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Detailed Chapter Summary
Chapter 14, The Spinal Cord and Spinal Nerves
14.1 The Spinal Cord (p. 372)

1. The spinal cord conducts signals up and down the body, contains central pattern generators that control locomotion, and mediates many reflexes.
2. The spinal cord occupies the vertebral canal from vertebrae C1 to L1, where it tapers off to a point called the medullary cone. A bundle of nerve roots called the cauda equina occupies the rest of the canal from L2 to S5.
3. The cord is divided into cervical, thoracic, lumbar, and sacral regions, named for the levels of the vertebral column through which the spinal nerves emerge. The portion served by each spinal nerve is called a segment of the cord.
4. Cervical and lumbar enlargements are wide points in the cord marking the emergence of nerves that control the limbs.
5. The spinal cord is enclosed in three fibrous membranes, the meninges. From superficial to deep, these are the dura mater, arachnoid mater, and pia mater. In the vertebral canal, the dura mater forms a loose sleeve around the spinal cord called the dural sheath.
6. The pia mater issues periodic denticulate ligaments that anchor it to the dura, and continues inferiorly as a coccygeal ligament that anchors the cord to the coccyx. 
7. An epidural space exists between the dura mater and vertebral bone, and a subarachnoid space between the arachnoid and pia mater. Inferior to the medullary cone, the subarachnoid space continues as the lumbar cistern. The subarachnoid space and cistern are filled with cerebrospinal fluid.
8. In cross section, the spinal cord exhibits a central H-shaped core of gray matter surrounded by white matter. The gray matter contains the somas, dendrites, and synapses, whereas the white matter consists of nerve fibers (axons).
9. The posterior horn of the gray matter receives afferent (sensory) nerve fibers from the dorsal root of the spinal nerve. The anterior horn contains the somas that give rise to the efferent (motor) nerve fibers of the ventral root. A lateral horn in the thoracic and lumbar regions contains somas of the sympathetic neurons.
10. The white matter is divided into dorsal, lateral, and ventral columns on each side of the cord. Each column consists of one or more tracts, or bundles of nerve fibers. The nerve fibers in a given tract are similar in origin, destination, and function.
11. Ascending tracts carry sensory information up the cord to the brain. Their names and functions are listed in table 14.1. Most of their names are built from the root spino- followed by a root denoting where the fibers end in the brain, such as spinothalamic and spinocerebellar tracts.
12. From receptor to cerebral cortex, sensory signals typically travel through three neurons (first- through third-order neurons) and cross over (decussate) from one side of the body to the other in the spinal cord or brainstem. Thus, the right cerebral cortex receives sensory input from the left side of the body (from the neck down), and vice versa.
13. Descending tracts carry motor commands from the brain downward. Most of these are named with a word root denoting the point of origin in the brain, followed by the root ​–spinal, such as the corticospinal and reticulospinal tracts. Their names and functions are also listed in table 14.1.
14. Motor signals typically begin in an upper motor neuron in the cerebral cortex and travel to a lower motor neuron in the brainstem or spinal cord. The latter neuron’s axon leaves the CNS in a cranial or spinal nerve leading to a muscle. 
14.2 The Spinal Nerves (p. 379)

1. A nerve is a cord composed of nerve fibers (axons) and connective tissue.
2. Each nerve fiber is enclosed in its own fibrous sleeve called an endoneurium. Nerve fibers are bundled in groups called fascicles separated from each other by a perineurium. A fibrous epineurium covers the entire nerve.
3. Nerve fibers are classified as afferent or efferent depending on the direction of signal conduction, somatic or visceral depending on the types of organs they innervate, and special or general depending on the locations of the organs they innervate (table 14.2). 
4. A sensory nerve is composed of afferent fibers only, a motor nerve of efferent fibers only, and a mixed nerve is composed of both. Most nerves are mixed.
5. A ganglion is a swelling along the course of a nerve containing the cell bodies of the peripheral neurons.
6. There are 31 pairs of spinal nerves, which enter and leave the spinal cord and emerge mainly through the intervertebral foramina. These include 8 cervical nerves (C1–C8), 12 thoracic nerves (T1–T12), 5 lumbar nerves (L1–L5), 5 sacral nerves (S1–S5), and 1 coccygeal nerve (Co).
7. Within the vertebral canal, each spinal nerve branches into a posterior root, which carries sensory signals to the posterior horn of the spinal cord, and an anterior root, which carries motor signals outward from the anterior horn of the spinal cord. The posterior root has a swelling, the posterior root ganglion, containing unipolar neurons of somatic sensory neurons.
8. Distal to the intervertebral foramen, each spinal nerve branches into a dorsal ramus, ventral ramus, and meningeal branch.
9. The ventral ramus gives rise to intercostal nerves in the thoracic region and nerve plexuses in all other regions. The nerve plexuses are weblike networks adjacent to the vertebral column: the cervical, brachial, lumbar, sacral, and coccygeal plexus. The nerves arising from each plexus are described in tables 14.3 through 14.6. 
10. Each spinal nerve except C1 receives input from an area of the skin called a dermatome. Adjacent dermatomes overlap each other by as much as 50%.
14.3 Somatic Reflexes (p. 391)

1. A reflex is a quick, involuntary, stereotyped reaction of a gland or muscle to a stimulus.
2. Visceral reflexes are reactions of glands, cardiac muscle, and smooth muscle, controlled by the autonomic nervous system. Somatic (spinal) reflexes are responses of skeletal muscles, controlled by the somatic nervous system.
3. A somatic reflex employs a simple neural pathway called a reflex arc, in which signals travel from a somatic receptor through an afferent nerve fiber to the spinal cord or brainstem; an integrating center in the CNS; an efferent nerve fiber leaving the CNS; and finally to a skeletal muscle.
4. A monosynaptic reflex arc has no interneuron between the afferent and efferent neurons; thus, it has minimal synaptic delay and especially quick responses. Most reflex arcs, however, are polysynaptic, involving one or more interneurons.
5. Ipsilateral reflex arcs have the sensory input and motor output on the same side of the CNS; contralateral reflex arcs have their output on the side opposite from the input; and intersegmental reflex arcs have their output at a different vertical level of the spinal cord than their input. 
6. Common types of somatic reflexes are stretch reflexes (which stabilize joints and equilibrium by increasing muscle tension in response to stretch), flexor reflexes (as in the quick withdrawal from injurious stimuli), crossed extension reflexes (tensing the extensor muscles in one limb when the other limb is withdrawn), and tendon reflexes (inhibiting muscle contraction to prevent excessive stress on a tendon).
14.4 Clinical Perspectives (p. 393)

1. Trauma is the most common disorder of the spinal cord, usually resulting from accidents.
2. Complete transection of the spinal cord immediately abolishes sensation and motor control in areas below the injury. 
3. Spinal shock typically lasts up to 20 days from the injury, and is characterized by flaccid paralysis and absence of reflexes. Somatic and autonomic reflexes then begin to reappear and may be exaggerated (hyperreflexia). 
4. Paraplegia and quadriplegia are common consequences of spinal cord injury, while hemiplegia usually results from a stroke or other brain lesion.
