SUMMARY TERMS-NERVOUS SYSTEM

NEURONS:
Neuron- nerve cell; unit of structure of the nervous system; components of the neuron:


Cell body- site of cell nucleus and metabolic machinery

Axon- neuronal process; one per neuron; conducts electrical impulses away from the cell body toward an axon terminal; covered by neuroglial cells

Dendrites- may be one in number but are usually multiple; these processes conduct impulses, received from other neurons or a sensory receptor, toward the cell body


Nerve fiber- the axon and its neuroglial covering; two types of nerve fibers are:

Myelinated- axon is ensheathed by concentric wrappings (myelin) of Schwann cell plasma membrane


Unmyelinated- axon has simple covering of Schwann cells

Nucleus- a group of cell bodies located within the central nervous system (CNS)

Ganglion- a group of cell bodies located outside the central nervous system (CNS)

NEURONAL ORGANIZATION:

Synapse- the point at which an electrical impulse proceeds from the axon terminal of one neuron to the dendrite, cell body, or axon of an adjacent neuron

Multipolar (more than one dendrite) efferent motor neurons- conduct impulses away from the CNS

Pseudounipolar afferent sensory neurons- transmit information toward the CNS; there are no synapses within sensory ganglia; sensory neurons are located in ganglia outside the CNS

ORGANIZATION OF THE NERVOUS SYSTEM:

Anatomic composition:
Central nervous system (CNS)- composed of brain and spinal cord; does not include the dorsal root ganglia or the dorsal or ventral roots of the spinal cord

Peripheral nervous system (PNS)- carries impulses to and from the CNS; they are composed of both afferent and efferent neurons; types are:



Cranial nerves- peripheral nerves connected to the brain; n=12



Spinal nerves- peripheral nerves connected to the spinal cord; n=31

Functional composition:
Somatic system-voluntary; carries impulse to and from structures under voluntary control

Autonomic system (ANS)- involuntary; concerned with the distribution of impulses to and from all viscera, smooth muscles, and glands (areas of involuntary control); functions reflexively and is also acted upon by higher nerve centers in the brain; the divisions of the autonomic system are:


Sympathetic

Parasympathetic
Principles of Function:

Efferent (motor) neurons- conduct impulses away from the CNS towards an effector organ; these may be:



Organized as a single neuron - somatic nervous system

Organized as 2 neurons linked end-to-end by a synapse- autonomic 

nervous system requires 2 neurons (preganglionic and postganglionic) to transmit a motor impulse from the CNS to an end organ.  They are located as follows:

Preganglionic- all GVE cell bodies of the autonomic system are located in the CNS; the GVE fibers exit the spinal cord with GSE ventral root fibers.

Postganglionic- the GVA cell bodies are located within the dorsal root ganglion

Afferent (sensory) neurons- conduct impulses toward the CNS; this is always a single neuron connection the sensory organ to the CNS (whether somatic or autonomic system)

Spinal Nerves:


31 pairs of segmentally arranged spinal nerves.  They are:

Cervical- n=8, even though there are only 7 cervical vertebrae.  C1 exits the vertebral column above the 1st vertebra while C8 exits below the 7th vertebra.  Thereafter, spinal nerves are numbered according to the vertebral arch under which they exit the vertebral canal



Thoracic- n=12


Lumbar- n=5


Sacral- n=5


Coccygeal- n=1
Formation of a Spinal Nerve:
Rootlets- small bundles of nerve fibers that arise segmentally (at each spinal level) from the anterior and posterior surfaces of the spinal cord; rootlets from a single segmental area converge into single anterior and posterior roots

Anterior root- contains efferent fibers

Posterior root- contains afferent fibers

Spinal nerve- combination of the anterior and posterior roots formed near the corresponding intervertebral foramen.

Dorsal Root Ganglion (DRG)- located ventrolateral to the spinal cord within the vertebral canal; its central processes are the posterior roots

Primary Rami- shortly after exiting the intervertebral foramen, each spinal nerve splits into either:

Dorsal primary rami- sends branches that distribute to the deep muscles, vasculature, and sensory innervation of the back


Ventral primary rami- sends branches to the remainder of the body

Rami communicantes- connects the spinal nerves to the sympathetic trunk; located near the division of the primary rami

Plexus- formed by anastomosis of ventral primary rami; within the plexus nerves from different spinal nerves group and regroup to ultimately form the terminal nerves supplying the extremity

Functional Components of Spinal Nerve:

All branches of spinal nerves contain the following functional components (fiber populations):

General somatic afferent (GSA) fibers- carries sensory impulses from somatic receptors below the head plus those in the skin of the posterior surface of the head

General visceral afferent (GVA) fibers- carries impulses from smooth muscle, glands, and viscera

General somatic efferent (GSE) fibers- carries impulses to all skeletal muscle of myotomic origin below the head

General visceral efferent (GVE) fibers- carries impulses to smooth muscle, glands, and viscera

Connective Tissue:

Peripheral nerves are composed of bundles of nerve fibers held together by connective tissue.  The layers are:

Endoneurium- surrounds each nerve fiber

Perineurium- surrounds each nerve bundle

Epineurium- surrounds the entire nerve and contains fatty tissue, blood and lymph vessels, and nerve bundles


These layers are continuous with the meninges of the CNS.

Dermatome:  areas of skin supplied by the sensory root of a single spinal nerve

SYMPATHETIC (THORACOLUMBAR) DIVISION:

Function- fight or flight; sympathetic nerves accelerate the heart rate, raise BP, and redistribute blood away from the skin and intestine to the brain, heart and skeletal muscle.  They also inhibit intestinal peristalsis and close sphincters

Structure of Sympathetic System:

Cell bodies of preganglionic efferent fibers- located in the intermediolateral cell column in the lateral horn at T1-L2 (thoracolumbar) spinal cord levels.  Sympathetic axonal fibers accompany voluntary efferent fibers through the ventral roots at these levels only.  The preganglionic fibers leave the spinal nerve as white rami communicans to enter the vertically oriented sympathetic trunk.  Although contributions to the sympathetic system only come from the T1-L2 level, the sympathetic trunk extends superiorly to C1 vertebra and inferiorly into the pelvis.  The preganglionic fibers (myelinated white rami) may:


1.  Synapse with postganglionic neurons in the nearest sympathetic

ganglion

2. Course superiorly or inferiorly several segments before synapsing with postganglionic neurons within the sympathetic trunk ganglion

3. Travel with white ramus communicans through the sympathetic trunk without synapsing and form visceral branches known as splanchnic nerves

Postganglionic efferent fibers from neurons in the sympathetic trunk- join the spinal nerves via gray ramus communicans (unmyelinated).  All postganglionic axons are unmyelinated.  Spinal nerves at all vertebral levels receive at least one gray ramus communicans and thus all spinal nerves contain a sympathetic component.

Postganglionic neurons for splanchnic nerves- located in peripheral ganglia close to the viscera they will innervate.  The largest peripheral ganglia are located within the abdomen and they receive splanchnic nerves from the thoracic region.  These named ganglia (celiac, superior mesenteric, aorticorenal) are located next to the abdominal aorta anterior to the vertebral bodies and are thus termed prevertebral ganglia.  Postganglionic fibers originating from cell bodies of these ganglia distribute to viscera by following blood vessels.

PARASYMPATHETIC (CRANIOSACRAL) DIVISION:
Function- establishes homeostasis; aims at conserving and restoring energy.  Parasympathetic nerves slow the heart rate, increase intestinal peristalsis and glandular activity, and open sphincters.  Parasympathetic fibers do not distribute to the limbs or body wall.

Structure of the Parasympathetic System:

Cell bodies of parasympathetic preganglionic fibers- located in association with nuclei of origin of cranial nerves III, VII, IX, and X and in the intermediolateral cell column at S2, S3, and S4 (sacral portion).  Axons from the cranial portion travel with the corresponding cranial nerve.  Axons from the sacral portion exit the cord ventrally along with somatic efferent root fibers.  The myelinated preganglionic parasympathetic axons usually leave the spinal nerve immediately after the spinal nerve exits the vertebral column.  These preganglionic fibers that leave the sacral spinal nerves are termed pelvis splanchnic nerves.

Postganglionic parasympathetic neurons- located in ganglia that are very close to the organs they innervate, or even within the walls of the organ.

NEUROTRANSMITTERS:

Preganglionic fibers of ANS- use acetylcholine

Postganglionic fibers of Parasympathetic system- use acetylcholine

Postganglionic fibers of sympathetic system- use norepinephrine

SUMMARY:
Sympathetic System:

Preganglionic efferent fibers are short


Postganglionic efferent fibers are long

Parasympathetic System:

Preganglionic efferent fibers are long


Postganglionic efferent fibers are short 

Fibers ascending and descending between ganglia of the sympathetic trunk are primarily preganglionic.

White rami communicantes- contain preganglionic afferent and efferent fibers

Gray rami communicantes- contain postganglionic efferent fibers

Splanchnic nerves- contain primarily preganglionic efferent and afferent fibers

CLINICAL ANATOMY:
Lumbar puncture is accomplished by placing patient in extreme flexion and inserting a needle above or below L4 lumbar spine into the lumbar cistern.  This is possible because the spinal cord terminates at vertebral lever L2 but the subarachnoid space (lumbar cistern), which contains cerebrospinal fluid, extends to vertebral level S2.

The blood supply to the spinal cord is surprisingly meager.  Anterior and posterior spinal arteries are small and reinforcements are variable.  Ischemia of the spinal cord can follow minor damage to the arterial supply.

Drugs can be administered to lower BP by blocking sympathetic nerve endings and causing vasodilation of peripheral blood vessels.

Horner's syndrome results from injuries to the cervical sympathetic nerves.  S/S: constricted pupils, ptosis (drooping of eyelids), and flushing and drying of the face

Vasodilation by parasympathetic system is primarily in the head and genital organs.  Vasodilation of the remainder of the body results from decreased sympathetic stimulation.

Raynauds's disease is a painful disorder of the extremities which may be treated by preganglionic sympathectomy.  S/S: arteriolar contraction in the digits due to cold or emotion

