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Figure 1218 Examples of neural circuits.
. A neural circult is o functional group of neurons that processes a specific kind of information.
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< anatomy of the spinal cord.  The spinal meninges are evident in parts (a} and (c)
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gure are connective tissue coverings that surround the spinal cord and brain.
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Locations of major sensory and motor tracts, sh
Figure 5rd Sensory tracts are indicated on one half and motor t
spinal © | tracts are present on both sides,
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The name of a tract often indicates its location in the white matter and where it begins and ends.
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The spinal cord gray matter is a site for integration (summing) of excitatory postsynaptic
Potentials (EPSPs) and inhibitory Postsynaptic potentials (IPSPs).

feceptors, muscles, and glands in all parts of the body.
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cigure 13.13  General components of a reflex arc. The arrows show the direction of nerve impulse propagation.

. A reflex is a fast, predictable sequence of involuntary actions that occur in response to certain changes in

- the environment.
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- What initiates a nerve impulse in a sensory neuron? Which branch of the nervous system includes all
' Integrating centers for reflexes?




Figure 16.4 Two types of proprioceptors: a muscle spindle and a tendon organ. In muscle sm_ndl-es,
which monitor changes in skeletal muscle length, sensory nerve endings wrap around the central portion of
intrafusal muscle fibers. In tendon organs, which monitor the force of muscle contraction, sensory nerve endings
are activated by increasing tension on a tendon. If you examine Figure 13.14 on page 452_, you can see the
relationship of a muscle spindle to the spinal cord as a component of a stretch reflex. in Figure 13.15 on page
463, you can see the relationship of a tendon organ o the spinal cord as a component of a tendon reflex.

Proprioceptors provide information about body position and movement.
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Tendon reflex. This reflex arc is polysynaptic—more than one CNS synapse and more than two

Harent NEUrons are involved in the pathway. The sensory neuron synapses with two interneurons. An inhibitory
ermeuron causes relaxation of the effector, and a stimulatory interneuron causes contraction of the antagonistic
iscle. Plus signs (+) indicate excitatory synapses; the minus sign (—) indicates an inhibitory synapse.
The tendon reflex causes relaxation of the muscie attached to the stimulated tendon organ.
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Flexor (withdrawal) reflex. This reflex arc is polysynaptic and ipsilateral. Plus signs (+)

The flexor reflex causes withdrawal of a part of the body in response to a painful stimulus.
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Figure 13.17 Crossed extensor reflex. The flexor reflex arc is shown (at lef) to enable comparison
with the crossed extensor reflex arc. Plus signs (+) indicate excitatory synapses.

A crossed extensor reflex causes contraction of muscles that extend joints in the limb opposite a painful
Q‘} .:ir-. stimulus,

[+) : [+ - ) Spinal

", nerve

msssmasnens,

MOTOR
Ascending o
interneurons NEURON
excited

© crrecrons
(extensar muscles)
contract, and extend
leftleg

Interneurons
from other side

contract and with- G bts l mlerneurons
draw right leg ey A

o Within INTEGRATING CENTER
(spinal cord), SEeNsory neuron
activates several interneurons

@ sensory
NEURON
excited

stimulates SENSORY
RECEPTOR (dendrites of

5 TSRSy pain-sensitive neuron) in
Withdrawal of right leg right foot Extension of left leg
(flexor reflex)

{crossed extensor reflex)
- 35 Why is the crossed extensor reflex classified as a contralateral reflex arc?
(’

3



16.7 Somatic motor pathways for coordination and
of movement. Lower motor neurons receive input directly
local circuit neurons (purple arrow) and @ upper motor
fro ons in the cerebral cortex and brain stem (green arrows). Neural
n-fsuits involving basal ganglia neurons Oand cerebellar neurons
%re qulate activity of upper motor neurons (red arrows).

gecause lower motor neurons provide all output to skeletal

';z);;_:_, muscles, they are called the final common pathway.
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Figure 16.8 Direct motor pathways in which signals initiated
by the primary motor area in the right hemisphere control
skeletal muscles on the left side of the body. Spinal cord tracts
carrying impulses of direct motor pathways are the lateral
corticospinal tract and anterior corticospinal tract.
Direct pathways convey impulses that result in precise, voluntary
~. movements.
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Major Somatic Motor Pathways in the Brain and Tracts in the Midbrain and Spinal Cord

mBLE Ef’—-

Functions and Pathways

-T';;;-T and tnc;-lldiaﬂ
p—— amidal) tracts Lateral corticospinal: Conveys nerve impulses from the motor cortex to skeletal muscles
pirec! (pyr on opposite side of body for precise, voluntary movements of the limbs, hands, and feet.
Lateral -orticospinal tract Axons of upper motor neurons (UMNs) descend from the precentral gyrus of the corlex into

the medulla. Here 90% decussate (cross over to the opposite side) and then anter the
contralateral side of the spinal cord to form this tract. At their level of termination, these
UMNSs end in the anterior gray horn on the same side. They provide input to lower motor
neurons, which innervate skeletal muscles.

Anterior corticospinal: Conveys nerve impulses from the motor cortex 1o skeletal muscles

on opposite side of body for movemenits of the axial skeleton. Axons of UMNs descend rom

the cortex into the medulla. Here the 10% that do not decussate enter the spinal cord and

form this tract. At their level of termination, these UMNSs decussate and end in the anterior

gray horn on the opposite side of the body. They provide input to lower motor neurons, which
corticospinal tract innervate skeleial muscles.

Spinal cord

Corticabulbar: Conveys nerve impulses from the mator cortex to skeletal muscles of the
head and neck to coordinate precise, voluntary movements. Axons of UMNs descend from
the cortex into the brain stem, where some decussate and others do not. They provide input
to lower motor neurens in the nuclei of cranial nerves I, IV, VW VL I, X, X, and X,
which control voluntary movements of the eyes. longue and neck; chewing; facial expression;
and speech.

Corticobulbar tract

Midbrain of brain stem

lrapyramidal) tracts Rubrespinal: Conveys nerve impulses from the red nucleus (which receives input from the
cerebral cortex and cerebellum) to contralateral skeletal muscles that govern precise
movements of the distal parts of the limbs.
'r:mrospmal :'::g:fl; spinal Tectospinal: Conveys nerve impulses from the superior colliculus to contralateral skeletal
tract muscles that move the head and eyes in response to visual stimuli.
Vestibulospinal: Conveys nerve impulses from the vestibular nucleus {which recnwgs input
about head movements from the inner ear) o regulate ipsilateral muscle tone for maintaining
balance in response to head movements.
Lateral reticulospinal: Conveys nerve impulses from the reticular formation to fgciiltate flexor
reflexes, inhibit extensor reflexes, and decrease muscle tone in muscles of the axial skeleton
and proximal parts of the limbs.
Medial reticulospinal: Conveys nerve impulses from the reticular formation to facilitate extensor
e s Vestibulospinal reflexes, inhibit flexor reflexes, and increase muscle tone in muscles of the axial skeleton and
"eiCuiospinal tvast proximal parts of the limbs.

traict
Tectospinal tract

Spinal cord
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Az agy keresztmetszetére vetitett ,motoros homunculus” Pen- Az emberi frontalis kéreg motoros mezdi
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Penfield, W. és Rasmussen, T. (1950): The Cerebral Cortex of Man
A Clinical Study of Localization and Function. The MacMillan Com-
pany, New York alapjan
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A bazalis ganglionok 6sszekéttetései

Nicholls, |. G., Martins, A. R. Wallace, B. G. Fuchs, P A. (2001):
From Neuron to Brain. 4. kiad4s. Sinauer Associates Inc., Sunder-
land, Massachusetts alapjén

A piros nyilak serkentd, a kékek gatlé kapcsolatot jelképeznek.




“iqure 16.9 Input to and output from the cerebellum.

The cerebellum coordinates and smoothes contractions of skeletal muscles during skilled movements and
: helps maintain posture and balance.
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A kisagy tobbszords szomatotopias terkepei

Kandel, E. R. Schwarlz, . H. és Jessel. T. M. (1991) Principles of
Ncural'Science. 3. kiadds. Prentice-Hall International Inc. London
alapjan '
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A kisagykéreg neuronalis 6sszekdttetései

Nicholls, |. G., Martins, A. R., Wallace, B. G., Fuchs, P A. (2001):

From Neuron to Brain. 4. kiadds. Sinauer Associates Inc., Sunder-
land, Massachusetts alapjin
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