Sensory System
Receptors

Receptors are specialized sensory organs capable of registering certain changes in their vicinity and within the organism and of transmitting these stimuli as impulses. They are the end-organs of afferent nerve fibers. They can be subdivided according to their functions into exteroceptors, which tell the body what is going on in its ambient environments and teleceptors, such as those in eyes and ears, which register stimuli originating in the more distant environment.

Proprioceptors, among them the receptors in the labyrinth, provide information about the position and movement of the head in space, about tension in muscles and tendons, about the position of joints, about muscular strength, and about other movements and positions of the body. Finally, there are entero- and visceroceplors, which report on events taking place within the organism. They are osmo-, chemo-, baroceptors, and others. For the various receptors to react, stimuli must be appropriate.

Skin receptors are subdivided into mechanoceptors (touch, pressure), thermoceptors (cold, heat), and nociceptors (pain). These receptors are abundant in the skin, particularly between the epidermis and connective tissue. Consequently, the skin may be looked upon as a sensory organ covering the. entire surface of the body. Skin receptors consist of two large groups: (1) free nerve endings and (2) encapsulated end-organs. Free nerve endings occur in the spaces between the epidermal cells and between structures of neural origin, such as Merkel's tactile menisci (menisci tactus). Free nerve endings are present over almost the entire surface of the body and transmit pain and temperature impulses produced by injury to the cells. The tactile menisci are located mainly at the fingertips and react upon active touching or passively being touched.

Hair cuffs take an intermediary position. They are present wherever there is hairy skin, and transmit touch stimuli. Meissner's touch corpuscles (corpuscula tactus) are present only in hairless skin, such as the palms of the hands and soles of the feet (as well as the lips, tip of the tongue, and genital mucosa). They are very sensitive to active and passive touch. The Vater-Pacini lamellar corpuscles (corpuscula lamellosa) are situated in deeper layers of the skin, particularly between the cutis and subcutis. They transmit pressure sensations. Krause's corpuscles (corpuscula bulboidea) have been considered cold receptors, and Ruffini's corpuscles (corpuscula lamellosa), receptors of warmth.

This is now questioned. The free nerve endings are also capable of registering temperature. The cornea, for example, has only free nerve endings, and they pick up cold as well as heat.
Aside from the receptors mentioned, there is a variety of other receptors in the skin, the functions of which have not been clarified.

A second group of receptors (proprioceptors) consists of those that are located in deeper tissues of the body: in muscles, tendons, fasciae, and joints.
The posterior roots contain only afferent nerve fibers. All impulses originating in receptors in skin, muscles, joints, and internal organs have to pass through the posterior roots to enter the spinal cord. These afferent fibers are the central branches of the pseudo-unipolar spinal ganglion cells. The impulses are not switched or transferred to neurons of the spinal ganglia.
Posterior Funiculi

What we are aware of is the position of our extremities and the tone of their muscles. We feel the ground beneath our feet or, more correctly, the pressure of our body on the soles of our feet. We are aware of movements in our joints. This is evidence that some of the proprioceptive impulses reach the cerebral cortex. As mentioned earlier, the impulses producing proprioceptive sensations originate in receptors in muscles, tendons, fasciae, capsules of joints, deep connective tissue, and skin. They travel to the spinal cord through axons of pseudounipolar neurons of the spinal ganglia. After giving off collaterals to neurons in the posterior and anterior horns of the gray matter, the main portions of the central axonal branches enter the posterior funiculus. Some branches descend, and the others ascend in two tracts making up each funiculus: the medial fasciculus gracilis of Goll and the lateral fasciculus cuneatus of Burdach. They terminate in their own nuclei, the nucleus gracilis and the nucleus cuneatus, located in the dorsal tegmentum of the lower medulla oblongata. The fibers that ascend in the posterior funiculi are arranged in somatotopic order. Those carrying the impulses of the perineal saddle region, legs, and lower trunk run in the fasciculus gracilis, commencing next to the posterior median septum. Those carrying the impulses from chest, arms, and neck are arranged in the fasciculus cuneatus, the fibers from the neck being located most laterally. The nerve cells in the nuclei gracilis and cuneatus represent the «second neurons». Their axons form the bulbothalamic tract and connect with the «third neurons» in the thalamic posterolateral ventral nucleus. Starting at the nuclei gracilis and cuneatus. the bulbothalamic tracts proceed at first anteriorly on either side of the so-called central gray matter of the lower medulla oblongata just above the decussation of the descending pyramidal tracts. Thereafter they travel as medial to the pyramids and medially from the inferior olives through the tegmentum of the upper medulla and that of pons and midbrain to the thalamus. (Mnemonic suggestion: medial lemniscus for sensory, lateral lemniscus for acoustic stimuli).
The nerve cells of the posterolateral ventral thalamic nucleus are the «third neurons» in this chain. Their axons form the thalamocortical tract, which passes through the posterior portion of the posterior limb of the internal capsule (posterior to the pyramidal tract) and through the corona radiata of the cerebral white matter to the posterior central convolution (postcentral gyrus). This is the reason the sensory impulses are consciously noticed. The somatotopic arrangement as described for the fibers in the spinal cord continues during their entire course to thalamus and cerebral cortex. In the latter, their projection corresponds'to the body scheme of a homunculus standing on its head.

The posterior funiculi transmit predominantly impulses that originate in proprioceptors and receptors of the skin. If they are damaged it becomes impossible to determine the position of one's extremities and to recognize objects by touch. Numbers and letters written on the skin can no longer be identified. Discrimination of two simultaneous stimuli on the skin is abolished. Sensations of pressure are reduced; therefore, one does not feel the ground beneath one's feet and is insecure (ataxic) while standing or walking, particularly in the dark or with eyes closed. These dysfunctions are pronounced if the posterior funiculi are damaged. They are usually less severe when the gracilis and cuneate nuclei, the medial lemnisci, the thalami, or the posterior central gyri are damaged.
The posterior funiculi transmit predominantly impulses that originate in proprioceptors and receptors of the skin. If they are damaged it becomes impossible to determine the position of one's extremities and to recognize objects by touch. Numbers and letters written on the skin can no longer be identified. Discrimination of two simultaneous stimuli on the skin is abolished. Sensations of pressure are reduced; therefore, one does not feel the ground beneath one's feet and is insecure (ataxic) while standing or walking, particularly in the dark or with eyes closed. These dysfunctions are pronounced if the posterior funiculi are damaged. They are usually less severe when the gracilis and cuneate nuclei, the medial lemnisci, the thalami, or the posterior central gyri are damaged.
Syndromes of Injury of Posterior Funiculi
1. Loss of posture and locomotion sensation:With eyes closed the patient cannot identify how his limbs are positioned.
2.  Astereognosis: With eyes closed the patient cannot recognize and describe the shape and material of objects he touches.
3. Loss of two-point discrimination.
4. Loss of vibratory sense: The patient does not feel the vibration of a tuning fork held against bone.
Positive Romberg's sign: With eyes closed the patient is not able to stand securely when his feet are put together. He sways and may fall. With eyes open he can com pensate greatly for the loss of deep esthesias. This compensation is not seen in a patient with cerebellar ataxia.
In addition to the posterior tracts, two separate afferent pathways of the spinal cord also terminate in the thalamus. These are the anterior and lateral spinothalamic tracts. They represent axons of "second neurons" and not of the pseudounipolar nerve cells of the spinal ganglia.
Spinothalamic Tracts

Anterior Spinothalamic Tract

The first neurons are again the pseudounipolar nerve cells of the spinal ganglia. Their moderately thick, myelinated peripheral fibers conduct tactile and not particularly differentiated pressure sensations from skin receptors, such as hair baskets and tactile corpuscles. The central branches of these axons pass through the posterior roots into the posterior funiculi of the cord. Here they may ascend for 2 to 15 segments and may send collaterals downward for 1 to 2 segments. At a number of levels they synapse with neurons of the posterior horns. These nerve cells constitute the «second neurons» that form the anterior spinothalamic tract. This tract crosses in the anterior commissure in front of the central canal to the opposite side and continues to the anterior peripheral area of the anterolateral funiculus. From here it ascends to the thalamic posterolateral ventral nucleus together with the lateral spinothalamic tract and the medial lemniscus. The nerve cells of the thalamus are «third neurons» projecting the impulses into the postcentral gyrus via the thalamocortical tract.

The fact that the central branches of the first neurons run up and down within the posterior funiculus and communicate via many collaterals with the «second neurons» is the reason that injury to the lumbar and thoracic portions of the spinothalamic tract usually causes no essential loss of tactile sensation. The impulses can simply bypass the area of injury. If the damage involves the cervical portion of the anterior spinothalamic tract, it may produce a light hypesthesia in the contralateral leg.
Lateral Spinothalamic Tract

This tract carries pain and temperature sensations. The peripheral receptors are the free nerve endings in the skin. They are end-organs of peripheral branches of the pseudo-unipolar spinal ganglion neurons that represent thin group A fibers and almost un-myelinated С fibers. The central branches enter the spinal cord via the lateral portion of the posterior roots. Within the cord they divide into short, longitudinal collaterals, which over 1 or 2 segments have synaptic contact with nerve cells of the substantia gelatinosa (Rolandi). These are the «second neurons» that form the lateral spinothalamic tract. The fibers of this tract also cross through the anterior commissure and proceed to the lateral portion of the lateral funiculus and upward to the thalamus. Like the fibers of the posterior funiculi, those of both spinothalamic tracts are also arranged in somatotopic order: those coming from the legs are most peripherally and those arriving from the neck are most centrally (medially) located.

The lateral spinothalamic tract accompanies the medial lemniscus as the spinal lemniscus through the brainstem. It terminates at the ventral posterolateral nucleus of the thalamus. From here the «third neurons» form the thalamo-cortical tract, which proceeds to the cortex of the posterior central gyrus. The fibers that carry pain and temperature sensations run in the spinothalamic tract so tightly side by side that it is not possible to separate them anatomically. If the lateral spinothalamic tract is injured, pain as well as temperature sensations are impaired, although not always to the same degree.
The lateral spinothalamic tract is the main pathway for pain and temperature. If the tract is transected (chordotomy), an operation occasionally performed bilaterally for treatment of intractable pain, the pain may not be abolished totally. This result suggests that pain stimuli may be transmitted also via internuncial neurons along the intrinsic pathways of fasciculi proprii of the spinal cord. Transection of the lateral spinothalamic tract in the ventral white matter of the cord abolishes pain and temperature sensation con-tralaterally about 1 to 2 segments below the level of the operation. Pain and temperature impulses reaching the thalamus are felt but are indistinct.
Syndromes of Interruptions of Sensory Pathways
The syndromes of sensory deficits vary, depending on the location of damage along the course of the sensory pathways. In figure 1 ten different locations are indicated by small red bars which are identified alphabetically (a through k).
Location a or b: A cortical or subcortical lesion in the sensorimotor area for arm (a) or leg (b) produces paresthesias (tingling, formication, etc.) and numbness in the respective extremity of the opposite side, most pronounced distally. The paresthesias may occur as focal sensory seizures. Because of the location of the motor cortex, a motor seizure discharge is not unusual (Jacksonian attack).
Location c: A lesion involving all sensory pathways just beneath the thalamus abolishes all sensory qualities in the contralateral half of the body.
Location d: If sensory pathways other than those for pain and temperature are damaged, hypesthesia is noted contralaterally in face and body. Pain and temperature sensations remain intact.

Location e: If the damage is limited to the trigeminal lemniscus and the lateral spino-thalamic tract in the brainstem, there is absence of pain and temperature sensation in the contralateral face and body; all other sensory qualities remain undisturbed.

Location f: Involvement of the medial lemniscus and the anterior spihothalamic tract abolishes all sensory qualities in the contralateral portion of the body except pain and temperature.
Location g: Damage to the spinal trigeminal nucleus and tract and to the lateral spinothal-amic tract produces loss of pain and temperature sensation ipsilaterally in face and contralaterally in body.

Location h: Damage to the posterior funiculi causes loss of p6sture, vibration, discrimination and other sensations associated with ipsilateral ataxia. 

Location i: A lesion in the posterior horn abolishes pain and temperature sensations ipsilaterally; all other qualities remain intact (dissociated disorder of sensibility).
Location k: Injury to several adjacent posterior roots is followed by radicular paresthesias and pain and also by a decrease in or loss of all sensory qualities in the respective segment of the body. If the injured roots supply the nerves for arm or leg, there will also be hypotonia or atonia, areflexia, and ataxia.
[image: image1.png]Lemniscus spinalis
(Tractus spinothalamicus.

anterior et lateralis) Tractus spinothalamicus lateralis

e

Lemniscus

trigeminalis
Nucleus.sensorius .
principalis n. trigemini
Nucleus et tractus spinalis

~“"n. trigemini

Lemniscus medialis

Nucleus

cuneatus et gracilis

Tractus: spinothalamicus I

lateralis

Tractus -

spinothalamicus g —] i

antorion . / Posterior pathways

k
e ——




Figure 1. Syndromes of interruptions of sensory pathways
Examinaton of sensory system

THE EXTEROCEPTIVE SENSATIONS
The exteroceptive sensations originate in sense organs in the skin or mucous membranes in response to external agents and changes in the environment. They may also be designated the superficial or the cutaneous and mucosal varieties of sensation. There are three major types: pain, temperature (hot and cold), and tactile (light touch).

Superficial pain sensation

The simplest method to examine superficial pain sensation is to use a sharp pin. It is best to examine the patient with his eyes closed. Alternate stimulations should be made with the head and the point of the pin, and the patient instructed to reply «Sharp» or «Dull». He should also be asked about slight or relative differences in the intensity of the stimulus in different areas. The delineation is most accurate if the examination is carried out by proceeding from areas of lesser sensitivity to those of greater sensitivity, rather than the reverse. That is, one should examine from areas of decreased sensation to those of normal sensation; if there is hyperalgesia, one should proceed from the normal to the hyperalgesic area. 

The term algesia is used to indicate pain sensibility. In recording the response to pain stimulation, the term analgesia is used to designate areas insensitive to pain, hypalgesia for those having decreased sensitivity, and hyperalgesia for those showing increased sensitivity.

Temperature sensations

Temperature sensations may be tested by the use of test tubes containing cold water and hot water, or, better, by the use of cold or warm metal tubes or other metal objects, since glass is a poor conductor. The patient is asked to respond by saying «Hot» or «Cold». In the general examination it is sufficient to determine whether the patient adequately differentiates hot and cold stimuli. In almost every instance the absence of one variety of temperature sensation is accompanied by the absence of the other.

Changes in temperature sensibility are recorded by the terms thermanesthesia, thermhypesthesia, and thermhyperesthesia, modified by the adjectives hot and cold. Sometimes, following cordotomy or lesions at high spinal cord levels, the patient perceives either cold or warm stimuli as warm; this is termed isothermagnosia.

Tactile sensations

General tactile sensibility is tested by the use of a light stimulus such as a camel's hair brush, a wisp of cotton, a feather, a piece of tissue paper, or even a very light touch with a fingertip. Touch is tested along with pain by stimulating alternately (but not in an even rhythm) with the sharp and blunt portions of a pin. Stroking of the hairs is also a delicate means of testing this type of sensation. For detailed or experimental investigations Frey's hairs may be used. The stimulus should be so light that no pressure on subcutaneous tissues is produced. Allowance must be made for thicker skin on the palms and soles and the especially sensitive skin in the fossae. The patient is asked to say «Now» or «Yes» when he feels the stimulus and to name or point to the area stimulated and state the nature of the stimulus.

Similar stimuli are used for evaluating discriminatory tactile sensation but this is best tested on the hairless, or glabrous, skin, since motion of the hairs must be avoided. It is also tested by noting the patient's ability to localize the stimuli accurately and by investigating two-point discrimination. Localization is most accurate on the palmar surfaces of the fingers, especially the thumb and index finger. Two-point discrimination is considered both a delicate tactile modality and a more complex sensation requiting cerebral interpretation (see below).

The terms anesthesia, hypesthesia, and hyperesthesia are used to designate changes in tactile sensation, but, unfortunately, these terms also denote changes in all types of sensation.

Special varieties of sensory changes.
The subjective responses of the patient should be noted in testing all the exteroceptive sensations. Paresthesias are usually considered to be abnormal sensations that the patient experiences in the absence of specific stimulation; these include feelings of cold, warmth, numbness, tingling, burning, prickling, crawling, heaviness, compression, and itching. Dysesthesias are perverted interpretations of sensation, such as a burning or tingling feeling in response to tactile or painful stimulation. At times it is also of value to record the response to tickling, scraping, and roughness.

In conditions where there is irritation of or pressure on the nerve roots, hyperesthesia may be present instead of anesthesia, together with demonstrable tenderness of the involved nerves. The ulnar, the radial, or the common peroneal nerves may often be palpated under the skin, and pressure on them may cause pain.

In conditions such as trigeminal neuralgia there is irritability of one or more branches of the nerves with resulting «trigger» or «dolorogenic» zones on the face. Hyperesthesia may precede the development of vesicles in herpes zoster.

Spontaneous, or central, pain occurs most frequently with lesions of the thalamus. Similar pain, however, has also been described with cortical lesions, brain stem involvement (thrombosis of the posterior inferior cerebellar artery), and affections (usually post-traumatic) of the spinal cord.

Phantom, or spectral, sensations are spontaneous sensations referred to insensitive areas; these may occur with lesions of the spinal cord or cauda equina. A phantom limb, on the other hand, is a sensation of the continued presence of an absent portion of the body, or of pain, paresthesias, or movement in it.

The terms allachesthesia, allesthesia, and synesthesia are used when the sensation of touch is experienced at a site remote from the point of stimulation; allochiria means the referring of a sensation to the opposite side of the body. Sensation in an affected area may be dulled when it and a normal area, usually the corresponding one on the opposite side of the body, are stimulated simultaneously; this denotes a cutaneous sensory extinction, or suppression, in the involved area, even though sensation may appear to be normal at the affected site if it is the only area stimulated. Occasionally a painful stimulus of high intensity in an analgesic area may cause perception of pain in adjacent regions on the same or opposite side of the body, owing to spread of excitatory processes within the segments of the cerebrospinal axis.

Among the special varieties of sensory changes that may be found in the extremities are the following: causalgia is a neuritis characterized by a disagreeable, burning type of pain, often accompanied by trophic changes, and most frequently seen in lesions of the median and sciatic nerves; acroparesthesia is a disease characterized by tingling, numbness, burning, and pain of the extremities, chiefly of the tips of the fingers and toes, often accompanied by cyanosis.

PROPRIOCEPTION SENSATIONS TESTING

The proprioceptive sensations arise from the deeper tissues of the body, principally from the muscles, ligaments, bones, tendons, and joints. Kinesthesia is the sense by which muscular motion, weight, and position are perceived. Bathyesthesia is deep sensibility, or that from the parts of the body which are below the surface, such as the muscles and the joints. Myesthesia is muscle sensation, or the sensibility of impressions coming from the muscles.

The proprioceptive sensations which can be tested clinically are those of motion and position, vibration, and pressure; considered with the proprioceptive sensations, but somewhat different in nature, is deep pain.

Senses of motion and position
The sense of motion, also known as the kinetic sense, or the sensation of active or passive movement, consists of an awareness of motion in the various parts of the body. The sense of position, or of posture, consists of an awareness of the position of the body or its parts in space.

The sensations of motion and position are often tested together. They may be demonstrated by passively moving the digits to note the following: the patient's appreciation of movement and recognition of the direction, force, and range of movement; the minimum angle through which the digits have to be moved before he is aware of passive movement; his ability to judge the position of the digits in space. The appreciation of movement depends upon impulses arising as a result of motion of the joint and of lengthening and shortening the muscles. The normal individual should be able to appreciate movement of 1°or 2°at the interphalangeal joints. In minimal involvement there is first loss of the sense of position of the digits, then of motion; as the pathologic process becomes more extensive, loss of such recognition for an entire extremity develops, or even, at times, for the entire body. In the foot these sensations are lost in the small toes before they disappear in the great toe; in the hand involvement of the small finger may precede involvement of the ring, middle, or index finger, or thumb. There is some rise in the threshold for movement perception with age.

In testing, the completely relaxed digits should be grasped laterally with as little pressure as possible, and passively moved. The examiner's fingers should be applied parallel to the plane of movement to eliminate variations in pressure. The digit being tested should be separated from adjoining ones so that no clues from contact are provided. The patient should be instructed not to attempt active movement of the digit, which may help to judge its position. If the senses of motion and position are lost in the digits, one should examine larger portions of the body, such as the leg and the forearm.

Reduction in the ability to perceive the direction in which the skin is passively moved may indicate impairment of position sense superficial to the joint. Such impairment usually is associated with joint-sense deficit as well.

Sensations of motion and position may also be tested by placing the fingers of one of the patient's hands in a certain position while his eyes are closed, then asking him to describe the position or to imitate it with the other hand. The foot may be passively moved while the eyes are closed, and the patient asked to point to his great toe or his heel. The patient may be asked to hold his hands outstretched; with loss of position sense one hand may waver or droop. One of the outstretched hands may be passively raised or lowered while the patient's eyes are closed, and the patient is asked to place the other extremity at the same level. One of the hands may be passively moved while the eyes are closed, and the patient asked to grasp the thumb or forefinger of that hand with the opposite hand. These latter tests, however, do not denote the side of involvement when a unilateral lesion is present.

Certain tests for ataxia, such as the finger-to-nose test and the heel-to-knee-to-toe test, are methods for examining the senses of motion and position if they are executed while the eyes are closed, assuming the tests are normal when the eyes are open. The senses of motion and position are also examined by observation of the station and gait. A patient with significantly disturbed sensations of movement and of position in the lower extremities is not aware of the position of his feet or of the posture of his body. A patient can assume a stable, erect posture when standing with his eyes open, but when his eyes are closed he tends to sway and fall; he can walk fairly well when his eyes are open, but when his eyes are closed he throws out his feet, staggers, and may fall (sensory ataxia). The Romberg sign is positive when the patient is able to stand with his feet together while his eyes are open, but sways or falls when they are closed; it is one of the earliest signs of posterior column disease.

Sense of vibration (pallesthesia)
Pallesthesia is the ability to perceive the presence of vibration when an oscillating tuning fork is placed over certain bony prominences. A tuning fork of 128 Hz, with weighted ends, is most frequently used. Sensation is tested on the great toe, the medial and lateral malleoli of the ankle, the tibia, anterior superior iliac spine, sacrum, spinous processes of the vertebrae, sternum, clavicle, styloid processes of the radius and ulna, and the finger joints. The intensity of the stimulus which the patient perceives at the various sites and its duration is noted. However, all observations are relative.

For clinical testing the tuning fork is placed in vibration and held on the great toe or over the lateral or medial malleolus until the patient no longer feels it vibrate in these places. The examiner then notes whether the vibration can still be felt at the wrist or over the sternum or clavicle, or, better still, compares the patient's perception of vibration with his own. Many examiners consider vibration sense to be «normal» when the patient perceives maximum vibration; a much more important criterion, however, is the ability to feel the fork when it has almost stopped vibrating, and relative differences are significant. The threshold for vibratory perception is normally somewhat higher in the lower than in the upper extremities. Loss of vibratory perception is referred to as pallanesthesia.

Deep pain sense, or pressure pain

Several maneuvers evaluate deep pain. Abadie's sign is the loss of pressure pain sense in the Achilles tendon. Tinel's sign is a tingling sensation in the distal end of an extremity on pressure over the site of a divided nerve; it points to beginning regeneration of the nerve.

Pressure sense is tested by firm touch upon the skin with a finger or a blunt object, and by pressure on the subcutaneous structures, such as the muscle masses, the tendons, and the nerves themselves, either by the use of a blunt object or by squeezing between the fingers, and one tests both the appreciation and the localization of pressure.

CEREBRAL SENSORY FUNCTIONS

The term combined sensation has been used to describe those varieties of sensation for the recognition of which more than one of the previously discussed senses is used. A cortical component is necessary for the final perception of them. This cortical component is a function of the parietal lobes, which act to analyze and synthesize the individual varieties of sensation; to correlate, integrate, and elaborate the impulses; to interpret the stimuli; and to call out memories to aid in discrimination and recognition. The resulting manifestations are perceptual and discriminative functions rather than the simple appreciation of the stimulation of primary sensory nerve endings.

Stereognosis is an ability of perceiving and understanding the form and nature of objects by touch, and of identifying and recognizing them. When this ability is lost, the patient has astereognosis, or tactile agnosia. Astereognosis can be diagnosed only if cutaneous and proprioceptive sensations are present, for if these are significantly impaired, the primary impulses cannot reach consciousness for interpretation. The size, the shape, the form of the object is perceived, and finally there is identification of the object.

Recognition is evaluated by placing simple objects such as a key, button, comb, pencil, or safety pin in the hand of the blind-folded patient and asking him to identify them. For more delicate testing the patient may be asked to differentiate coins, to identify letters carved out of wood or fiber-board, or to count the number of dots on dominoes. When diminution of stereognostic sensation is evident, a delay in identification, or decrease in the normal exploring movements as the patient manipulates the unknown object, can be observed.

Recognition of texture may be regarded as a special variety of stereognosis in which the patient is asked to recognize similarities and differences, but it can probably be considered a specific type of combined sensation.

Topesthesia, or topognosia, is the ability to localize a tactile sensation. Its loss is known as topoanesthesia, or topagnosia. Localization is impossible if there is cutaneous anesthesia, but the loss of the sense of localization with an intact exteroceptive sensibility usually signifies the presence of a lesion affecting the parietal lobe.

Graphesthesia is a term used to designate the ability to recognize letters or numbers written on the skin. Letters or numbers may be written on the forearm and legs. A pencil or a dull pin is used to write the letters, and the patient is asked to identify them. Loss of this sensation is known as graphanesthesia. Loss of graphesthesia in the presence of intact peripheral sensation implies the presence of a cortical lesion. This is particularly true when the loss is unilateral.

Two-point, or spatial, discrimination is the ability to differentiate cutaneous stimulation by one blunt point from stimulation by two points. A compass or a calibrated two-point esthesiometer is used, and the patient is stimulated randomly by a single point and by two points. The patient's eyes should be closed during the test. It is best to start with the two points relatively far apart, and single and double points should be varied unpredictably; the points are approximated until the patient begins to make errors. One notes the minimum distance between two points that can be felt separately. The distance varies considerably in different parts of the body. Two points can be differentiated from one at a distance of 2 - 4 mm on the fingertips, at 4 - 6 mm on the dorsum of the fingers, at 8-12 mm on the palm, and at 20 - 30 mm on the dorsum of the hand. Greater distances are necessary for differentiation on the forearm, upper arm, torso, thigh, and leg. The findings on the two sides of the body must always be compared.

Two-point discrimination is a highly discriminatory tactile sensibility, carried mainly through the posterior columns (dorsal funiculi). Loss of two-point discrimination with preservation of other discriminatory tactile and proprioceptive sensation may be the most subtle sign of a lesion of the opposite parietal lobe.

Autotopagnosia, or somatotopagnosia, is the loss of power to identify or orient the body or the relation of its individual parts – a defect in the body scheme. The patient may have complete loss of personal identification of one limb or of one half of the body. He may drop his hand from the table onto his lap and believe that some other object has fallen, or he may feel an arm next to his body and not be aware that it is his own. Lack of awareness of one half of the body is referred to as agnosia of the body half.

Anosognosia is defined as the ignorance of the existence of disease and has been used specifically to imply the imperception of hemiplegia, or a feeling of depersonalization toward or loss of perception of paralyzed parts of the body, either due to anesthesia of the paralyzed parts or to amnesia for them. The patient may believe that he is able to use his paretic extremities in a normal manner. Anosognosia is most often found in lesions of the right parietal lobe.

LOCATING THE SITE OF NEUROLOGIC LESIONS.

In delineating and recording alterations in superficial sensations, it is important to differentiate between changes due to lesions of the peripheral nerves, the nerve roots, the spinal cord, or higher centers of the brain.

In peripheral nerve lesions the areas of anesthesia, hypesthesia, or hyperesthesia correspond to the areas of sensory distribution of specific nerves. All types of sensation, including the proprioceptive sensations, are altered within the distribution of the affected nerve or nerves.

In lesions confined to the nerve roots, areas of anesthesia or hypesthesia may be detected which are limited to the segmental distribution of these roots. All types of sensation are affected. Instead of sensory loss there may be hyperesthesia and radicular, or girdle, pains in the same distribution. The skin areas innervated by specific segments of the cord or their roots or dorsal root ganglia are called dermatomes.

In lesions of the brain stem and spinal cord, or the cerebrospinal axis, the sensory changes are similar to those occurring with nerve root lesions. That is, they have segmental or dermatome distribution. The examiner can localize with fair accuracy the level of involvement if he recalls the following:

· the first cervical segment has no supply to the skin;

· the interaural or vortex- meatal line forms the border between the areas supplied by the trigeminal nerve and the second cervical segment;

· the fifth and sixth cervical segments supply the radial side of the arm, forearm, and hand;

· the eighth cervical and first thoracic, the ulnar side of the forearm and hand;

· the fourth thoracic, the nipple level;

· the tenth thoracic, the umbilicus;

· the twelfth thoracic and first lumbar, the groin;

· the first three lumbar, the anterior aspect of the thigh;

· the fourth and fifth lumbar, the anterior and lateral aspects of the leg;

· the first and second sacral, the little toe, most of the sole of the foot, and the posterior aspect of the thigh and leg;

· the fourth and fifth sacral segments, the perineal region.

In a spinal cord lesion there may be anesthesia of the body below the uppermost level of the lesion as a result of involvement of the ascending pathways. There may be hyperesthesia at the dermatome level of the lesion. There may be a zone of gradual transition. The level for pain and temperature sensations is most specific, and it may be difficult to delineate definite changes in tactile sensation. Furthermore, since the pain fibers from the lower portions of the body are lateral, pressure on the cord from one side may affect only the external fibers, and the resulting loss in pain sensation may be significantly below the level of the lesion.

LOCALIZATION OF SENSORY DISORDERS

Diminution or loss of sensation may occur in the presence of lesions at various levels of the nervous system, as may abnormal sensations, such as pain or paresthesia.

Either diminution or perversion of sensation occurs in the presence of lesions involving sensory receptors, such as the pain endings and Meissner's corpuscles that decrease in number in advanced age.

In lesions of the peripheral nerves there usually is a loss or diminution in all types of sensation in the distribution of the nerve or nerves affected. An irritative lesion of a peripheral nerve may also cause abnormal sensation in the form of paresthesias or of pain that is either constant or lancinating in character. The nerves themselves may be hyperalgesic and sensitive, or tender to pressure, and there may be pain on brisk stretching of the affected nerves and increased susceptibility to ischemia. There sometimes is hyperalgesia in the cutaneous distribution of the nerves, even though the sensory threshold is raised. The unmyelinated fibers may be most affected, so the threshold for slow or aching pain is depressed, while the myelinated fibers may suffer less damage, and the threshold for fast or piercing pain is raised.

In polyneuritis the distribution of sensory loss is variable, usually involving predominantly the distal segments. There may be what appears to be a glove and stocking distribution of altered sensation, but the margins of this area are poorly demarcated, and usually there is a peripheral blunting of sensation with no sharp border between the normal and hypesthetic areas.

Disease of the dorsal root ganglia (or corresponding ganglia of the cranial nerves) is also associated with sensory changes. In herpes zoster there is severe, lancinating pain in the distribution of the affected ganglia. Transient, spontaneous «lightning» pains may develop. In hereditary sensory neuropathy the pathologic lesions are in the dorsal root ganglia; there is severe distal loss of all sensory modalities, along with trophic changes in the extremities.

The nerve root is in reality a part of the peripheral nerve, since it constitutes a part of the same neuron. Radicular lesions also are accompanied by diminution or loss of sensation, and by either pain or paresthesias, but the distribution is segmental in type. Irritation of the nerve roots causes pain in a radicular, sometimes girdle, distribution (i.e., encircling the body). The pain may be either constant or intermittent, but it is often of a sharp, stabbing, lancinating character. It is increased by movement, coughing, or straining. There may be either hypalgesia or hyperalgesia. Owing to algesic overlap, sensory changes may be difficult to demonstrate if but one root is involved.

With lesions of the spinal cord and brain stem, impairment of one or more modalities of sensation, or perversions of sensation in the form of either pain or paresthesias, may develop. The area of sensory diminution or loss, and the paresthesias as well, may involve the entire body below the level of the lesion, whereas the pain is usually segmental and involves only the dermatomes supplied by centers at the level of the lesion. The sensory loss is usually dissociated, with impairment of certain modalities and sparing of others. Despite a raised threshold for pain stimuli, there may be an overreaction to rapidly repeated stimulation.

When lesions of the spinal cord are present, involvement of pain, temperature, discriminatory, and proprioceptive sensations occurs. With brain stem lesions there may be ipsilateral sensory loss on the face and contralateral changes on the body. Lesions high in the cervical spinal cord and in the medulla may impair kinesthetic sensation in the upper extremities more than in the lower. As a result of the disturbance of proprioceptive sensations and a raised threshold for cutaneous senses there may be stereo-anesthesia, which is difficult to differentiate from astereognosis. Extinction and even autotopagnosia may be present with such lesions. «Central» pain is occasionally experienced in patients with pontine, medullary, and spinal cord involvement.

Lesions of the thalamus are followed by diminution of various sensory modalities on the opposite side of the body without loss of sensation. They may be associated with abnormalities of sensation, such as paresthesias and hyperesthesias, or painful hyperpathias. Pain of central origin is most often associated with thalamic lesions, although it may occasionally be caused by stimulation of ascending pathways in the cerebrospinal axis or lesions of the cortex. When associated with cerebral lesions it probably is not a «spontaneous» pain, but rather an overreaction to stimuli capable of exciting affective reactions and sensations.

Involvement of the sensory radiations in the internal capsule causes variable and sometimes extensive diminution of all types of sensation on the opposite side of the body. The changes are similar to those which follow a thalamic lesion, and it may be difficult to differentiate between the two. Pain, however, is rarely experienced.

Lesions of the parietal cortex cause disturbances in the discriminatory sensations. There may be astereognosis, and sensory inattention or extinction, as well as autotopagnosia and anosognosia. Anesthesia is rare, but there is a raising of the threshold for both exteroceptive and proprioceptive sensations of the opposite side of the body. Irritative lesions rarely cause pain, but they frequently cause paresthesias on the opposite side of the body. These paresthesias are especially important clinically when they assume the manifestations of a sensory aura preceding a jacksonian convulsion or constitute a focal sensory seizure.

Universal insensitivity or indifference to pain is a rare condition that is usually congenital. A few cases have been reported in which the absence of pain sensation was a part of a congenital sensory neuropathy or was associated with the absence of organized nerve endings or of Lissauer's tract and small dorsal root axons, but in others detailed investigations have shown no abnormality. In these latter cases the sensory defect may result from some anatomic, physiologic, or chemical abnormality in the cerebral integration of pathways concerned with pain appreciation, or it may represent a form of sensory agnosia.
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