CHAPTER 13 THE SPINAL CORD AND SPINAL NERVES

I. SPINAL CORD ANATOMY

1. Protective Structures (meninges, bony vertebrae PLUS cerebrospinal fluid)
A. Meninges

1. connective tissue coverings that encircle the spinal cord (spinal meninges) and brain (crainial meninges)

2. dura mater
a. most superficical meninx

b. composed of dense irregular connective tissue

c. foramen magnum in occipital bone to s2

3. also protected by a cushion of fat and connective tissue located in the epidural space, a space between the dura mater and wall of the vertebral canal

4. arachnoid
a. middle meninx

b. avascular covering of delicate collagen fibers and some elastic fibers

5. between the dura mater and the arachnoid is a very thin subdural space which contains interstitial fluid

6. pia mater
a. innermost meninx

b. thin transparent connective tissue consisting of interlacing bundles of collagen fibers and some fine elastic fibers

c. contains many blood vessels that supply oxygen and nutrients to spinal cord; this is where a spinal tap is done

7. between the arachnoid and the pia mater is the subarachnoid space, which contains cerebrospinal fluid

8. inflammation of the meninges is known as meningitis
9. denticulate ligaments
a. thickenings of the pia mater

b. project laterally and fuse with the arachnoid and inner surface of the dura mater

c. extends along length of spinal cord

d. protect spinal cord against shock and sudden displacement

B. Vertebral Column

1. the spinal cord is located within the vertebral canal of the vertebral column

2. vertebral foramina of all the vertebrae form the canal

2. External Anatomy of the Spinal Cord

A. spinal cord
1. cylindrical but flattened slightly on its anterior-posterior dimension

2. extends from medulla oblongata, the most inferior part of the brain, to L1/L2

3. elongation of spinal cord stops at age 4 or 5

4. does not extend the entire length of the vertebral column

5. cervical enlargement
a. superior

b. extends from C4 to T1

c. nerves to and from upper limbs arise here

6. lumbar enlargement
a. inferior

b. extends from T9-T12

c. nerves to and from lower limbs arise here

7.   conus medullaris
a. inferior to lumbar enlargement

b. spinal cords tapers to this conical portion which ends at L1/L2

8. filum terminale
a. arises from the conus medullaris

b. extension of the pia mater that extends inferiorly

c. anchors spinal cord to the coccyx

9. cauda equina
a. roots (points of attachment to the spinal cord) of these nerves angle inferiorly in the vertebral canal from the end of the spinal cord like wisps of hair

b. nerves that arise from the inferior part of the spinal cord do not leave the vertebral column at the same level as they exit the cord

10. the spinal cord is segmented because of the 31 pairs of spinals nerves

11. each pair of spinal nerves is said to arise from a spinal segment
12. 8 pairs of cervical nerves C1-C8

13. 12 pairs of thoracic nerves T1-T12

14. 5 pairs of lumbar nerves L1-L5

15. 5 pairs of sacral nerves S1-S5

16. 1 pair of coccygeal nerves

17. spinal nerves are the paths of communication between the spinal cord and the nerves innervating specific regions of the body

18. two bundles of axons, called roots, connect each spinal nerve to a segment of the cord

19. posterior or dorsal root contains only sensory fibers, which conduct nerve impulses from the periphery into the central nervous system

20. each posterior root also has a swelling, the posterior or dorsal root ganglion, which contains the cell bodies of sensory (afferent) neurons

21. anterior or ventral root ganglion, contains axons of motor (efferent) neurons, which conduct impulses from the CNS to effector organs and cells 

CLINICAL APPLICATION -- Spinal Tap (lumbar puncture)

A local anesthetic is given, and a long needle is inserted into the subarchnoid space.  The procedure is used to withdraw cerebrospinal fluid (CSF) for diagnostic purposes; to introduce antibiotics; to administer chemotherapy; to measure CSF pressure; to evaluate the effects of treatment.  Is performed between the L3 & L4 or L4 & L5 because this region is inferior to the lowest portion of the spinal cord.

3. Internal Anatomy of the Spinal Cord

A. two grooves penetrate the white matter of the spinal cord and divide it into right and left sides

1. anterior median fissure - deep wide groove on anterior (ventral) side

2. posterior median sulcus - shallower narrow groove on posterior (dorsal) surface

B. gray matter 

1. is shaped like an H and surrounded by white matter

2. consists primarily of cell bodies of neurons, neuroglia, unmyelinated axons, dendrites of interneurons, motor neurons

3. clusters of neuronal cell bodies form functional groups called nuclei here

4. sensory nuclei receive input from receptors via sensory neurons

5. motor nuclei provide output to effector tissues via motor neurons

6. gray matter on each side of the spinal cord is subdivided into regions called horns
a. anterior (ventral) gray horns
1. contain cell bodies of somatic motor neurons and motor nuclei, which provide nerve impulses for contraction of skeletal muscles

b. posterior (dorsal) gray horns
1. contain somatic and autonomic sensory nuclei

c. lateral gray horns
1. are present only in the thoracic, upper lumbar, and sacral segments

2. contain cell bodies of autonomic motor neurons that regulate activity of smooth muscle, cardiac muscle, and glands

C. white matter
1. anterior and posterior gray horns divide the white matter on each side into three broad areas called columns
a. anterior (ventral) white columns
b. posterior (dorsal) white columns
c. lateral white columns
2. each column contains distinct bundles of nerve axons having a common origin or destination and carrying similar information

3. these bundles, which may extend long distances up or down the spinal cord, are called tracts
a. sensory (ascending) tracts - consist of axons that conduct nerve impulses toward the brain

b. motor (descending) tracts - consist of axons that carry nerve impulses down the cord

4. sensory and motor tracts in the spinal cord are continuous with sensory and motor tracts in the brain

II. SPINAL CORD PHYSIOLOGY

1. Spinal cord has two principal functions in maintaining homeostasis

A. nerve impulse propagation (white matter tracts)

B. information integration (gray matter)

1. Sensory and Motor Tracts

A. spinal cord promotes homeostasis by conducting nerve impulses along tracts

B. name of the tract indicates its position in the white matter, where it begins and ends, and, by extension, the direction of the nerve impulse propagation

C. sensory info from receptors travels up the spinal cord to the brain along two main routes on each side of the cord

1. spinothalamic tracts

a.  convey impulses for sensing pain, temperature, deep pressure and poorly localized sense of touch
2. posterior columns
a. carry nerve impulses for sensing:

1. proprioception, awareness of movements of muscles, tendons, and joints

2. discriminative touch, the ability to feel exactly what part is touched

3. two-point discrimination, the ability to distinguish the touching of two different points on the skin, even though they are close together

4. pressure

5. vibration

D. sensory systems keep the CNS informed of changes in the external and internal environments

E. through the activity of interneurons, the integration process occurs not just in one region of the CNS but in many regions; as a result, motor responses to make a muscle contract or a gland secrete can be initiated at several levels

F. cerebral cortex (superficial gray matter of the cerebrum) plays a major role in controlling precise, voluntary muscular movements

G. motor output to skeletal muscles travels down the spinal cord in two types of descending pathways

1. direct pathways

2. indirect pathways

2. Reflexes

A. spinal cord promotes homeostasis by serving as an integrating center for spinal reflexes; integration takes place in the spinal gray matter

B. reflexes are fast, predictable, autonomic responses to changes in the environment

C. cranial reflexes - occur through the brain stem and involves cranial nerves

D. somatic reflexes - involve contraction of skeletal muscles

E. autonomic reflexes - not consciously perceived; involves responses of smooth muscle, cardiac muscle, and glands

A. Reflex Arcs

1. the pathway followed by nerve impulses that produce a reflex

2. includes 5 functional components:

a. sensory receptor

1. distal end of a sensory neuron (dendrite) serves as a sensory receptor

2. it responds to a specific stimulus-a change in the internal or external environment-by producing a graded potential called a generator potential

3. if a generator potential reaches the level of depolarization, it will trigger one or more nerve impulses in the sensory neuron

b. sensory neuron

1.  nerve impulses propagate from the sensory receptor along the axon of the sensory neuron to the axon terminals, which are located in the gray matter of the spinal cord or brain stem

c. integrating center

1. one or more regions of gray matter within the cns

2. single synapse between a sensory neuron and motor neuron

3. a reflex pathway having only one synapse in the cns is a monosynaptic reflex arc
4. polysynaptic reflex arc involves more than two types of neurons and more than one cns synapse

d. motor neuron

1. impulses triggered by the integrating center propagate out of the cns along a motor neuron to the part of the body that will respond

e. effector

1. the part of the body that responds to the motor nerve impulse

2. if the effector is skeletal muscle, the reflex is somatic reflex
3. if the effector is smooth muscle, cardiac muscle, or a gland, the reflex is an autonomic (visceral) reflex
B. The Stretch Reflex

1. a monosynaptic reflex arc

2. only two types of neurons involved (sensory and motor) are involved, and only one cns synapse in the pathway

3. this reflex results in the contraction of a muscle when the muscle is stretched

4. can be elicited at elbow, wrist, knee, ankle joints

5. a stretch reflex operates as follows (ipsilateral reflex arc):

a. slight stretching of a muscle stimulates sensory receptors in the muscle called muscle spindles
b. **the spindles monitor change in the length of the muscle**

c. in response to being stretched, a muscle spindle generates one or more nerve impulses that propagate along a somatic sensory neuron through the posterior root of the spinal nerve and into the spinal cord

d. in the spinal cord (integrating center), the sensory neuron makes an excitatory synapse with and activates a motor neuron in the anterior gray horn

e. if the excitation is strong enough, one or more nerve impulses arise in the motor neuron and propagate along its axon; axon terminals of the motor neuron form nmj's with skeletal muscle fibers of the stretched muscle

f. acetylcholine released by nerve impulses at the nmj's triggers one or more muscle action potentials in the stretched muscle (effector) and the muscle contracts; thus muscle stretch is followed by muscle contraction, which relieves the stretching

6. all monosynaptic reflex arcs are ipsilateral

7. by adjusting how vigorously a muscle spindle responds to stretching, the brain sets an overall level of muscle tone, which is the small degree of contraction present while the muscle is at rest

8. b/c the stimulus for the stretch reflex is stretching the muscle, this reflex helps avert injury by preventing overstretching of muscles

9. reciprocal innervation which simultaneously causes contraction of one muscle and relaxation of its antagonists; it prevents conflict between opposing muscles and is vital in coordinating body movements

C. The Tendon Reflex

1. operates as a feedback mechanism to control muscle tension by causing muscle relaxation before muscle force becomes so great that tendons might be torn

2. ipsilateral

3. sensory receptors for this reflex are called tendon (golgi tendon) organs which lie with a tendon near its junction with a muscle; respond to changes in muscle tension that are caused by passive stretch or muscular contraction

4. tendon reflex operates as follows:

a. as tension applied to a tendon increases, the tendon organ (sensory receptor) is stimulated (depolarized to threshold)

b. nerve impulses are generated and propagate into the spinal cord along a sensory neuron

c. within the spinal cord (integrating center) the sensory neuron activates an inhibitory interneuron that synapses with a motor neuron

5. as tension on the tendon organ increases, the frequency of inhibitory increases, and inhibition of the motor neurons to the muscle developing excess tension (effector) causes relaxation of the muscle

6. the tendon reflex protects the tendon and muscle from damage due to excessive tension

D. The Flexor and Crossed Extensor Reflexes

1. flexor or withdrawal reflex

a. stepping on tack stimulates the dendrites (sensory receptor) of a pain-sensitive neuron

b. this sensory neuron then generates nerve impulses, which propagate into the spinal cord

c. within the spinal cord (integrating center), the sensory neuron activates interneurons that extend to several spinal cord segments

d. interneurons activate motor neurons in several spinal cord segments; motor neurons generate nerve impulses, which propagate toward the axon terminals

e. acetylcholine released by motor neurons causes the flexor muscles in the thigh (effectors) to contract, producing withdrawal of the leg; this is protective b/c contraction moves a limb away from the source of a painful simulus

f. ipsilateral

g. polysynaptic reflex arc

1. intersegmental reflex arc - nerve impulses from one sensory neuron ascend and descend in the spinal cord to activate interneurons in several segments of the spinal cord

2. cross extensor reflex

a. polysynaptic; contralateral

b. also while stepping on a tack, pain impulses initiate a balance-maintaining

c. stepping on tack stimulates sensory receptors of a pain-sensitive neuron in right foot

d. sensory neuron generates nerve impulses, which propagate to spinal cord

e. within spinal cord, sensory neuron activates several interneurons that synapse with motor neurons on the left side of spinal cord in several segments; thus incoming pain signals cross to the other side

f. interneurons excite motor neurons that innervate extensor muscles in several spinal cord segments; motor neurons generate more nerve impulses, which propagate toward axon terminals

g. acetylcholine released by motor neurons causes extensor muscles in the thigh (effectors) of the unstimulated left limb to contract, producing extension of the left leg

CLINICAL APPLICATION

Plantar Flexion Reflex and Babinski Sign

Plantar flexion reflex -  elicited by gently stroking the lateral outer margin of the sole.  The normal response is curling under of all the toes.  Damage to descending motor pathways, such as corticospinal tract, alters this reflex such that stroking the sole causes great toe to extend, with or without fanning of the other toes, a response called Babinski sign.  Children under 18 months of age, the Babinski sign is normal due to incomplete myelination of fibers in the corticospinal tract.  The normal response after 18 months is the plantar flexion reflex.

III. SPINAL NERVES

1. Connective Tissue Coverings of Spinal Nerves

A. each cranial nerve and spinal nerve contains layers of protective connective tissue coverings

B. individual axons are wrapped in endoneurium
C. groups of axons with their endoneurium are arranged in bundles called fascicles
D. each fascicle is wrapped in perineurium
E. superficial covering over the entire nerve is the epineurium
F. dura mater of spinal meninges fuses with the epineurium as the nerve passes through the intervertebral foramen

G. presence of blood vessels, which nourish nerves, within the perineurium and epineurium

2. Distribution of Spinal Nerves

A. Branches

1. after passing through intervertebral foramen, a spinal nerve divides into several branches

2. these branches are known as rami
3. the posterior (dorsal) ramus serves the deep muscles and skin of the dorsal surface of the trunk

4. the anterior (ventral) ramus serves the muscles and structures of the upper and lower limbs and the skin of the lateral and ventral surfaces of the trunk

5. in addition to posterior and anterior rami, spinal nerves also give off a meningeal branch which reenters the vertebral canal and supplies

6. other branches of a spinal nerve are the  rami communicates, components of the autonomic nervous system

B. Plexuses

1. anterior rami of spinal nerves, except for thoracic nerves T2-T12, do not go directly to the body structures they supply; instead they form networks on both the left and right sides of the body by joining with various numbers of nerve fibers from anterior rami of adjacent nerves; this network is called a plexus
2. cervical, brachial, lumbar, sacral plexus (see charts book)

C. Intercostal Nerves

1.  anterior rami of spinal nerves T2-T12 do not enter into the formation of plexuses and are known as intercostal or thoracic nerves (see in book pg 428)

3. Dermatomes

A. the area of skin that provides sensory input to one pair of spinal nerves or to cranial nerve V is called dermatome

B. C1 only spinal nerve that doesn't have its own dermatone
CLINICAL APPLICATION

Spinal Cord Transection & Muscle Function

An injury that entirely severs the spinal cord is said to cause complete transection

· C1-C3: no function maintained from the neck down; ventilator needed for breathing

· C4-C5: diaphragm, which allows breathing

· C6-C7: some arm and chest muscles, which allows feeding, some dressing, wheelchair 

· T1-T3: intact arm function

· T4-T9: control of trunk above the umbilicus

· T10-L1: most thigh muscles, which allows walking with long leg braces

· L1-L2: most leg muscles, which allows walking with short leg braces

DISORDERS: HOMEOSTATIC IMBALANCES

Neuritis

Inflammation of one or several nerves

Shingles

An acute infection of the peripheral nervous system caused by herpes zoster, the virus that also causes chickenpox

Poliomyelitis (polio)

Caused by a virus called poliovirus

