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700 ® Unit X! The Nervous Systern: C. Motor and Integrative Neurophysiology
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Figure 55-1. Motor and somatosensory functional areas of
the cerebral cortex.

the entire primary motor cortex is concerned with
controlling the hands and the muscles of speech. Point
stimulations in these hand and speech motor areas
often cause contraction of a single muscle. But -in
those areas with lesser degrees of representation, such
as the trunk area, electrical stimulation contracts a
group of muscles instead.

Premotor Area
The premotor area, also shown in F igure 55-1. lies

immediately anterior to the lateral portions of the pri-
mary motor cortex, projecting 1 to 3 centimeters ante-
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Figure 55-2. Degree of representation of the different mus-
cles of the body in the motor cortex. (From Penfield and
Rasmussen: The Cerebral Cortex of Man: A Clinical Study of
Localization of Function. New York, Macmillan Co., 1968.)

rorly and extending inferiorly into the sylviun fissure
and superiorly about two thirds of the way to the
longitudinal fissure; there it abuts the supplementary
motor area. The topographical organization of the pre-
motor cortex is roughly the same as that of the pri-
mary motor cortex, with the mouth and face areas
located most laterally and then in the upward direction
the hand, arm, trunk, and leg areas. The premotor
area occupies a large share of area 6 in the Brodmann
classification of brain topology.

Most nerve signals generated in the premotor area
cause patterns of movement that involve groups of
muscles that perform specific tasks. For instance, the
task may be to position the shoulders and arms so that
the hands become properly oriented to perform spe-
cific tasks, To achieve these results, the premotar arca
sends its signals either directly into the primary motor
cortex to excite multiple groups of muscles or, more
likely, by way of the basal ganglia and then buck
through the thalamus to the primary motor cortex.
Thus, the premotor cortex, basal ganglia, thalamus, and
primary motor cortex constitute a complex overall sys-
tem for control of many of the bodys patterns of
coordinated muscle activity.

Supplementary Motor Area

The supplementary motor area has still another
topographical organization for control of motor func-
tion. 1t lies immediately superior to the premotor area,
lying mainly in the longitudinal fissure but extending a
few centimeters over the edge onto the superiormost
portion of the lateral cortex.

Considerably stronger electrical stimuli are required
in the supplementary motor area to cause muscle con-
traction than in the other motor areas, When contrac-
tions are elicited, they are often bilateral rather than
unilateral. For instance, stimulation fréfuently Teads to
bilateral”_grasping movements of both hands simulta-
neously; these movements are perhaps rudiments of
the hand functions required for climbing. Also, there
may be rotation of the trunk, rotation of the hands,
movement of the eves, or fixation of the shoulders. In
generul, this area lunctions in concert with the pre-
motor area -to provide attitudinal movements, fixation
movements of the different segments of the body, po-
sitional movements of the head and eyes, and so forth,
as background for the finer motor control of the arms
and hands by the premotor area and primary motor
cortex.

Some Specialized Areas of Motor
Contro} Found in the Human
Motor Cortex

Neurosurgeons have found a few highly specialized
motor regions of the human cerebral cortex, located
mainly in the premotor arcas, as shown in Figure
35-3, that control specific motor functions. These re-
gions have been localized either by electrical stimula-
tion or by noting the loss of motor function when
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Figure 55-3. Representation of the different muscles of the
body in the moter cortex and location of other cortical areas
responsible for specific types of motor movements.

destructive lesions have occurred in specific cortical
areas, Some of the more important of these are the
following,.

BRroCA’s AREA AND SPEECH. Figure 55-3 shows a
premotor area lying immediately anterior to the pri-
mary motor cortex and immediately above the sylvian
fissure labeled “word formation.” This region is called
Broca’s area. Danage to it does not prevent a person
trom vocalizing, but it does make it impossible for the
person to speak whole words rather than incoordinate
utterances or an occastonal simple word such as “no”
or “ves.” A closely associated cortical area also causes
appropriate respiratory [Unction, so that respiratory ac-
tivation of vocal cords can occur simultaneously with
the movements of the mouth and tongue during
speech. Thus, the premotor activities that are related
to Broca’s area are highly complex.

“VOLUNTARY” EYE MOVEMENT FiiLp, Immediately
above Broca’s area is a locus for controlling eye move-
ments. Damage to this area prevents a person from
voluntarily moving the eyes toward different objects.
Instead, the eyes tend to lock on specific objects, an
eftect controlled by signals from the occipital cortex, as
explained in Chapter 51. This frontal area also controls
eyelid movements such as blinking,

Hiap Rorarion ARea. Still slightly higher in the
maotor association area, electrical stimulation will elicit
head rotation, This area is closely associated with the
eye movement field and is presumably related to di-
recting the head toward different objects.

AREA FOR HAND SKILLS. In the premotor area im-
mediutely antcrior to the primary motor cortex for the
hunds and fingers is a region newrosurgeons have
called an area for hand skills. That is, when tumors or
other lesions cause destruction in this area, the hand
movements become incoordinate and nonpurposeful, a
condition called motor apraxia.

Transmission of Signals from the
Motor Cortex to the Muscles

Motor signals are transmitted directly from the cor-
tex to the spinal cord through the corticospinal tract
and indirectly through multiple accessory pathways
that involve the basal ganglia, cerebellum, und various
nuclei of the brain stem. In general, the direct path-
ways are concerned more with discrete and detailed
movements, especially of the distal segments of the
limbs, particularly the hands and fingers.

Corticospinal Tract (Pyramidal Tract)

The most important output pathway from the motor
cortex is the eprticospingl tract, also called the pyram-
idal tract, which is shown in Figure 55-4. )

The corticospinal tract originates about 30 per cent
from the primary motor cortex, 30 per cent from the
premotor and supplementary motor areas, and 40 per
cent from the somatic sensory areas posterior to the
central  suleus.  After leaving the cortex, it passes
through the posterior limb of the internal capsule (be-
tween the caudate nucleus and the putamen of the
basal ganglia) und then downward through the brain
stem, forming the pyramids of the medhdla. By far the
majority of the pyramidal fibers then cross to the op-
posite side and descend in the lateral corticospinal
tracts of the cord, finally terminating principally on the
internewrons in the intermediate regions of the cord
gray matter but also a few on sensory relay neurons in
the dorsal hom, and others directly on the anterior
motor neurons that cause muscle contraction.

A few of the fibers do not cross to the opposite side
in the medulla but pass ipsilaterally down the cord in
the ventral corticospinal trocts, but many of these
fibers also ¢ross to the opposite side of the cord either
in the neck or in the upper thoracic region. These
fibers are perhaps concerned with control by the sup-
plementary motor area of bilateral postural move-
ments.

The most impressive fibers in the pyramidal tract
are a population of lurge myelinated fibers with a
mean diameter of 16 micrometers. These fibers origi-
nate from the giant pyramicdal cells, also called Bets
cells, that are [ound only in the primary motor cortex.
These cells are about 60 micrometers in diameter, and
their fibers transmit nerve impulses to the spinal cord
at a velocity of ubout 70 m/sec, the most rapid rate of
transmission of any signuls from the brain to the cord.
There are about 34,000 of these large Betz cell fibers
in euch corticospinal tract. The total number of fibers
in each corticospinal tract is more than 1 million, so
these large fibers represent only 3 per cent of all of
them. The other 97 per cent are mainly fibers smaller
than 4 micrometers in diameter that are believed to
conduct {4} background tonic signals to the motor
arcas of the cord ar (b) feedback signals from the
cortex to control the intensities of various sensory sig-
nals going to the brain.



