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ABSTRACT 

Voltage fluctuations in the computer-averaged elec

troencephalogram (EEG) which are associated with the ini

tiation of movement have been identified in previous 

studies. Some investigators maintain that certain voltage 

changes occur before muscle contraction and that they rep

resent pyramidal cell discharge responsible for muscle 

contraction. These authors refer to the complex of volt

ages as the "motor potential." More recently, other 

researchers have argued that the entire complex of EEG 

potentials occurs after muscle activity begins, and that 

it probably represents feedback of movement-related input 

to sensorimotor cortex. 

Early studies of the electrical activity of the sen

sorimotor cortex found that the predominant beta activity 

(17-50 Hz) was blocked upon the relaxation of a muscle 

contraction in a manner identical to the beta blocking ob

served upon initiation of contraction. These electrical 

events associated with the termination of a motor act have 

not been previously analyzed by computer-averaging. Thus, 

the present study is an effort to identify a voltage fluc

tuation immediately prior to the cessation of a motor act. 

Such a component could be interpreted as an "inhibitory 
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motor potential," and its extraction would support the 

contention that activity of the nature of a motor command 

can be seen in the computer-averaged EEG. 

Scalp-recorded EEGs were obtained on four subjects 

as they performed motor tasks requiring exertion of force 

upon a button by the index finger. Two different dura

tions of the task were employed — .25 second and one sec

ond. In one subject, a duration of three seconds was also 

studied. Time-locking of the computer was done with ref

erence to the cessation of finger pressure, in addition to 

the procedure used in previous studies wherein time-

locking was done with reference to the initiation of the 

motor act. 

The central finding was that no voltage fluctuation 

appeared in intersubject comparisons which might represent 

an inhibitory motor command. Instead, the release of 

pressure, which resulted in somatic sensory input having 

the characteristics of a tactile tap to the finger, pro

duced an evoked potential which was similar in form and 

latency to the "motor potentials" observed in association 

with movement initiation. Secondly, this study replicated 

a previous finding that the "motor potential" complex 

occurred after the first electromyographic signs of muscu

lar activity. The point of maximum negativity, which some 

workers interpreted as representing the discharge of pyra

midal tract cells, occurred approximately at the point in 
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time when the muscle activity reached its peak — at least 

200 milliseconds after the beginning of muscular activa

tion. Thirdly, the slowly increasing negativity which has 

been found in previous studies to begin as much as one 

second before a sensory or motor event and to terminate at 

the time of that event, was an inconstant feature of the 

present study. When it did appear, however, it was ob

served to continue uninterrupted beyond the time when mus

cular contraction began, and to terminate only when con

traction reached an intensity sufficient to cause about 

one kilogram of force to be applied by the index finger. 

Since a considerable amount of somatic sensory input oc

curs at this point in time, it is not inconsistent with 

this finding to look upon the slow negativity as repre

sentative of a preparatory set related to the expected 

sensory input attendant on the motor act. 

Taken as a whole, the data of the present experiment 

cannot be interpreted as substantiating the claim that a 

"motor potential," containing information about the motor 

command from the cortex, has been identified by computer-

averaging of the scalp-recorded electroencephalogram. The 

movement-related potentials perhaps represent the numerous 

inputs of information to the sensorimotor cortex which en

able a well-controlled motor act to be carried out. 



INTRODUCTION 

Electroencephalographic (EEG) changes associated 

with muscle contraction have been identified by Jasper and 

Penfield (19^9) in the primary record and more recently by 

Vaughan et al. (19^5)» Gilden, Vaughan and Costa (1966), 

Vaughan, Costa and Ritter (1968), Deecke, Scheid and 

Kornhuber (1969) and others by computer averaging of the 

primary record. The background EEG typically shows a block

ing of the rolandic wicket rhythm (10-12 Hz) and beta rhythm 

(20-50 Hz) at the time of onset of muscular contraction. 

Gastaut (1952) found that the former rhythm does not reap

pear until after cessation of contraction, while Jasper and 

Penfield (19^9) and others note a return of the beta during 

a sustained contraction, and another beta block after cessa

tion of contraction. Computer analysis of EEG records has 

revealed a complex of voltage changes which begins slightly 

before contraction onset, and ends usually less than 300 

milliseconds later (Gilden et al. 1966, Vaughan et al. 1968). 

Since these voltages began in close temporal contiguity with 

muscular contraction onset, and appeared when the computer 

average was time-locked to the buildup of muscular contrac

tion, they have been interpreted as representing cerebral 
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events responsible for excitation of the skeletal muscula

ture, and have been labeled by Vaughan et al. (1965) the mo

tor potential (MP). 

The first component of the MP is a slow negative de

flection which may increase in amplitude for as long as two 

seconds before contraction begins. It has been labeled the 

expectancy wave, readiness potential, and contingent nega

tive variation (CNV) by various investigators. This slow 

wave sometimes merges into a brief positive peak which is 

followed by a steep negative deflection. In the study of 

Vaughan et al. (1968) the onset of electromyographic activi

ty coincides with this negativity. Following it is a posi

tive wave whose form seems to be dependent upon certain 

parameters of the motor act. For example, there is some 

evidence that its amplitude is related to the force of the 

muscular contraction (Wilke and Lansing 1973)• 

There is some question as to whether these movement^ 

related EEG potentials are associated with cortical activity 

commanding muscular contraction or with the input to the 

sensorimotor cortex of feedback produced by the motor act 

itself. Undoubtedly, there is input of information to the 

sensorimotor cortex, processing of that information, and 

output of a "command" to other neuronal populations in both 

cases. The point at issue, however, is whether the EEG po

tentials associated with the beginning of a motor act may be 

viewed as representing a "go" signal on the part of the 
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brain with respect to a specific motor behavior, or, alter

nately, merely a "modify" signal originated in part by pre

vious motor events. 

Gilden et al. (1966) have interpreted the steep neg

ativity as representing synaptic potentials associated with 

outgoing pyramidal cell discharge, thus subscribing to the 

"go" signal theory. With regard to the later positivity, 

these authors state that it develops immediately after the 

negative peak and persists for the duration of the EMG event. 

Their interpretation was that it "might be attributed, at 

least in part, to afferent feedback generated by the move

ment" (p. 4-37)• Vaughan et al. (1968) concurred in the in

terpretations of Gilden et al. (1966), presuming that the 

positivity represents afferent input from joint and muscle 

receptors. 

There are contradictory findings, however, regarding 

the waveforms of MP components, their time relationships to 

the motor event, and their physiological interpretation. 

For instance, in all but one of the MP studies done to date 

only abrupt contractions were employed, and as a result the 

onset of muscle activity, the peak of muscle activity, and 

the onset of joint angle change were not temporally differ-

entiable. The exception, the Wilke and Lansing study 

(1973)t found that long duration contractions in which re

cruitment of motor units is gradual are accompanied byi 

(1) an initial negativity which does not reach its maximum 
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until well after recruitment begins, and (2) a MP late posi-

tivity which is clearly not associated with motor events 

within the first 200 to 300 milliseconds after muscle activ

ity begins but instead appears later in the course of the 

muscular contraction. 

In a recent careful study of the time relationships 

of the EEG and EiviG (electromyographic) events, which also 

included a detailed description of the scalp distribution of 

the components of the MP, Gerbrandt, Goff and Smith (1973) 

have also found that the point of maximum negativity occurs 

after the onset of EMG signs of muscle activity. In addi

tion, they found that no MP components are maximal over con

tralateral motor cortex. Gerbrandt et al. (1973) state that 

these results argue against the position that certain MP 

components are related to the outgoing motor command; thus 

they could not be interpreted as representing a "go" signal. 

The results of this study also stand in direct opposition to 

the Vaughan, Gross and Bossom (1970) finding that after up

per limb deafferentation in the monkey by dorsal rhizotomy 

the configuration of the MP remains unaltered, since Vaughan 

et al. (1970) interpret the latter result as strong evidence 

in favor of the "go" signal interpretation. Gerbrandt et al. 

(1973) claim that the failure of Vaughan et al. (1970) to 

eliminate the waveforms by deafferentation is attributable 

to adventitious movements of other body parts on the part of 

the performing animals. 
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With respect to the cerebral events occurring during 

the motor event, which are the primary concern of the pres

ent paper, as opposed to those preceding the motor event, 

the findings have not been entirely consistent among various 

investigators. Gilden et al. (1966) describe the MP late 

positivity as persisting until near the termination of con

traction. Vaughan et al. (1970), on the other hand, by set

ting their amplifiers for minimal attenuation of low fre

quencies while recording the trans-cortical EEGs of primates 

during a one-second contraction, found that the initial neg

ativity persisted until near the end of contraction. The 

late positive component did not begin until the last 150 

milliseconds before termination of contraction. A second 

finding of this same study disagrees with Gilden et al. 

(1966) on the point of when the late positivity ends. 

Vaughan et al. (1970) found that during a quick (250 milli

second) wrist extension the beginning of the positivity 

coincided with the end of EMG activity and persisted for 

about 500 milliseconds thereafter. This result was also 

obtained by Gerbrandt et al. (1973) with 300 millisecond 

finger dorsiflexions. Both these studies therefore are in 

disagreement with the findings of Gilden et al. (1966). 

The late appearance of this wave indicates that it is not an 

after-positive event related to the initiation of muscle 

contraction. Although the temporal relationship of its 

falling phase to the end of the EMG event differs in 
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different experiments, it is likely that at least some frac

tional proportion of this late positivity is due to afferent 

feedback from the periphery, as Gilden et al. (1966) sug

gested. 

It has been hypothesized by Vaughan et al. (1970) on 

the basis of their deafferentation study that the late posi

tivity might be due in part to feedback via central rather 

than peripheral loops. This input to the cortex would not 

be affected by dorsal rhizotomy but would occur after the 

motor event was underway. Vaughan et al. (1970) have stated 

this central feedback proposition in extreme form, attribut

ing the entire late component to central feedback. Their 

explanation for the failure of deafferentation to abolish 

the positivity isi "either kinesthetic feedback does not 

ordinarily activate motor cortex during voluntary movement 

or, after deafferentation, an alternate source of feedback 

has replaced the normal supply" (p. 260). They favor the 

former of these alternatives, suggesting that the late posi

tivity represents central feedback during "active" or volun

tary movement and peripheral feedback during passive move

ment. Peripheral feedback requires a minimum of about 20 

milliseconds to reach the cortex after a motor act begins. 

Thus, Vaughan et al. (1970) reason, since feedback via cen

tral loops would reach the cortex with a shorter latency 

upon initiation of an active movement, the kinesthesis at

tendant upon an active movement would arrive during the 
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refractory period of the polysensory neurons in sensorimotor 

cortex and fail to be recorded as an evoked potential. 

Such a theory, however, still cannot account for the 

persistence of the early negativity in the one-second con

tractions of this same 1970 study. In this instance there 

is no indication whatever of a positivity of short enough 

latency that it could be due to the central feedback pro

posed by Vaughan et al. Furthermore, in the MPs of Deecke 

et al. (1969) and Wilke and Lansing (1973) in which an ac

tual joint angle change was required, the positivity always 

occurred much later than would be predicted if it represent

ed such central feedback. 

It is highly unlikely that peripherally originated 

sensory information about an ongoing voluntary movement does 

not contribute to the potentials occurring during movement. 

Nakanishi, Takita and Toyokura (1973) have recorded the 

averaged evoked response to tactile tap in man. Rodin et al. 

(1970) have obtained the averaged somatosensory evoked re

sponse resulting from passive finger movement. Kornhuber 

and Deecke (19^5), in an evoked potential study of passive 

limb movement, found that the form of the average is very 

similar to that obtained during voluntary movement. On the 

basis of such data, it would be unwarranted to discard pe

ripheral sensory input as a possible contributor to the late 

movement-related potentials, although its relative impor

tance remains to be determined. 
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There is yet another neurophysiological event which 

may contribute to the shape of the MP waveforms during a 

motor act, namely, a motor command for the termination of 

muscular contraction. If indeed it can be shown that a con

sistent deflection occurs shortly before contraction ends 

regardless of the total duration of contraction, a strong 

argument could be made that this represents a motor command 

to inhibit muscular activity. In the one-second contraction 

mentioned by Vaughan et al. (1970) such a deflection oc

curred. It was a positive to negative shift appearing imme

diately before contraction was terminated. Furthermore, a 

hint that a motor command to inhibit muscular activity 

exists is provided by Wilke and Lansing's article (1973 

Here, an arm movement of about one second was used, requir

ing contraction for about 1.5 seconds. The pertinent fea

ture in this study is that the integrated EiviG has one large 

peak followed by a smaller one which then slowly declines, 

and so does the late positivity of the MP. Each EEG voltage 

peak occurred about 50 to 100 milliseconds before the fall

ing phase of each peak in the EMG (see their Figure 2). 

Since cortical activity precedes the first signs of triceps 

EMG activity by approximately this amount, it is possible 

that the positive peaks represent inhibitory directives to 

the muscle. The data of Jasper and Penfield (19^9), who 

recorded a blocking of the rolandic beta activity at the 

termination of a sustained contraction which was identical 
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to the blocking found at its initiation would also suggest 

the hypothesis that an inhibitory motor command exists which 

parallels the MPs already in the literature. 

The present study is an attempt to identify in the 

movement-related EEG potential any consistent voltage change 

immediately prior to behavioral response termination. In 

this way, the question of whether or not the scalp-recorded 

EEG contains a voltage which could be interpreted as repre

senting an inhibitory motor command is addressed. EEG 

events related to response termination were distinguished 

from those related to response initiation by manipulating 

the duration of muscular contraction under otherwise con

stant conditions, and by employing contractions of longer 

duration than have been employed in previous studies. In an 

effort to maximize the capability of the equipment to detect 

a deflection related to termination of the motor act, aver

ages were computed with reference to the offset of the be

havioral response as well as its onset. 

Thus, the data contain information about the origin 

of the potentials occurring during the course of a movement, 

and contribute to the issue of whether or not the MP concept 

as originally proposed by Vaughan et al. (1965, 1968) and 

Gilden et al. (1966) is valid. 



METHOD 

Subjects 

Four right-handed college age volunteers served as 

subjects. 

Motor Task 

The task was to exert tension on a button with the 

index finger. Less than one-sixteenth of an inch of finger 

movement was required to execute the task, and this distance 

was found to be below threshold for discriminability of 

joint angle change. So although the task was not strictly 

"isometric," it can be treated as a muscular contraction 

rather than a movement. Each subject (S) was trained to 

exert a precise amount of tension and to maintain this ten

sion for two different durations: 250 milliseconds and 1 

second. The only physical difference between the two condi

tions was the duration of contraction, which was the experi

mental variable. Each S was instructed simply to relax his 

finger after the appropriate interval had elapsed, thus min

imizing activation of the extensor muscles. Comparisons of 

the relative amplitudes of extensor and flexor EMG records 

for subject PM indicated minimal extensor activity. 

The S*s hand and forearm were positioned comfortably 

on a foam rubber surface, and ace bandages wrapped around 
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the forearm in such a way as to secure it to the wooden arm 

rest which supported the foam rubber. The distal interpha-

langeal joint and tip of the finger were positioned on the 

button. The flexor indicis proprius, flexor profundus, 

flexor superficialis, and first lumbrical interosseous mus

cles were all active during the task. The tension exerted 

on the button was transduced into a voltage and used as 

feedback for training to assure the uniformity of the move

ment from trial to trial. 

Each time the button was subjected to tension, a 

voltage was produced in the following way. The button was 

attached to one end of a 24 inch bar which acted as a lever. 

The fulcrum was placed i inch from the point of attachment 

of the button, so that 1/48 of an inch of movement of the 

button produced almost 1 inch of movement at the other end 

of the lever. A spring attached so as to oppose movement 

assured that a constant amount of tension had to be exerted 

to produce a given displacement. The amount of tension that 

the S was required to maintain for the different durations 

was about one kilogram. A photocell detected movement of 

the long arm of the lever, and produced a voltage which was 

linearly related to extent of movement. Lever movement 

within the range used resulted in a voltage change of about 

200 millivolts, and this signal was amplified through a 

Grass model 7P1B low-level DC amplifier and driver and 
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printed out in inkwriter form as well as being stored on 

magnetic tape. 

During the experimental session, the subject was 

also engaged in a visual task which served a dual purpose ~ 

control of the duration of the application of force on the 

button, and control of eye movements. The task was to con

tinuously monitor the tip of the hand of a 30-second stop

watch. Markers were placed on the crystal of the watch to 

signal onset and offset of the button pushing task. In this 

way the slight eye movements required to maintain fixation 

on the moving hand were averaged out, since button pressing 

was restricted to six equally spaced points during each 

sweep of the hand. The rate of the eye tracking movement 

was calculated to be .23 degrees of visual angle per second. 

The visual task also resulted in much better control of the 

duration of the long presses than other techniques which 

have been used during MP recording. 

Recording Procedure 

The EEG was recorded by means of surface electrodes 

placed six centimeters left of the midline, and one centi

meter frontal to a line extending from the vertex to the 

tragus. This location is one centimeter farther from the 

midline than that used by Vaughan et al. (1968) for fist 

clenches, and two centimeters farther from tns midline than 

that used by Gerbrandt et al. (1973) for index finger 
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dorsiflexion. This placement, if it should be in error in 

the anterior-posterior plane, would therefore be less likely 

to overlie parietal somatic sensory cortex than to overlie 

a region frontal to the rolandic strip. This electrode was 

referred to a right mastoid placement. A control electrode 

placed over the infraorbital ridge to detect eye movement 

was also referred to the mastoid electrode. The electro-

oculogram (EOG) which was thus recorded reflected principal

ly vertical movement of the eye, as well as eyelid muscle 

contraction. 

The surface EMG was recorded with bipolar leads over 

flexor superficialis, and in two subjects also over extensor 

digitorum. 

The tension record from the photocell, as well as 

the EEG, EOG, EMG and trigger pulse generated by photocell 

onset were all amplified by a Grass model 78B polygraph and 

written out in inkwriter form. All data were stored on a 

seven channel tape recorder, Hewlett-Packard model 3907B. 

Computer averaging was accomplished by playback into a 

Fabritek 1052 Computer of Average Transients. The EMG was 

first full-wave rectified and integrated before playback. 

Triggering of the CAT was done either by the delayed 

pulse generated by the first photocell signs of application 

of tension on the button, or by the offset of the photocell 

output itself when tension on the button was released. One 

would expect that the latter method would result in a more 
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prominent EEG potential if such a potential is indeed relat

ed to termination of muscular activity. 



RESULTS 

The averages obtained under the two different dura

tions of contraction for Ss LA and PM are illustrated in 

Figures 1 and 2 respectively. The potentials associated 

with the beginning of movement, including the initial nega

tivity terminating in a high amplitude positive wave, re

semble those found by Vaughan et al. (1968) and Gerbrandt et 

al. (1973) and are fairly typical MPs. The main additional 

finding of the present experiment which furthers our under

standing of the MP is the absence of a consistent deflection 

immediately prior to the termination of the motor act. A 

prominent voltage level fluctuation was not observed to oc

cur within the last 100 milliseconds before the termination 

of muscle contraction and the release of tension on the but

ton. The two Ss illustrated are representative of all four 

Ss in that replication of such a consistent voltage change 

was not borne out from subject to subject, even when trig

gering was done with respect to the termination of the but

ton press. The intersubject comparisons indicate that noth

ing homologous to the pre-EMG "go" signal potentials of 

Vaughan et al. (1968) occurs in our MP records which might 

represent an inhibitory MP. 

15 



Figure 1. Movement-Related Potentials for Subject LZ 

Dotted line shows the integrated EMG; dashed line the 
photocell output indicating tension on the button. 

At short presses 
B« long presses 
li time-locking with respect to photocell onset 
2« time-locking with respect to photocell offset 

Each epoch is 3 seconds. Calibration, 5 microvolts. 
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Figure 1. Movement-Related Potentials for Subject LZ 



Figure 2* Movement-Related Potentials for Subject PM 

Dotted line shows the integrated EMGj dashed line the 
photocell output indicating tension on the button. 

A» short presses 
B: long presses 
li time-locking with respect to photocell onset 
2i time-locking with respect to photocell offset 

Each epoch is 3 seconds. Calibration, 5 microvolts. 



Figure 2. Movement-Pelated Potentials for Subject PM -o 
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In the short contractions of this study, in which 

the muscle activity did not exceed 300 milliseconds, such a 

fluctuation might have been superimposed upon or buried in 

the late positive component of the complex related to move

ment initiation. In the contractions of one-second dura

tion, however, this late P2 wave had decayed long before the 

appropriate time for the appearance of such an inhibitory 

command, and yet no voltage change appeared which was con

sistently definable among the four subjects. Verification 

of this was provided by data on a single S who was required 

to maintain tension for three seconds instead of one. An 

average of more than 300 trials failed to extract a promi

nent component immediately before the termination of muscle 

activity. 

Since the one-second contractions were somewhat 

variable in duration, time-locking with respect to the be

ginning of movement would obscure any high frequency waves 

associated with the end of movement. Since this is the 

technique which has been used in all previous MP studies, it 

was postulated that there might be a signal in the EEG re

lated to the end of the motor act which has not been hereto

fore defined due to poor time-locking. Thus, in order to 

determine whether the failure of such studies to detect an 

"inhibitory MP" was due to faulty time-locking, the data for 

each S in the present experiment was re-analyzed using the 

offset rather than the onset of the photocell output as the 



trigger for the CAT. This technique, however, did not im

prove the definition of any waveforms within the last 100 

milliseconds prior to termination of the motor act. This 

negative finding appeared in analysis of the short contrac

tions, the one-second contractions, and the three-second 

contractions. 

It is possible that motor cortex electrical activity 

before contraction onset contains information about the ter

mination of the motor act — in other words, parameters of 

the muscular activity may to some extent be pre-programmed. 

The findings of the present study do not support such a hy

pothesis. Not only were there no consistent differences in 

the form of pre-movement voltage changes as a function of 

duration of contraction, but there were not even intersub-

ject consistencies for the same duration of contraction. 

The slow negative drift which has been found by others to 

precede muscle activity was not a constant feature of the 

averages of the present study. This drift may have been at

tenuated somewhat due to the low frequency filter settings 

of the amplifier, but in some cases a noticeable positive 

drift preceded the abrupt negativity of the MP. 

There have been suggestions in the literature that 

the form of the waves occurring during the course of the 

muscular contraction are somehow related to the sustenance 

of tension in the muscle. Vaughan et al. (1970) observed in 

primates a prolonged negativity which persisted until near 
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the end of muscular activity, and Rosenfeld and Fox (1972) 

observed in cats a positive component which persisted until 

after the end of muscular activity. The present data are 

consistent with neither of these findings. As illustrated 

in Figures 1 and 2, the P2 component of the MP lasts only 

about 400 milliseconds and is not longer for the longer 

duration contraction. In one S not shown, however, the P2 

wave decayed more slowly for the long than the short con

tractions. In no case did the present study find a sus

tained negativity during contraction. 

Figure 3 depicts the time relationships between 

various EEG, EMG and movement events for the four subjects 

in the present study. In most cases the point at which the 

initial negativity reaches a maximum follows the onset of 

muscular activity as defined by the rectified and smoothed 

EMG. The only exception is S TW, for whom the point of max

imum negativity occurred simultaneously with EMG onset. 

This discrepancy may be due to a poorly defined EEG poten

tial resulting from computation of the averages with less 

than 80 trials. For all other subjects an N of at least 

180 was used. Again, with the exception of S TW, the point 

of maximum negativity is approximately coincident with the 

EMG peak. The abrupt positivity is calculated almost in

variably to reach its maximum amplitude less than 250 milli

seconds after the button is depressed. 



Figure 3* Time Relationships of Events Associated with the 
Beginning of Movement 

All four subjects are shown* 
ON = EMG onset 
PEAK = EMG peak 
MOVEMENT = point at which button is depressed 
NEG = point at which the EEG negativity 

reaches its maximum 
POS = point at which the EEG positivity 

reaches its maximum 
Each epoch is 1 second. 
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DISCUSSION 

Certain assumptions made in designing the present 

experiment were derived from the scanty literature available 

on the physiological significance of scalp-recorded movement 

related potentials. First of all, the author assumed that a 

true motor potential exists. That is, the scalp-recorded 

EEG was assumed to contain voltage changes which represent 

the motor command to initiate muscular contraction, as 

Vaughan et al. (1965, 1968 and 1970) and Gilden et al. 

(1966) maintain. Secondly, it was presupposed that the ter

mination of a specific motor act would require the same 

amount of neuronal involvement at the cortical level as the 

initiation of that motor act, and thus would be accompanied 

by comparable voltage changes. Such an assumption might be 

indicated on the basis of the finding by Jasper and Penfield 

(19^9) that beta blocking occurs at the termination as well 

as at the initiation of a sustained muscular contraction. 

The identification of an inhibitory MP in the present exper

iment would be impossible should the first assumption be 

false, even if the second should be in fact true., 

Recent experiments have cast doubt on the validity 

of the first assumption.. Gerbrandt et al. (1973)» from 

their data on topographical distribution and time relations 
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of MP waveforms, conclude that no component of the average 

movement potential can represent an outgoing motor command. 

Wilke and Lansing (1973) found that in a motor task which 

involved a slow buildup of muscular activity culminating in 

a joint angle change the onset of contraction begins during 

a slowly increasing negativity (the contingent negative 

variation or expectancy wave) without interrupting it. This 

slow negative slope may not terminate in the abrupt P2 of 

the MP until more than 400 milliseconds later, which is 

approximately the time of joint angle change associated with 

a fair amount of cutaneous and kinesthetic input. The pres

ent study confirms the finding that the onset and even the 

peak of the EMG activity sometimes precedes the point of 

maximum negativity, referred to by Vaughan et al. (1968) as 

N2. It is consistent to derive from the above findings the 

hypothesis that the movement-related potential referred to 

by Vaughan et al. (1968) as the motor potential is nothing 

more than a complex including! (1) a CNV associated with 

expectancy of sensory stimuli, and (2) an evoked potential 

from muscle, joint, and/or cutaneous receptors activated 

during the motor act. The similarity between MP waveforms 

and those resulting from the passive limb movements in the 

study by Kornhuber and Deecke (1965) lends credence to this 

idea. Vaughan et al. (1970) attempted to invalidate such an 

interpretation on the basis of data on primate dorsal rhi

zotomies, but the present author concurs with the criticism 
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of Gerbrandt et al. (1973) that adventitious movements of 

other body parts probably occurred in Vaughan's experimental 

arrangement. 

Furthermore, if we go back to the original experi

ments in which a motor command or "go" signal was claimed to 

have been found in the EEG, doubts about the authors* con

clusions appear. For instance, examination of the records 

published in the classic study by Bates (1951) does not con

vince the reader that the EEG changes precede the muscle 

activity. It is possible to interpret the results as sup

port for the position that the potentials are evoked by the 

motor act. The beta blocking found by Jasper and Penfield 

(19^9) may be similarly interpreted; in fact, Jasper and 

Andrews (1938) found that beta blocking also occurs during 

tactile stimulation of the contralateral side of the body. 

In taking a position on this issue, of course, the time of 

occurrence of the beginning of muscle activity in relation 

to the EEG events is critical. If the time of occurrence of 

the EEG events is certain, as it is in some of the clear MPs 

of Vaughan et al. (1968), then the exact point in time when 

the muscle first comes into play becomes the critical param

eter. An error in the recording of this point in time is 

very unlikely to result in placing i-t sooner than it actual

ly occurred. On the contrary, the delay in muscle contrac

tion after excitation, the latency of the surface EMG to 

contraction onset, and the interval between the first EMG 
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potentials and the threshold level required to activate the 

EMG integrator would all tend to place the time of EMG onset 

too late in terms of actual physiological events. 

There are two additional findings of this study 

which are related to the sensory evoked potential hypothesis. 

First, the present study required a motor act involving 

practically no joint angle change; from a psychophysical 

point of view, there was no perception that the button had 

been moved. In spite of this, the P2 wave had approximately 

the same form (although it was generally of slightly lower 

amplitude) as the P2 found with the extensive limb displace

ments of Wilke and Lansing <1973)• If this P2 component is 

found to be sensory in nature, the data of the present study 

suggest that it is unlikely to be due in toto to activity of 

receptors detecting joint angle change. The second finding 

has to do with events after tension on the button has been 

released. Some Ss reported detecting a noticeable mechani

cal shock wave which was transmitted to the finger through 

the button each time the spring pulled the lever, and with 

it the button, to its original position. Thus, release of 

the button resulted in an immediate somatosensory evoked 

potential which was perfectly time-locked with photocell 

offset. In Figure 1 it can be seen that the nips of S LZ, 

who reported perceiving this stimulus, contain a large post

release evoked potential which is enhanced by triggering 

with respect to photocell offset. The similarity of these 
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waves to the N2 and P2 components of this S's MP again sug

gests the possibility of the sensory origin of the latter. 

The central finding of the present experiment, that 

no consistent voltage changes occur which could represent an 

inhibitory MP does not directly contradict the assertion 

that the MP is a valid phenomenon. It does show, however, 

that the MP is at least difficult to demonstrate in a situa

tion in which it might have been predicted. Taken together 

with other sources of information mentioned above, a strong 

argument now exists that the MP waveforms are actually sen

sory in origin. If a "go" signal is represented at all in 

the average it is most likely buried in the CNV, or perhaps 

is responsible for an inconstantly appearing positive wave 

which sometimes precedes the point of maximum negativity. 

The controversy and its eventual resolution through further 

experimentation will have wide ramifications for the clini

cian studying motor dysfunctions and the physical educator 

training superior performers, for a scalp-recordable corre

late of the brain activity controlling the skeletal muscu

lature is potentially very useful. We know from microelec-

trode studies that populations of cells in the motor cortex 

change their electrical activity prior to the onset of mus

cle contraction and that parameters of this activity are 

correlated with parameters of the contraction (e.g., Evarts 

1967). What we apparently do not know at this stage is 

whether or not this neuronal activity is detectable and 
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studyable by means of surface recording which does not trau

matize the subject. The future development of this aspect 

of the neurophysiology of movement control should be very 

interesting. 
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