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Short communication 

Selectivity of attenuation (i.e., gating) of somatosensory potentials during 
voluntary movement in humans 

Maria C. Tapla, Leo G. Cohen and Arnold Starr 
Department of Neurology, Umverslty of Cahforma Irvine Irvme, CA 92717 (USA)  

(Accepted for publication 30 January, 1987) 

Summary Attenuat ion of somatosensory evoked potentmls (SEPS) recorded from the scalp during voluntary movement  occurs 
for specific combinat ions of the finger moved and the peripheral nerve stimulated The cerebral potential component  occumng  at a 
latency of 27 msec (P27) evoked either by stimulation of median nerve at the wrist or by stimulation of 1st and 2nd dlgtt nerves in the 
fingers were selectively at tenuated d u n n g  movement  of 1st digit but  were not  altered d u n n g  movement  of 5th digit By contrast, the 
cerebral P27 component  evoked by stimulation of ulnar nerve at the wrist 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 is a selective 
phenomenon  occurring when movement  involves the areas being stimulated 
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Modification of central sensory processes d u n n g  motor 
activity l~ referred to as 'gating'  and has been described for 
somatosensory (Papakostopoulos et al 1975, Rushton  et al 
1981), an&tory (Start 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 precontractlon penod  (Coulter 1974, Starr 
and Cohen 1985) lmphcatmg the action of central efferent 
systems m the modulat ion of sensory reformation Asanuma 
(1981) suggested that activity of the pyramidal tract may 
influence the transmission 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 utilizes 
scalp recordings of somatosensory evoked potentials m hu- 
mans  to demonstrate  that somatosensory evoked potentials 
derived from stimulating a particular peripheral nerve are 
modified specifically for movements  Involving the body parts 
Innervated by that particular nerve 

Methods 

We studied somatosensory evoked potentials (SEPs) in 6 
young, healthy, right-handed students, engaged in moving par- 

Correspondence to Arnold Starr, M D ,  Depar tment  of 
Neurology University of California lrvine, Irvme, CA 92717 
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tlcular digits Electrical s t tmuh were applied through surface 
electrodes to either mixed nerves at the wrist or to cutaneous 
nerves in the d in t s  The amphtudes  of SEP to stimulation of 
digital nerves were smaller than to stimulation of mixed nerves 
at the wrist, requlnng a larger number  of mals  in the former 
(up to 1500) to obtmn reproducible averages The averaged 
potentials evoked by these stimuli were recorded from surface 
electrodes placed over the peripheral nerve (PN) and the scalp 
m a quiet resting state or during movement  Peripheral nerve 
(PN) potentials to stimulation of the nerves at the wrist were 
recorded from a surface electrode over Erb's point referenced 
to (Fpz) during 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 v, ns t  Peripheral nerve potentials were 
momtored and did not change dunng  the movements required 
in the experimental session Somatosensory potentials were 
recorded from a scalp electrode located post-centrally 3 cm 
behind the vertex (Cz) and 7 cm from the midhne contralateral 
to the limb stimulated, referenced to the lpsdateral earlobe 
(A1) The potentials were amplified with a gmn of 500,000 
using a bandpass  of 30-3000 Hz (6 dB/oc tave  slope) The 
amphtudes  of the SEPs were measured between baseline and 
positive (P) or negative (N) peaks whale peripheral nerve 
potentials (PN) were measured between basehne and the nega- 
tive peak The number  of s t tmuh 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 dunng the same session 

The potentials were averaged over 51 msec using a dwell 
time of 0 1 msec The averaged potentials were stored on the 
computer for further analysis 

Low lntensaty (10-25 dB sensation level) chcks produced 
by activating TDH-39 earphones with a 100 p, sec duration 
pulse at a rate of 0 7 /sec  were the signal to move The mean 
latency of the EMG from the thenar muscles indicating the 
onset of the reacuon time, measured in three of the subjects, 
was 193 8 + 42 0 msec (223 6 + 64 0, 144 8 ± 36 7 and 213 ± 72 7 
msec) All subjects performed with an accuracy of 100% We 
dad not record indwldual trials so that measures of the rela- 
tionship between reaction tame speeds and SEP amplitudes 
were not performed Peripheral nerves were stimulated 250 
msec after each chck when movement had begun and the EMG 
was of high amphtude (Starr and Cohen 1985) The same rate 
of stimulation of the peripheral nerve was used in the control 
sessions when the subjects were instructed to be still We 
stud~ed the effects on SEP of two different movements mediat- 
ed by muscles innervated by different peripheral nerves First, 
opposition of the thumb (digit 1) towards digit 5 (primarily a 
me&an nerve innervated movement) and secondly, abduction 
of digit 5 (primarily an ulnar nerve Innervated movement) The 
opposition of digit 1 is mainly mediated by the opponens 
polllcas muscle, innervated by the median nerve, whale the 
abduction of digit 5 is mainly mediated by the abductor dlgiU 
nnmrm innervated by the ulnar nerve 

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

R e s u l t s  

Electrical stimulation of the me&an and ulnar nerves at the 
wrist evoked similar latency SEP (Fig 1) 'thalamocortical" 
N20 peaked at 18 4 ± 1 2 msec and 18 8 + 1 2 msec respectively, 
cortical P27 peaked at 22 7 + 1 8  msec and 22 4 + 1 3  msec 
respectively (see Emerson and Pedley 1984 for a dxscussxon of 
origins of these components) Electrical sumulauon of digits 
1-2 and 5 evoked the same sequence of components but at 
approximately 3 msec longer latencles, N20 peaked at 21 8 _+ 0 8 
msec and 21 7 ± 0 8 msec respectively, P27 peaked at 25 3 ± 1 7 
msec and 25 2 +  1 3 msec respectively The peripheral nerve 
afferent volleys and N20 components to the different stimuli 
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Fig 1 To shov~ the effects of digit 1 and 5 movement on the 
grand a~erage SEP from 5 subjects to median (top half of 
figure) and ulnar (bottom half of figure) nerve stimulation The 
thalamocortlcal N20 and cortical P27 components are labeled 
Note that the P27 component of SEP to me&an nerve sumula- 
tlon was attenuated dunng digit 1 movement (upper traces) 
whereas the P27 component of the SEP to ulnar nerve stimula- 
tion was most attenuated during dig~t 5 movement (lov~er 
traces) The peripheral nerve potentials evoked by these stimuli 
did not change dunng these movements The bar graphs plot 
the attenuation of the P27 component dunng median nerve 
stimulation (upper portion) and ulnar nerve stimulation (lower 
portion) a, a funcuon of the finger that x~as moxed 

did not significantly change dunng any movement condition 
(Tables I and II) In contrast, the P27 component was at- 
tenuated dunng 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 &git 1-2 stimulation (P27 dlrmnlshed to 
35 67 ± 27 10% and to 44 75_+ 10 50% respectively, P < 0 01 
Fig 1 top section, digit 1 movement, and Table I left-hand 
columns) In contrast, potentials evoked by both ulnar ~erve 
and digit 5 stimulation were not significantly affected during 
thas 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 
stimulauon (P27 dxlmmshed to 31 80+7 29% and to 37 00± 
12 36% respectively, P < 0 01, Fig 1 bottom section, digit 5 
movement, and Table II right-hand columns) In contrast, 
potentials evoked by both median nerve and dtgits 1-2 stimu- 
lation were not significantly affected dunng this fifth digit 
movement (Fig 1 top section and Table II left columns) 

Attenuation of SEP IS not due to changes in subject vigI- 
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T A B L E  I 

Effects of t h u m b  oppos i t ion  (digi t  1 movemen t )  on the amp l i t ude  of SEP * 

M C T A P I A  ET A L  

Subjects  S t imulus  

M e d i a n  nerve  Dig i t s  1 and  2 U lna r  nerve Digi t  5 

Nerve  N20  P27 Nerve  N20  P27 Nerve  N20  P27 Nerve  N20 P27 

1 90 86 65 105 58 57 120 58 57 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 7 9 0 0  35 67 103 50 80 75 4 4 7 5  117 67 99 60 80 40 103 33 66 75 85 50 

S D 5 69 16 77 27 10 8 35 21 59 10 50 26 59 28 04 17 87 17 93 28 22 16 34 

P <  NS  NS  001  NS NS 001  NS  NS  NS  NS NS  NS  

- ~ not  recorded NS  = not  s lgmf ican t  

* A m p l i t u d e s  of cerebral  SEP recorded d u n n g  m o v e m e n t  are expressed  as percen tage  of control  in the same subject  and  session 

T A B L E  II 

Effects of small  f inger abduc t ion  (digit  5 movement )  on the a m p h t u d e  of SEP * 

Subjects  S t imulus  

M e d i a n  nerve Digi ts  I and  2 U l n a r  nerVe Digi t  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 85 83 76 33 95 25 106 50 75 75 108 25 84 00 31 80 112 67 95 75 37 00 

S D 12 69 39 65 19 84 13 18 31 21 14 03 12 50 16 85 7 29 21 94 28 25 12 36 

P <  NS  NS  NS NS NS NS NS NS 001  NS NS  001  

- = not  recorded NS  = not  s lgmf lcan t  

* A m p h t u d e s  of cerebral  SEP recorded dur ing  m o v e m e n t  are expressed  as percentage  of cont ro l  in the same subject  and  session 

lance  and a t t en t ion  since the a l te ra t ions  in SEP were speo f i c  
on ly  for cer ta in  combina t i ons  of nerve s t imula t ion  and  move-  

men t  cond i t ions  Moreover ,  the earhes t  task-re la ted  change  in 

SEP tha t  has  been repor ted  affects those componen t s  wi th  

la tencles  longer  than  55 msec ( D e s m e d t  and  Rober t son  1977) 

Discuss ion  

It  has  been amply  demons t r a t ed  tha t  there is an a t tenua-  

uon  of SEP du r ing  m o v e m e n t  of the s t imula ted  l imb  in bo th  

an ima l s  and  h u m a n s  (Ghez  and  Plsa 1972, Papakos topou los  et 
al 1975, Rush ton  et al 1981, Cohen  and  Starr  1987) More-  

over, Rush ton  et al (1981) showed in h u m a n s  that  SEPs to 

s t imula t ion  of the digi ta l  nerve of the t h u m b  were a t t enua ted  

more  w~th movemen t s  of that  t humb  than  wi th  movemen t s  of 

the index  and  l i t t le  f ingers Our  results  ex tend  these observa-  

t ions  by  showing tha t  a t t enua t ion  of SEPs dur ing  m o v e m e n t  
can  be  ex t remely  selective, affect ing only  ce r tam combina t ions  

of neural  inpu t  and  movemen t s  of pa r t i cu la r  por t ions  of the 
same l imb in a doubly  d isassoc ia ted  m a n n e r  A t t enua t i on  of a 

med ian  or 1st d igi ta l  nerve evoked po ten t ia l  a c c o m p a m e d  

m o v e m e n t  of the t h u m b  (digi t  1), bu t  not  the l i t t le  f inger (digi t  

5), whereas  a t t enua t ion  of an u lna r  or 5th digi ta l  nerve evoked 

po ten t i a l  a c c o m p a m e d  movemen t  of the l i t t le f inger bu t  not  

the t h u m b  The a t tenuaUon of SEP dur ing  such focal vo lun ta ry  

movemen t s  mus t  be at  a cort ical  level s ince bo th  the tha lamo-  
cort ical  N20  and  the per iphera l  nerve componen t s  were un-  
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changed, whereas the post-central cortical P27 component 
became attenuated The attenuatmn was equally evident w~th 
cutaneous (dlgttal nerve) as well as Ia afferent inputs (mixed 
nerve at the wrist), even though the Ia inputs project to 
cerebral somatosensory area 3a, whereas cutaneous mputs pro- 
ject to areas 1 and 3b (Ptulhps et al 1971) 

The motor representation of the digits is large (Penfleld 
and Rasmussen 1950) w~th extensive lnterconnect~ons to other 
cortical regmns (Jones et al 1978) Studies of the hand area of 
monkey motor cortex indicate that ~t receives afferent input 
from superficial as well as from deep receptors located m 
restricted parts of the distal forelimb (Ros6n and Asanuma 
1972) The ~.olumnar arrangement of the afferent inputs coin- 
cides with the columnar organization of efferent zones with 
each efferent column receiving sensory reformation from that 
portion of the hmb to which it projects (Ros6n and Asanuma 
1972, Strick and Preston 1982) In this regard, Lemon (1979) 
demonstrated that the pyramidal neurons m 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 m one direction 

Thus the specificity of sensonmotor mterconnections m 
motor cortex may account, in part, for the selectw~ty of 
attenuation of SEP demonstrated in th~s report We can pro- 
pose several mechanisms underlying tbas selecuve attenuation 
of SEPs F~rst, cortical motor neurons revolved m voluntary 
movement of particular digits may contribute to the generation 
of the SEP During movement of particular digits these neu- 
rons may be unable to respond to stimulation of inputs from 
tbas digit leading to a reduction In amphtude of the SEP 
Secondly, motor neurons in the cerebral cortex may suppress 
activity in other cortical neurons responsible for the SEP (a 
form of corUco-cortical lnhlblUon) requiring, m addition, a 
specificity of such intubltory connections to only certain of 
these neurons Finally, pyramidal tract neurons may modulate 
at subcortlcal s~tes the transrmssxon of ascending somato- 
sensory reformation (Ghez and Plsa 1972) However, the SEP 
data m humans indicate that the subcortxcal transmission of 
afferent input 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 bearing on the study of 'plasticity' of sensory and motor 
functions m humans following lesions of both peripheral and 
central pathways For Instance, Merzenlch et al (1984) have 
shown that the distribution of afferents from the d~g~ts m the 
cerebral cortex m monkey changes as a functmn of amputauon 
of individual &gtts The measurement of somatosensory evoked 
potentials in man both at rest and during movement, following 
naturally o~.curring damage to peripheral nerves, may provide 
comparattve evidence of such changes in human cerebral cortex 

Supported, In part, by Grant No NSl1876 from the Na- 
tional Institutes of Health 
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