfering conditions on the frontal
(A, C) and parietal (B, D) somatosensory evoked potentials following
median nerve stimulation at the wrist in a normal subject. Two upper
traces: movement gating. Two lower traces: deep muscular massage
gating. While a similar attenuation affects the frontal N3o in both
situations (A, C), a more marked increase of parietal N32 is observed
during deep muscular massage (D) than during movement interference (B).

during the movement interfering state the postrolandic
SEP waves of this subject disclosed great modifications: the P21 component was significantly attenuated
and the N32 configuration was profoundly changed. In
the case of MVT gating the postrolandic P21 component seemed to be obliterated (Fig. 3B) by an earlier
postrolandic N32 component. In fact, this new wave
form could be simply explained by a postrolandic P21
attenuation producing the shift of the N32 component.
This is in striking contrast with the postrolandic SEP
records obtained when the hand of this subject received a deep muscular massage (Fig. 3D). In this case,
the P21 attenuation was clearly associated with a great
increase of the N32 component, the peak of which
showed a prolonged. latency. In spite of these
postrolandic specific modifications of P21and N32 components during the different interfering states (movement or massage) the prerolandic N3o was identically
gated in these two situations (Figs. 3A and C) while the
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Fig. 4. Recordings in a normal subject showing the good reproductibility of the somatosensory evoked potentia Is recorded at the beginning (Cl)
and at the end of the experimental session (C2). A: frontal waves. B: parietal waves. In this subject, LSM and MVT had the same effect on the
frontal complex in C (abolition of the N3o wave; the vertical interrupted line indicates its onset in (A) and the stars its virtual place in (C». By
contrast, the same interfering modalities resulted in a differential effect on the parietal complex (D), the N32 wave being enhanced by LSM and
attenuated by MVT.

prerolandic Pzz was gated with movement interference
(A) and practically ungated during the deep muscular
massage interference (C).
The next illustrated subject (Fig. 4) proved the good
reproducibility of the SEP wave forms during the experimental session. Fig. 4A shows the prerolandic SEP
wave during the first run of control (Cl) and the last
run of control (C2) performed, respectively, at the
beginning and at the end of the session. The four mean
prerolandic SEP components (Pzz, NZ3' N3o and P4z)
were exactly reproduced during the control run. The
same reproductibility was obtained for the postrolandic
SEP components (Nzo, Pn, N3z, P4s) (Fig. 4B). The
effect of the light superficial massage on the prerolandic wave of this subject was exactly the same as
that produced by the random. movement interference
(Fig. 4C) but this identical prerolandic gating was not
paralleled by an identical postrolandic gating. The
postrolandic SEP wave disclosed a great enhancement
of the N3z wave during light superficial massage while
the movement interference produced, in this subject,
an opposite effect on this wave (Fig. 4D).
Analysis of the SEP components recorded with an
extracephalic reference disclosed, in all the subjects in
which the frontal NZ3 and N3o wave were present, a
clear-cut independence of these waves during the gating situation. SEP records with extracephalic reference
are illustrated for two other subjects in Fig. 5. In these
two representative subjects the frontal wave in the
control situation showed two characteristic negative
peaks, NZ3 and N3o (Figs. 5A and B). During movement interference the second negative peak (N30) was
completely.deleted and replaced in both subjects by a
positive wave while the first negative peak (NZ3) was

Fig. 5. Example of records with extracephalic reference in two other
subjects showing the specific effects of the three interfering conditions (MVT, DMM and LSM): suppression of the frontal N3o(,. , A,
B), preservation of the frontal N23 (\l, A, B) and increasing of the
parietal N32(0, C, D).
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mildly reduced in the subject of Fig. SA and not
changed in the subject of the Fig. SE. The gating of the
frontal N3o during the DMM and LSM was not so
pronounced in the subject of Fig. SA as in that of Fig.
SB. The independence of the two frontal negativities
(N23 and N30) is clearly illustrated in these two subjects. The "switch-off" of the frontal N3o was the most
spectacular event of the early SEP gating. It was accompanied in the postrolandic scalp (Figs. SC and D)
by an amplitude reduction of the P27 component although the subsequent N32 was increased during the
gating. This latter event was clearly indexed in both
subjects by the fact that during the movement interference the peak amplitude of N32was larger than that of
the stable N2o'
Effect of gating on the peak latency of the SEP components
The interfering conditions used in this study produced significant changes in the peak latency of some
SEP components which could be related to wave amplitude enhancement or reduction. The peak latencies
of the parietal N2o and the frontal N23 (Fig. 6A) were
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absolutely not changed by the three interfering conditions while the peak latencies of the frontal N3o (Fig.
6B) and the parietal P27 (Fig. 7A) and P45 (Fig. 7B)
were modified. These peak latency modifications are
analyzed in detail in the diagrams of Figs. 6 and 7. A
peak latency variation of the frontal N3o component
was recorded in 8 subjects in whom the majority of the
interfering conditions reduced the peak latency of this
wave, but the inverse trend was recorded in some
subjects (Fig. 6B). Sometimes, because a positive component was recorded in place of N3o as in the subject
presented in Fig. 3A and C, the measurement of N3o
latency was not possible. Pairwise t tests of the latency
of frontal N3o were not statistically significant. A peak
latency variation was also disclosed for the parietal P27
of 8 subjects but the variation was always a very slight
shortening of the P27 peak latency. Pairwise comparison (t test) was just significant (P < 0.05) during the
movement gating but not significant for the two other
interfering conditions.. The most important variation
was observed for the peak of the parietal P45 component (Fig. 7B). In the great majority of the subjects the
peak latency of the parietal P45 Was significantly increased during the interfering conditions. This modifi-
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cation was related to the increase of the parietal N3z
amplitude in the gating situation (see Figs. 3B and D).
It was also clear that this peak latency increase was not
dependent on the interfering strategy used (Fig. 7B).
Discussion

The ungated far-field P14 and parietal N2o
Our study showed, in agreement with earlier gating
studies (Cheron and Borenstein 1987; Cohen and Starr
1987; lones et al. 1989), no significant effect of the
three different gating modalities on the Erb's potential,
the far-field P14 and the parietal Nzo. These data
demonstrated a non-significant gating of the SEP wave
at subcortical levels below the thalamus (indexed by
the far-field P14) and between the thalamus and the
first parietal activation (indexed by the parietal Nzo)' It
was proposed that the focal Nzo was generated by a
tangentially oriented dipole located in area 3b of the
posterior bank of the central sulcus. This dipole generates the parietal Nzo and a frontal PlO (Deiber et al.
1986; Desmedt et al. 1987; Allison et al. 1989). The
latter wave was not clearly dissociated in all subjects
and we did not measure it. The stability of the parietal
Nzo during interfering situations and more particularly
during the "movement gating" could be related to the
fact that pre-movement suppression (PMS) activity in
SI neurons prior to active movement was not recorded
in area 3b of the monkey primary somatosensory parietal cortex, the presumed generator of Nzo (Soso and
Fetz 1980).
The fact that the far-field P14 and the parietal Nzo
remained statistically unchanged in our three different
interference states was in contrast with the recent
demonstration by Ibaiiez et al. (1989) that centripetal
gating produced by 50 Hz vibration attenuated the
spinal NB, the P14 and the parietal Nzo. But this
discrepancy was probably explained by the great difference in the gating stimulus modality. Vibration produced a well synchronized and high frequency repetitive volley not only in the primary spindle afferents,
which are involved in the well known mechanism of
pre-synaptic inhibition, but also in the different cutaneous afferents. This type of interference stimulus was
able to exert at the first synaptic relay (cuneate nucleus) a clear-cut gating, indexed by P14and Nzo amplitude reduction but also by transient hypoaesthesia of
the hand. Our interfering modalities never reached the
stimulation frequency and intensity which could activate at a significant level any gating switch at the first
relay of the somatosensory pathway.
Are the parietal P27 reduction and the parietal N32
enhancement responsible for the frontal N3o abolition
The enhancement of the parietal N3z during the
gating was described for the first time by lones (1981)
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and interpreted by this author as an unmasking of a
dipolar generator normally active but partially cancelled at the surface of the scalp by the dipolar generator of the parietal P27' Following this suggestion the
selective inhibition of the P27 dipole might cause an
enhancement of the negative wave posteriorly and an
enhancement of the positive wave anteriorly which
could explain the suppression of the frontal N3o. If we
must take into account this possibility it seems likely
that it was not the only mechanism of the SEP gating
effect. For example, in the group average data presented by lones et al. (1989) difference wave form
analyses disclosed a significant peak latency difference
between the frontal and parietal difference wave forms
during active movement. This eliminated the possibility
of a phase reversal influence of a new hypothetical
wave generator associated with the gating operation.
We feel that the gating of the frontal N3o component
cannot be explained by a phase reversal influence of
the parietal N3z enhancement. Our study clearly
showed that in some subjects, as illustrated in Fig. 4,
the large positive wave recorded in place of the N3o
during LSM and MVT was associated in LSM with a
great enhancement of the parietal N3z and in MVT
with a decrease of the N3z' Moreover, peak latency
analysis of the different waves before and during the
different gatings (Figs. 6 and 7) corroborated the fact
that the gating of N3o is an attenuation (no significant
trend of peak variation was found) while the parietal
P27 gating was due to attenuation and also to an
increase of the parietal N3Z(significantly earlier during
gating and also indexed by a significant delay of the
parietal P4s)'
The dissociation of the frontal N23 and N3o components
Close inspection of the frontal negative wave that
follows the Pzz in the three different paradigms of our
study suggested two different components: the frontal
NZ3 and the frontal N3o. During the three interfering
conditions the NZ3 was not significantly attenuated
while the N3owas the most gated of all the components
studied. lones and Power (1984) analysed for the first
time the differential behavior of NZ3(which they labelled "Nzz") and N3o during their interference
paradigm and reached the same conclusion: N3o was
significantly reduced, while NZ3 was not. The same
trend of dissociation was also present in the work of
Rossini et al. (1990), in which the subjects performed,
during median nerve stimulation, a continuous contraction of the hand, producing a specific attenuation of
the frontal N3o while the preceding NZ3 was not
changed.
The same relative stability of this first frontal negativity was also recently described by Delberghe et al.
(1990) during an increase of the stimulus frequency:
the "NZ4" (our NZ3)component was not affected by a
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stimulus rate of 5.7 Hz while the later N3o was attenuated. This suggests a saturation effect of the generator
of N3o,which we must therefore take into account. It is
tempting to speculate that the stability of the frontal
N23 to increase of the stimulus rate compared to the
saturated frontal N3o suggests that the latter component is generated by activity involving a great number
of synaptic events and that the former is linked to fiber
activity inherently present in the cortico-cortical loops
which spread the incoming signal to other sensory
motor area.
Where are the cortical sites of the SEP gating?
The present results support the view that the centripetal gating induced by cutaneous (LSM) or cutaneo-muscular (DMM) and movement stimuli act on the
same SEP cortical generators. Neuromagnetic measurements recently revealed during movement gating
(Rossini et a1. 1989b) a dipole responsible for the
amplitude reduction of the somatosensory evoked field
and located in SI at a depth of 4.2 cm, compatible with
the crown of the postcentral gyrus (area 2 and 1) a
cerebral site where the modulatory interference could
take place (Nelson 1987). This is in accordance with
the P27 attenuation and the N32 enhancement during
gating and could also be related to the fact that premovement suppression was described in the monkey in
neurons of the same parietal areas 1 and 2 (Soso and
Fetz 1980). Unfortunately, neuromagnetic measurements are not able to study the radially oriented dipole
which could produce the frontal N3o (Desmedt and
Bourguet 1985) largely implicated in the gating. The
frontal N3o reaches its maximum amplitude at the scalp
overlying the supplementary motor area (SMA) (Desmedt and Cheron 1981; Desmedt and Bourguet 1985;
Rossini et a1. 1987). In accordance with the hypothetical SMA origin of the frontal N3o, Rossini et a1.(1989a)
described an interesting case of a patient suffering
from unilateral SMA compression, due to a meningioma of the falx. In this case the frontal N3o was not
recognizable on the side of the compression. Moreover,
the same authors showed in the majority of the parkinsonian patients examined an important reduction of
the frontal N3o. They speculated that this reduction
might be interpreted as the effect of a continuous
gating of sensory input to SMA produced by a lack of
relaxation.
The highly modifiable behavior of the frontal N3o
was also recently illustrated in pharmacological alteration of the SEP. Ebner and Deuschl (1988) showed
that the frontal N3o absent in an awake psychiatric
patient (in fact, only a frontal N23 not mentioned by
the author was present) was greatly enhanced during
the action of etomidate and completely gated immediately after an electroconvulsive shock; in contrast the
P14' N2o and P22 remained unchanged during the two

latter conditions. The frontal N3o was completely abolished during isofluorane anesthesia while the frontal
P22was greatly increased (Nogueira et a1. 1989).
All these experimental data associated with the great
sensitivity of the frontal N3o to centrifugal and centripetal gating are compatible with the SMA origin of
this wave and could be explained by a plurimodal
polysynaptic convergence on its generator. The generator of the frontal N3o could then be regarded as the
target of a cascade-like transmission of sensory signals
from the periphery but also from widespread cortical
areas.
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