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Neural Integration
The Somatosensory 
Neurotransmission (pathways)

Touch,
Pain, and 
Temperature

Somato  =  Body

Sensory = a physical feeling or perception





Sensation vs Perception
Sensation: The detection of physical energy by our body sense organs, which relay this 
information to the brain; turning the signal to an electrical, neuronal signal.

Perception: The brain’s interpretation of the sensation information; turning the 
electrical signal, into meaningful experience



ØStimulus

• Anything capable of exciting a sensory receptor cell can be defined as a “stimulus”

 Examples include: sound, light, heat, cold, odor, color, touch, and pressure

ØWhich can generate Stimulus

• Any change in the environment, either internal or external, can generate a stimulus.
 
ØNeuro Receptor
A structure which detects a stimulus and converts  it into an action potential

Sense organs operate through sensory receptor cells that receive external forms of energy 
(Environmental sensation) and translate these external forms into neural impulses that can 
be transmitted to the brain.

• Sensory receptors may convey information to the CNS with awareness or perception

• Sensory receptors also serve as afferent pathways for reflex action with or without 
conscious sensation.



6

Afferent Division of  the Nervous System & location in 
CNS

• Sensory Receptors
• Sensory neurons
• Sensory pathways

• There are many sensory receptors that relay information about the 
internal and external environment to the CNS but do not reach 
consciousness

Afferent Division – location in CNS

1. Somatic Sensory info
- Sensory cortex of cerebrum
- Cerebellum

2. Visceral Sensory info
- Reflex centers in brainstem
- Reflex centers in diencephalon
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The somatic sensory system

• Sensory stimuli that reach the conscious level of 
perception
• Specialized cells that monitor specific conditions in the 

body or external environment
• General Senses:
• Temp, pain, touch, pressure, vibration, proprioception
• Simple receptors located anywhere on body

• Special Senses:  
• Are located in sense organs such as the eye or ear
• Olfaction, vision, gustation, hearing, equilibrium
• Complex receptors located in specialized sense organs



Table 10-1 (1 of 2)

General Properties: Sensory Division
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Cortical Sensory Areas

Figure 10.4
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General Sensory Pathway

produces most of the cerebrospinal fluid filling the ventricles 
and the spaces surrounding the CNS (see Chapter 7).

Oligodendrocytes form myelin sheaths in the CNS (Fig.
1-14). Unlike Schwann cells, however, each oligodendrocyte
forms myelin segments on multiple axons, sometimes dozens
(the name means a cell resembling a “tree with a few branches”).

Astrocytes (“star-shaped cells”) are the most numerous of
the CNS glia.They play a variety of roles, some suggested by
their shape and configuration (Fig. 1-15).As their name implies,
astrocytes have numerous processes radiating from their cell
bodies, collectively filling up most of the spaces between
neurons and their axons and dendrites. Some astrocytic
processes have expanded end-feet that pave the surfaces of
CNS capillaries, allowing astrocytes to provide metabolic
support functions for neurons. Other processes cover neuronal
cell bodies, synapses, and exposed areas of axons (e.g., nodes

of Ranvier), restricting the volume of extracellular fluid and
allowing astrocytes to regulate its composition in several
ways. For example, changes in pH and K+ concentration
resulting from neuronal activity are buffered by astrocytes,
and uptake by astrocytes is an important mechanism for
clearing neurotransmitters from the extracellular spaces
around synapses. In addition, astrocytes modulate the signal-
ing functions of neurons in other ways that are just beginning
to be understood.

Microglia are small cells that are distributed throughout the
CNS, essentially serving as an outpost of the immune system.
They sit there quietly in normal, healthy brain, waving their
processes around and monitoring their surroundings; in
response to disease or injury they proliferate, transform into
macrophage-like cells, and clean up cellular debris or invading
microorganisms.
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Figure 1-11. Broad functional categories of neurons.
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Figure 1-12. Schwann cell and unmyelinated PNS axons.
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Figure 1-13. Schwann cell and
myelinated PNS axon.

interdigitated with the collagen bundles there. Contracting a
muscle against resistance squeezes the endings between the
collagen bundles, allowing Golgi tendon organs to monitor the
tension in a muscle, something that muscle spindles cannot
provide much information about.

Position Sense
Movement at a joint stimulates receptors in the joint itself,
changes the length of muscles that insert around the joint,
and distorts the skin and subcutaneous tissues surrounding the
joint. The CNS uses all of this information both to coordinate
movements and for conscious awareness of the position of our
parts in space (proprioception). The importance of specific
receptor types varies at different joints, but in general muscle
spindles play a major role and joint receptors, surprisingly,
are the least important.

!!! DISTRIBUTION OF
SOMATOSENSORY INFORMATION IN
THE CENTRAL NERVOUS SYSTEM 
Each vertebrate sensory system has one collection of recep-
tors that are used for multiple functions—at the very least,
feeding into pathways to the cerebral cortex (conscious aware-
ness), into reflex circuitry, and in most or all cases into
pathways to the cerebellum as well. As in the somatosensory
system (Fig. 9-3), this is accomplished by primary afferents
that branch repeatedly and make synapses on multiple sets of
interneurons on the ipsilateral side of the CNS.

Although no one knows exactly why, somatosensory path-
ways to the cerebral cortex cross the midline (i.e., something
touching the left hand causes electrical activity in the right
postcentral gyrus). Because both primary afferents and thalam-
ocortical neurons terminate without crossing, at least one
additional neuron with an axon that does cross the midline
must be involved. With the exception of olfaction, the path-
ways that convey other kinds of sensory information to the
cerebral cortex also involve at least three neurons, but they
do not all cross the midline as somatosensory pathways do.
Some project bilaterally (e.g., vision, hearing), and others are
largely uncrossed (e.g., taste). The olfactory bulb is an out-
growth of the telencephalon, and the axons of olfactory recep-
tors project directly to ipsilateral olfactory cortex, bypassing
the thalamus.

Pathways to the cerebellum do not include a stop in the
thalamus, so only two neurons need to be involved (see Fig. 9-3)
although, as discussed in Chapter 16, many involve more
than two. In addition, the cerebellum affects the ipsilateral
side of the body (see Fig. 5-24), so most spinocerebellar neurons
are uncrossed.

Reflexes

Reflexes are automatic responses to sensory inputs, such as
pupillary constriction in response to bright light and saliva-
tion in response to something appetizing. Important reflexes

involving somatosensory afferents include the stretch reflex
(see Figs. 2-23 through 2-25) and the flexor reflex, one that
we all know from common experience—it withdraws a body
part from a painful stimulus.The stretch reflex is as simple as
a reflex can be, involving a large-diameter primary afferent
from a muscle spindle and a motor neuron that projects back
to the same muscle. All other reflexes involve one or more
interneurons, generally because they affect multiple muscles.
Withdrawing an entire limb through a flexor reflex, for example,
requires contacting motor neurons in several spinal segments
(Fig. 9-4).

!!! TOUCH AND POSITION:
POSTERIOR COLUMN–MEDIAL
LEMNISCUS PATHWAY 
Sensory axons of all sizes are intermingled in spinal nerves,
but as dorsal rootlets approach the spinal cord the large- and
small-diameter fibers separate from each other. The large-
diameter axons move medially, enter the ipsilateral posterior
funiculus (also called the posterior column), and give off
numerous branches (see Fig. 9-3). One of these branches
continues rostrally through the spinal cord, forming the first
leg of the major pathway that conveys touch and position
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Figure 9-3. Distribution pattern of somatosensory information
in the CNS. Note that primary afferents terminate without
crossing, and that projections to the thalamus cross and
those to the cerebellum do not. Not all somatosensory
projections to the thalamus travel through the spinothalamic
tract (see text for details), and there are multiple
spinocerebellar tracts (see Chapter 16).
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From Sensation to Perception



Sensory Pathways – from sensation to 
perception
• Stimulus as physical energy à sensory receptor

ØReceptor acts as a transducer
ØTransduction – conversion of environmental stimulus into action 

potential by sensory receptor
ØReceptors specific for particular type of stimulus
ØSpecificity is due to structure of receptor

• Intracellular signal à usually change in membrane 
potential
• Stimulus à threshold à action potential to CNS
• Integration in CNS à cerebral cortex or acted on 

subconsciously



From Sensation to Perception

• A stimulus is a change in the environment that is detected by a 
receptor 
• Sensation: the awareness of changes in the internal and external 

environment
• Perception: the conscious interpretation of those stimuli


