THE PHISIOLOGY AND PATHOLOGY OF MOTOR FUNCTION

By means of our motor system we move our bodies in space and the various parts of the body in relation to one another, maintain postures and attitudes in opposition to gravity and other external forces. All movements are effected by contractions of striated muscles through the control of the nervous system.

The examination of motor functions includes the determination of muscle power, an evaluation of muscle tone and bulk and the observation of abnormalities of movement. 
In order to understand the function of the motor system as a whole and to evaluate the changes in motor activity that occur in disease, one is justified in analyzing first the morphology and function of the constituent parts of the changes in each that result from pathologic processes. Then one can synthesize and correlate their functions. This does not mean that any one part ever acts individually; however, each has its own functions and its changes in disease processes, and an understanding of each part aids in comprehension of motor function as a whole. 
THE LEVELS OF MOTOR FUNCTION
There are many varieties of movement; some of them are independent of consciousness, whereas others are directly under the influence of the will. Neurologists have referred to the various stages, or levels, of motor function, that are the following: 
1) The spinomuscular level
2) The extrapyramidal level 
3) The corticospinal (pyramidal) level 
4) The cerebellar level 
5) The psycho-motor level 
These levels are components of the motor system as a whole. Disease of each is characterized by certain signs and symptoms.
At the time of birth simple spinal and brain stem reflexes have already been established, and more complex postural and righting reflexes appear during the first few weeks of life. Then, following the maturation of the cortex and commissural pathways, acts requiring associated sensory functions (grasping and groping) are possible. Still later volitional control of movement appears, and then the ability to perform skilled acts with a high degree of precision.
In this section the spinomuscular and corticospinal (pyramidal) levels will be discussed.

THE SPINOMUSCULAR LEVEL
The structure and function of striated muscles depend upon their connections with the central nervous system. The spinomuscular level of motor integration has, as its primary units, the motor nuclei in the anterior horn cells of the spinal cord and their homologues in the brain stem. Impulses which originate in these cells are carried through their neuraxes, the peripheral motor nerves, to the motor end-plates of the muscles. Sherrington, in 1904, described the anterior horn cell, from the point of view of function, as the “final common pathway”, through which all nervous impulses from higher centers must pass to reach the myoneural junction and influence striated muscle. The terms lower motor neuron and primary motor neuron are applied to this structural unit. 
The primary functional unit of the spinal level, or of any motor level, is the reflex, or response to a stimulus. The essential unit of the reflex is a center of adjustment, together with the conductors necessary to connect this center with the appropriate receptor and effector apparatus. The receptor is the peripheral sensory ending; the primary conductor is the afferent nerve fiber; the center of adjustment is the motor unit with its associated synapses; the secondary conductor is the efferent nerve fiber, the neuraxis of the motor neuron; the effector is the muscle stimulated. There may be intermediate or interposed association and commissural neurons.
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Fig. 1. Diagrammatic section through the spinal cord, showing the anterior horn cell and its afferent and efferent connections that make up the simple reflex arc.

In the spinal level one of the most primitive reflex arcs is found. The impulse is carried from a receptor in the skin, subcutaneous tissue, tendon, or periosteum, through the dorsal root ganglion and into the dorsal horn of the spinal cord, where there is a synapse and the neuron of the second order, or the intercalated neuron, carries the impulse to the anterior horn cell. On stimulation of this center of adjustment the motor impulse is relayed through its neuraxis, which goes by way of the ventral root of the spinal cord and the (-subgroup of the A fibers in the peripheral motor nerve to the motor end-plate of striated muscle, where it stimulates the muscle and causes it to contract. The arrival of the motor impulse at the nerve ending is associated with the liberation of acetylcholine, which causes depolarization of the muscle membrane at the neighboring end-plate. This, in turn, starts a wave of excitation with resulting contraction of the muscle fibers. 

The (-motor neuron in the anterior horn of the spinal cord is the terminal neuron of the voluntary motor system. It supplies the main large muscle fibers, and its neuraxis goes directly to the motor end-plate, or neuromuscular junction. 
The (-motor neurons in the anterior horn area are smaller in diameter than the (-motor neurons and are efferent to small, specialized fibers in the muscle spindles, the intrafusal or fusiform fibers. These latter in turn act as receptor organs, and stimulation of them causes afferent impulses to be sent to the anterior horns to initiate contraction of the muscle by reflex action of the (-motor neurons, thus producing the muscle stretch reflex. Special interneurons within the dorsal and ventral horns of the spinal cord, including the Renshaw cells which have an inhibitory action on the motor neurons of the anterior horn region, also play a part in the reflex activity of the cord, which is connected by means of synapses with interposed association and commissural neurons and with the higher levels of the nervous system. All motor impulses, whether part of the spinomuscular reflex arc or a part of a higher, more complex arc, are relayed to the muscle through the neuraxes of the anterior horn cells, which are acted upon by the corticospinal, rubrospinal, tectospinal, olivospinal, vestibulospinal, reticulospinal, intersegmental, intra-segmental, and other reflex levels. 
Within the anterior horns there is a somatotopic arrangement of the motor neurons, those innervating the trunk and neck being medial to those of the extremities, and cells innervating distal extremity muscles being dorsal to those of the proximal muscles.

The arrangement of motor cells in the anterior horns was originally metameric: those of one segment innervated the muscles of the corresponding myotome. However, one nerve may contain fibers from several roots, and individual muscles may receive nerve impulses from more than one segment of the spinal cord. 
A physiologic classification of the various muscles divides these into the following groups:
· the agonists, are the muscles which directly perform the desired movement.
· the antagonists, are those which oppose the agonists;
· the synergists assist the agonists and reduce unnecessary movement to a minimum.
Any movement is dependent upon the combined action of all groups. Loss of function of any of these will impair the motor response. 

THE CORTICOSPINAL (PYRAMIDAL) LEVEL
The corticospinal level of motor integration is also referred to as the cortical level, and the upper motor neuron level. It is only one of many motor fiber systems that converge upon the anterior horn cell and the final common pathway, and therefore it is only one of many upper motor neuron levels. 

The corticospinal level found fully developed only in mammals and reaches its highest development in apes and man. In the newborn infant the descending fibers of the corticospinal system have little or no myelin sheathing. The process of myelination starts immediately after birth and is usually complete by the age of two years. Walking and other skilled movements are learned as the pathway matures and myelination progresses. 
The major motor units of the corticospinal level are situated in the posterior portions of the frontal lobes of the brain. It extends from the sylvian fissure up to and over the vertex and for some distance on the medial surface of the brain. This area coincides cytoarchitectonically with the area gigantopyramidalis. The origin of the name of this pathway is linked with the medullary pyramids. It is probable that only about 3% of the pyramidal fibers arise from the Betz cells (giant pyramidal cells found in the fifth layer of this area); parietal lobe, areas 6 and 8 of the frontal lobe and other portions of the brain, including the temporal and occipital lobes and certain subcortical centers, make important contributions to the corticospinal tract.
Within the motor cortex there is a definite localization of function. Skeletal musculature is represented in reverse order upon the contralateral motor area. The lower extremities are represented on the medial and the upper surface of the hemisphere while the motor centers for the upper extremity extend upward on the lateral and the middle surface of the brain (fig. 2). Areas for the tongue, face, and digits are exceptionally large and are out of proportion with those that control the proximal musculature.
The neuraxes of the motor units in the precentral convolution, or the pyramidal fibers, pass through the corona radiata into the genu and the anterior two thirds of the posterior limb of the internal capsule. At the brain stem level the portion of the pyramidal fibers so-called the corticonuclear tract contact with the cells of the motor cranial nerves. The majority of them partially decussate before synapsing.The neuraxes that convey impulses to the spinal cord are the corticospinal fibers. In the caudal portion of the medulla the majority of them (80% - 90%) decussate and descend through the lateral funiculus of the spinal cord in the lateral corticospinal pathway to supply the muscles of the opposite side of the body. The smaller ventral corticospinal tract descends uncrossed in the ipsilateral ventral funiculus and usually does not extend below the midthoracic region; these fibers, too, usually cross before terminating.
The neuraxes carried through these pathways terminate at appropriate levels to supply the motor nuclei of the cranial nerves and the anterior horn cells of the spinal cord. Those to the cord end in the zona intermedia between the anterior and posterior horns, and there is an intercalated neuron between the neuraxis of the corticospinal cell and the anterior horn cell for the majority; a few fibers end directly on the anterior horn cells. Impulses then travel from the motor nuclei and anterior horn cells, which together with their neuraxes are the final common pathway, to the neuromuscular junction of striated muscles. A single corticospinal fiber innervates more than one neuron in the spinal cord, and probably some innervate many.

The corticospinal tract deals with discrete, isolated motor responses, especially with the liner adjustments of voluntary movement of the digits, and that disease of the pyramidal system per se results in hypotonia, areflexia, and possibly atrophy. Hemiplegia is generally produced by combined destruction of the motor and premotor components of the upper motor neuron, and there are combinations of the foregoing symptoms, often with severe motor paralysis. In all probability the more violent reactions, such as spasticity and hyperreflexia, overshadow the flaccidity and hyporeflexia. 
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Fig. 2. Motor homunculus, showing the relationship of the motor centers to cortical representation.
The examination of motor functions
Motor activity is brought about by the combined and harmonious action of the various component parts of the motor system. Abnormalities of movement may be caused: 1) by impairment or loss of function of one or more of the so-called levels of motor integration; 2) by overactivity of the lower centers as a result of their release from the inhibiting action of the higher centers; 3) by irritation, or stimulation, of certain constituent parts; 4) by partial assumption of function by healthy tissues to compensate for impairment or disease of others. Consequently, the character of change in motor function that occurs in disease is dependent both upon the component level involved and upon the type of pathologic process that affects it.

A. Muscle volume and contour

The volume and contour of the muscles give information about the presence of either atrophy or hypertrophy. 
Muscle atrophy, or amyotrophy, may be defined as the wasting or diminution in size of a part. It is usually accompanied by changes in shape or contour. In the neurologic examination one is specifically concerned with wasting of muscles secondary to disorders affecting the anterior horn cell, the nerve root(s), the peripheral nerve, or the muscle itself. 
Muscle hypertrophy is an increase in the bulk, or volume, of muscle tissues. It may be the result of excessive use of the muscles, or it may occur on a pathologic basis. 
Muscle volume and contour are examined and atrophy or hypertrophy appraised by inspection, palpation, and measurement.

By means of inspection the general muscular development of the size of the muscles are noted, and special attention is paid to abnormalities in volume and contour and to evidence of atrophy and hypertrophy. Symmetric parts of the two sides of the body should be compared, and the muscular landmarks carefully scrutinized.
The muscle masses should also be carefully palpated, and their volume, contour, and consistency noted. 

To determine the degree of atrophy or hypertrophy, measurements may be essential. Measurements should all be made from fixed points or landmarks.
The appraisal of bulk and contour should be correlated with the other parts of the motor examination, especially with the evaluations of strength and tone.

If muscular changes in the form of atrophy or hypertrophy are present, and if there is any question regarding etiology, a muscle biopsy should be considered.

Electromyography aids in the differential diagnosis of muscular atrophy. It helps to decide at which level the lower motor neuron and its peripheral axons are diseased, and aids in the diagnosis of specific disease of muscle and of the myoneural junction.
ABNORMALITIES OF VOLUME AND CONTOUR
Muscular atrophy may be caused by many processes. The most important varieties are those of neurogenic origin, that must be differentiated from those that are secondary to other etiologic factors. The various types of atrophy include:
· neurogenic atrophy appears due to disease of the anterior horn cells or of their neuraxes. The result is wasting or atrophy of the entire muscle mass. If the pathologic process is confined to the anterior horn cells or the spinal cord, the atrophy is segmental in distribution, whereas involvement of the peripheral nerves is followed by wasting of those muscles supplied by the involved nerves or their roots;
· myogenic, or myopathic  atrophy is that which arises as a result of disease within the muscles themselves like in the myopathies and in the various types of myositis. Another causes of muscular atrophy are the prolonged immobilization of a part of the body (atrophy of disuse), arthrogenic atrophy (appears in association with joint disease), nutritional atrophy (after interruption of the blood supply; also occurs with cachexia and weight loss), endocrine dysfunction. Generalized muscle atrophy, often mainly proximal, may develop in association with the administration of some steroids

Muscular hypertrophy is encountered less frequently than atrophy. It may be seen in some kinds of myotonias.

In case of muscle pseudohypertrophy muscles appear enlarged since muscle tissue is substituted by fiber and fat.
By inspecting the muscle system phenomenons of fibrilations and fasciculations may be observed. They are fine, rapid, flickering or vermicular twitching movements that appear with contraction of a bundle, or fasciculus, of muscle fibers. They are usually not extensive enough to cause movement of joints. They are usually present at rest, but be brought out, made more rapid, or intensified by light mechanical stimulation of the muscle or by placing it under tension and in the cold. 
Fibrillations are contractions limited to a single muscle fiber or to a group of fibers.
Fasciculations are contractions of a large group of fibers, or fasciculus, usually constituting a single motor unit supplied by a single anterior horn cell. Fasciculations are seen most frequently, and are of most significance, in association with disorders resulting from degeneration of the anterior horn cells of the spinal cord and the motor nuclei of the brain stem in such conditions as progressive spinal muscular atrophy, progressive bulbar palsy, amyotrophic lateral sclerosis, and syringomyelia. They also occur in acute inflammations of the peripheral nerves, compression of the peripheral nerves or nerve roots.
B. Motor strength and power
Motor strength and power indicate the capacity to exert and release force. Of importance are both the power of movement and the strength of contraction. In examining strength and power we are interested especially in voluntary, or active, motility. This is tested by having the patient carry out movements against the resistance of the examiner, and by having him resist active attempts on the part of the examiner to move fixed parts. 
Impairment of strength and power results in weakness, or paresis; absence of strength, in paralysis. Associated functions and abnormalities must be also noted. Abnormal fatigability may precede other objective manifestations of some neuromuscular disorders (such as myasthenia). 
There is a marked individual variation in muscle strength. The presence of local muscle weakness or paralysis is of great importance, and recognition of such changes has definite localizing value in the diagnosis of peripheral or central nervous system lesions. If weakness is found, one should determine whether it is diffuse or localized. If localized, one should determine whether it is due to involvement of a specific muscle, of various muscles supplied by one nerve or nerve root, of a group of muscles supplied by a certain segment of the spinal cord, of a specific movement involving more than one muscle, or of an entire extremity.
Diffuse weakness may be found in some myopathies, such as the dystrophies, and in electrolyte disturbances, toxic and deficiency states, and the various types of myositis, in debilitated states due to chronic systemic illness, and to some degree in advanced age. Either localized or diffuse weakness may be a manifestation of myasthenia gravis, in which there is an increased muscular fatigability.
Focal loss of strength results in either a paresis or a paralysis, in the presence of which one must determine the degree, character, and distribution of the impairment of motor power. The paralysis may involve one muscle, a group of muscles, certain movements, or one or more extremities. A monoplegia is the paralysis of one extremity; diplegia, of like parts on the two sides of the body; hemiplegia, of one half of the body; paraplegia, the legs or the lower parts of the body; quadriplegia (tetraplegia), of all four extremities. Hemiplegia alternans affects the upper extremity on one side of the body and the lower extremity on the other side.
When a muscle is maintained in a position of contraction or shortening for a period of time, a contracture may develop: the muscle cannot be stretched to normal limits without considerable pressure and the production of pain. Contractures may develop following prolonged spasm of muscles, in association with spastic paralysis (especially if the muscles are not passively stretched at regular intervals), or from the overaction of one group of muscles when unopposed by weakened antagonists. They may re-suit in periarthritic changes, ankylosis of joints, and deformities.
Examination of motor strength and power
To test motor power, the various movements at each joint and the strength of each important muscle should be examined individually and its grade recorded, as far as possible. The patient may be either seated or recumbent. He is instructed to either resist active attempts by the examiner to move fixed parts or to initiate and carry out movements that are resisted by the examiner. Corresponding muscles on the two sides of the body should always be compared. Both active and passive movements should be tested and if limitation of movement is accompanied by discomfort or pain, this should be noted. Range of movement may be limited by fibrosis, contractures, or changes at the joints. Weakness and increased tone, however, may also affect range.
In the presence of coma assessment of motor function may have to depend upon the presence of spontaneous movements, the position of the extremities, asymmetries of voluntary movements on the two sides, or withdrawal of an extremity in response to painful stimulation. Hemiplegia may be diagnosed in the comatose patient by noting the absence of contraction of the facial muscles on one side following pressure on the supraorbital ridge, the flaillike dropping of the wrist and forearm when the examiner releases them while the flexed elbow is resting on the bed, and the similar extension and external rotation of the thigh and leg when released after having been placed in flexion with the heel resting on the bed.
It is usually possible to evaluate muscle strength and power sufficiently well without recourse to special instruments. The subjective impression of the investigator is usually adequate. On occasion, and for special purposes, one may resort to the use of instruments, e.g. dynamometers, for measuring strength, especially when quantitative determinations are desired. 
Muscle function may be graded in various ways, but the following is an acceptable  classification:

0. No muscular contraction occurs.

1. A flicker, or trace, of contraction occurs without actual movement, or contraction may be palpated in the absence of apparent movement; there is minimal or no motion of joints (0% - 10% of normal movement).

2. The muscle moves the part through a partial arc of movement with gravity eliminated (11% - 25% of normal movement).

3. The muscle completes the whole arc of movement against gravity (26% - 50% of normal movement).

4. The muscle completes the whole arc of movement against gravity together with variable amounts of resistance (51% - 75% of normal movement).

5. The muscle completes the whole arc of movement against gravity and maximum amounts of resistance several times without signs of fatigue. This is normal muscular power (76% - 100% of normal movement).

C. Examination of muscle tone

Tone, or tonus, has been defined as the tension of the muscles when they are relaxed, or as their resistance to passive movement when voluntary control is absent. The state of continuous tension of muscles is dependent upon the integrity of the muscle tissue, the myoneural junction, the peripheral nerves, the - and - motor neurons and inter-neurons in the spinal cord, and the central connections.Tone is a reflex phenomenon, and afferent as well as efferent components influence it. Impulses sent through the -efferents stimulate the intrafusal fibers in the muscle spindles, which in turn send afferent impulses to the anterior horns of the spinal cord to initiate contraction of muscle by reflex action of the alpha-motor neurons. When a muscle with normal innervation is passively stretched, its fibers actively resist the stretching and enter into an entire state of increased and sustained tension. First a lengthening reaction takes place, but proprioceptive impulses carried to the nervous system call forth an increase in tension, and a shortening reaction follows. Thus the stretch reflex is evident. This is a reaction evoked by the stimulation of the sensory organs in the muscle; it depends for its development on impulses from tension receptors in the muscle itself. It is present at all times; even in apparently relaxed muscle a slight degree of tension is constantly present as long as the muscle innervation is intact; this is normal tone. If a muscle is stretched beyond its normal limits by gravity, manipulation, stimulation, or disease, additional tension is developed, and a tonic response takes place.
Tone is the basis or background for posture, and is important in the coordination of movement. Tonic reflexes mediated through the reticular formation, the otolith organs, the vestibular apparatus, and other higher centers are important in maintaining the steady contraction of the antigravity muscles that is necessary to the standing position, as well as to other postural and righting reflexes. Tone may be influenced by disease at various levels of the nervous system. 
Evaluation of tone
In testing tone, the examiner should attempt to secure the complete cooperation of the patient, who should be comfortable and relaxed, and have complete confidence in the examiner.

Palpation of the muscles, to note their consistency, passive elasticity, firmness, or turgor, is useful, but palpation of the muscle bellies themselves does not alone give a reliable indication of tone. The most important criterion in the examination of tone is the resistance of muscles to passive manipulation when they are relaxed and when voluntary control is absent. The same parts on the two sides of the body are compared to assess differences in tone.
Abnormalities of tone
Abnormalities of tone may occur in the presence of disease of any portion of the motor system. Loss or diminution of tone is classified as hypotonicity, and pathologic increase, as hypertonicity. 
Hypotonicity or flaccidity, results from involvement of the spinomuscular level or interference with the proprioceptive pathways, but may also be present with cerebellar lesions. It is characterized by a decrease in or loss of normal tone. The muscle is flaccid and flabby, or soft to palpation. The excursion at the joint may be normal, but is usually increased.

The decrease in tone appears in the anterior horn cell damage, abnormalities of the muscle itself or of the myoneural junction. 
Hypertonicity is usually caused by lesions central to the anterior horn cells, or by interruption of impulses from supraspinal regions. It is seen most frequently with dysfunction of the so-called extrapyramidal and corticospinal levels, and is caused by either interruption of impulses that normally inhibit lower centers or imbalance of facilitatory and inhibitory centers, with consequent alteration of the - and -motor neuron balance or lowering of the threshold of the spinal reflexes. 
Spasticity. This occurs in association with lesions of the so-called pyramidal or corticospinal level of function, and has been ascribed to the loss of, or release from, the normal inhibiting action of the cortex on the anterior horn cells. It may re-suit from an imbalance of the inhibitory and facilitatory centers in the brain stem reticular formations, with a consequent imbalance of the - and -motor neurons. This leads to facilitatory influx to the spinal cord, conducted by reticulospinal, vestibulospinal, and other pathways, and consequent alteration of the balance between the - and -motor systems. 
There may be an elastic, springlike resistance to stretching at the beginning of movement, especially if the part is moved abruptly or suddenly, following which the muscle resists to a certain point and then suddenly relaxes – the phenomenon sometimes referred to as the clasp-knife type of resistance. This waxing and waning of resistance distinguishes spasticity from rigidity.
Diseases that cause paralysis are often characterized by sustained contraction of specific groups of muscles. With hemiparesis or hemiplegia of cerebral origin, for instance, the spasticity is most marked in the flexor muscles of the upper and the extensor muscles of the lower extremity.
Extrapyramidal rigidity occurs with lesions of the basal ganglia or of some other portion of the extrapyramidal level of motor function or its connections with the brain stem reticular formations. With rigidity of this type there is a state of fairly steady muscular tension that is equal in degree in opposing muscle groups. Therefore, both flexor and extensor muscles in the extremities are involved, with resistance to passive movement in all directions.
After being moved the part may retain its new position with the same resistance to movement that was noted in the original position (plasticity; flexibilitas cerea or waxy flexibility); the extremities may assume awkward postures. This type of hypertonicity is referred to as lead-pipe resistance. Often the so-called cogwheel rigidity is encountered; there is an intermittent yielding of the muscles to stretching and on passive motion against muscular tension the resistance is interrupted at regular intervals in a jerky fashion. The muscles seem to give way in a series of steps, as if the manipulator were moving a limb attached to a heavy cogwheel. 

THE REFLEXES

The investigation of the reflexes is often considered to be the most important part of the neurologic examination. The testing of the reflexes is the most objective procedure of the neurologic examination. Reflex activity is essential to the normal functions of the human body. All involuntary and many voluntary acts are reflex in nature.

A reflex is an invariable adaptive response to the stimulation of a sense organ, which involves the use of a center of adjustment and of the conductors necessary to connect this center with the appropriate receptor and effector apparatus. By neurologycal examination mainly involuntary reflexes are investigated. An intact sensory system and an intact motor system are needed for a normal reflex response, and knowledge of both sensory and motor functions is necessary to an understanding of reflex action. 
The stimulus is received by the receptor, which may be a sensory ending in the skin, mucous membranes, muscle, tendon, or periosteum etc. The stimulation of the receptor initiates an impulse that is carried along the afferent (sensory) nervous fibers, and then is transmitted to the CNS. There a synapse takes place with the intercalated neuron, which relays the impulse to the center of adjustment, the cell body of the efferent neuron. The neuraxis of the efferent neuron, transmits the impulse to the effector (the cell, muscle, gland, or blood vessel that then responds). A disturbance in function of any of the above parts of the reflex arc will cause a break in the reflex arc and a consequent decrease or loss of the reflex.

Some hundreds of reflexes have been identified; only the more important ones will be described.
The muscle stretch (proprioceptive or deep) reflexes
The muscle stretch reflexes are those that are elicited in response to application of the stimulus to either tendons or periosteum, or occasionally to bones, joints, fascia, or aponeurotic structures. They are often incorrectly called tendon or periosteal reflexes. It is the muscle stretch that elicits the reflex; the tendon is a convenient location to apply the stimulus. Because the stimulus is mediated through the deeper sense organs such as the neuromuscular and neurotendinous spindles, they may be referred to as the proprioceptive (or deep) reflexes. 

The proprioceptive reflexes are best tested by the use of a rubber percussion hammer. The stimulus should be quick and direct, and should be a threshold one, and no greater than necessary. The patient should be comfortable and relaxed. The part of the body to be tested should be in a position for optimal muscular response. In order to compare the reflexes on the two sides of the body, the position of the extremities should be symmetric. 
Reflexes may be classified as normal, absent, sluggish (diminished), and exaggerated. 
The response should always be compared on the two sides of the body; unequal reflexes may be as significant as either increased or diminished  reflexes.
The Orbicularis Oculi (blinking) Reflex. Percussion at the outer aspect of the supraorbital area and other kinds of irritation is followed by a reflex contraction of this muscle, with resulting closing of the eye. The response is usually bilateral. The afferent portion of the arc may be carried through the trigeminal nerve; the efferent impulses pass through the facial nerve, and the reflex center is in the pons. 

The Jaw (Masseter or Mandibular Reflex). To elicit the jaw reflex the examiner places his index finger over the middle of the patient's chin, holding the mouth slightly opened and the jaw relaxed. Then he taps his finger with the reflex hammer. The response is a contraction of the masseter and temporal muscles, causing a sudden closing of the mouth. The afferent impulses of this reflex are carried through the sensory portion of the trigeminal nerve, and the efferent impulses through its motor portion; the reflex center is in the pons.
 Proprioceptive reflexes reflexes of the upper extremities
The biceps, triceps and brachioradialis reflexes are the most important muscle stretch reflexes in the upper extremity.

The Biceps Reflex. The arm is held in a relaxed position, with the forearm midway between flexion and extension and in slight pronation. The examiner places his thumb or finger over the biceps tendon and taps the thumb with a reflex hammer. The major response is a contraction of the biceps muscle with flexion of the forearm. The sensory supply of this reflex is through the midcervical nerves, and the motor supply to the biceps is through the musculocutaneous nerve. The reflex center is at the СV-СVI segments.

The Triceps Reflex  is elicited by tapping the triceps tendon just above its insertion on the olecranon process of the ulna. The arm is held midway between flexion and extension, and it may be rested on the examiner's hand or on the patient's thigh. The response is one of contraction of the triceps muscle, with extension of the forearm. The sensory and motor innervations are through the radial nerve, and the center is in the lower cervical portion of the spinal cord (СVI-СVIII). 
The Brachioradialis (Radial Periosteal or Supinator) Reflex. If the styloid process of the radius is tapped while the forearm is in semi-flexion and semipronation, there will be flexion of the forearm, together with supination. The supination is more marked if the forearm has been extended and pronated, but there is less flexion. If the reflex is exaggerated there is associated flexion of the wrist and fingers, with adduction of the forearm. The innervation of this reflex is through the radial nerve and spinal segments СV-СVI.
Proprioceptive reflexes reflexes of the lower extremities
The Patellar (Quadriceps) Reflex. The patellar, or quadriceps, reflex, usually called the knee jerk, is characterized by contraction of the quadriceps femoris muscle, with resulting extension of the leg, in response to a stimulus directed toward the patellar tendon.  The patellar reflex is innervated by the femoral nerve  and spinal segments LII-LIV.

This reflex may be elicited with the patient seated in a chair with his feet resting on the floor or with the patient lying in bed or by having the patient sit with one leg crossed over the other and tapping the patellar tendon of the superior leg. Reinforcement of the patellar reflexes may be carried out according to the method of Jendrassik: on testing reflexe the patient is asked to hook the flexed fingers of the two hands together, placing the palmar surfaces of the fingers of one hand against the palmar surfaces of the other, and to attempt to pull them apart at the time the reflex is being stimulated.
The Achilles (Triceps Surae) Reflex. The Achilles, or triceps surae, reflex, or the ankle jerk, is obtained by tapping the Achilles tendon just above its innervation on the posterior surface of the calcaneus. This is followed by contraction of the posterior crural muscles, the gastrocnemius, soleus, and plantaris, with resulting plantar flexion of the foot at the ankle. 
If the patient is seated or is lying in bed, the thigh should be moderately abducted and rotated externally, the knee should be flexed, and the foot should be in moderate inversion; the examiner should place one hand under the foot to produce moderate dorsiflexion at the ankle. If it cannot be elicited in this manner, the patient should be asked to kneel on his knees on a chair, while the feet project at right angles; the Achilles tendons are percussed while the patient is in this position. The Achilles reflex is innervated by the tibial nerve and SI-SII  spinal segments.
Table 1. Reflex levels
	Reflex
	Spinal nerves
	Peripheral nerves
	Muscle

	Deep reflexes

	Biceps jerk
	C5, C6
	Musculocutaneous
	M. biceps brachii

	Brachioradialis jerk
	C5-6 
	Radial, median, musculocutaneous
	Mm. pronator quadratus, flexor digitorum profundus, brachioradialis

	Triceps jerk
	C7, C8
	Radial
	M. triceps brachii

	Knee jerk
	L3, L4
	Femoral
	M. quadriceps femoris

	Ankle jerk (Achilles)
	L5, S1-2
	Sciatic, Tibial
	M. triceps surae

	Superficial reflexes

	Upper abdominal reflex
	T 6-8
	Intercostal
	M. rectus abdominis, transversus abdominis, obliquus externus abdominis

	Middle abdominal reflex
	T 9-10
	
	

	Lower abdominal reflex
	T 11-12
	
	

	Cremasteric reflex
	L 1-2
	N. genitofemoralis
	M. cremaster

	Superficial anal reflex
	S 4-5
	Nn. anococcygei
	M. sphincter ani externus

	Plantar reflex
	L 5 – S 2
	N. tibialis
	Mm. flexor digitorum long. et br., flexor hallucis long.


Interpretation of the muscle stretch reflexes and abnormalities of them.

Under normal circumstances the reflexes should be equal on the two sides.
The pathologic conditions in which various changes of relexes occur are discussed in the following sections. 

Diminution to Absence of the Muscle Stretch Reflexes

In hypoactivity the response varies from a diminished or sluggish one to complete absence of the reflex. Diminution of the reflexes results from an interference with the conduction of the impulse through the reflex arc, and may be associated with dysfunction of the receptor, afferent pathway, intercalated neuron, motor unit, efferent pathway, or effector apparatus.
Hyperactivity of the Muscle Stretch Reflexes

Hyperactivity of the muscle stretch reflexes is characterized by decrease in the reflex threshold, increase in the speed of response, exaggeration of the vigour and range of movement, prolongation of muscular contraction, extension of the reflexogenous zone. 

The muscle stretch reflexes are increased with lesions of the corticospinal or pyramidal system. These changes are due to involvement of a variety of structures in the descending motor pathways at cortical, subcortical, midbrain and brain stem levels as well as in the spinal cord. The flexor reflexes are exaggerated to a greater degree in the upper extremities, and the extensor reflexes in the lower. 
Table 2 summarizes the patterns of reflex responses seen with lesions at various sites.
Table 2. Reflex Patterns
	Site or type of Lesion
	Muscle Stretch
Reflexes
	Superficial
Reflexes
	Corticospinal
Tract Responses
	Reflexes of Spinal Automatism
	Associated Movements

	Myoneural junction
	Normal or decreased
	Normal
	Absent
	Absent
	Normal

	Muscle
	Usually decreased
	Normal
	Absent
	Absent
	Normal

	Peripheral nerve or anterior horn cell
	Decreased to absent
	Decreased to absent
	Absent
	Absent
	Normal

	Corticospinal tract
	Hyperactive (especially in speed of response)
	Decreased to absent
	Present
	Present (associated extrapyramidal involvement)
	Pathologic associated movements present

	Extrapyramidal system
	Normal; occasionally slightly increased or decreased
	Normal or slightly increased
	Absent
	Absent
	Normal associated movements absent

	Cerebellum
	Decreased pendular
	Normal
	Absent
	Absent
	Normal

	Psychogenic
	Normal or increased (especially in range of response)
	Normal or increased
	Absent
	Absent
	Normal or bizarre


The superficial (cutaneous) reflexes

The superficial reflexes are those that are elicited in response to the application of a stimulus to either the skin or mucous membrane, they are sometimes known as exteroceptive reflexes.
The Corneal Reflex. To elicit the corneal reflex, the examiner touches the cornea lightly with a wisp of cotton or a piece of a thin paper to avoid irritating the cornea. In response to this stimulus there is a blinking, or closing of the ipsilateral eye, the direct corneal reflex, and also a closing of the opposite eye, the consensual corneal reflex. The afferent portion of the reflex arc is mediated by the ophthalmic division of the trigeminal nerve, whereas the efferent or motor response is a function of the facial nerve. The reflex center is in the pons. 
The pharyngeal, or gag, reflex is elicited by applying a stimulus, such as a tongue blade or an applicator, to the posterior pharyngeal wall, tonsillar regions, faucial pillars, or even the base of the tongue. If the reflex is present, there will be elevation and constriction of the pharyngeal musculature. The afferent impulses of the reflex arc are primarily carried through the glossopharyngeal, the efferent elements primarily through the glossopharyngeal and vagus nerve. The reflex center is in the medulla.

The palatal or uvular reflex is tested by stimulating the lateral and inferior surface of the uvula, or soft palate, with a tongue blade or a cotton applicator. Elevation of the soft palate and retraction of the uvula occur simultaneously. The center for this reflex is also in the medulla. Both the sensory and the motor portions of the reflex arc is carried through the vagus and glossopharyngeal nerves.
The superficial abdominal reflexes
Gentle stroking of the abdomen or scratching it with a blunt object is followed by homolateral contraction of the abdominal muscles and retraction or deviation of the linea alba and umbilicus toward the area stimulated. These reflexes should be tested with the patient recumbent and the abdominal wall thoroughly relaxed.
The Upper Abdominal Reflex is elicited by stimulating the skin of the upper abdominal quadrants, usually in a diagonal fashion, downward and outward from the tip of the sternum. This reflex is innervated by the intercostal nerves from ThVI-ThVIII.

The Middle Abdominal Reflex. Stimulation of the skin of the abdomen at the level of the umbilicus, either by a horizontal stimulus, starting externally and proceeding medially is followed by a lateral deviation of the linea alba and umbilicus. This reflex is innervated by the intercostal nerves from ThIX-ThX.

The Lower Abdominal Reflex. This is elicited by stimulating the skin of the lower abdominal quadrants, either diagonally in an upward and outward direction from the region of the symphysis pubis. There is a contraction of the abdominal muscles and a diagonal deviation of the umbilicus toward the site of the stimulation. This reflex is innervated by the lower intercostal and the iliohypogastric and ilioinguinal nerves ThXI-ThXII.

These reflexes may be difficult to obtain or absent in obese individuals and those with relaxed abdominal walls, and in women who have borne children. In pathology the absence of superficial abdominal reflexes is a significant finding.
The Cremasteric Reflex is elicited by stroking the skin on the upper, inner aspect of the thigh, from above downward, with a blunt point, or by pricking or lightly pinching the skin in this area. The response consists of a contraction of the cremasteric muscle with homolateral elevation of the testicle. This reflex may be absent in elderly males, in individuals who have a hydrocele or varicocele, and in those who have had orchitis or epididymitis. The innervation is through ilioinguinal and genitofemoral nerves LI-LII. 
The Plantar Reflex. In the normal individual, stimulation of the plantar surface of the foot is followed by plantar flexion of the toes. It innervated by the LV-SII segments by means of the tibial nerve.
The Superficial Anal Reflex consists of a contraction of the external sphincter in response to stroking or pricking the skin or mucous membrane in the perianal region. This reflex is innervated by the inferior hemorrhoidal nerve SIV-SV.
Abnormalities of the superficial reflexes
The superficial reflexes are either diminished or absent in the event of a disturbance in the continuity of the reflex arc: in the afferent nerve, motor center, or efferent nerve. The superficial reflexes, however, especially the abdominal and cremasteric reflexes, have a special significance when their absence is associated with an exaggeration of the deep reflexes (dissociation of reflexes) or when they are absent in instances where signs of corticospinal tract involvement are elicited (since the superficial reflexes have, in addition to a spinal reflex arc, a superimposed cortical pathway). 
CORTICOSPINAL (PYRAMIDAL) TRACT RESPONSES
With disease of the corticospinal or pyramidal system, certain abnormalities are found in the reflex pattern. This is true whether the disorder is in the motor cortex itself or anywhere along the descending tracts. The superficial reflexes may be decreased or absent, and deep reflexes are exaggerated.
Clonus. 

If the muscle tonus is markedly increased, there is also a pathologic response in the form of clonus – a series of rhythmic involuntary muscular contractions induced by the sudden passive stretching of a muscle or tendon. 
The most frequently occure ankle clonus, patellar clonus; clonus of the wrist (or of the fingers) and clonus of the jaw are seen more rarely.
In addition to such changes, lesions of the corticospinal system are characterized by the presence of certain pathologic reflex responses not found in the normal individual.
Corticospinal tract responses in the upper extremities
The corticospinal tract responses in the upper extremities are rarely occure than those found in the lower extremities. 
The Hoffmann sign and the Flexor Reflexes of the Fingers and Hand
To elicit the Hoffmann sign the examiner supports the patient's hand, dorsiflexed at the wrist, so that it is completely relaxed and the fingers are partially flexed. The middle finger is partially extended and either its middle or distal phalanx is grasped firmly between the examiner's index finger and thumb. With a sharp, forcible flick of his other thumb, the examiner nips or snaps the nail of the patient's middle finger, causing a forcible increased flexion of this finger by sudden release. If the Hoffmann sign is present, this is followed by flexion and adduction of the thumb and flexion of the index finger, and sometimes flexion of the other fingers as well. 
In the Rossolimo of the hand, flexion of the fingers and supination of the forearm follow either percussion of the palmar aspect of the metacarpophalangeal joints or tapping the volar surface of the patient's fingertips. Flexion of the fingers and hand may follow not only stimulation of the flexor tendons on the volar surface of the forearm, but also percussion of the dorsal aspect of the carpal and metacarpal areas (the Mendel-Bechterew of the hand).

Extensor Reflexes of the Fingers and Hand
In the Chaddock wrist sign either pressure or scratching in the depression at the ulnar side of the tendons of the flexor carpi radialis and palmaris longus muscles at the junction of the forearm and wrist, or pressure on the palmaris longus tendon, is followed by flexion of the wrist and simultaneous extension and separation of the digits.
The Palmomental Reflex of Marinesco-Radovici is manifested by contraction of the ipsilateral mentalis and orbicularis oris muscles in response to stimulation of the thenar area of the hand.

Corticospinal tract responses in the lower extremities
The corticospinal tract responses in the lower extremities are more constant and more clearly defined than those in the upper limbs and may be elicited with more ease. They may be classified as those characterized in the main by dorsiflexion of the toes, and those characterized by plantar flexion of the toes.
Corticospinal Responses Characterized in the Main by Extension (Dorsiflexion) of the Toes
The Babinski Sign. In disease of the corticospinal system there is an inversion of the plantar reflex, the Babinski sign or extensor plantar response. Stimulation of the plantar surface of the foot is followed by dorsiflexion of the toes, especially of the great toe, together with a separation or fanning of the toes. 

The Babinski sign has been called the most important sign in clinical neurology. It is considered to be one of the most significant indications of disease of the corticospinal system at any level from the motor cortex through the descending pathways. It is the most delicate, the first to be evident in the presence of disease, and the one that occurs most frequently.
The Oppenheim sign is elicited by applying heavy pressure with the thumb and index finger to the anterior surface of the tibia, mainly on its medial aspect, and stroking down from the infrapatellar region to the ankle. The response is a slow one and usually occurs toward the end of stimulation. 
The Gordon sign is obtained by squeezing or applying deep pressure to the calf muscles. The Schaefer sign is produced by deep pressure on the Achilles tendon.
Corticospinal Tract Responses Characterized by Plantar Flexion of the Toes

There is a group of reflexes in which the pathologic response is one of plantar flexion of the toes. 
The Rossolimo sign is elicited by tapping to the tips of the toes. 
The Mendel – Bechterew sign is elicited by tapping or stroking the outer aspect of the dorsum of the foot in the region of the cuboid bone. 
Plantar flexion of the toes may also be elicited by application of the stimulus to other portions of the foot and ankle. Bechterew found that percussion of the middle of the sole or of the heel was followed by a plantar flexion response. 

Reflexes of spinal automatism
The reflexes of spinal automatism are also termed defense reflexes. Like the corticospinal tract signs, they become manifest when the inhibiting action of the higher centers has been removed, and thus indicate, in part at least, a release from such inhibition.

The Flexion Spinal Defense Reflex (or  the Marie–Foix–Bechterew) sign most frequently may be evoked by an uncomfortable or nociceptive irritation. Pricking, pinching the skin on the dorsal aspect of the foot or sharp flexion of the foot may initiate the response, as may squeezing the toes or extreme passive plantar flexion of the toes or foot. 
ASSOCIATED MOVEMENTS
Certain voluntary movements have a tendency to be accompanied by other involuntary responses called the associated, or synkinetic, movements. These are defined as automatic modifications of the attitude of certain parts of the body as a reflex response to the volitional motion of some other portion.  Associated movements may be either physiological or pathological phenomenon. Pathologic associated movements are usually expressions of activity in paretic groups of muscles that are stimulated by active innervation of other groups. They may be generalized (global) associated movements, symmetric (imitative) associated movements and coordinated associated movements.
CLINICAL MANIFESTATIONS OF DISEASE OF THE SPINOMUSCULAR LEVEL
Certain specific clinical findings become manifest in disease of the anterior horn cell, its neuraxis (which includes the nerve root, plexus, and peripheral nerve), the myoneural junction, or the muscle itself. In all, loss of motor power is evident. The weakness is focal, or restricted, and is segmental, affecting only the muscles or muscle groups that are supplied by the involved cells or nerves. The paralysis is characterized by a loss of tone and atrophy of the involved muscles; this is called flaccidity, or hypotonicity. Denervated muscle fibers undergo spontaneous contractions, known as fibrillations or fasciculations; these are too fine and rapid to be seen with the naked eye but can be demonstrated electromyographically. No pathologic reflexes are found. 
Table 3. Changes in motor function in disorders of the spinomuscular and corticospinal levels
	Level of disorder
	Loss of Power
	Tone
	Atrophy
	Fasciculations

	Spinomuscular level
	
	
	
	

	1. Anterior horn cell
2. Nerve root, plexus,  

    peripheral nerve
3. Muscle
4. Neuromuscular
    junction
	Segmental
Focal
Diffuse
Diffuse

	Flaccid
Flaccid
Flaccid
Normal


	Present
Present
Present
Usually absent
	Present
Occasionally
present
Absent
Absent

	Corticospinal tract lesions
	Generalized. Incomplete.
	Spastic
	Absent
	Absent


CLINICAL MANIFESTATIONS OF DISEASE OF THE CORTICOSPINAL LEVEL

Destruction of the neuron or of its neuraxis, whether resulting from involvement of the gigantopyramidal cells themselves, the internal capsule, the cerebral peduncle, the fibers as they pass through the pons or medulla, or the corticospinal tract, produces a definite syndrome. Inasmuch as the corticospinal pathway has an integrating and inhibiting effect upon the lower centers, the essential manifestations of such a lesion consist of a loss of skilled voluntary movements, or impairment of integration of movements, and an overactivity or exaggeration of response of the lower centers. There is a loss of voluntary movement. This loss of power, being associated with is hypertonic, or spastic. 
The paresis is generalized rather than focal; it involves either entire extremities or specific movements, rather than specific muscles. There is usually no localized atrophy. There are no fasciculations. The muscle stretch reflexes are exaggerated, and clonus may be elicited. The superficial reflexes are diminished or absent. Finally, there are various pathologic reflexes, such as the Babinski sign, which are often termed pyramidal reflexes or upper motor neuron signs. Some of the normal associated movements may be lost, but abnormal associated movements are present. Trophic changes are usually absent. The gemiparesis has a characteristic distribution. In the upper extremity the extensor and external rotation muscles are primarily affected; in the lower extremity weakness is most marked in the flexors and internal rotators, with relative sparing of the extensors and external rotators. The patient circumducts his leg as he begins walking.
There are several possibilities of damage of the corticospinal tract in different levels: in affecting the cortex motor area; internal capsule; corona radiata; corticospinal pathway in the brain stem and in the spinal cord.
In the capsular hemiplegia both the upper and the lower extremities are equally affected. In brain stem lesions involving the pyramidal pathways, unilateral or bilateral hemiparesis may result, it may even be crossed. In spinal cord lesions the paralysis observes below the level of the lesion. It may be mono-, para-, hemi-, and  tetraplegia (paresis) depending on the level and extent of lesion. 

Irritation of the corticospinal system, especially stimulation of the pyramidal cortex, causes an increased motor response with involuntary movements on the opposite side of the body. This may result in jacksonian convulsive seizures.
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