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I potential.E1ectroencephalo~r. Clin. Neuro. 25:1-10, 1968.
I [Dept. Neurology,Albert EinsteinCoil. Med.,Bronx,NYJ
The scalp topography of cortical potentials
associated with voluntary movement, of the face,.
tongue, hand, and foot was maximum in anipli-
tude over the contralateral precentral cortex and
exhibited distributions consistent with the known
arrangement of body parts within the moto, cor-
tex. [Ike Science Citation IAdexe (SCle) and the
Social SciencesCitation Index (SSCI”) Indicate
that this paper has been dted over 140times since
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“In 1961 our laboratory began a systematic

study of the cortical electrical activity associated
with human information processing, using com-
puter averaging techniques to extract the tiny
signals specifically related to sensorimotor pro-
cesses from the random activity that predomi-
nates in the scalp-recorded electroencephalo-
gram. Although cortical potentials elicited by ex-
ternal stimulation had begun to be widely studied.
no brain activity related to the initiation of volun-
tary movements had been observed, either in man
or in experimental animals. Such activity should,
in principle, be detectable by signal averaging
methods if the brain activity related to movement
could be adequately synchronized.

“We initially observed movement-related p0-
tentials from scalp recordings overlying the motor
cortex when brisk responses of the hand or foot
were made in response to visual or auditory
stimulation.

1
Similar ‘motor potentials’ were

recorded when movements were self-initiated, but
in contrast to the stimulus-triggered condition, ac-
tivity preceded the movements by one second or
more.

2
These ‘readiness potentials,’ concurrently

reported by Kornhuber and Deecke,
3

provided evi-
dence that preparatory neural mechanisms were

volitionally activated long before the phasic
discharge of corticospinal neurons reflected in the
potentials that immediately preceded movement
initiation. The next step in our investigation in-
volved the detailed mapping of the motor poten-
tials in an. effort to identify the cortical regions
that generated them. Our findings, reported in this
paper, indicated a somatotopic distribution of po-
tentials preceding face, hand, and foot move-
ments consistent with the spatial organization of
motor Cortex which Penfield and Boldrey had
demonstrated by direct electrical stimulation in
the 193Os.~Subsequent work from several labora-
tories~

7
has further examined the configuration

and scalp topography of movement-related poten-
tials in’ both normal subjects and in patients with
motility disorders.

“AltTsough some issues regarding the specific
neural structures that generate the complex se-
quence of potentials associated with voluntary
movement remain to be empirically resolved, the
motor potentials provide a non-invasive index of
cortical mechanisms involved in the initiation and
control of human voluntary movement. Following
the discovery of the scalp-recorded movement-re-
lated potentials in man, studies of single neurons
in monkeys trained to perform specific move-
ments have contributed a substantial amount of
information on the brain mechanisms underlying
motor control. There is a close relationship be-
tween firing patterns of neurons within the motor
cortex and the motor potentials of monkeys. Fur-
thermore, the human and simian movement-relat-
ed potentials closely resemble one another, both
in waveform and topography.a Thus, these poten-
tials provide a bridge between the analysis of
motor mechanisms in experimental animals and
the study of cerebral processes related to move-
ment in man.

“This report has presumably been frequently
cited because it was the first effort to relate the
scalp distribution of human movement-related po-
tentials to the underlying somatotopic organiza-
tion of sensorimotor cortex.”
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