Spinal Cord

Gross Anatomy
The spinal cord is an elongated, nearly cylindrical portion of the nervous system that is continuous with the medulla above, roughly at the level of the foramen magnum, and ends in a conical extremity, the conus medullaris. The average length of the cord is 42 cm in women and 44.7 cm in men. In normal adults the cord ends between the twelfth thoracic vertebra (T12) and the lower third of the third lumbar vertebra (L3). The usual level of termination is the lower third of the first lumbar vertebra (L1).

During the process of maturation the vertebral column elongates more than the spinal cord, and in the adult the spinal cord is shorter than the vertebral column and the spinal nerves course downward before making their exit through the intervertebral foramina. Those that originate in the lower part of the spinal cord become more and more oblique in their downward descent. The lumbar and sacral nerves descend almost vertically to reach their points of exit; these are designated the cauda equina. Consequent to this developmental change, there is a discrepancy between the segments of the spinal cord and the level of the spinous processes of the vertebrae. In the upper cervical area the cord level is about one segment higher than the corresponding spinous process; in the lower cervical and thoracic areas there is a difference of about two segments, whereas in the lumbar region there is a difference of almost three segments This elevation in the level of the caudal tip of the cord relative to the vertebral column is spoken of as the ascensus of the cord. The ascensus is sufficiently far along even in premature infants that a lumbar puncture needle can be inserted between the lower lumbar vertebrae without fear of injuring the cord, unless a congenital anomaly tethers the cord, preventing the ascensus.

The spinal cord is slightly flattened in an anteroposterior direction. Cervical and lumbosacral enlargements are seen on its surface at the level of C5-Th1 (CIII-CVIII vertebrae) and L1-S2 (TX-TXII vertebrae) respectively.

An anterior median fissure and a posterior median sulcus divide it into two symmetrical halves. In the cervical region only, a shallow dorsal intermediate sulcus separates the dorsal columns into the fasciculus gracilis and the fasciculus cuneatus.

The entry line of the dorsal root filaments is indicated by a shallow dorsolateral sulcus; that of the ventral roots, by a ventrolateral sulcus. The cord is divided into longitudinal segments or columns by these external features. A dorsal column is demarcated by the dorsal median sulcus and the dorsolateral sulcus. A lateral column extends from the dorsolateral sulcus to the ventrolateral sulcus along the line of attachment of the ventral roots. A ventral column extends from the ventrolateral sulcus to the anterior median fissure.

Caudally, the cord tapers to form the conus medullaris, from which the fourth and fifth sacral and coccygeal nerves arise. The cord continues caudally from the conus as a thin filament, the filum terminale, which ultimately fuses with the dura at the dural cul-de-sac at about S2. The ilium is surrounded by the longitudinally coursing nerve roots that run from the lumbosacral region down to exit through their proper inter-vertebral or sacral foramens. The lumbosacral nerve roots are called the cauda equina.
The spinal cord is surrounded by pia mater, arachnoid, and dura mater. The pia mater is a delicate membrane that closely invests the spinal cord. The arachnoid is a transparent membrane that is close to the inner surface of the dura, but fine strands extend to the pia. The dura mater is a strong, fibrous membrane, penetrated by the nerve roots, which forms a firm, tubular sheath. It is separated from the wall of the vertebral canal by the epidural space, which contains areolar tissue and a plexus of veins. The subdural space is a potential space containing a small amount of fluid. The subarachnoid space, which extends to about the level of the second sacral vertebra, is a well-defined cavity containing cerebrospinal fluid. The dentate ligaments extend along the lateral surface of the spinal cord, between the anterior and posterior nerve roots, from the pia to the dura mater. They suspend the spinal cord in the vertebral canal.
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Figure 1. Cross-section showing meninges. 

Attached to the spinal cord are 31 pairs of nerves: 8 cervical (C), 12 thoracic (T), 5 lumbar (L), 5 sacral (S), and one or more (1-3) rudimentary coccygeal pairs. The spinal nerves are formed by the union of a dorsal and a ventral root. This union occurs at the intervertebral foramens. In most instances, C1 consists only of a ventral root.
The numeration system and the relationship of the spinal nerves and roots to the vertebrae must be understood for lesion localization. The Cl nerve root exits above the C1 vertebra and the C8 root exits below C7. Thus, there are eight cervical nerve roots but only seven vertebrae. While the spinal cord and vertebral levels roughly correspond in the cervical region, the ascensus of the cord causes an increasing downward angulation of the more caudal roots.

Internal Structure
On cross section the spinal cord is seen to be divided into an H-shaped core of gray matter and a surrounding white matter. The superior limbs of the H are called the dorsal horns and the inferior, the ventral horns. This gray matter consists largely of neurons and glia, while the white matter consists of nerve fibers and glia. Glial supporting tissue extends a short distance into the nerve roots to meet the Schwann cells and the collagenous supporting tissue. Within the center of the gray matter and running throughout the entire length of the cord is a minute remnant of the central canal consisting of a single layer of ependymal cells.
Gray Matter

The neurons of the spinal cord gray matter group into nuclear clusters, most of which are represented throughout the length of the spinal cord but which show many regional variations. A generalized scheme of the nuclear groupings is given in Figure 2.
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Figure 2. Cross section of the spinal cord showing the arrangement of cellular groups in the gray matter and fiber pathways in the white matter. 

The ventral nuclear groups of neurons provide the somatic axons for the ventral roots. These neurons are the largest in the spinal cord and they are among the largest in the nervous system. They reach maximum size in the cervical and lumbosacral swellings, where they provide axons which branch many times in the periphery to innervate large numbers of muscle fibers. In general, the larger the number of muscle fibers innervated, the larger the ventral horn neuron. The cells in the medial portion of the anterior horn (nuclei dorsomedialis and ventromedialis) supply trunk muscles. The central cells in the cervical region supply the diaphragm and the muscles innervated by the spinal accessory nerve (nuclei phrenicus and accessorius), whereas those in the sacral region supply the perineal muscles (nucleus centralis).
The lateral cells, present only in the cervical and lumbosacral enlargements, supply the extremities (nuclei ventrolateralis, dorsolateralis, and retrodorsolateralis). Between the ventral and dorsal horns of the cord is the intermediolateral cell column. The neurons of the intermediolateral cell column (Th1-L3) give rise to the sympathetic, efferent axons of the spinal cord. These axons enter the ventral roots to synapse in the paravertebral sympathetic ganglia. The more rostral part of this column is concerned with pupillary dilation and sweating on the face, while the remaining portion is devoted to sweat control and vascular tone of the extremities and trunk and innervation of the thoracico-abdominal viscera. The segmental origin and distribution of the autonomic fibers varies greatly.
Thus, the ventral roots thus contain efferent axons from two sources: the ventral motor neurons for skeletal muscle and the preganglionic sympathetic fibers for the ganglia of the sympathetic nervous system.
In the sacral region of the cord (S2-4), parasympathetic neurons of the intermediolateral gray matter innervate the pelvic viscera and the genitalia.
The cells in the dorsal portion of the gray matter are nuclei of termination of the afferent neurons. The cells of origin of the dorsal root axons are located in a dorsal root ganglion, a gross swelling located just distal to the intervertebral foramens. Some axons of the dorsal root ganglia neurons synapse directly or through intercalary neurons with the motor neurons of the sympathetic or somatic motor systems.

The stellate cells (substantia gelatinosa of Rolando) and dorsal funicular cells (nucleus proprius dorsalis) are present throughout the entire extent of the cord, and receive exteroceptive impulses; the nucleus dorsalis of Clarke is present from the C8 through the L3 segment; it receives proprioceptive impulses and gives rise to the dorsal spinocerebellar tract.

White Matter
The nerve fibers of the white matter of the cord group into definite tracts, most of which have a somatotopic arrangement. The tracts of known clinical significance are shown in Figure 3. The origin and termination of the tracts is of critical importance clinically. Surrounding the gray matter are the so-called fasciculi proprii or ground bundles, consisting of many short and some long fibers linking the spinal segments into reflex patterns. The longer coursing tracts are located peripheral to these ground bundles. Most nerve fibers of the dorsal columns originate from the dorsal root ganglia. Many dorsal column axons ascend to the junction of the spinal cord with the medulla oblongata; there they synapse in the nuclei gracilis and cuneatus, leg fibers going to the nucleus gracilis and arm fibers to the nucleus cuneatus. These dorsal column fibers are primary; they are a direct extension of the entering dorsal root axons which form the dorsal columns without synapsing. From the nuclei gracilis and cuneatus, the sensory pathway decussates to travel to the thalamus and the cerebral cortex.
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Figure 3. Diagrammatic transverse section of the spinal cord to show the location of the somatic motor and sensory tracts.

Between the dorsal and lateral columns of the cord, along the entrance zone of the dorsal roots, is the dorsolateral fasciculus of Lissauer. Like the dorsal columns, many of the fibers of the dorsolateral fasciculus are primary, but they ascend only one or two segments before synapsing in the substantia gelatinosa. The other sensory tracts of the spinal cord are composed of secondary or tertiary fibers, having one or more neurons interposed between the entering primary dorsal root axons and the cell of origin of the tract in the spinal cord. In addition to these intrinsic systems, the spinal cord contains many tracts originating from the brain. The essential tracts can be summarized briefly, according to whether they are motor or sensory.

Sensory Systems. 
Sensation is conventionally divided into two categories: superficial and deep. Of the superficial sensations, pain and temperature rather than light touch appear to have the most discrete pathway. For somatic pain and temperature, the central axon of the dorsal root ganglion enters the dorsolateral tract of Lissauer and synapses in the substantia gelatinosa within a segment or two of the level of entry. From the substantia gelatinosa the next synapse is uncertain; however, axons cross the cord to enter the ventrolateral white columns. There they laminate somatotopically. For visceral pain, the pathway is apparently more diffuse and bilateral as it ascends the cord. Light touch apparently has no such discrete pathway as pain and temperature. 

The so-called deep modalities include position sense and vibration sense. Traditional doctrine holds that these modalities are mediated through dorsal column pathways. However, evidence has been presented that other pathways may be involved in relaying these sensations. The other large, discrete ascending sensory pathway, the spinocerebellar system, is not known to have any function in relaying conscious sensations. Since neither sensory nor motor deficits are known to follow lesions of these tracts, they are not accessible to clinical testing.

Descending Systems.

The major descending systems are usually divided into pyramidal and extrapyramidal pathways. The pyramidal tract is regarded as the single pathway most important for mediation of volitional movement. The pyramidal tracts arise in the motor cortex. Differential sites of termination of pyramidal tract fibers have been determined: postcentral pyramidal axons terminate in the dorsal horn, and precentral axons terminate more ventrally.

At the junction of the spinal cord with the medulla oblongata, the pyramidal tracts, which originate in the ipsilateral motor cortex, undergo a partial decussation to the opposite side. The pyramidal fibers which fail to decussate at the usual level may do so after traveling down the cord in the ventral columns.

The extrapyramidal descending systems comprise a heterogeneous group, all of which are located in the ventral or lateral columns. None are located in the dorsal columns. We do not know of adequate clinical tests for these systems, and they are rarely if ever discretely involved by lesions. The rubrospinal tract is said to offer an auxiliary pathway from motor cortex to spinal cord. The vestibulospinal system is thought to maintain the tonus of the antigravity muscles, and reticulospinal tracts provide excitatory and inhibitory influences on muscle tonus. The pathway for micturition is thought to be located in the lateral column.

Segmental Innervation of Skin and Muscle

Reflecting the subdivision of the developing embryo into somites is the arrangement of the spinal nerves. Each somite receives its own spinal nerve. The neuraxis itself is not segmented, but a spinal cord segment is defined as the length of cord between the rostralmost filaments of one dorsal root and the rostralmost filaments of the next root below. In the thoracic region the spinal nerves retain their original simplicity, with one nerve going to each somite without anastomosing with its neighbor. At the level of the arm and leg, the somites have undergone a dramatic renovation. Since the original nerve supply from the proper spinal segment is retained, the spinal nerves have to rearrange themselves by anastomosing in the brachial and lumbosacral plexuses to reach their original somite territory. The dermatomes, myotomes, and sclerotomes derived from each somite do not always correspond in position. Thus, the area of sensory innervation does not always overlie the muscles innervated by the same segment. On the whole, the sensory pattern is more regular than the motor pattern (Fig. 4).
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Figure 4. Dermatome chart.

The segmental innervation of muscle provides a basis for lesion localization. The exact segmental details differ from observer to observer but hold in main outline (Table 1).
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Nerves'
Spinal accessory, C1-C4

Spinal accessory, C3-C5

Spinal accessory, C5-C7

Spinal accessory, C5, C7, C8
Spinal accessory, (C5, C6), C7-T1
€3-C5

(C3-C8), C7TH

(C3, C4), C5T1

5. C6

€5, C6, (C7)

c5T1

€6, C7. (C8)

c6T1
(C8). C7. (C8)

Muscle Groups Reflexes
Flexors, extensors, rotators of head and neck

Elevators of scapula

Upward rotators of scapula

Retractors of scapula

Depressors of scapula

Diaphragm

Downward rotators of scapula

Protractors of scapula

Abductors at shoulder joint Biceps
Extemal (lateral) rotators at shoulder Brachioradialis
Flexors at elbow

Flexors (protractors) of arm at shoulder joint

Supinators of forearm

Extensors (retractors) of am at shoulder joint

Internal (medial) rotators at shoulder

Adductors at shoulder

Extensors at wrist

Pronators of forearm

Flexors at wist

Long extensors of fingers

(C8). C7. C8. (T1) Extensor at elbow Triceps
(c6), C7-T1 Radial abductors at wrist
c7T Ulnar abductors at wist Wrist tendon
Long flexors of fingers
cs Tt Intrinsic muscles of hand
TITI2 Musculature of trunk
T T7 Superficial epigastric
8,9, (T10) Superficial abdominal (upper
quadrants)
(T10), TH1-L1 Superficial abdominal (lower
quadrants)
u. L2 Cremasteric
L244, (L5, S1) Flexors at hip
12-52 Adductors at hip
Extemal rotators at hip
Intemnal rotators at knee
(213,14 Extensor at knee Patellar
(L2, 13), L4-52, (83) Flexors at knee
La-st Abductors at hip
Intemal rotators at hip
Invertors of foot
(L4). L5, 81 Dorsiflexors at ankle
Extensors of toes
(L4). L5, S1, (52) Evertors of foot intemal hamstring
(L4), 1552 Extensors at hip Extemal hamstring
Extemal rotators at knee
(L4, L), S1, 82 Plantar flexors at ankle Achilles (triceps surae)
L5-52 Plantar
(LS). S1, 52, (53) Flexors of toes
Intrinsic muscles of foot
(S2), S3, (84) Perineal muscles Bulbocavernosus
§3-55. Coct Anal

“Numbers in parentheses indicate a variable or a probably minor participation in the reflex or the innervation of the muscle group.




BLOOD SUPPLY

The anterior spinal (or anterior median spinal) artery is formed by the union of the arterial branches that pass caudally from each vertebral artery and unite in the midline near the foramen magnum. It descends the entire length of the spinal cord, taking a somewhat undulating course, and lies in or near the anterior median fissure. Below the fourth or fifth cervical segment the anterior spinal artery is fed or reinforced by unpaired anterior medullary arteries that arise from the lateral spinal arteries. These latter vessels enter the vertebral canal through the intervertebral foramina, and in the cervical region are branches of the ascending cervical artery; in the thorax, of the intercostals; in the abdomen, of the lumbar, iliolumbar, and lateral sacral arteries. They pierce the dural sheaths of the spinal roots and split into anterior and posterior radicular branches. The radicular arteries are asymmetric and sometimes absent. The largest medullary artery, often called the great radicular, or anterior medullary, artery of Adamkiewicz, supplies the lumbar enlargement, usually on the left side. The blood supply to any given level of the spinal cord is proportional to its cross-sectional area of gray matter, and the caliber of the anterior spinal artery is largest at the level of the lumbar and cervical enlargements.
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Figure 5. Blood supply of the spinal cord

The so-called posterior spinal arteries are really plexiform channels rather than distinct single vessels. They lie near the posterolateral sulci and the entrance of the rootlets of the posterior nerves. They also arise from the vertebral arteries, and posterior medullary arteries join them at irregular intervals. Central arteries, branches of the anterior spinal, being given off alternately to the right and left halves of the spinal cord at different levels, supply the anterior and central portions of the cord, and branches of the anterior and posterior spinal arteries form a peripheral anastomosis, the arterial vasocorona, which supplies the periphery of the cord, including the lateral and ventral funiculi. This anastomosis is least efficient in the region of the lateral columns. Within the substance of the cord the posterior spinal arteries supply the posterior horns and most of the dorsal funiculi, whereas the anterior spinal artery supplies most of the remainder of the cord. Certain boundary zones between ascending and descending sources of the blood supply are sites of least adequate circulation in the spinal cord. The fourth thoracic segment is one such site, and this is especially vulnerable to vascular occlusion and ischemic necrosis.

The venous drainage of the spinal cord courses from the capillary plexuses to peripheral venous plexuses that correspond somewhat to the arterial supply. The major portion of the venous drainage takes place through the intervertebral foramina into veins in the thoracic, abdominal, and pelvic cavities, but the spinovertebral venous plexus also continues upward into the intracranial cavity and venous sinuses; this may be a means of transport of tumor cells and other emboli to the brain.

SYMPTOMS, SIGNS, AND LOCALIZATION OF SPINAL CORD LESIONS

The spinal cord is essential to the regulation and administration of various motor, sensory, and autonomic activities of the body. By means of its segmentally arranged spinal nerves and its nuclear centers, it receives impulses at various levels and carries them to motor cells in the same or adjoining segments for distribution to appropriate muscles. Thus it provides for reflex action and governs motor activity. By means of its descending pathways from higher centers, it regulates and inhibits spinal cord reflexes and motor activity. Through its ascending pathways, it conducts impulses from the extremities, trunk, and neck to higher centers and to consciousness. It also has a regulatory and administrative action over various visceral activities. In disease of the spinal cord any or all of these functions may be affected, and one may often localize spinal cord lesions in both the transverse and the longitudinal planes by the neurologic examination.

Lesions of the spinal cord are characterized by sensory, motor, and autonomic changes. The re-suiting symptoms depend upon the location and extent of damage to various functional elements, and often upon the type of damage and the rapidity with which the lesion develops.

If there is involvement of the posterior roots or of the sensory cells in the posterior horns of the gray matter, there are segmental sensory changes; there may be either a loss of certain or all varieties of sensation in the dermatomes supplied by the involved segments, or irritative phenomena such as pain and paresthesias. If there is involvement of the ascending pathways, loss of sensation, principally of the pain, temperature, and proprioceptive modalities, develops below the lesion. There is often a dissociation of sensation, with loss of some varieties but sparing of others. If there is involvement of the anterior horn cells or of the anterior roots, there is a lower motor neuron (or peripheral) paralysis in the myotomes supplied by the involved segments, occasionally with either fasciculations or muscle spasm. If there is involvement of the descending motor pathways, either corticospinal, extrapyramidal, or vestibulospinal, there are changes in motor power and tone below the level of the lesion (central paralysis). If there is involvement of the intermediolateral cell group of the gray matter, the neuraxes of these cells, or the descending autonomic pathways, there are changes in autonomic function. Alterations of the reflexes, ataxia, disturbances of gait, dysfunction of the sphincters, and other abnormalities of function are all secondary to either isolated or combined motor, sensory, or autonomic involvement.

Sensory Manifestations

The sensory complaints from spinal cord and root lesions are pain, paresthesias, and numbness. Three types of pain are described: radicular, tract, and vertebral. Radicular pain has the greatest localizing significance. It is usually restricted to the affected dermatome but may be felt at more distant sites. It may be dull and boring, but more characteristically it is lancinating, with exacerbation by increased thoracico-abdominal pressure, as when the patient coughs, sneezes, or strains. Often the pain awakens the patient at night. The patient himself often recognizes which postural changes exacerbate or relieve his pain.

Tract pain is thought to result from irritation of ascending spinothalamic tracts. It is diffuse and is usually referred to areas well below the level of the lesion. It fails to conform to a radicular or peripheral nerve distribution.

Vertebral pain is usually secondary to a destructive lesion, and it is felt as a deep ache. Localized tenderness over the vertebrae may be identified by percussion and palpation. In metastatic vertebral lesions, pain may be felt in the vertebrae for months before radiographic changes or other features of metastatic disease are apparent, causing the patient to be mistakenly labeled as hysterical.

Paresthesias occur with lesions at any level of the neuraxis: peripheral nerve, root, or central. Recognition of the site of the lesion depends on comparison of the distribution of the sensory disturbance with the known innervation patterns of dermatomes and peripheral nerves. Although the patient may describe the location of his sensory disturbance accurately, often the examiner finds no demonstrable sensory loss. The report of the reliable, intelligent patient is often more valuable than the examination. On the other hand, some patients lose sensation without being aware of it. Loss of pain or temperature sensation may pass unnoticed until the patient injures himself and realizes that he feels no pain.

In examining sensation in a patient suspected of having a cord lesion, the most significant finding is a level below which sensation is impaired. All modalities, touch, position sense, vibration, pain, and temperature, should be investigated, since dissociated loss may occur, with one or more sensations being preserved and others impaired. If sensory loss is detected, the clinician must attempt to determine whether it follows a radicular distribution. A purely radicular loss without a sensory level or motor signs indicates that the lesion is most likely confined to the root. In the case of single root involvement, no sensory loss may be detected on examination, even though the patient reports sensory complaints. The investigator should not interpret this discrepancy to indicate a psychogenic disorder, since even complete surgical section of a single sensory root may be missed on the clinical examination.

Motor Manifestations

The major motor manifestations of chronic spinal cord lesions are weakness and spasticity. Weakness may be the result of upper or lower motor neuron lesions or of a combination of both. Lower motor neuron weakness is characterized by atrophy, hypotonia, hyporeflexia or areflexia, and fibrillations or fasciculations limited to the involved muscles, often of one or two segments. The same features all occur if the lesion involves ventral horn motor neurons, ventral roots, or the peripheral nerve. The most significant differential point is whether the affected muscles fall into a segmental-radicular pattern or a peripheral nerve pattern. A lesion that involves the descending motor pathways will cause either a corticospinal or an extrapyramidal paralysis below the level of the lesion (spastic, hypertonic paralysis, with hyperrefiexia, clonus, and extensor toe signs, reduce and absence of superficial, abdominal and cremasteric, reflexes). The weakness is not confined to individual muscles or segmental patterns; rather, it tends to involve the entire body caudal to the lesion. In spinal shock, in which the descending spinal pathways are suddenly interrupted, flaccid, hypotonic paralysis occurs.

If both the anterior horn cells and the descending tracts are affected, there will be a segmental flaccid paralysis, together with an upper motor neuron paresis below the level of the lesion.

The motor deficits resulting from spinal cord diseases depend upon the site and extent of the lesion. There is usually a flaccid paralysis of those muscles supplied by the affected segment, and a flaccid paresis that later becomes spastic below the level of the lesion. The C1-C4 segments innervate muscles that control movements of the head and neck. A lesion of the C2-C3 segments is usually rapidly fatal, owing to proximity to the important vasomotor and respiratory centers in the medulla; there may be hyperpyrexia. Involvement above the C4 segment causes respiratory difficulty due to diaphragmatic paralysis; the patient is able to breathe only with the accessory muscles of respiration. With a lesion at the C4 segment respiration is possible through the function of the diaphragm and the accessory muscles of respiration, but there is paralysis of all four extremities.

The C4 or C5 through the Th1 or Th2 segments control movements of the upper extremities. Involvement of the C5 or C5-6 segments causes a syndrome resembling the upper arm type of brachial plexus palsy; there is paralysis of the rhomboid, supraspinatus, infraspinatus, teres major and minor, deltoid, biceps, and brachioradialis muscles, with loss of the biceps and brachioradialis reflexes and sometimes inversion of the radial reflex. The arms are adducted and may be in a position of internal rotation. With a lesion of the C6 segment the biceps is predominantly affected, and the deltoid and triceps may both be intact. A lesion of C7 segment causes paralysis of the triceps and the extensors of the wrist and fingers; there is either loss of the triceps reflex or a paradoxic reflex with flexion instead of extension of the forearm. The patient holds his upper arm in abduction and his forearm in flexion, and there is usually flexion of the wrist and fingers. Involvement of the C8 and Th1 segments causes a syndrome that resembles the lower arm type of brachial plexus palsy; there may be an atrophic paralysis of the flexors of the wrist and fingers and the small muscles of the hand; the arm reflexes are preserved, but the wrist and finger flexion reflexes are affected.

The thoracic segments control movements of the trunk, thorax, and abdomen. Involvement of the midthoracic segments causes atrophic paralysis of the intercostal muscles; the abdominal reflexes are affected. The segments from the L1-S3 control movements of the lower extremities. A lesion of the L1-L2-3 segments causes paralysis of flexion and adduction of the thigh and of extension of the leg; the patellar reflex is lost. With a lesion of the L5-S1 segments there is loss of extension of the hip, with paralysis of plantar flexion and dorsi-flexion of the foot, paralysis of flexion of the knee, and loss of the plantar and Achilles reflexes. Involvement of the S2 segment causes paralysis of the small muscles of the foot. The lower sacral segments innervate the bladder, rectum, anus, and genitalia. A lesion of the S3-4 segments causes paralysis of the rectum and bladder, impairment of erection, and loss of the anal and bulbocavernosus reflexes.

Visceral and Autonomic Manifestations

Transverse spinal lesions are followed, early in their course, by loss of sweating, vasodilation, loss of piloerection, increase in skin resistance, and increase in skin temperature below the level of the lesion. Later there is vasoconstriction with decrease in skin temperature, and there may be an increase in sweating and piloerection.

A lesion at the C8 and Th1 segments interrupts the sympathetic innervation of the face, by affecting either the descending pathway from the hypothalamus to the spinal cord or the peripheral connections and thus may cause a Horner's syndrome (unilateral miosis, ptosis, and ipsilateral hemifacial anhidrosis).
Interruption of the descending upper motor neuron pathways which control the action of the urinary and rectal sphincters results in incontinence. Early signs may be dribbling of urine or difficulty in initiating the stream. Fecal incontinence may be preceded by or accompanied by constipation. Excretory incontinence implies a bilateral or extensive lesion of the lateral columns. Since incontinence can occur from interruption of descending pathways at any level of the cord or from lesions of the sacral roots, this manifestation by itself has little localizing significance. If the upper motor neuron lesion is chronic, the patient may develop a small, spastic bladder, whereas in lower motor neuron lesions or sensory denervation, a flaccid, enlarged bladder results.

Some patients with cord lesions have impotence or priapism. Trophic skin and vasomotor changes may occur but are usually not prominent early. In syringomyelia, however, the «succulent hand» may be a prominent feature.

Cutaneous and Skeletal Manifestations of Spinal Lesions

Whenever a spinal cord lesion is suspected, the clinician should pay particular attention to the patient's skin and skeleton. Café-au-lait (fr. coffee with milk) spots heighten the likelihood of a neurofibroma or a meningioma. A tuft of hair or other skin defect over the vertebral column suggests a congenital anomaly of the cord. Cutaneous angiomas, which can sometimes be visualized by having the patient perform a Valsalva maneuver, should be sought. Skeletal clues are often found. A short, immobile neck suggests the Klippel-Feil anomaly. Scoliosis often occurs in association with spinal cord tumors as well as degenerative diseases. Pes cavus more often occurs in association with spinocerebellar degenerations but may be seen with caudal tumors of the cord. Careful palpation of the dorsal processes of the vertebrae may disclose spina bifida.

Some general principles for determining whether the lesion is in the spinal cord, roots, or peripheral nerves
Central or root lesions can be differentiated from peripheral nerve lesions on the basis of several principles. Motor or sensory losses confined to the distribution of the dorsal or ventral root of a single segment of the cord indicate that the lesion is central or radicular. If the lesion is central (within the cord itself), long tract signs are likely to be present. Upper motor neuron signs are found caudal to the lesion, and a sensory level for one or more modalities is likely to be present at the lesion site. If the lesion is at the intervertebral foramen, both the dorsal and the ventral roots of the segment are likely to be affected. The patient may have pain in a root distribution when he strains, and radiographs are likely to show encroachment upon or enlargement of the intervertebral foramen. Complete paralysis of any particular girdle or extremity muscle implies either a peripheral nerve lesion or involvement of more than one ventral root, since each of these muscles is innervated by more than one ventral root. A sharp border of a sensory loss in an extremity suggests peripheral nerve rather than root involvement. With involvement of single dorsal roots, the border of the loss is vague; frequently, little or no loss can be demonstrated, although pain in the involved segment may be severe.

LOCATION OF tumour LESIONS WITHIN THE VERTEBRAL CANAL

Extramedullary lesions often give rise to unilateral signs. Slow progression may result in a definite sequence of symptoms: involvement of one arm, then the ipsilateral leg, and finally the contralateral extremities. Intradural lesions are likely to be slower in progression than are extradural lesions. Although intramedullary metastases may occur, the epidural space is the more likely site for rapidly progressive lesions such as metastatic tumors and inflammatory processes.
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Symptom
Sensory loss

Pyramidal signs
Lower motor neuron signs

Root pains

Spinal blocks (Queckenstedt's test)
Myoclonia and fasciculations
Incontinence

Spasticity

Trophic changes in skin

Local vertebral pain or sensitiity
CSF protein increase

Intramedullary Tumor

Begins just below and predominates near
level of lesion: loss may be dissociated at
tumor level. Perianal sparing may be seen
Usually present late

Often prominent and widespread

Often absent

Develops late in clinical course

Rare

Early

Later and less severe

Common

Rare

Infrequent or slight in early stages

Extramedullary Tumor
Begins well below and extends upward to
lesion level. Upper border of sensory loss or
complaints tend to be sharper

Usually present early

Often absent, but when present, segmental
Often first symptom

May develop early in clinical course
Common

Late

Earlier and more severe

Rare

Common

Commonly increased in early stages




[image: image8.png]TABLE 3. SIGNS AND SYMPTOMS DIFFERENTIATING BETWEEN LESIONS
OF THE CONUS MEDULLARIS AND CAUDA EQUINA

Spontaneous pain

Sensory deficit

Motor loss

Reflex loss

Bladder and rectal symptoms
Trophic changes

Sexual functions

Onset

Conus Medullaris
Not common or severe; bilateral and
symmetric; in perineum or thighs

Saddle distribution; bilateral, usually
symmetic; dissociation of sensation

Symmetic: not marked:
fasciculations may be present

Only Achiles reflex absent

Early and marked

Decubiti common

Erection and ejaculation impaired
Sudden and bilateral

Cauda Equina
May be most prominent
symptom: severe: radicular in
type: unilateral or
asymmetic: in perineurn,
thighs, and legs, back, or
bladder: distribution of sacral
neres

Saddle distribution: may be
unilateral and asymmetric; all
forms affected: no
dissociation of sensation
Asymmetric: more marked:
atrophy may occur: usually
no fasciculations

Patellar and Achilles reflexes
may be absent

Late and less marked
Decubit less marked

Less marked impaiment
Gradual and unilateral





types OF SPINAL CORD LESIONS

There are many varieties of spinal cord lesions. Transverse syndromes are characterized by complete interruption of the continuity of the spinal cord; there is loss of all motor, sensory, and autonomic function below the level of involvement. Incomplete transverse lesions are followed by loss of function of certain portions of the cord; there may be dysfunction of one-half, one-quarter, or a certain portion or segment of the cord. Syndromes of the gray matter show segmental loss of function of certain cell groups. Disease of the ventral gray matter is followed by a segmental flaccid paralysis (anterior poliomyelitis, progressive spinal muscular atrophy); disease of the dorsal gray matter, by segmental sensory changes; disease of the gray commissure, by dissociation of sensation (syringomyelia).
Syndromes of the white matter cause interference with the ascending and descending pathways. In disease of the dorsal funiculi there is interference with the ascending proprioceptive or related impulses, and in disease of the lateral columns, the lateral corticospinal, lateral spinothalamic, or other tracts may be affected. System disease is characterized by dysfunction of anatomically and functionally related systems of cells or fibers (spinocerebellar degenerations, posterolateral sclerosis, amyotrophic lateral sclerosis). Disseminated disease is manifested by patchy involvement, with many lesions of a focal nature (multiple sclerosis). Diffuse disease shows widespread involvement but some cells or fibers may be affected more than others.

Complete Transection

Complete transection of the spinal cord, whether of traumatic, neoplastic, vascular, or other origin, causes isolation of the segments below the level of the lesion. The upper portions of the cerebrospinal axis function normally, but motor, sensory, and autonomic functions are lost distal to the lesion. The term transverse myelitis is often used for syndromes that result in complete transection, even though the process may not be inflammatory in origin; in most cases the term transverse myelopathy is more appropriate.

If a transverse lesion is abrupt in onset, the state of spinal shock or diaschisis occurs. There is flaccid paralysis together with loss of all types of sensation, absence of autonomic function, and areflexia below the level of the lesion. Spinal shock usually lasts for about 3 or 4 weeks, after which the reflexes gradually return and become exaggerated, pathologic reflexes appear, muscle tone becomes increased, and the nature of the bladder and rectal dysfunction becomes altered. If infection supervenes, however, in the form of a severe urinary tract involvement or infected decubiti, the period of spinal shock is prolonged.

In transverse myelopathy there is a general loss of all types of sensation below the uppermost level of the lesion, and the lowest level of preserved sensation corresponds to the dermatome supplied by the lowest intact segment. This is most apparent and most clearly delineated with the exteroceptive sensations, especially the superficial pain and temperature modalities. There is loss of these sensations below the level of the lesion, or within one or two segments of the level of the lesion. There may be hyperesthesia at the level of the lesion. The level for tactile sensation is seldom clearly delineated; proprioceptive sensations are also lost, but it is difficult to demonstrate a specific level for these.

After the initial period of flaccidity, the musculature below the level of the lesion becomes spastic, or sometimes spastic and rigid. There is increased tone, with increased resistance to passive movement. The muscle stretch reflexes return and then become hyperactive. The superficial reflexes do not return. Corticospinal tract responses may appear, but they do not do so as characteristically in complete as in incomplete transverse syndromes. There may be an exaggeration of sweating and piloerection below the level of the lesion, with changes in skin temperature and cutaneous vascular function. The bladder, first atonic and distended, with retention and overflow incontinence, becomes small and contracted; the patient develops a reflex type of neurogenic dysfunction. There may be priapism. With the development of these changes, reflexes of spinal automatism appear. These may be elicited by nociceptive stimuli up to the level of the lesion. They are usually of the uniphasic, or flexor, variety, and frequently are accompanied by the mass response with urination, defecation, and sweating below the level of the lesion.

The characteristic position in complete transverse lesions is one of flexion of the lower extremities. The paralysis and sensory loss are symmetric and total; voluntary power does not return; vasomotor and sphincter disturbances are evident; corticospinal tract responses are usually minimal, but defense responses are definite; there is a marked tendency toward the development of decubiti. Inasmuch as the response is mainly one of flexion, the extensor reflexes may be difficult to elicit. With transverse lesions of long duration there may be metabolic alterations, including increased excretion of proteins, fall in serum protein, increase of potassium and decrease of sodium and chlorides in the blood and tissue fluids, hypercalciuria, osteoporosis, testicular atrophy, gynecomastia, altered urinary excretion of 17-ketosteroids, and orthostatic hypotension.
No functional regeneration has been observed in man following complete transverse lesions. With incomplete transection, however, or gradual compression of the cord, there may be recovery of function.

Incomplete Transection

If the spinal cord is only partially divided, the re-suiting signs and symptoms will depend upon the pathways and cellular structures involved. If there is a sudden onset, there may also be a period of spinal shock, but after recovery from this there is evidence that some portions of the cord have retained their function. The disturbance of superficial pain and temperature sensations depends upon the extent of the damage to the lateral spinothalamic tracts. Inasmuch as the impulses from the lower portions of the body are in the dorsolateral aspects of these tracts, and those from the upper portions of the body are ventral and medial, the sensory level depends upon the site of damage in the transverse plane. If only the lateral portion of one tract is affected, the level for loss of these sensations may be some distance distal to the lesion; it is always contralateral to the side of the cord involvement. Because tactile impulses are conducted to consciousness through both ipsilateral and contralateral pathways, there may be no demonstrable level for loss of such sensations. Proprioceptive sensations are lost on the side of the lesion; those from the lower portion of the body are medial, and an interruption of the lateral part of the tract may not affect them. The extent of motor change, autonomic nervous system dysfunction, and reflex disturbance depends upon the site and extent of the damage. In a partial lesion the motor changes are usually asymmetric and incomplete, and there is some return of voluntary power. The lower extremities may be in a position of extension if the vestibulospinal tracts are intact. The vasomotor changes are variable, but there is a lesser tendency toward the development of decubiti than in complete lesions. The bladder may be overactive, with a reduced capacity and precipitate micturition. There may be spinal defense reflexes, or reflexes of spinal automatism, but these are usually of the biphasic type with flexion followed by extension, or there may be a crossed extensor reflex or an extensor thrust. The muscle stretch reflexes are markedly hyperactive, especially the extensor responses. Babinski reflexes and other abnormal corticospinal tract responses are obtained. Sensory evoked potential studies may aid in differentiating complete from incomplete transections.

The Brown-Séquard syndrome

The Brown-Sequard syndrome follows the lateral hemisection of the cord. Ipsilateral features include upper motor neuron paralysis of the parts distal to the lesion and loss of tactile discrimination, position sense, and vibration in these parts. The major contralateral feature is loss of pain and temperature discrimination distal to the lesion because of crossing of the spinothalamic tracts which mediate these modalities. Usually the level for pain and temperature loss is one or several segments below the level of the lesion. At the level of the lesion, some segmental motor or sensory signs may occur if the lesion damages dorsal or ventral roots.

A quadrantic lesion of the spinal cord that involves the dorsal quadrant causes ipsilateral loss of proprioceptive sensation and corticospinal paresis below the level of the lesion.

Involvement of the ventral quadrant causes an ipsilateral segmental flaccid paralysis, due to involvement of the anterior horn cells, together with a contralateral loss of pain and temperature sensations below the level of the lesion.

Pure hemisection or quadrantic lesions of the cord are rare; incomplete or partially bilateral involvements are more common.

The bladder dysfunction
Although incontinence of bladder or bowel is common with lesions at any level of the spinal cord, it is especially frequent with lumbosacral or cauda equina lesions. Therefore, careful assessment of bladder and bowel function is indicated whenever a spinal lesion is suspected. Normal urination (as well as defecation) is a complicated act requiring first of all the perception of fullness of the bladder. Bladder sensation is conveyed to the cord via the hypogastric and pelvic splanchnic nerves (nervi erigentes). Pain sensation may be mediated through both of these nerves; however, the sensation of fullness appears to depend primarily on the pelvic nerves. The puclendal nerve, which supplies the voluntary urethral sphincter muscle, does not appear to be involved in these bladder sensations. The afferent fibers for the sensation of fullness apparently enter the cord at several levels, up to approximately Th7. Thus, if all sensation of fullness is lost, and the lesion is central, it is above Th7. For a central lesion of the cord to abolish the sensation of fullness, it has to be extensive, involving much or all of the cord cross section. Probably pathways in both ventrolateral and posterior columns have to be interrupted.
Bladder musculature has tonicity, rhythmicity, and is able to retain without discomfort either small or large amounts of urine; contractions can be stimulated either reflexly or voluntarily. Vesical function is a complex mechanism that involves both the autonomic and the voluntary nervous systems, and disorders of bladder function may follow lesions of the paracentral lobule, hypothalamus, descending pathways in the spinal cord, pre- or postganglionic parasympathetic nerves, or pudendal nerve. It is difficult to differentiate between disorders of function that are entirely autonomic in origin and those with associated voluntary nervous system involvement; these will be considered together. The various disturbances of vesical function may be appraised by cystometry.

The bladder acts as a reflex organ and contracts in response to a stretch reflex. The afferent impulses are carried to the sacral portion of the spinal cord, and stimulation of efferent centers causes contraction of the detrusor muscle and relaxation of the internal sphincter. There is probably a center in the lumbar spinal cord that produces a contraction of the internal sphincter and allows distention of the bladder and retention of urine. In the baby the bladder is purely reflex in function, but with the maturation of the cerebral cortex and the completion of myelination an inhibitory control over this reflex is developed, with voluntary regulation of the external sphincter. For normal micturition the parasympathetic arc, sympathetic arc, and spinal pathways must be intact, and cerebral inhibition and control of the external sphincter must be normal.

Normal urination requires the volitional ability to increase the intra-abdominal pressure by contracting the abdominal and chest muscles and diaphragm while at the same time relaxing the skeletal muscle sphincter of the urethra. Sacral cord reflexes acting through the parasympathetic innervation via the pelvic splanchnic nerves contract the smooth muscle of the bladder wall and the detrusor muscle unguards the urethra.

The sympathetic innervation of the bladder plays no essential role in urination. Urination is halted by contraction of the skeletal muscles of the bladder floor. Automatic urination can be accomplished solely by reflex mechanisms, even if all suprasegmental control has been eliminated by complete cord transection.

In the incontinent patient with a neurologic lesion, the clinician has to decide, as in any motor disturbance, whether the lesion involves the upper motor neuron mechanisms or is in the micturition centers in S2 to S4, or in the afferent or efferent connections of the reflex arc. Basically, neurologic lesions of the cord or reflex arc affect urination in one of four ways:
1. interruption of descending pathways from the brain, thus an upper motor neuron lesion;
2. interruption of lower motor neurons of skeletal and smooth muscles or their reflex centers in the sacral cord;
3. interruption of afferent fibers from the bladder, or
4. combinations of 1 to 3.

1. Cord lesions rostral to the sacral segments may compromise upper motor neuron control of urination. The effect of the upper neuron interruption on the bladder depends on several factors, e. g., the acuity of the lesion and the effect on the voluntary sphincter. In the case of acute transverse lesions rostral to the sacral segments, the bladder may be flaccid and hypotonic during the stage of spinal shock. In most chronic lesions, the bladder ultimately becomes spastic and «hyperreflexic» in accordance with the usual effects of upper motor neuron lesions on motor function. The bladder empties automatically in response to minimal distention by urine. Since the bladder never distends to its full capacity, it ultimately contracts. The patient urinates frequently and involuntarily and voids only small quantities of urine. Although a small, contracted automatic bladder is the usual end stage of transverse cord lesions, in some instances the bladder may become huge and distended. This usually occurs when the voluntary sphincter is very spastic, preventing reflex emptying. While an automatically emptying bladder can be suspected from the history, it is confirmed by cystometrograms. Cystometrograms show a small filling capacity, early contractions, and reflex emptying long before the bladder reaches its usual capacity.

2. In the case of lesions of the lower motor neurons which innervate the bladder wall, the bladder becomes hypotonic and contracts sluggishly, or it may be paralytic. Sensation may be preserved, but the bladder wall distends and becomes very thin. Residual urine and bladder capacity are huge. Cystometrograms show a low intravesical pressure and absence or weakness of reflex contractions.

3. Deafferentiation of the bladder results in a huge, distended sac which may contain 1,000 to 1,500 ml of urine. The bladder wall becomes hypertrophic. The patient has no sensation of fullness. The absence of afferent impulses makes urination difficult or impossible to initiate. The patient has overflow incontinence and huge quantities of residual urine.

The principal types of neurogenic bladder dysfunction are the following.

The uninhibited neurogenic bladder shows the least variation from the normal. This type of bladder dysfunction occurs in mental deficiency, cerebral palsy, enuresis in adults, early diffuse brain damage, cerebral lesions affecting the dominant hemisphere, hemiplegia, and early multiple and posterolateral sclerosis. It is characterized by a more or less infantile type of reaction. There is a loss of the cortical inhibition of reflex voiding, while tone remains normal, so that when the bladder is distended it contracts in response to the stretch reflex. There is frequency, urgency, and incontinence not associated with dysuria. Hesitancy may precede urgency. Bladder sensation is usually normal. Several rhythmic uninhibited contractions of the detrusor may take place before bladder capacity is reached and the final emptying contraction occurs. These contractions coincide with the patient's awareness of an urge to void, but micturition does not take place until a contraction occurs that is of sufficient intensity to empty the bladder; then the patient urinates precipitously. Up to this point, however, normal voluntary control is possible. There is no residual urine. 

The reflex neurogenic bladder occurs with widespread disease of the spinal cord in which both the descending autonomic tracts to the bladder and the ascending sensory pathways are interrupted above the sacral segments of the cord. Thus, it occurs in patients with transverse myelitis, advanced multiple sclerosis, neoplasms, and traumatic and vascular lesions sufficiently extensive to cause a functional transection of the spinal cord. Extensive brain lesions may also cause the development of a reflex neurogenic bladder. All sensation to the bladder is lost; the patient cannot feel heat, cold, or distention. The bladder capacity is small. Micturition is reflex and involuntary. The patient cannot either initiate or stop urination in a normal way, and micturition is precipitous. There are rhythmic uninhibited contractions during filling. The patient may become aware of the presence of a full bladder by autonomic reflexes activated by distention of the bladder- these include sweating, pilomotor phenomena, increased spasticity, and a feeling of fullness in the abdomen—and he may be able to initiate urination by pinching the skin in the perineal region or pressing over the abdomen or bladder. The bladder may empty as part of the mass reflex of spinal automatism. The residual urine volume is variable.

The autonomous neurogenic bladder is one without external innervation. It is caused by lesions of the sacral portion of the spinal cord, the conus medullaris or cauda equina, the motor or sensory roots of the second, third, and fourth sacral nerves, or the peripheral nerves. It occurs with neoplastic, traumatic, inflammatory, and other lesions of the conus medullaris, cauda equina, or sacral nerve roots, and with congenital anomalies such as spina bifida. There is destruction of the parasympathetic supply. Sensation is absent and there is no reflex or voluntary control of the bladder; contractions occur as the result of stimulation of the intrinsic neural plexuses within the bladder wall. There are no sustained contractions of the detrusor as a whole, and no emptying contractions. During filling, however, there are minor inherent contractions of individual muscle groups, and at the height of one of these there may be emptying, which is never complete. There may be a high intravesical pressure, and the amount of residual urine is large, but the bladder capacity is not greatly increased. On neurologic examination saddle anesthesia and absence of the bulbocavernosus reflex are found. Patients with this type of bladder dysfunction may have incontinence on coughing or straining. Voiding is usually brought about by increasing the intra-abdominal pressure, and there may be dribbling as a result of the high intravesical pressure. The desire to void is made known by abdominal discomfort. Treatment consists of teaching the patient to empty his bladder as completely as possible by manual external pressure and increased intra-abdominal pressure.

The sensory paralytic bladder, also known as the atonic neurogenic bladder, is found with lesions that involve the posterior roots or posterior root ganglia of the sacral nerves or the posterior columns of the spinal cord. This type of bladder is present in patients with tabes dorsalis, posterolateral sclerosis, multiple sclerosis, diabetic autonomic neuropathy, and related conditions. Sensation is absent, and there is no desire to void. There may be distention, dribbling, and difficulty both in initiating micturition and in emptying the bladder. There is low intravesical pressure and a large capacity, with absence of waves of contraction, and a large amount of residual urine. Voiding may be brought about by straining. There is incontinence of an overflow type. There is a large amount of residual urine. The bulbocavernosus reflex is absent. Bethanechol is helpful in treatment.

The motor paralytic bladder develops when the motor nerve supply to the bladder is interrupted. Among the etiologies are poliomyelitis, polyradiculoneuritis, neoplasm, trauma, and congenital anomalies. The bladder distends and decompensates, but sensation is normal. The patient complains of painful distention and inability to initiate urination. If the condition becomes chronic the symptoms are similar to those of obstructive uropathy. No contractions of the detrusor are observed and the patient cannot initiate micturition. The residual urine and bladder capacity vary with each individual. Saddle sensation is normal and the bulbocavernosus reflex may or may not be present.

With spinal cord lesions, especially those of severe degree and sudden onset, such as traumatic myelopathies, there is at first marked urinary retention during the period of spinal shock. Reflex activity is absent; the bladder is atonic and may become markedly distended, with overflow incontinence. Later it becomes autonomous in function, owing to reflex contraction from the plexuses in the bladder wall. If the patient develops a spastic paraplegia, there will be a reflex bladder with small capacity and precipitate micturition. The paralyzed bladder not infrequently becomes infected, and chronic infection leads to contraction of the viscus and often to continual dribbling. There may be calculus formation.

With cerebral lesions there may be incontinence at the onset of the lesion, owing to abolition of inhibitory control, or there may be retention with distention of the bladder and overflow incontinence. The mental apathy associated with frontal lobe lesions may lead to involuntary micturition. Vesical dysfunction may be associated with disease of either the corticospinal or extrapyramidal motor systems. Both urinary retention and incontinence may have a psychogenic origin. There are many causes, both organic and nonorganic, for nocturnal enuresis in childhood and adolescence.

The determination of the condition of the bladder is as much a part of the neurologic examination in the patient suspected of having a cord or lumbosacral lesion as is the examination of the somatic motor and sensory systems. The first step in the analysis of bladder function is to palpate and percuss the suprapubic region. A huge bladder is easily detected by these means. Next the residual urine is determined and consideration is given to anchoring a catheter. Further evaluation of bladder size and physiology involves cystometrograms and radiographic contrast studies of bladder and renal function.

Bowel dysfunction
The stimulus for defecation consists of stretching of the walls of the rectum by the accumulation of fecal material. When this reaches a certain stage, rhythmic contractions develop and the internal sphincter relaxes; the external sphincter, however, which is under voluntary control, may for a while prevent the escape of feces. The parasympathetic plays a larger part than the sympathetic in defecation, and the latter probably acts only to inhibit the movements of the bowel during the accumulation of its contents. Lesions of the spinal cord that involve either the sacral segments or the descending pathways, and lesions of either the cauda equina or the pelvic nerves, depress the tone and rhythmic contraction of the rectum, with resulting constipation. Defecation may be possible through the action of the levator ani and the abdominal muscles. If the sphincters are toneless, there may be rectal incontinence; the rectal and anal reflexes are lost. In lesions that involve the cerebral centers or descending pathways, or in long-standing disease, the sphincters may regain some tone and reflex activity.

Digital examination of the rectum discloses whether the anal sphincter is spastic or flaccid. Palpation and radiographs of the abdomen disclose a distended, feces-packed colon in segmental disturbances; frequently in upper motor neuron lesions the colon also becomes distended with hard fecal masses. Thus, colonic distention is not as significant a differential point as is bladder distention.
Genital dysfunctions

Sexual functions are usually disturbed in spinal lesions.

A lesion of the parasympathetic division causes impotence with failure of erection and ejaculation, whereas stimulation of the parasympathetics may cause priapism. With lesions of the sympathetic there may be impairment of ejaculation, because the spermatozoa fail to reach the urethra, although erection and orgasm may be preserved. With sympathetic overactivity there are ejaculatio praecox and spermatorrhea, with weakness of erection due to contraction of vasoconstrictor muscles, and hastened flow of spermatozoa due to stimulation of the reflex peristalsis in the seminal vesicles and ducts. Priapism may also result from lesions of the spinal cord above the lumbar level; not only may there be erection, but the coital, or ejaculatory reflex may be increased to such a degree that the slightest stimulus to the penis will result in ejaculation.

In the case of lesions rostral to the sacral segments, impotence or priapism may occur. Complete or nearly complete lesions of the cord rostral to the sacral level may be associated with priapism and, when the reflex arc is hyperactive, with premature ejaculation. Lesions of the sacral segments or of the afferent or the efferent arc of the sacral segment are responsible for partial or complete impotence and loss of ejaculation.

