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Lecture: General and time anatomy of the senses:
Goal and motivation: This knowledge is important for future understanding the Topograrjhic^Anatomv course Surgery, Traumatology and other medical specialties.
Plan and structure of the lecture:
1 The Ear
The External Ear. The Middle Ear.
· the tympanic membrane;
· the tympanic cavity;
· the auditory ossicles;
· the auditory tube. The Inner Ear:

· the osseous labyrinth;
· the membranous labyrinth;
· functional structure of the cochlea;
· the auditory pathways;
· the vestibular system;
· the vestibular pathways.
2.
The Skin.
Receptor and Organs m the Skin. Pathways of Cutaneous Receptors.
3. Kinaesthesis.
4. Interoceptors.
The text of the lecture:
The auditory organ (subserving the sense of hearing) and the vestibular apparatus (deveted to the sense of hearing) and the vestibular apparatus (devoted to the sense of equilibrium) are combined in a single sense organ: the ear. It is customary to devide the ear into three parts: (1) the external ear or auris externa, (2) the middle ear or auris media and (3) the inner ear or auris interna. Even though the external and the middle ear are concerned only with hearing and it is only the inner ear which is devoted to both senses, the structure and function of the ear will be discussed as a whole.
THE EXTERNAL EAR
The external ear consists of the auricle (or pinna) and the external acoustic meatus.

The auricle projects from the side head and collects air vibrations which constitute the sound waves. It consists of a thin plate of elastic cartilage, covered by skin. The curved prominent rim of the auricle is called the helix; parallel with the helix runs the antihelix. Bertween helix and antihelix, the scaphoid fossa can be seen. The major impression of the auricle is called the concha; above it, the triangular fossa can be found. In front of the concha, a small, curved flap, called tragus, partly overlaps the external acoustic meatus. Opposite the tragus, and separated from it by the intergastric fissure, there is a small tubercle, called antitragus. Also the hairs partly obstructing the external acoustic meatus are named tragi (in Greek, "tragos" means "a goat"). The lobule of the auricle lies below the antitragus.

On the highest point of the helix, a small auricular tubercle or Darwin's tubercle can frequently bee seen: a reminder of our simian ancestors.

Three muscles are attached to the auricle which connect it with the skull: the anterior, the superior and the posterior auricular muscle. Innervated by the facial nerve (VII) they are able to move the auricle in some individuals.

The external acoustic meatus is S-shaped, it consists of 10 mm long cartilagineous part and 14 mm long osseous part. The medial end of the meatus is marked by a narrow groove, called the 

tympanic sulcus, to which the circuference of the tympanic membrane is attached.

The skin of the external acoustic meatus is thin; it is closely adherent to the cartilagineous and osseous wails, constituting a special cutaneous perichondrium and cutaneous periosteum. Special glands, called ceruminous glands are embedded in the subcutaneous tissue of the cartilagineous part; these glands secrete a yellow-coloured ear wax or cerumen. Cerumen protects the meatal skin; however, if overproduced, it may completely block the meatus.
The S-shaped curvature of the external acoustic meatus has to be straighened out when perfoming otoscopy. Doing so, the auricle has to be pulled gently outward, backward and upward; care should be taken to use an appropriately sized ear-funnel any laceration of the very sensitive skin.

THE MIDDLE EAR
The middle ear is separated from the external acoustic meatus by the lympanic membrane. Parts of the middle ear or auris media are (1) the tympanic cavity, containing the auditory ossicles, (2) the auditory tube or tuba auditiva, also called Eustachian tube or pharyngotympanic tube, and (3) the mastoid antrum, continuous with the mastoid air cells.

THE TYMPANIC MEMBRANE
The tympanic membrane is a thin, semi-transparent, nearly oval membrane, it is very obliquely placed (55°!) and has a conical shape, similar to a loudspeaker's membrane. Its center is called the umbo. Its upper smaller part is lax and thin: this is the pars flaccida also called Shrapnel's membrane; while the rest of the tympanic membrane is taut: this is the pars tensa. The border-lines between pars flaccida and pars tensa are the horyzontally running anterior and posterior malleolar folds. Between these two folds, the malleolar prominence can be seen, which is due to the lateral process of the hammer.

The tympanic membrane is composed of three layers. The outer or puticular stratum is derived from the skin of the external acoustic meatus; it is covered by a cornrfied stratified squamous epithelium. The intermediate or fibrous stratum consists of radially and circularly arranged collagen fibers. Finally, the inner or mucous stratum is a part of the mucous membrane lining the entire tympanic cavity; it consists of a non-comified stratified squamous epithelium.
In the otoscopic examination, the sound tympanic membrane has the colour of a mother-of-pearl. According to the obliquely proceeding malleolar stria, caused by the handle of the hammer attached to the internal surface of the tympanic membrane it is customary to divide the tympanic membrane into four quadrants. Illumination from the front mirror used for the examination causes a bright triangular reflecting spot in the anterior-inferior quadrant. The posterior-inferior quadrant is the site where paracentesis can be performed by means of a fine, bayonet-shaped lancet.
THE TYMPANIC CAVITY
The tympanic cavity has six walls. One of them, the lateral wall or paries membranaceus, is occupied mainly by the tympanic membrane just discussed; above it, a small bony portion establishes the boundaries of the epitympanic recess, also called Prussak's space.

The medial wall of the tympanic cavity is named paries labirinthicus since it is vicinal to the inner ear. Its main structural feature is the promontory, a rounded elevation furrowed by small grooves containing nerves of the tympanic plexus. Above the promontory, the oval fenestra vestibuli can be seen, occupied by the base of the stapes. Below the promontory, the rotund fenestra cochleae can be found which is closed by the secondary tympanic membrane. Above the fenestra vestibuli, in the upper edge of the tympanic cavity, the prominence of the facial nerve can be seen.
The upper wall of the iympanic cavity is called paries tegmentalis. This is the roof of the tympanic cavity or tegmen tympani.

The inferior wall of the tympanic cavity, the paries jugularis, separates it from die interna! jugular vein.

The anterior wall, named paries carotjcus, separates the iympanic cavity from the internal carotid artery. Two parallel canals, the canal for the tensor tympani and, below it. the auditory tube, arise from 'this wall. Finally, the posterior wall is called paries mastoideus. Its main structural features are the pyramidal eminence, containing the smallest strated muscle of the human body: the stapedius muscle; the fossa incudis, which houses the short process of the stirrup or incus; and the entrance to the mastoid antrum. The mastoid antrum and the mastoid air cells, occupying the mastoid process of the temporal bone, are of major surgical importance in otology.
THE AUDITORY OSSICLES
The tympanic cavity contains three movable ossicles: the hammer or malleus, the anvil or incus and the stirrup or stapes. The tympanic membrane is attached to the malleus and its motions are amplified about 15 times by the chain of the ossicles. In other words, the chain of auditory ossicles functions as a one-armed lever since the surface area of the tympanic membrane is about 15 times lerger than that of the base of the stapes.

The malleus has no resemblance to the up-to-date hammer; it is rather similar to a mace or a club. It has an ovoid head or caput mallei which articulates with the incus; the handle or manubrium mallei is connected to the tympanic membrane; also the lateral process is attached to the tympanic membrane.

The incus is similar to a rotten molar tooth. It has a body or corpus incudis and two processes: the crus longum incudis, terminating in the lenticular process, articulates with the head of the stirrup, the crus breve incudis is attached, by the posterior ligament of the incus, to the epitympanic recess. Actually, this is the fix point of the lever system brought about by the auditory ossicles.
Finally, the stapes is, in all details, similar to a minute stirrup. It consists of a head or caput stapedis which articulates with the lenticular process of the incus; two limbs or crura stapedis and the base or basis stapedis, which fits into the oval fenestra vestibuii. Movements of the basis stapedis transmit amplified vibrations of the tympanic membrane to the perilimph within the labyrinth.
The auditory ossicles are joined by minute articulations. There are two muscles in the tympanic cavity attached to the ossicles: the tensor tympani muscle, innervated by a branch of the mandibular nerve (V/3) and the stapedius muscle, innervated by the fascial nerve (VII). Both the tensor tympani and the stapedius muscle exert a protective damping effect upon sound vibrations reaching the internal ear. Paralysis of the stapedius muscle resulats in hyperacusis, a painful perception of very loud sounds.
The tympanic mucosa invests tiie auditory ossicles, the walls of the tympanic cavity as well as its nerves and muscles. It is covered with ciliated columnar epithelium, except for the internal surface of the tympanic membrane and the auditory ossicles, lined by a non-cornified, compound stratified squamous epithelium. The mucous membrane forms several vascular folds that separate various recesses; from the practical point of otology, most important is the superior recess of the tympanic membrane, between the neck of the malleus and the pars flaccida of the lympanic membrane.
In clinical otology, the tympanic cavity is often devided into three parts: the uppermost epitympanon or atticus, the mesotympanon and the hypotympanon.

THE AUDITORY TUBE
Also called pharyngotympanic or Eustachian tube, this channel connects the tympanic cavity with the nasopharynx. This way, the air pressure is equalized on the outer and inner surfaces of the tympanic membrane.

The bony part of the tube is about 12 mm long, while the cartilagineous part, formed by a triangular plate of hyaline cartilage, and by a fibrous tissue plate connecting the two edges of the cartilage, is about twice as long (24 mm). Since the salpingo-pharyngeus, the levator veli palatini and the levetor tubae auditivae muscles, attached to this fibrous plate, contract during swallowing, the lumen of the tube is opened each time during deglutition. That is why in a rapidly moving elevator or in an aircraft taking off, repeated swallowing helps overcome the incomfortable feeling in the ear.

The auditive tube is the main entry rote for pathogenic microorganisms from the pharynx to the middle ear. The ensuing inflammation is called otitis media.

THE INNER EAR
The inner ear or auris interna consists of the osseous labyrinth: a series of cavities within the petrous pyramid of the temporal bone; and the membranouth labyrinth contained within the osseus. The membranous labyrinth is filled by the fluid called endorymph while the tissue space between membranous and osseous labyrinth contains the perilymph. While endolymph is intimately involved in the function of the vestibular apparatus, subserving the sense of equilibrium, the perylimph carries and transmits amplified vibrations caused by sounds waves, to the organ of Corti, serving the sense of hearing.

THE OSSEOUS LABYRINTH
The bony labyrinth or labyrinthus osseus consists of three parts or rather cavities: the vestibule, tfie semicircular canals and Ihe cochlea.

The vestibule is the central part of the osseus labyrinth. It has 7 openings: five for the semicircular canals, one for the aqueduct of the vestibule and one for the scala vestibuli of the cochlea.
The three semicircular canals are arranged approximately in the three main planes of space. Each ie equipped with a dilatation at one end, called the ampulla. They open intio the vestibule by five orifices: the anterior and the posterior semicircular canals having a common crus commune while the third one, the lateral, opening separately into the vestibule by a crus simplex. In addition, of course, there are three crus ampullare thus making up the number of openings to five.

The cochlea resembles the shell of the common snail; in man, its measures about 1x0,5 cm. Its apex is named the cupula; its osseous central pillar, actually its axis, is called modiolus. The bony canal of the cochlea takes about two turns and three-quarters (2.75) around the modiolus.

It is partly divided, by the osseous spiral lamina, into the upper scala vestibuli and the lower scala tympani; the two scalae communicate with each other in the helicotrema within the cupula. Division of the bony canal into scala vestibuli and scala tympani is completed by the spiral ligament and the basilar membrane, upon which lies Corti's spiral organ. 

THE MEMBRANOUS LABYRINTH
As already mentioned die labyrinthus membranaceus is contained by the bony labyrinth; acoordingSy, it is much smaller and, in part, different in structure. It consists of two small membranous saca: the utricle and the saccule, located within the vestibule of the bony labyrinth, as well as of the three semicircular ducts, opening into the utricle, and the duct of the cochlea or ductus cochlearis, communicating with the saccule through the ductus reuniens. The utricle and the saccule communicate with each other by means of the utriculosaccular duct which gives rise also to the utricosaccular duct in the shape of an inversed Y( ). At the upper end of the endolymphatic duct, the saccus endolymphaticus can be found, which expands under the dura mater of the petrous bone. The entire membranous labyrinth is filled by a fluid unique in its composition, called endoJymph.

FUNCTIONAL STRUCTURE OF THE COCHLEA
In the cross section of the cochlea, several turns of the cochlear duct can be seen. Below the basilar membrane, the scala tympani, containing peryiimph, can be seen. The upper boundary of the cochlear duct, triangular in the cross section, is the vestibular or Reissner*s membrane; this membrane separates the cochlear duct from the scala vestibuli.

On the lateral wall of the cochlear duct, a peculiar thickening of the epithelial lining called stria vascularis, can be seen. In this particular region, capillaries invade the epithelium; by means of active secretion, endoiymph is being produced here.

Corti's organ rests upon the basilar membrane.. It contains sensory hair cells equipped with stiff stereocilia, that are surrounded by an elaborate network of supporting cells. There are two types of hair cells: the inner hair cells are arranged in a single row, while the outer hair cells are in three rows. The hair cells are secondary sensory epithelial cells; they are innervated at their bases by afferent fibres of the cochlear nerve that establish synapses with them. Cells of origin of these afferent fibers are bipolar nerve cells located in the spiral ganglion within the modiolus. Efferent fibers from Rasmussen's olivocochlear tract also synapse with the bases of the hair cells as well as with the afferent axons themselves. The hair cells project their apical stereocilia toward the overlying tectorial membrane.

Most conspicous of the supporting cells are the pillar cells of Corti than enclose between them and the basilar membrane tfie tunnel of Corti, triangular in the cross section. Other types of supporting cells are named, after tiieir first descriptions, Deiters', Hensen's, Claudius'and Held's cells. A peculiar structural feature of Corf s organ is that the hair cells are virtually situated within tiny impressions of supporting cells, just like passangers of an airplane sitting in their seats.

The function of Corti's organ can be envisaged as follows. Oscillating motion of the stapes causes changes in fluid pressure of the peilymph within the cochlea. This, in turn, initiates motion of a practical portion of the basilar membrane and thus of particular portion of the basilar membrane and thus of particular hair cells Since the tips of the stereocilia of the hair cells are embedded in the tectorial membrane, they cannot move freely. Therefore, when the basilar membrane moves, the resulting movement of the basal part of the hair ceils causes the stereocilia to bend and undergo an angular displacement. Thus, when a sound stimulus produces an oscillatory movement of the basilar membrane, the back-and-forth angular displacement of the stereocilia alternately opens and closes transduction channels of the hair cell, resulting in depolarizing-hyperpolarizing potential changes in the hair cell - of the same frequency as those of the sound signal. Since the transverse width of the basilar membrane gradually increases while approaching the cupula, different regions of the cochlea are selectively responsive tio different frequencies of sound. The efferent fibers of the cholinergic olivo-cochlear bundle tune and, in extreme situations, protect hair cells from excessive stimulation.

THE AUDITORY PATHWAYS
It has been noted already that hair cells are innervated by peripheral axonal branches of bipolar nerve ceils situated in the ganglion spirale cochleae. Probably for a better isolation, not only the axons but also the ganglion cells themselves are surrounded, in this special case, by myelin sheaths.Central axons of spiral ganglion cells establish the eight cranial nerve (more property: part of it); they terminate in the cochlear nucleus on the base of the fourth ventricle. The axons of nerve cells within the cochlear nucleus stream out along three pathways: the dorsal acoustic stria, the intermediate acoustic stria and the trapezoid body, each of them being located in the pontine floor of the fourth ventricle. The trapezoid body is the most important site of origin of the ascending lateral lemniscus of the tectal lamina quadrigemina. Also fibers terminating in the superior olivary nucleus arise from the trapezoid body: remember that the superior olive is the site of origin of the descending olivo-cochlear (Rasmussen's) bundle.
It is important to note that, beginning with the trapezoid body, crossed and uncrossed auditory fibers proceed together in the lateral lemniscus; and even in higher centers, there is an excessive crossing over of fibers conveying impulses from both right and left ears. Therefore, lesions of the central auditory pathway do not cause monaural disability; if this (i.e. deafness of the ear) occurs, the lesion must be in the inner ear or in the domain of the first neuron: the bipolar cells of the spuirai ganglion.

Most of the celle in the inferior colliculus send their axons to the medial geniculate body of the ipsilaterai thalamus, but a few project contralateral^. Finally, relay cells in the medial geniculate nucleus project to the ipsilaterai primary auditory cortex, located in Brodmann's 41 and 42 areas, in the superior temporal gyrus. Here, just like in other cortical regions, the principle of columnar organization prevails: two alternating columnar groups, i.e. summation columns and suppression columns have been demonstrated with electrophysiological methods.

THE VESTIBULAR SYSTEM
The receptors of the vestibular apparatus are located in the walls of the utricle and the saccule, as well as in those of the ampullae. The former two are called maculae staticae ufricuii et sacculi, while the other three are the cristae ampullares.
Hair cells in the utricle and in the saccule constitute the otolith organs. These are arranged in the macula utriculi and macula sacculi in an orderly manner The hair cells of the vestibular sensory epithelium are surrounded by supporting cells, to which they are joined at at their apical surfaces by light junctions, The hair cells are secondary sensory cells; they are innervated at their bases by the peripheral axonal processes of vestibular ganglion cells, the perikarya of which are located in the ganglion vestibulare Scarpae. However, also efferent axons synapse with the hair cells; these efferent fibers, arising from cells in the brain stem regulate the activity of the receptor hair cells directly. The apical surfaces of hair cells are covered by several rows of stereocilia; in addition, each hair ceH also has a single kinicilum. The hair bundles extend into the overlying otolithic membrane, consisting of a geiatineus substance in which crystals of calcium carbonate, called otolths are embedded. The macula of the utricle lies in the horizontal plane, so that normzlly the otoliths rest directly upon it. In contrast, the macula of the saccule is oriented vertically. Accordingly, if the head is tilted or if the head undergoes linear acceleration, the otoliths in the utricle deform the gelatinous mass, which in turn bends the hairs of the receptor cells. A tHt to the left result in depolarization of the hair ceH, while a tilt to the right induces hyperpolarization. These electrical signals will be transmitted to axon terminals of the vestibular nerve, synapsing with the base of the receptor cell. Essentially, a similar arrangement of the sensory epithelium characterizes also the macula of the saccule that, however, responds selectively to vertically directed linear forces. The function of the ampullary receptors is slightly different. As already mentioned, each of the three semicircular ducts has an enlargement called the ampulla. In each ampulla, an ampullary crest or crista ampullaris can be found, consisting of a thickened zone of the epithelium and containing the hair cells that, just like other receptors in the inner ear, are innervated by axons of the Vlll-th cranial nerve. - The ampullary crest is covered with a gelatinous mass named cupula that stretches from the crest to the roof of the ampulla. Since the cilia of the hair cell project "into the cupula, rotation of the head causes, by the inertia of the endolymph, the fluid to push against the cupula which produces an angular displacement of the sensory hairs. The receptor system of the ampullary hair cells is so sensitive, that it can detect a 0.50/sec2 angular acceleration or deceleration. Bending of the stereocilia toward the (single) kinocilium leads to depolarization of the hair cell and increase of firing freguency in the afferent fibers; conversely, bending away from the kinocilium leads to hyperpolarization of the hair cell with a concomitant decreased firing greguency in the vestibular nerve.
THE VESTIBULAR PATHWAYS
The afferent fibers of the vestibular system have their cell bodies in the vestibular ganglion, or Scarpa's ganglion, located on the floor of the internal acoustic meatus. These bipolar cells, just like those in the spiral ganglion of the cochlea, are invested with myelin sheaths. The central axons of vestibular ganglion cells terminate in the vestibular nuclei beneath the floor of the fourth rth cerebral ventricle of rhomboid fossa. There are, however, a few axons that bypass these nuclei and enter the flocculonodular lobe or vestibulocerebellum directly.

The vestibular nuclear complex consists of four parts: (1) the lateral vestibular or Deiters'nucleus, (2) the medial vestibular nucleus, (3) the superior vestibular nucleus and (4) the inferior, or descending vestibular nucleus.

Cells in Deiters'nucleus respond selectively to the tilting of he head, i.e. they receive input mainly from the maculae. All cells in Deiters'nucleus send their axons into the vestibulo-spinal tract. Deiters'nucleus receives direct inhibitory input from the cerebellum.
The medial and superior vestibular nuclei receive input mainly from the amputlary crest of the semicircular ducts. The medial vestibular nucleus projects partly to the vestibulo-spinal pathway but, just like the superior vestibular nucleus, it sends axons also to the medial longitudinal fasciculus. This truct connects oculomotor, trochlear, and abducent nuclei with the vestibular nuclear complex and also with motor nuclei of cervical (neck) muscles. Thus the function of the medial longitudinal fasciculus is to coordinate gaze and head movements. An addition function of this fascucie is its role played in saccadic eye movements or nystagmus.

Finally, the inferior or descending vestibular nucleus receives input from bolh the maculae of the utricle and the saccule, and from the ampuHary crests of the semicircular ducts, it sends axons to the vestibulo-spinal and vestibulo-reticular pathways, but its main function is based on a bidirectional connection with the cerebellum. Finally, higher centers in the brain stem and probably even in the thalamus, obtain vestibular information from axons arising in this nucleus,

THE SKIN
In addition to being the general protective medium investing the entire organism with a physically, chemically and immunologically competent layer, the skin houses the vast majority of tfie sense organs of touch, pressure, pain, heat and cold. Some of these sense organs of the above senses are present also in various mucosal sheaths, especially in the digestive tract, but also in the respiratory and urogenital system.

The skin consists os the mesodermal dermis or corium and the overlying epidermis or ectodermal origin. The epidermis is a comified compound squamous epithelium; the thickness of the cornified upper layer, also called stratum mortrficatum, varies according to the machanicai etc. exposure of the various body areas. Accordingly, it is extremely thick on the sole of the foot, it is also of considerable thickness in the palm and the fingers, mainly the thumb, especially in physical workers. The thinnest epithelium can be found on the eyelids. The epithelium is anchored to the dermis by connective tissue papillae of various sizes and numbers. Deep to the dermis lies the subcutaneous loose connective tissue layer. It is sometimes called hypodermis; hence the term "hypodermic injection" which, in contenintal Europe, is named "subcutaneous injection8.
Appendages to the skin are hairs, hails, sweat (sudoriferic) and sebaceous glands as well as the mammary gland.
Two main types of the integument are glabrous and hairy skin. Hairy skin equipped either with down hairs, quard hairs or vibrissae, is the more common type; glabrous skin is restricted to palmar surfaces of hands and fingers, and to plantar surfaces of foot and toes.

RECEPTOR AND ORGANS IN THE SKIN
On a structural basis, free nerve endings and encapsulated
endings can be distingusihed. Free nerve endings comprise terminal
plexuses of unmyelinated drC axons (Group IV afferents) and very
thin myelinated A axons (Group HI afferents); the former both in the epidermis and dermis, the latter mainly in the dermis. These are partly nociceptors ("pain receptors"), and also thermoreceptors and rapidly adapting mechanoreceptors. Such fiber plexuses surround and innervate hair follicles; hairs fall into three categories: the extremely fine down hairs, the coarser guard hairs and the extremely complex whiskers or vibrissae thet, especially in rodents and xcarnivores, play the role of a peculiar and far-reaching sense organ, with special representation areas in the parietal cortex, called barrels constituting the barrel fields in Lamina IV.

Also free nerve endings innervate Merkel cells, providing tactile menisci in and below the epidermis and arround several hair follicles.

Encapsulated nerve endings present scores of differently specialized types. They have, however, one feature in common: the termination of the axon is enveloped by a capsule consisting of connective tissue.

In this group, there are included the lamellated corpuscles of Vater and Pacini (simply referred to as Pacinian corpuscles) and Ruffini's corpuscles, as well as Meissne's tactile corpuscles, Krause's end-bulbs or genital corpuscles, and the Golgijvlazzoni's nerve endings. In different mammals and other vertebrates, scores of many speciaiyzes encapsulated nerve endings have been described that offer important possibilities for comparative neurobiology. Due to their importance in human neuroscience, two types of encapsulated nerve endings will be discussed here: the Pacinian corpuscle and the Meissner corpuscle.

The lamellated Pacinian corpuscles are widespread in the human body: they can be found in the subcutis of the fingers, the palmar aspect of the hand and the plantar aspect of the foot, in genital organs, in the subcutis of tfie neck, and the arm, in the nipples, as well as in the periosteum, the joints, and in the mesentery etc. They are visible with the naked eye, measuring 1-2 mm in length and 0,1-0.2 mm across. Each corpuscle, oval in shape, consists of a capsule comprising 20 or more concentrically arranged lamellae of flattened cells. The spaces between the lamellae are filled with a lymph-like fluid. Within the capsule, there is an inner core containing a thick myelinated axon. The naked axon traverses the length of the central core without branching and terminates in an expanded end bulb. Each Pacinian corpuscle is innervated also by an unmyelinated efferent fiber, probably responsible for settin the threshold of sensitivity of the corpuscle. - The turgidity of the Pacinian corpusce, due to the fluid pressure between the capsular lamellae is essential in mechanical transduction of impulses. The Pacinian corpuscles are very rapidly adapting mechanoreceptors, responding only to sudden mechnical disturbances and particularly to vibration.
Meissner's tactile corpuscles are sited in the papillae of the skin of the hand, forearm and foot, in the lips and the palpebral conjunctiva; mainly in glabrous skin. They are cylindrical in shape, about 80 mm long and mm broad. The capsule consists of fine elastic fibers and fibrocytes. The core consists of specialized Schwann cells, instrumental in mechano-transduction, and a few myelinated nd anmyelinated axons that ramify profusely within the corpuscle and usually take a spirally winding course.
According to functional aspects, receptors of trie skin fall into three categories: mechanoreceptors, thermoreceptors and nocioreceptors.

The essence of the function of sensory nerve endings is a process called stimulus transduction, in consequence of which mechanical, thermal or chemical stimuli are converted into a sequence of electrical changes, resulting in the generator potential.
The transductive process differs according to the specificity of the sensory terminal. For instance, in the resting condition of a mechanoreceptive membrane, only a few and small channels are open; therefore the membrane allows only few Na+ ions to pass into the cell. Mechanical stimulation deforms the membrane and creates more and larger channels, thereby allowing more Na+ ions to flow across the membrane into the cell while K+ can simultaneosly flow out. This process, called mechano-transduction, produces a local depolazing potential of the receptor cell (or axon terminal) that, however, propagates only by electrotonic means and is therefore restricted to the receptive membrane. This generator potential, also called receptor potential initiates the action potential which will be carried away by the sensory nerve at a velocity determined by its general electrophysiological features.

Mutatis mutandis, the same principle applies for other types of sensory nerve endings, i.e. the deformation of the receptive membrane may be induced by various kinds of mechanical forces, or by changes in the temperature or the chemical composition of its environment. Receptor specificity is determined by the special reactivity of the receptor membrane to adequate stimuli, in bimodai nociceptors, two kinds of potentially harmful alterations, threatening with imminent tissue damage: heat and rude mechanical forces, induce changes in the receptoriai membrane and, hence, the generation of a receptor potential; in polymodal nociceptors, also chemicals may induce it.

PATHWAYS OF CUTANEOUS RECEPTORS
Each sensory nerve ending in the skin is the terminal, or terminal plexus, of a peripheral axon of a pseudounipolar sensory ganglion cells, located either in a dorsal root ganglion, or in analoguous sensory ganglia of cranial nerves. Some of these axons arborize profoundly and innervate large skin areas; others have only much smaller receptive fields.

Central axons of the pseudounipolar cells enter the spinal cord via the dorsal roots. Axons of ganglion ceHs devoted to protopathic impulses (heat, nociception, touch), terminate either in the segment of entry or in neighbouring segments of the spinal cord. Here the incoming signal is processed by second- and third-order nerve cells and finally transmitted to the spinothalamic tract. From the thalamus, the last neuron of the pathway sends information to the somatosensory cortex (Brodmann's Areae 3,1,2) or, in the case of nociception, to the frontal cortex.

On other hand, central axons of sensory ganglion cells concerned with epicritic sensitivity, like vibration and descriminate tactile sense, proceed in the dorsal column of the spinal cord and terminate in the dorsal column nuclei, i.e. the nucleus gracilis and the nucleus cutaneus. From here, the medial lemniscus pathway carries information to the thalmus. Finally, the last neuron of the pathway, the thalamocortical relay neuron, proceeds to the somato-sensory cortical areas 3,1,2. Both the protopathic and the epicritic systems are widely involved in various reflex activities at spinal cord and brain stem level, respectively. Details of all these pathways and reflexes can be found in the Handout of Neuroanatomy. 

KINAISTHESIS

The Greek word "kinaesthesis'means 'the sense of movement"; it also often reffered to as proprioception. Essentially, it is the integration of elementary informations obtained from muscles, ligaments, tendons, joints and fasciae. These signals about the position of the body in space, the angles of the joints, and the length and tension of muscles are indispensable for the motor system to gain access to vitally important information about the condition of the motor plant, the muscles and joints that have to be moved.
In addition to individual nerve terminals surrounding single collagen fibers, the fine structural relations of which are presently studied by means of serial electron microscopic sections, three major sources provide kinaesthesis information to the centers of the motor system, the muscle spindles, the Golgi tendon organs and Pacinian corpuscles.

(1) The muscle spindles are arranged parallel with the extrafusal muscle fibers; they provide information about the length of the muscle. The spindles are distributed throughout the fleshy part of the muscle. Each spindle consists of an encapsulated group of fine intrafusal muscle fibers; the capsule is filled with a lymph-like fluid. Intrafusal muscle fibers are innervated by grape-like nerve endings, "terminaisons en grappe", that derive from A axons of small motor neurons, in contrast, extrafusal muscle fibers are innervated by motor end plates, "termaisons en plaque", deriving from A motor axons of large alpha motoneurons constituting the motoneuronal pool of the ventral horn.

Two kind of afferent nerve endings innervate each intrafusal muscle fibers. Nuclear bag fibers, also called annuiospiral endings, surround the central or equatorial region of the intrafusal muscle fiber which, in this region, contains no myofibrils, only a lot muscle nuclei -hence the term "nuclear bag". Annuiospiral endings, also named primary endings derive from large A axons or Group I afferent fibers (IA afferents). On the other hand, secondary endings, also called flower-spray terminals, derive from thinner Group I! afferents (II afferents). The primary (annuiospiral) endings are sensitive both to changes in length of the entire muscle and to the rate of change in length, while the secondary (flower-spray) endings are mainly sensitive only to the length of the muscle. Both kinds of afferent fibers are peripheral axons of large, pale pseudounipolar dorsal root ganglion cells, central branches of which terminate either in Glarke's nucleus or in the nucleus proprius of ths dorsal horn, or project upward in the dorsal column. Reflex collateral of these axons establish monosynaptic reflexes with alpha motoneurons, resulting e.g. in the knee jerk; however, also more complex reflexes are brought about at spinal tevel, The main centers, where these informations are evaluated, are the cerebellum and the thalamus; the signals arrive via Flechsig's dorsal spinocerebellar and Gower's ventral spinocerebellar tracts at the cerebellar coitex and, by means of the dorsal column - medial lemniscus pathway, at the motor thalamus.

(2) Golgi's tendon organ is a slender capsule about 1mm long and 0.1 mm in diameter. Each organ is in series with about 15-20 extrafusal skeletal muscle fibers that enter the capsule through a funnel-like collar. After entering the capsule, the muscle fibers terminate in myotendineous junctions. The IB axon entering the capsule arborizes profusely and surrounds the collagen fiber bundles. When the skeletal muscle fibers contract, they straighten the collagen bundles, this, in turn, compresses the axonai branches and induces first a generator potential, then an action potential. The nerve Impulse is conveyed to the dorsal root ganglion and from here, through the dorsal root, to the terminatioins mentioned with respect to the muscle fibers.
(3) Pacinian corpuscles are widespread in the kinaesthetic system. They are present in the capsules of joints, around tendons and ligaments, and in fasciae. The mechanoreceptive transduction of these Pacinian corpuscle contributes to the array of information processed by the kinaesthetic apparatus.
INTEROCEPTORS
Sensory nerve monitoring blood pressure, blood C02, tension, blood Na+ concentration and blood pH are "silent receptors"; their function proceeds unnoticed by the conscious mind. The same applies for the receptors in various body cavities. The system of interocep(tion is the guardian of what Claude Bernard, in the 19-th century, called the "miieu interieur*.

Baroreceptoes or pressoreceptors are widespread axonal arboiization equipped with tiny end-loops, similar to leaves, i.e. at the bifurcation of the carotic artery. Here, baroreceptors are established by a special branch of the glossopharyngeus (IX), called Hering's sinus nerve. Similar baroreceptor end organs can be found in the wall of the aortic arch, and at tfie bifurcation of the pulmonary artery. These receprors are branches of the vagus nerve. Perikarya of these neurons are in the inferior ganglion of the glossopharyngeus and in the nodose ganglion of the vagus, respectively; central axonal branches of these pseudounipoiar ganglion cells terminate in the vasomotor center of the reticular formation.

Chemoreceptors are mainly concentrated in the glomus caroticum, situated belween the bifurcating branches of the carotic communis, i.e. in the triangular area surrounded by the carotic externa and carotis interna. Glomus cells are sensitive for changes in the C02 tension of the blood; the generator potential of these cells is carried to the respiratory center, also in the reticular formation, by axons of the vagus and the glossopharyngeus nerves.
Na+ concentration of the blood is constantly monitored by nerve cells in the supraoptic nucleus of the hypothalamus According to increased or decreased blood Na+ concentration, these cells secrete more or less antidiuretic hormone that regulates reabsorbtion of water from the convoluted tubules of the kidney.
Na+ concentration of the urine is monitored by cells of the macula densa in the juxtaglomerular apparatus. These cells regulate, according to Na- content of the urine, the amount of glomerular filtration.

Blood pH and blood glucose concentrations are also monitored by appropriate interoceptive mechanism. The core temperature of the body is being constantly determined by nerve cells in the central thermoregulatory area of the hypothalamus. They induce, through hypothalamic centers, the regulatory effects which are necessary in order to ensure the state of equilibrium.
Finatty, interoceptors in boe^f cavities play a role, hitherto not completely understood, in the maintenance of prelum abdominale. Especially in cat, the number of Pacinian corpuscles destributed in the mesentery, is conspicuous. The same applies for the monitoring of te negative pressure in the thoracic cavity or to the rich innervations 
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