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We have brains because we have muscles.  Other multicellular forms of life—plants and 
funguses—have ways of acquiring the material and energy they need without moving.  Animals 
must move food into their bodies before they can digest it, and almost all of them have to move 
their bodies to obtain the food.  So they need muscles.  And to get their muscles to work together 
effectively, animals like us need a central nervous system:  a brain and spinal cord. 

This article describes how the human central nervous system causes the body to move.  It covers: 

• Spinal circuits 

• Brainstem control 

• Cortical control 

• The basal ganglia and cerebellum 

The central nervous system has three output modalities.  The first is what we typically think of as 
the motor system:  spinal neurons whose axons leave the central nervous system and make 
synaptic connections on the fibers of striate muscles which attach to bones in the skeletal system.  
This output modality is the subject of this article.  A second output modality, called the 
autonomic nervous system, comprises neurons whose axons also leave the central nervous 
system.  They then enter “ganglions” where they synapse with peripheral neurons, whose axons 
reach glands or smooth muscles of the viscera, as in the intestines and blood vessels.  These 
peripheral neurons release their neurotransmitters not in synapses, but into larger spaces where 
they affect multiple gland or smooth muscle cells.  The third output modality involves “motor” 
neurons in the pituitary gland, attached to the hypothalamus, which release hormones into the 
bloodstream, by means of which they affect the many others glands distributed through the body.  
The autonomic and endocrine output systems will be covered in the session on Emotion. 

[5:  see footnote ]  The spinal cord runs through holes on the dorsal side of the vertebrae that 1

make up the spine.  Although the cord’s diameter varies smoothly, it has a segmented structure 
because of the nerves that enter and leave the cord between each pair of vertebrae.  The eight 
cervical nerves of the neck innervate much of the face, the neck, and the arms; the twelve 
thoracic nerves of the trunk innervate the back and abdomen; the five lumbar nerves innervate 
the pelvis and legs. 

 Numbers in brackets indicate the figures at the end of this document which illustrate the 1

information that follows the brackets.
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[6]  In cross section, the cord is divided into central gray matter made up mainly of cell bodies 
and surrounding white matter made up of mainly myelinated axons running up and down the 
cord.  Motor neurons—neurons whose axons leave the cord and thus leave the central nervous 
system—are located in the ventral horn of the gray matter, which during development derives 
from the basal plate.  (The dorsal gray matter of the cord, which during development derives 
from the alar plate, contains sensory neurons, which will be covered in the session on Sensation.) 

Skeletal muscles, which cause the body to move, are typically organized in pairs, with the 
muscles in the pair moving the bone in opposite directions:  flexors and extensors.  They have a 
striped appearance because they are made up of many fibers which contract when stimulated by 
a motor neuron’s signal.  The fibers are of two sorts.  Slow twitch fibers make energy as they go 
along and can contract repeatedly many times without building up waste products; fast twitch 
fibers use pre-stored energy which generates waste that eventually interferes with their 
performance. 

[8]  A “motor unit” consists of a single motor neuron and the muscle fibers it innervates.  The 
axon of a motor neuron synapses with several adjacent fibers of a single type in the target 
muscle; each fiber, on the other hand, is innervated by only one motor neuron.  The axon makes 
a synapse with each fiber, and the arrival of an action potential at the synapse causes the fiber to 
contract.  (In addition to these “alpha” motor neurons, there are “gamma” motor neurons which 
adjust the sensitivity of the muscle fiber to signals from the alpha neuron.)  The motor unit also 
includes two types of sensory receptors that provide feedback to the cord.  Golgi receptors signal 
the amount of tension in the tendon attaching the muscle to the bone.  Spindle receptors signal 
how long, or how stretched, the fiber is.  [9]  When the doctor taps the tendon below your knee, 
the resultant lengthening of the quadriceps muscles in your upper leg is detected by spindle 
receptors which trigger the alpha motor neuron to fire and shorten the muscle again, causing your 
lower leg to jump.  The reflex is quite simple; we will meet more complex reflexes—automatic 
and nearly immediate muscular reactions to a stimulus—below. 

[10]  In addition to motor neurons of various types, the ventral horn of the cord contains a variety 
of types of interneurons.  Type 1 interneurons’ axons synapse directly on motor neurons (or other 
interneurons) at the same level of the cord.  Type 2 interneurons’ axons travel up or down the 
cord to other segments.  Type 3’s axons cross to the opposite side of the cord at the same level, 
and Type 4’s cross and then travel up or down the other side of the cord. 

Complex arrangements of sensory neurons, interneurons, and motor neurons up and down the 
spinal cord make many basic behaviors possible without the involvement of the brain at all.  
(Recall that most of animal phyla have no central nervous system and depend entirely on 
networks of distributed neurons like this.)  Among these networks are what are called central 
pattern generators:  spinal circuits that produce stereotyped, rhythmic, alternating motor 
behaviors.  Locomotion, for example, is controlled by a central pattern generator in the cord.  A 
“quadriplegic” cat—whose spinal cord has been severed at the base of the brain—will move its 
legs in a walking pattern when held with its feet touching a moving treadmill.  Human children 
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do not learn to walk; they walk when the spinal cord circuits that make up this central pattern 
generator have matured, at about 15 months of age.  Other central pattern generators produce 
breathing, chewing, swallowing, urinating, defecating, and ejaculating.   At present, the detailed 
circuits for central pattern generators are not well understood; an exception is the locomotor 
circuit of the lamprey, which has been mapped out. 

I mentioned the quadriplegic cat, who will “walk” on a treadmill if supported.  If a cat’s 
brainstem is left connected to the spinal cord, but the entire forebrain is removed, the cat can 
support itself standing and walking, and will swallow food if it is placed in its mouth.  And if 
only the cerebral cortex is removed, leaving the basil ganglia, thalamus, and related structures, it 
will navigate around barriers, eat and drink, learn where to find food and water, and exhibit the 
behavior neuroscientists call rage.  But it will not interact with other cats.  We will explore the 
brain-based systems that control these behaviors next, looking first at brainstem systems and then 
at the cortex. 

We can think of behavior as involving five major components:  posture, orientation, locomotion, 
grasping, and manipulation.  This view of behavior is a gross simplification, of course, but one 
that will help us keep organized and oriented as we go along.  These five components depend 
upon different descending axonal pathways from separate processing centers in the brain through 
the spinal cord to the central pattern generating circuits and the motor neurons.  The first three of 
these—posture, orientation, and locomotion—primarily involve muscles of the trunk and the 
muscles in the shoulder and pelvis that control the positions of the limbs.  [16]  Pathways 
carrying these signals—the vestibulospinal, tectospinal, and reticulospinal pathways—descend 
through the medial part of the ventral white matter of the spinal cord. 

The foundation of all behavior is postural control, which is so automatic that we are rarely aware 
of the fact that we are constantly adjusting and maintaining the position of our body in space.  
[17]  Postural control is accomplished by the vestibular nuclei, located toward the dorsal side of 
the hindbrain adjacent to the cochlear nuclei for hearing.  There are four nuclei on each side, but 
I will not distinguish their separate contributions.  The vestibular nuclei receive sensory signals 
from the visual and proprioceptive systems, but the main input comes from the vestibular 
apparatus in the ear.  It consists of the semicircular canals, which signal rotational movement of 
the head in any of the three dimensions of space, and two otolith organs, which signal linear 
movement up and down or horizontally.  Outputs of the vestibular nuclei go to other brainstem 
centers, to the cortex via the thalamus, and to the motor neurons in the spine via the descending 
vestibulospinal pathway.  When the head is stable, vestibular nuclei neurons fire constantly and 
rapidly, from 50 to 100 times per second.  When the head moves, these neurons signal the 
direction and speed of movement by increasing or decreasing their firing rates.  The vestibular 
nuclei have the fastest response of any sensory processes; rapid head movements trigger 
appropriate eye movements, for example, in only one one-hundredth of a second. 

[18]  One vestibular nucleus sends signals via the vestibulospinal tract to the cervical levels of 
the spinal cord which control the neck muscles and thus the position of the head relative to the 
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body.  Another sends signals to the lumbar levels which control the leg muscles and thus the 
balance and position of the body.  Both provide negative feedback, so that muscular reactions 
counteract the direction of movement detected in the vestibular apparatus.  Many specific reflex 
actions compensate for disturbances of balance.  For example, if the surface on which an animal 
is standing tilts enough that stiffening the downside leg cannot maintain balance, the foot will 
automatically “hop” to a location where it can support the body. 

When an object of interest is detected in the environment, we orient to it before approaching and 
grasping it.  The orienting component of behavior is primarily controlled by midbrain areas that 
communicate with the body via what is called the tectospinal tract.  “Tecto-” derives from the 
tectum, or roof, of the midbrain.  In the tectum are three layers of perceptual circuits.  The top 
layer processes visual inputs, and the circuit layout maintains the topographical mapping of 
space on the retina.  Below the visual layer are similarly topographic maps of auditory space 
from the ears and of the surface of the body from somatosensory inputs.  These structures 
evolved very early, with the emergence of eyes that could form images and hearing that could 
localize the source of a sound.  Using these inputs, the tectum triggered escape movements or 
freezing when danger loomed.  And when food or other attractions appeared, the tectum 
triggered orienting movements to prepare the animal to inspect the object and perhaps approach 
it.  The orienting movement commands traveled through a descending pathway that crossed over 
to the opposite side of the body, called the tectospinal tract.  The escape movement commands 
travelled through a separate, uncrossed pathway. 

[19]  In mammals the tectum is called the superior colliculus, which means the higher hillock.  
This pair of hills sits on the dorsal surface of the midbrain, toward the front.  The superior 
colliculus plays a major role in the very complex system that controls eye movements, which 
will be discussed in the Vision session.  [20]  In addition, via the tectospinal tract, it moves the 
head to position the eyes to see the object of interest.  The tectospinal tract extends only to the 
cervical spinal cord, where the nerves that control the head and neck emerge. 

[21]  We have already discussed the central pattern generator for locomotion, the third 
component of behavior.  That pattern generator circuitry is controlled by another midbrain 
system, the reticular formation.  “Reticular” derives from a word meaning net, and a reticular 
formation is one in which cell bodies are enmeshed in a network of axons coming from some 
distance away.  The reticular formation extends along the ventral side of the brainstem from the 
medulla oblongata at the top of the spine thorough the area of the pons and cerebellum, and into 
the midbrain.  The reticular formation controls many of the processes that keep us alive and 
awake, but here we are concerned only with its role in locomotion.  Movement commands 
originate in a section of the reticular formation called the mesencephalic (or midbrain) locomotor 
area.  This area is adjacent to the tectal circuits that localize objects and initiate orientation to 
them, which is then followed by movement to approach them.  After passing through and being 
modified in the rest of the reticular formation, locomotor commands descend to the body through 
the reticulospinal tract, with one pair of branches that cross over to the opposite side, and another 
pair that remains on the same side of the cord. 
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[22]  The vestibulospinal, tectospinal, and reticulospinal tracts—which manage posture, 
orientation, and locomotion—descend through the medial portion of the ventral white matter of 
the spinal cord.  The pathways that manage grasping and manipulation—the rubrospinal and 
corticospinal tracts—descend via the lateral portion of the white matter of the spinal cord. 

[23 and 24]  Grasping has a complex evolutionary history.  The ability to grasp arrived with the 
evolution of jaws; jawless fish, the hagfish and lamprey, cannot grasp anything.  In fish, grasping 
with the mouth was probably driven by tectal circuits, but by the time amphibians came along—
with limbs to grasp with—a new structure to serve this function had arisen in the diencephalon, 
the red nucleus.  Just so you don’t begin to suspect that anatomists could ever get along without 
Latinate vocabulary, the red nucleus is also called the nucleus ruber, and the descending pathway 
it gives rise to is the rubrospinal tract.   

[25]  Since tetrapods crawled onto dry land, the structure and function of the red nucleus has 
evolved.  More specifically, the nucleus is divided into two parts whose relative importance has 
changed.  Here we are concerned with the more caudal, magnocellular part, where the 
rubrospinal tract originates; it controls grasping with the limbs in amphibians, reptiles, and 
mammals.  The more rostral, parvocellular part communicates to the thalamus, and from there to 
the cortex.  In carnivores the magnocellular part dominates the nucleus; in monkeys the two parts 
are about equal in size, and in apes the magnocellular part is distinctly smaller than the 
parvocellular part.  In humans, the magnocellular part of the red nucleus is quite small and it is 
not certain that the rubrospinal tract still exists.  This shifting balance in the red nucleus reflects 
the growing importance in mammals of the neocortex, to which we now turn. 

[26]  Among early mammals, recall, neurons with sensory and motor functions were 
intermingled in the emerging neocortex; they got segregated into distinct areas of cortex over the 
course of mammalian evolution.  Marsupials like opossums still have substantial intermingling, 
but monkeys like the galago and the macaque have their motor neurons in front of the central 
sulcus and their somatosensory neurons behind it, as we do.   

[27]  The corticospinal tract originates in the cortex, mainly in the motor-related areas in front of 
the central sulcus, but also from neurons in the somatosensory areas behind the central sulcus.  
Neurons whose axons follow the tract are also found in the anterior bank of the intraparietal 
sulcus, which is concerned with sensorimotor coordination, especially for eye direction and 
reaching movements.  And the tract even includes axons from neurons on the anterior bank of the 
Sylvian fissure separating the frontal and temporal lobes and from neurons in the cingulate 
sulcus on the medial surface of the frontal lobe.  [28]  The tract passes through the midbrain and 
the medulla oblongata, where the axons send collateral branches into the areas where the 
rubrospinal and reticulospinal tracts originate.  The cortical motor areas are thus able to modulate 
and control the previously discussed, lower level centers of the midbrain and medulla.   
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[28]  Before entering the spine, most axons in the corticospinal tract cross over to the opposite 
side, where they descend through the lateral white matter of the spinal cord.  Some axons, 
typically, remain on the same side and descend along the medial edge of the ventral part of the 
white matter of the cord.  It is a curious fact that there are some humans in whom all the axons 
cross over, and others in whom none do, apparently without noticeable effects on behavior. 

[29]  Returning to the cortex, the largest number of axons of the corticospinal tract originate in 
neurons on the anterior bank of the central sulcus and on the top of the precentral gyrus.  
Electrical stimulation of patches of tissue in these areas causes movement of various parts of the 
body.  In general, stimulation of adjacent areas of cortex causes movement in adjacent areas of 
the body, with the foot and leg represented on the medial surface of the hemisphere, and the 
trunk at the top, followed laterally by the arm and hand.  Then, next to the hand representation, 
comes the face, and the tongue representation is located on the anterior bank of the lateral sulcus 
(Sylvian fissure).  Also in general, the amount of cortical tissue whose stimulation causes 
movement is proportional to the importance of the represented body part, with the most tissue 
devoted to the hand, mouth, and tongue. 

It is not the case, however, that a single neuron innervates a single muscle.  Each neuron contacts 
multiple muscles, and each muscle receives signals from multiple neurons.  And there are lots of 
horizontal connections between neurons, as well.  The activity of different neurons turns out to 
be correlated with different parameters of the movement, including the body part being moved, 
the direction of the movement, the velocity of the movement, and the angles of the joints 
involved in the movement. 

[30]  This part of the cortex, the band in front of the central sulcus running from the top of the 
cingulate sulcus in the medial surface to the front of the Sylvian fissure on the lower lateral 
surface, is called primary motor cortex, or M1.  The band of cortex in front of M1 includes the 
supplemental motor area on the medial surface and the premotor cortex on the lateral surface; the 
premotor cortex is further subdivided into four areas.  On the other (rostral) side of the 
supplementary motor area and the premotor cortex lies the prefrontal cortex, the highest level 
association cortex. 

[31]  With this geography in mind, we can discuss the inputs to the cortical motor system and its 
organization and operation.  The inputs come from 

• Dorsolateral prefrontal cortex (“area principalis” in the diagram) 
• Frontoparietal operculum, the tissue covering the insula at the caudal end of the Sylvian 

fissure 
• Parietal somatosensory association area 5, and 
• Parietal visual association area 7b. 

These inputs arrive at the premotor and supplementary motor areas, which in turn connect to the 
primary motor area M1.  M1 also receives direct inputs from the primary somatosensory area, 
S1, on the opposite, caudal bank of the central sulcus. 
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The roles of the various motor areas of cortex have been explored experimentally in monkeys.  
In one type of experiment, a monkey is trained to look at a central spot on a screen while a  
“cue” spot appears somewhere else; the monkey then waits for a signal to move, and then it 
moves its hand to touch the cued spot to receive a reward.  While the monkey is waiting for the 
go signal, neurons are highly active in the supplementary motor area and the dorsal part of the 
premotor cortex, which is interpreted as the monkey holding the cued location in memory.  In 
another, related experiment, the monkey is trained to touch not the cue spot but a target in the 
opposite direction from the center.  During the delay period, the ratio of the number of firing 
neurons that represent the cue location to the number that represent the actual target location on 
the opposite side is maximized in the area principalis and gradually decreases as one moves 
through the dorsal premotor cortex and then the supplementary motor area to the primary motor 
cortex, where neurons representing the actual target are firing. 

A second type of experiment explores the relationship between behavior controlled by sensory 
input and behavior controlled by memory.  A monkey watches a screen showing four squares 
called pads.  In each block of trials, three of the four pads light up sequentially, in a given order.  
Then, at a signal, the monkey has to touch the three pads in the same order to receive a reward.  
Within a block of trials, the same three pads light up in the same order, and the monkey learns 
the pattern.  But with each trial the lights get dimmer, until at the end of the block the pads don’t 
light up at all, and the monkey gets the reward by touching the pads from memory.  The 
supplemental motor area is most active when the lights are shown at the beginning of a new 
block, and the ventral part of the premotor area is most active when the lights do not appear at 
the end of block.  So the supplemental motor area mediates the control of behavior by sensory 
inputs, and the ventral part of the premotor area mediates the control of behavior by memory.  
(Primary motor cortex is equally active in both conditions, as the monkey has to actually move in 
both conditions.) 

[32]  Another experiment explored the inputs to neurons in primary motor cortex.  Experimenters 
first located a patch of tissue where electrical stimulation caused the index and middle fingers of 
one hand to flex.  They then selected eight neurons in that patch whose activity they monitored 
with electrodes.  As they monitored these neurons, they pricked the skin of the monkey’s hand, 
and they recorded the patches of skin where stimulation was correlated with firing of the 
neurons.  The patches of skin to which the eight neurons were sensitive were all different (see the 
illustration). 

Finally, another experiment found a single neuron in the ventral part of the premotor area that 
responded to all of the following stimuli: 

• A visual stimulus moving near the mouth 
• A touch stimulus on the lips 
• A touch stimulus between the thumb and index finger 
• A proprioceptive stimulus from the flexing of the elbow. 
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This complex circuitry and these complex representations make possible the constantly changing 
calculations needed to successfully grasp and manipulate objects.  More speculatively, the 
complex cortical motor system of monkeys, apes, and humans is needed to bring behavior under 
the control of the prefrontal areas—so greatly expanded in humans—that are implicated in the 
choice of voluntary actions. 

The final major components of the motor control system are the basal ganglia and the 
cerebellum.  The basal ganglia will be discussed in the session on Learning and Memory.  In 
mammals the cerebellum expanded in pace with the neocortex, and it is large in humans.  The 
cerebellum is clearly implicated in motor control since damage to it results in loss of 
coordination, overshooting and undershooting of movements, tremor, and loss of muscle tone.  
(Recent work has suggested, somewhat controversially, that the cerebellum may also be 
implicated in emotional and cognitive processing.) 

But it has been hard to pin down exactly what the cerebellum does—what its functions are.  
Leading theories include coordination via a clock-like timing signal to the rest of the brain, 
evaluation of sensory signals in the context of actual or planned movements, prediction of the 
consequences of perceptions for motor actions, and motor learning.  These can be tied together in 
the idea that the cerebellum improves motor coordination by learning associations between 
sensory inputs and outcomes with precise timing keyed to predicted results of current 
perceptions and planned behaviors.  Another interesting theory is inspired by the observation that 
a single movement may be controlled by different sensory systems, which have different 
processing speeds and communication delays, thus requiring central coordination of timing.  This 
need grows as the body becomes larger and as movements become more precise.
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These visual aids are intended to be self explanatory.

Humans
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Behaviors that emerge in humans without learning 
when underlying neural circuits mature: 

• Balance head at 2-3 months 

• Sit at 6-7 months 

• Stand at 9-12 months 

• Walk at 15 months

The Brain’s Three Output Systems
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Three systems have motor neurons

• The endocrine system’s neural control center 
in the hypothalamus 

• The autonomic nervous system 

• The skeletal nervous system

Major Topics
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• Spinal circuits 

• Hindbrain control 

• Cortical control 

• Basal Ganglia

The Spinal Cord

Netter 142 and 149
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Netter 142 and 149

Cross Sections of the Spinal Cord

Netter 151
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Skeletal Muscles
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• Striate appearance 

• Opponent organization 

Flexors 

Extensors 

• Speed and sustainability of action 

Fast twitch 

Slow twitch

The Motor Unit

Squire 27.3 
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Reflexes

Squire 28.6 

9

Spinal Interneurons

Squire 28.7 
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Central Pattern Generators
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• Spinal cord circuits that produce 
stereotyped rhythmic motor behaviors 

• Neural circuits in spinal cord 
• Complex 
• Multi-segmental 
• Not well understood  

• Locomotion experiments in cat 
• Other examples 

• Breathing 
• Chewing, swallowing 
• Urinating, defecating 
• Ejaculating

Preview of Descending Pathways

Squire 27.7 
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Decorticate and Decerebrate Cats
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Behaviors that persist when cerebral cortex 
is removed: 

• Navigate 

• Eat, drink 

• Learn where to find food and water 

• Show rage 

• But no interaction with conspecifics 

Behaviors that persist when entire forebrain 
is removed: 

• Breathe, swallow 

• Stand, walk

Major Components of Skeletal Motor Control
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• Medial pathways from brainstem 

Posture 

Orientation 

Locomotion 

• Lateral pathways from brainstem 
and cerebral cortex 

Grasping 

Manipulation

Ascending and Descending Pathways

Netter 151
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Medial Descending Pathways

Adapted from Netter 151
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Posture and the Vestibulospinal Tract

Schneider 14.4  
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Posture and the Vestibulospinal Tract

Squire 29.2 
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Orientation and the Tectospinal Tract

Netter 108 top 
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Tectospinal Tract

Schneider 11.2 
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Locomotion and the Reticulospinal Tract

Brodal 26.9 
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influence motoneurons. The ventral reticulospinal tracts 
are discussed in Chapter 22 (“More About Reticulo-
spinal Tracts”). The ventral reticulospinal tracts are 
both crossed and uncrossed and mediate both inhibi-
tory and excitatory effects on spinal motoneurons. The 
reticulospinal neurons are further characterized by their 
axonal branching pattern, with collaterals given off at 
several levels of the spinal cord. Thus, each neuron can 
influence muscles in different parts of the body. As dis-
cussed in Chapter 22, the ventral reticulospinal tracts 
are of particular importance for postural control, for 
the orientation of the head and body toward external 
stimuli, and for voluntary movements of proximal body 
parts. Connections from the superior colliculus—that 
mediate sensory information to the reticular formation—
are crucial for orienting movements toward novel stim-
uli. Combined anatomic and physiologic studies of single 
cells have shown the importance of a tecto-reticulospinal 
pathway for such movements. The dorsal reticulospinal 
fibers concern primarily control of sensory informa-
tion. Many of these fibers are monoaminergic and arise 
partly in the raphe nuclei and adjoining parts of the 
reticular formation (see Fig. 15.3).

The ascending fibers from the reticular formation end 
in the intralaminar thalamic nuclei (Fig. 26.9), unlike 
the specific sensory tracts that end in the lateral thal-
amic nucleus. Some fibers also end in the hypothalamus. 
We discuss the functional significance of the ascending 

reticular connections later in this chapter; suffice it to 
say here that they are of particular importance for the 
general level of activity of the cerebral cortex, which, in 
turn, concerns consciousness and attention.

The Reticular Formation Receives All Kinds of 
Sensory Information

Various cell groups send fibers to the reticular forma-
tion (Fig. 26.10). Spinoreticular fibers are discussed in 
Chapter 14. These fibers ascend in the ventral part of 

Pontine reticular 
formation

Medullary reticular 
formation

Dorsal
column
nuclei

Inferior 
olive

Pontine 
nuclei

fi gure 26.8 Position of efferent reticular cell groups. Drawing of 
sagittal section through the brain stem (cat). Neurons sending axons 
to higher levels (the thalamus) are red, while neurons with descending 
axons are green. The cell groups sending descending fi bers are located 
somewhat more rostrally than the regions sending ascending fi bers, 
providing opportunity for mutual infl uences by collaterals (as shown 
in Fig. 26.4).

Intralaminar 
thalamic nuclei

Mesencephalic
reticular formation

Pontine reticular 
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reticular
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fi gure 26.9 Efferent connections of the reticular formation. Various 
subdivisions of the reticular formation send fi bers to higher levels, 
such the thalamus, the basal ganglia, and the cerebral cortex. 
Descending fi bers end in the spinal cord. In addition, the reticular 
formation sends fi bers to the cranial nerve nuclei and other brain 
stem nuclei, such as PAG and the superior colliculus, and the vestibu-
lar nuclei. Most of the long connections are both crossed and 
uncrossed, although this is not shown in the fi gure. Numerous shorter 
fi bers interconnecting subdivisions of the reticular formation are not 
shown.
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Lateral Descending Pathways

Adapted from Netter 151
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Grasping and the Rubrospinal Tract

Nieuwenhuys 5.8 and 5.21
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Rubrospinal Tract

Schneider 11.2 
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Rubrospinal Tract

Schneider 14.7 
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Segregation of Somatosensory and Motor Cortex

Schneider 15.6
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Origins of Corticospinal Tract

Squire 29.4
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Corticospinal Tract

Adapted from Squire 29.4
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Primary Motor Cortex (M1)

Squire 27.6 
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Cortical Motor Areas
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The Cortical Motor System

Squire 29.5
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Experimental Results

Squire 29.6
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Summary—Experiments

Adapted from Netter 151
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Summary

Adapted from Squire 27.8
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