THE CEREBELLUM - FUNCTION AND PATIENT ASSESSMENT FOR LESIONS











The structure and function of the cerebellum are somewhat better known than those of other parts of the nervous system. In terms of anatomy and function, the organ can be subdivided into three parts.





   1. The flocculonodular lobe, which is phylogenetically the oldest part (hence archicerebellum). This part is also known as the "vestibulocerebellum," since its main afferent projections are from the vestibular nuclei; it is concerned mainly with the maintenance of equilibrium.





   2. The anterior lobe, or paleocerebellum, consisting essentially of the anterior vermis and paravermian cortex. It is also called the "spinocerebellum," insofar as its afferent projections are from proprioceptors of muscles and tendons of the limbs, via the spinocerebellar tracts. The spinocerebellum mainly influences posture and muscle tone and governs the coordination of the lower limbs (gait).





   3. The posterior lobes, or neocerebellum, consist of the middle portions of the vermis and their large lateral extensions; they form the major portions of the cerebellar hemispheres. The posterior lobes receive afferent fibers from the cerebral cortex via the pontine nuclei and brachium pontis (hence "pontocerebellum") and are concerned with coordination of skilled movements initiated at a cerebral cortical level. The function of much of the neocerebellum is unknown. 





   The efferent connections of the cerebellar cortex, consisting essentially of the axons of Purkinje cells, terminate on the deep cerebellar nuclei (dentate, globose, and fastigial nuclei). These, in turn, project to the cerebral cortex and certain brainstem nuclei (particularly the inferior olives) via two main pathways: (1) the crossed dentatorubrothalamic and dentatothalamic pathways, (2) the fastigiovestibular pathways, to the vestibular and brainstem reticular nuclei. In addition, there are direct connections with the alpha and gamma neurons in the ventral horns of the spinal cord. Thus, the cerebellum influences spinal motor activity indirectly, through its connections with the motor cortex and brainstem nuclei and their descending pathways as well as through its direct spinal system. Each of these efferent cerebellar systems has its own chemical transmitter system.





   Studies in primates have shown that the contribution of the cerebellum to the initiation and control of movement entails a corticopontine - cerebellar - thalamocortical circuitry, which functions in large measure before the motor cortex is activated. All planned voluntary activity is prepared by the basal ganglia and cerebellum.








LESIONS   





Lesions of the cerebellum give rise to (1) incoordination (ataxia) of volitional movement, (2) disorders of equilibrium and gait, (3) a tremor that derives from ataxia and hypotonia, and (4) a reduction in muscle tone. Lesions of the cerebellar peduncles have essentially the same effects as the more extensive hemispheral lesions. With a unilateral lesion of the cerebellum, the movement disorder is ipsilateral.





   Incoordination (ataxia) of voluntary movement is the most prominent manifestation of cerebellar disease. It has been designated by a number of descriptive terms (dysmetria, dyssynergia, dysdiadochokinesia, etc.), but to characterize these disturbances as abnormalities in the rate, range, and force of movement is less confusing and more accurate. In addition, there is impairment in the initiation and accuracy of patterns of movement.





   With cerebellar lesions, there may be a slight delay in the initiation of a movement, and the movement itself is slower than normal and irregular. The velocity and force of the movement are not checked in the normal manner. These abnormalities become more prominent in acts requiring rapid alternation of movements. Characteristically, the patient's finger (or toe) oscillates as it approaches a target or moves from side to side on the target itself. This side-to-side movement (due to a hypotonic instability of the arm at the shoulder or the leg at the hip) may assume a pseudorhythmic quality, in which case it is referred to inaccurately as an "intention tremor." The term ataxic tremor is more accurate. In addition, movement and attempts at sustained posture may evoke a wide-range, proximal limb action tremor, incorrectly called "rubral tremor" insofar as the red nucleus is not involved.





   Dysarthria that follows cerebellar lesions may take one of two forms-either a slowing or slurring of speech, like that due to corticobulbar disease, or "scanning speech" in which words are fragmented into syllables, as when a line of poetry is scanned for meter. Each syllable may be uttered with greater or lesser force than is natural. The latter abnormality is uniquely cerebellar. A rhythmic tremor of the head on the trunk at a rate of 3 to 4 per second may accompany midline cerebellar lesions ("titubation"). A variety of abnormalities of ocular movement are commonly associated; these include saccadic dysmetria (in which voluntary gaze is accomplished by a series of jerky movements), inability to hold eccentric gaze with drifting of the eyes toward the primary position and the need to make repetitive corrective saccades (gaze-paretic nystagmus), and possibly skew deviation.





   Hypotonia refers to the apparent decrease in resistance of muscles to palpation or to passive manipulation of the limbs and is more readily demonstrated with acute than with chronic lesions. It can be brought out by tapping the wrists of the outstretched arms, in which case the affected limb(s) will be displaced through a wider range than normal; this represents a failure of toneless muscles to fixate the arm at the shoulder. Or segments of a limb may be displaced through an abnormally wide range. Pendularity of the knee jerk betrays hypotonicity of the quadriceps and hamstring muscles.





   Acute lesions may cause a slight weakness and fatigability of the ataxic limbs. Parietal lobe lesions may occasionally give rise to an ataxia that resembles a cerebellar one. However, the absence of sensory deficit and the relative lack of a corrective effect of vision on projected movement distinguish cerebellar ataxia from the sensory type.





   Finally, it should be pointed out that a considerable part of a cerebellar hemisphere may suffer damage without recognizable disorder of movement. 








 PATENT ASSESSMENT 





TAKING THE HISTORY





An alert, intelligent person should be able to give a coherent account of the problem that brings them to the physician. There are, however, many circumstances that may prevent them from doing so. They may have been unconscious when the symptoms had their onset (e.g., as a result of a seizure or concussion). The patient's intellect may be impaired by the very disease under evaluation or by some other one dating from earlier life (e.g., by dementia or mental retardation). The lesion may have affected speech and language mechanisms, preventing communication. Or it may have impaired the patient’s awareness of a specific neurologic defect (anosognosia – eg visual anosognosia, a condition in which patients who cannot see deny that they are blind). Of course, infants and young children lack the ability to make observations concerning their own nervous functioning. A language barrier poses yet another but surmountable problem.





   Under these many circumstances, the Chiropractor must turn to a family member or other witness of the acute event or to a caretaker, parent, or interpreter. Their competence and degree of familiarity with the patient's problems are of critical importance in the first step of case study. A lack of accurate knowledge of the mode of onset and evolution of the patient's symptoms deprives the physician of the most meaningful diagnostic information.





   THE NEUROLOGIC EXAMINATION





This is an integral part of the general physical examination. With most disease states, the neurologic examination is the last part; in a comatose patient, it follows immediately upon the recording of vital signs and the cardiopulmonary examination. The type and completeness of the neurologic examination are determined by the nature of the clinical problem. Obviously, it is not necessary to perform a detailed mental status examination in an alert patient with an acute compression of a peroneal nerve. Nevertheless, some assessment of the neurologic status should be part of every general medical examination, and this assessment should always be made in a methodical and uniform manner, to ensure that important tests or segments of the examination are not omitted. The following are suggestions as to the types of neurologic examination that are pertinent to differing medical situations.





1. The Medical or Surgical Patient without Neurologic Symptoms





   Although brevity is desirable, any test that is performed should be done carefully and recorded accurately in the patient's chart. Assuming that the patient is alert and of normal intelligence, a sufficient examination comprises the following: testing pupillary reactions to light and accommodation, ocular movements, visual and auditory acuity (by questioning), and movements of the face, tongue, and pharynx; observing the bare outstretched arms in the prone and supine postures and during movement (such as touching the nose with the index finger); inquiring about strength and subjective sensory disturbances; eliciting the supinator, biceps, and triceps tendon reflexes; inspecting the legs as the feet and toes are actively flexed and extended; eliciting the patellar, Achilles, and plantar reflexes; testing vibratory and position senses of the fingers and toes; and observing the patient's stance and gait. The entire procedure adds no more than 5 min to the medical examination and sometimes reveals abnormalities of which the patient is unaware. Recording these data, even negative ones, may be of value in relation to some future illness.





2. Examination of the Patient with a Neurologic Disease





   Several guides to the examination of the nervous system are available. They describe innumerable tests in minute detail, but here only the relatively simple and most informative ones will be mentioned. Particularly forms of testing dealing with disorders of consciousness and mentation; cranial nerves; special senses; and motor, sensory, and autonomic functions.





   a. Testing of higher cerebral (cortical) functions In the course of taking the history, one notes the patient's demeanor, emotional state, type of personality, speech, use of language, and capacity for sustained coherent thinking. Attentiveness, speed of response, and ability to remember events also are readily assessed in the course of history taking. This is followed by a systematic inquiry into the patient's orientation, affect, memory, and other cognitive functions, making due allowance for the patient's level of education and native intelligence. Useful bedside tests are repetition of digits in forward and reverse order, subtraction of 7's or 3's serially from 100, recall a brief story or three test items after 5 min, the naming of the last four presidents, and memory of distant facts and events that are appropriate for the patient's age. If there is any suggestion of a speech disorder, one notes the quality of articulation, the choice of words in conversation, and the ability to name the parts of a wristwatch or other object, to repeat a spoken sentence, to follow two- and three-step commands, and to read and write. Bisecting a line, drawing a clockface, and copying figures are useful tests of visual-spatial and visual-motor functions. Tests of simple arithmetic may demonstrate an impaired ability to concentrate as well as to calculate. In the performance of these tests, the examiner can note the presence or absence of apathy, depression, inattentiveness, and distractibility.





   b. Testing of cranial nerves and special senses Olfaction is tested if the patient complains of impaired smell or taste or if one suspects a lesion of the anterior cranial fossa. It suffices to determine whether the odor of soap, coffee, tobacco, or vanilla can be detected in each nostril. Ammonia and similar pungent substances should not be used because they stimulate trigeminal rather than olfactory nerve endings. Visual acuity in each eye can be assessed by reading newsprint or a Snellen chart. The visual fields should be outlined by confrontation testing, and suspected abnormalities checked by computerized perimetry. The size of the pupils and their reactivity to light and accommodation and the range and quality of ocular movements should be noted and the optic fundi (discs, retinae, and blood vessels) carefully inspected.





   Sensation over the face is tested with a pin and wisp of cotton and the presence or absence of corneal reflexes noted. Strength of facial muscles is determined by asking the patient to wrinkle the forehead, show his teeth, and forcibly close his eyes and purse his lips. Auditory perception is readily assessed by a number of tuning fork tests and most accurately by formal audiograms. Inspection of the tongue at rest on the floor of the mouth and when protruded may disclose discoloration, loss of papillae, atrophy, fasiculations, tremor, and weakness. Testing of the jaw jerk and buccal and sucking reflexes should not be overlooked, particularly if there is a question of dysarthria and dysphagia or signs of corticospinal tract disease.





   c. Testing of motor, sensory, and reflex functions A number of simple maneuvers will disclose the strength, coordination, and speed of movements: maintaining both arms outstretched or both legs against gravity; alternately touching the patient's nose and examiner's finger; making rapid alternating movements; buttoning clothes, opening and closing a safety pin, and handling common tools; standing and walking on toes and heels; stepping onto and down from a chair and arising from a kneeling and squatting position without help; running the heel down the front of the shin; rhythmic tapping of heel on shin; touching and following the examiner's finger with the toe. No examination of motor function is complete without observing the patient's stance and gait and presence or absence of tremor, involuntary movements, and abnormalities of posture and muscle tone; the last is evaluated by passively manipulating the limbs. Peak power of muscular contraction and muscle strength in opposition to that of the examiner is readily assessed and graded.





   The testing of the biceps, triceps, supinator (radial-periosteal), patellar, Achilles, and cutaneous abdominal and plantar reflexes provides an adequate sampling of reflex activity of the spinal cord. Elicitation of a tendon reflex requires a brisk tap on the tendinous insertion of a muscle that is relaxed and partially stretched. Some individuals, particularly those with large muscles, have barely obtainable tendon reflexes that may be reinforced by having the patient pull against interlocked hands (Jendrassic maneuver). This disinhibits the segmental pool of inhibitory neurons. When the tendon reflexes are lively, there may be spread to adjacent muscle groups. An extensor plantar reflex (Babinski sign) is an unequivocal indicator of corticospinal tract dysfunction; it is elicited by stroking the lateral aspect of the sole with a key or similar object. A positive response consists of dorsiflexion of the large toe, often with slight fanning of the other digits, and flexion of the leg at knee and hip.





   Ultimately, the primary objective of diagnosis is to effect treatment or prevention of disease. Failure to recognize an untreatable disease is a less serious fault than overlooking a treatable one, but it is obviously desirable to try to catch all problems. In general, errors in neurologic diagnosis are traceable to (1) inaccurate history, (2) lack of familiarity with the almost countless diseases of the nervous system, (3) the occurrence of unusual variants of well-known diseases, and (4) the misinterpretation of minor and insignificant normal phenomena as symptoms and signs of serious diseases.








Dr. Pete Millar – May 2002 from various sources











