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voluntary movement in humans
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Summary

Attenuation of somatosensory evoked potentials (SEPS) recorded from the scalp dunng voluntary movement occurs

for specific combinations of the finger moved and the peripheral nerve simulated The cerebral potential component occurring at a
latency of 27 msec (P27) evoked either by stimulation of median nerve at the wnist or by stimulation of 1st and 2nd digat nerves 1n the
fingers were selectively attenuated dunng movement of 1st digit but were not altered durning movement of 5th digit By contrast, the
cerebral P27 component evoked by stimulation of ulnar nerve at the wnist or by stimulation of 5th digital nerve were attenuated
during movement of that digit but were not altered during movement of 1st digit Gating of somatosensory activity 1s a selective
phenomenon occurning when movement involves the areas being stimulated

Key words Somatosensory evoked potentials, Gating, Movement

Modification of central sensory processes during motor
activity 1s referred to as ‘gating’ and has been described for
somatosensory (Papakostopoulos et al 1975, Rushton et al
1981), auditory (Starr 1964, Hazemann et al 1975) and visual
inputs (Volkmann 1962, Adey and Noda 1973) In the
somatosensory system ‘gating’ begins even before movement
onset, during the precontraction penod (Coulter 1974, Starr
and Cohen 1985) mmplicating the action of central efferent
systems 1n the modulation of sensory information Asanuma
(1981) suggested that activity of the pyramidal tract may
influence the transmussion of afferent impulses to higher centers
including the motor cortex However, details as to the relation-
ship between the types of movement and the selectivity of
afferent input modification are not known This report utihizes
scalp recordings of somatosensory evoked potentials in hu-
mans to demonstrate that somatosensory evoked potentials
denived from stimulating a particular penipheral nerve are
modified specifically for movements involving the body parts
mnervated by that particular nerve

Methods

We studied somatosensory evoked potentials (SEPs) 1n 6
voung, healthy, night-handed students, engaged in moving par-
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ticular digits Electrical stimuli were applied through surface
electrodes to either muxed nerves at the wrist or to cutaneous
nerves 1n the digits The amphtudes of SEP to stimulation of
digital nerves were smaller than to stimulation of mixed nerves
at the wrist, requinng a larger number of trials in the former
(up to 1500) to obtan reproducible averages The averaged
potentials evoked by these stumuli were recorded from surface
electrodes placed over the penpheral nerve (PN) and the scalp
In a quiet resting state or during movement Peripheral nerve
(PN) potentials to stimulation of the nerves at the wnst were
recorded from a surface electrode over Erb’s point referenced
to (Fpz) duning median and ulnar nerve stimulation When
stimulating digital nerves the peripheral nerve activity was
recorded from two surface electrodes placed over the median
or ulnar nerves at the wrist Peripheral nerve potentials were
momutored and did not change dunng the movements required
in the expenmental sesston Somatosensory potentials were
recorded from a scalp electrode located post-centrally 3 cm
behind the vertex (Cz) and 7 cm from the midline contralateral
to the imb stimulated, referenced to the ipsilateral earlobe
(Al) The potentials were amphfied with a gain of 500,000
using a bandpass of 30-3000 Hz (6 dB/octave slope) The
amphtudes of the SEPs were measured between baseline and
posiive (P) or negative (N) peaks while peripheral nerve
potentials (PN) were measured between baseline and the nega-
tive peak The number of stimuh used to elicit SEPs varied
from 150 to 500 for the different subjects and depended on
achieving a 20% or less amplitude difference of the N20
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component during repeated control measures in the same
subject during the same session

The potentials were averaged over 51 msec using a dwell
tume of 01 msec The averaged potentials were stored on the
computer for further analysis

Low imntensity (10-25 dB sensation level) clhicks produced
by activating TDH-39 earphones with a 100 usec duration
pulse at a rate of 07/sec were the signal to move The mean
latency of the EMG from the thenar muscles indicating the
onset of the reaction time, measured 1n three of the subjects,
was 193 8 +42 0 msec (22364640, 14484367 and 2131727
msec) All subjects performed with an accuracy of 100% We
did not record individual trials so that measures of the rela-
tionship between reaction time speeds and SEP amplitudes
were not performed Peripheral nerves were stimulated 250
msec after each click when movement had begun and the EMG
was of high amplitude (Starr and Cohen 1985) The same rate
of stimulation of the peripheral nerve was used 1n the control
sessions when the subjects were instructed to be sull We
studied the effects on SEP of two different movements mediat-
ed by muscles innervated by different peripheral nerves First,
opposition of the thumb (digtt 1) towards digit S (primarly a
median nerve innervated movement) and secondly, abduction
of digit 5 (primanly an ulnar nerve innervated movement) The
opposition of digit 1 1s mainly mediated by the opponens
pollicis muscle, nnervated by the median nerve, while the
abduction of digit 5 1s mainly mediated by the abductor digiti
mumumi 1nnervated by the ulnar nerve

Four types of sttmuli were used to evoke SEP during these
movements median nerve at the wrist (6 subjects), ulnar nerve
at the wnist (5 subjects), digital nerves 1-2 (4 subjects), digital
nerve 5 (4 subjects) These sumuli evoked a sequence of SEP
components labeled by the convention of N or P (negative or
positive) sigmifying their polarities on the scalp overlying the
sensory receiving areas and their approximate latency 1n msec
The amplitudes of these components were measured and analy-
sis of variance (ANOVA) was used to obtamn overall F values
for the different groups of control and movement conditions
‘Duncan’s multiple range test for nearly equal n’s’ was used to
provide more detailled comparisons between the amplitudes of
SEP recorded during control, digit 1 and digit 5 movement
conditions

Results

Electrical stimulation of the median and ulnar nerves at the
wrnist evoked simular latency SEP (Fig 1) ‘thalamocortical’
N20 peaked at 18 4+ 1 2 msec and 18 8 1 2 msec respectively,
cortical P27 peaked at 227418 msec and 224+13 msec
respectively (see Emerson and Pedley 1984 for a discussion of
ongins of these components) Electrical stimulation of digits
1-2 and 5 evoked the same sequence of components but at
approximately 3 msec longer latencies, N20 peaked at 21 8 +0 8
msec and 21 740 8 msec respectively, P27 peaked at 253417
msec and 252+13 msec respectively The peripheral nerve
afferent volleys and N20 components to the different stimuli
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Fig 1 To show the effects of digit 1 and 5 movement on the
grand average SEP from 5 subjects to median (top half of
figure) and ulnar (bottom half of figure) nerve stimulation The
thalamocortical N20 and cortical P27 components are labeled
Note that the P27 component of SEP to median nerve stimula-
tion was attenuated during digit 1 movement (upper traces)
whereas the P27 component of the SEP to ulnar nerve stimula-
tion was most attenvated during digit 5 movement (lower
traces) The peripheral nerve potentials evoked by these shmuli
did not change durning these movements The bar graphs plot
the attenuation of the P27 component during median nerve
stimulation (upper portion) and ulnar nerve stimulation (lower
portion) as a function of the finger that was moved

did not sigmificantly change during any movement condition
(Tables 1 and 1I) In contrast, the P27 component was at-
tenuated during certain combinations of movements and nerve
stimulation Opposition of the thumb towards digit 5 was
accompanied by attenuation of potentials evoked by both
median nerve and digit 1-2 stimulation (P27 dimimshed to
3567+2710% and to 4475410 50% respectively, P <001
Fig 1 top section, digit 1 movement, and Table I left-hand
columns) In contrast, potentals evoked by both ulnar nerve
and digit 5 stimulation were not sigmificantly affected during
this same digit 1 movement (Fig 1 bottom section, Table I
right-hand columns)

Abduction of the fifth finger was accompanied by attenua-
tion of potentials evoked by both ulnar nerve and digit 5
stimulation (P27 diminished to 31 80+729% and to 3700+
12 36% respectively, P <001, Fig 1 bottom section, digit 5
movement, and Table II nght-hand columns) In contrast,
potentials evoked by both median nerve and digits 1-2 stimu-
lation were not significantly affected during this fifth digit
movement (Fig 1 top section and Table II left columns)

Attenuation of SEP 1s not due to changes in subject vigi-
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TABLE I

M C TAPIA ET AL

Effects of thumb opposition (digit 1 movement) on the amplitude of SEP *

Subjects  Stimulus
Median nerve Digits 1 and 2 Ulnar nerve Digit 5
Nerve  N20 P27 Nerve  N20 P27 Nerve  N20 P27 Nerve N20 P27
1 90 86 65 105 58 57 120 58 S7 92 31 108
2 93 89 18 92 79 36 153 111 83 124 69 87
3 101 67 37 112 110 36 80 94 94 94 67 72
4 - 101 69 105 76 50 - 135 68 - 100 75
5 - 54 0 - - - - 100 100 - - -
6 - 77 25 - - - - - - - - -
X 94 67 7900 3567 10350 8075 4475 11767 99 60 8040 10333 66 75 8550
SD 569 1677 2710 835 2159 1050 26 59 28 04 1787 1793 2822 16 34
P < NS NS 001 NS NS 001 NS NS NS NS NS NS

- = not recorded NS = not significant

* Amplitudes of cerebral SEP recorded during movement are expressed as percentage of control in the same subject and session

TABLE 11

Effects of small finger abduction (digit 5 movement) on the amplhitude of SEP *

Subjects  Stimulus
Median nerve Digits 1 and 2 Ulnar nerve Dugit 5
Nerve  N20 P27 Nerve  N20 P27 Nerve  N20 P27 Nerve  N20 P27
1 88 70 75 88 82 73 107 66 31 100 55 35
2 99 89 45 115 86 93 92 83 41 100 109 30
3 112 114 81 89 152 87 114 75 31 138 119 28
4 - 100 107 89 92 57 122 85 21 - 100 55
5 - 109 72 - - - - 111 35 - - -
6 - 96 78 - ~ - - - - - - -
X 99 67 8583 76 33 9525 10650 7575 108 25 8400 3180 11267 9575 3700
SD 1269 3965 19 84 1318 3121 1403 1250 16 85 729 2194 2825 1236
P < NS NS NS NS NS NS NS NS 001 NS NS 001

— = not recorded NS = not significant

* Amplitudes of cerebral SEP recorded during movement are expressed as percentage of control in the same subject and session

lance and attention since the alterations in SEP were specific
only for certain combinations of nerve stmulation and move-
ment conditions Moreover, the earliest task-related change in
SEP that has been reported affects those components with
latencies longer than 55 msec (Desmedt and Robertson 1977)

Discussion

It has been amply demonstrated that there 1s an attenua-
tion of SEP during movement of the stimulated lmb in both
animals and humans (Ghez and Pisa 1972, Papakostopoulos et
al 1975, Rushton et al 1981, Cohen and Starr 1987) More-
over, Rushton et al (1981) showed in humans that SEPs to

stimulation of the digital nerve of the thumb were attenuated
more with movements of that thumb than with movements of
the index and little fingers Our results extend these observa-
tions by showing that attenuation of SEPs during movement
can be extremely selective, affecting only certain combinations
of neural input and movements of particular portions of the
same hmb 1n a doubly disassociated manner Attenuation of a
median or 1st digital nerve evoked potential accompanied
movement of the thumb (digit 1), but not the little finger (dagut
5), whereas attenuation of an ulnar or 5th digital nerve evoked
potential accompamed movement of the little finger but not
the thumb The attenuation of SEP during such focal voluntary
movements must be at a cortical level since both the thalamo-
cortical N20 and the peripheral nerve components were un-
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changed, whereas the post-central cortical P27 component
became attenuated The attenuation was equally evident with
cutaneous (digital nerve) as well as Ia afferent inputs (mixed
nerve at the wnst), even though the la inputs project to
cerebral somatosensory area 3a, whereas cutaneous inputs pro-
Ject to areas 1 and 3b (Phullips et al 1971)

The motor representation of the digits 1s large (Penfield
and Rasmussen 1950) with extensive interconnections to other
cortical regions (Jones et al 1978) Studies of the hand area of
monkey motor cortex indicate that it receives afferent mnput
from superficial as well as from deep receptors located
restricted parts of the distal forehmb (Rosén and Asanuma
1972) The columnar arrangement of the afferent inputs comn-
cides with the columnar orgamzation of efferent zones with
each efferent column receiving sensory information from that
portion of the limb to which 1t projects (Rosén and Asanuma
1972, Stnick and Preston 1982) In this regard, Lemon (1979)
demonstrated that the pyramidal neurons 1n motor cortex (area
4) have very restricted zones of sensory input, many were
influenced only by movement of a single joint of the finger and
only 1n one direction

Thus the specificity of sensorimotor interconnections in
motor cortex may account, 1n part, for the selectivity of
attenuation of SEP demonstrated n this report We can pro-
pose several mechamisms underlying this selective attenuation
of SEPs First, cortical motor neurons imnvolved 1n voluntary
movement of particular digits may contribute to the generation
of the SEP Durnng movement of particular digits these neu-
rons may be unable to respond to stimulation of mnputs from
this digit leading to a reduction in amphtude of the SEP
Secondly, motor neurons 1n the cerebral cortex may suppress
activity 1n other cortical neurons responsible for the SEP (a
form of cortico-cortical intubition) requiring, in addition, a
specificity of such inhibitory connections to only certain of
these neurons Finally, pyramidal tract neurons may modulate
at subcortical sites the transmussion of ascending somato-
sensory information (Ghez and Pisa 1972) However, the SEP
data in humans indicate that the subcortical transmussion of
afferent 1nput is unchanged during movements (Cohen and
Starr 1987)

The definition of specific topographical effects of motor
activity on sensory processes as defined in this report may have
a beanng on the study of ‘plasticity’ of sensory and motor
functions in humans following lesions of both penpheral and
central pathways For instance, Merzenich et al (1984) have
shown that the distibution of afferents from the digits 1n the
cerebral cortex 1n monkey changes as a function of amputation
of mndividual digits The measurement of somatosensory evoked
potentials 1n man both at rest and duning movement, following
naturally occurnng damage to peripheral nerves, may provide
comparative evidence of such changes 1n human cerebral cortex

Supported, 1n part, by Grant No NS11876 from the Na-
tional Institutes of Health
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