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Professional orientation for student: It is necessary to know that based on functional significance, the auditory analyzer occupies second place after the visual one. The analyzers of spoken and writing speech developed and functioning on base hearing is the mechanism of humans’ communication. Close anatomical and ontogenetic connection of the analyzer of gravitation and auditory analyzer, allows us examine them as a single organ – vestibulocochlear organ. Increasing the noise and gravity loadings during last years (aviation, astronautics) and also cold diseases lead to pathology of the vestibulocochlear organ. Therefore students must know the anatomical structure of the organ, to use them in the future mastering of physiology, otolaryngology and other disciplines. The study of these questions is also of applied significance for aviation and space medicine specialists.

Aim:  Learn how to find, name exactly, and show the structures of balance on specimens . Learn to explain their anatomical and phylogenetically mutual communication. To master the main process by which both analyzers function.
The student should know:
1. Latin terminology of this theme.
2. Structure and characteristics of internal ear.
3. Circulation of peri- and endo- lymph.
4. Places of entrance of vestibular nerve to cranial cavity and brain.
5 . Characteristics of static and kinetic analyzer.
The student should able:
To show on a skull: 

· the petrosal part of temporal bone,

·  opening of internal acoustic meatus,
·  facial canal
· roof of tympanic cavity.
Questions of initial level:
1. Structure of external ear.
2. Structure of middle ear. 

3.Tympanic cavity and its content.
4. Structure and characteristics of structures of the internal ear.
5. Circulation peri- and endo- lymph.
6. Pathway of sound wave.
Renewal of basic knowledge on previously studied themes and disciplines
	Discipline
	Student must know
	Student must be able

	Anatomy: craniology.
	1. Anatomical structure of temporal bone.
	1. To explain structure of temporal bone, its canals and openings which are parts of vestibulocochlear organ. To point at and name ossicles.

	
	2. Anatomical structure of cranial base.
	2. To explain the anatomical structure of middle and posterior cranial fossae.

	Anatomy: central nervous system.
	1. Anatomical structure of the brain.
	1. To draw the scheme of localization of nuclei in rhomboid fossa. To characterize nuclei of vestibulocochlear organ.

2. To show the place of entrance of vestibular nerve to brain.

3. To show the place of entrance of auditory nerve to brain.

	Histology: embryology.
	1. Ontogenesis of sense organs.
	1. To say the main stages of ontogenesis of sense organs.

	Biology.
	1. Phylogenesis of organ of hearing.
	1. To say the main stages of phylogenesis of the organ of hearing.


Practical equipment: skull, temporal bone, ossicles, brain, charts, models.
Content of topic

The internal ear is the essential part of the organ of hearing, receiving the ultimate distribution of the auditory nerve. It is called the labyrinth, from the complexity of its shape, and consists of two parts: the osseous labyrinth, a series of cavities within the petrous part of the temporal bone, and the membranous labyrinth, a series of communicating membranous sacs and ducts, contained within the bony cavities .

The Vestibule (vestibulum).—The vestibule is the central part of the osseous labyrinth, and is situated medial to the tympanic cavity, behind the cochlea, and in front of the semicircular canals. It is somewhat ovoid in shape, but flattened transversely; it measures about 5 mm. from before backward, the same from above downward, and about 3 mm. across. In its lateral or tympanic wall is the fenestra vestibuli, closed, in the fresh state, by the base of the stapes and annular ligament .

On its medial wall, at the forepart, is a small circular depression, the recessus sphæricus, which is perforated, at its anterior and inferior part, by several minute holes (macula cribrosa media) for the passage of filaments of the acoustic nerve to the saccule; and behind this depression is an oblique ridge, the crista vestibuli, the anterior end of which is named the pyramid of the vestibule. This ridge bifurcates below to enclose a small depression, the fossa cochlearis, which is perforated by a number of holes for the passage of filaments of the acoustic nerve which supply the vestibular end of the ductus cochlearis. As the hinder part of the medial wall is the orifice of the aquæductus vestibuli, which extends to the posterior surface of the petrous portion of the temporal bone. It transmits a small vein, and contains a tubular prolongation of the membranous labyrinth, the ductus endolymphaticus, which ends in a cul-de-sac between the layers of the dura mater within the cranial cavity .

On the upper wall or roof is a transversely oval depression, the recessus ellipticus, separated from the recessus sphæricus by the crista vestibuli already mentioned. The pyramid and adjoining part of the recessus ellipticus are perforated by a number of holes (macula cribrosa superior). The apertures in the pyramid transmit the nerves to the utricle; those in the recessus ellipticus the nerves to the ampullæ of the superior and lateral semicircular ducts. Behind are the five orifices of the semicircular canals .

In front is an elliptical opening, which communicates with the scala vestibuli of the cochlea .

Interior of right osseous labyrinth .

The Bony Semicircular Canals (canales semicirculares ossei).—The bony semicircular canals are three in number, superior, posterior, and lateral, and are situated above and behind the vestibule. They are unequal in length, compressed from side to side, and each describes the greater part of a circle. Each measures about 0.8 mm. in diameter, and presents a dilatation at one end, called the ampulla, which measures more than twice the diameter of the tube. They open into the vestibule by five orifices, one of the apertures being common to two of the canals .

Position of the right bony labyrinth of the ear in the skull, viewed from above. The temporal bone is considered transparent and the labyrinth drawn in from a corrosion preparation .

The superior semicircular canal (canalis semicircularis superior), 15 to 20 mm . in length, is vertical in direction, and is placed transversely to the long axis of the petrous portion of the temporal bone, on the anterior surface of which its arch forms a round projection. It describes about two-thirds of a circle. Its lateral extremity is ampullated, and opens into the upper part of the vestibule; the opposite end joins with the upper part of the posterior canal to form the crus commune, which opens into the upper and medial part of the vestibule .

The posterior semicircular canal (canalis semicircularis posterior), also vertical, is directed backward, nearly parallel to the posterior surface of the petrous bone; it is the longest of the three, measuring from 18 to 22 mm.; its lower or ampullated end opens into the lower and back part of the vestibule, its upper into the crus commune already mentioned .

The lateral or horizontal canal (canalis semicircularis lateralis; external semicircular canal) is the shortest of the three. It measures from 12 to 15 mm., and its arch is directed horizontally backward and lateralward; thus each semicircular canal stands at right angles to the other two. Its ampullated end corresponds to the upper and lateral angle of the vestibule, just above the fenestra vestibuli, where it opens close to the ampullated end of the superior canal; its opposite end opens at the upper and back part of the vestibule. The lateral canal of one ear is very nearly in the same plane as that of the other; while the superior canal of one ear is nearly parallel to the posterior canal of the other .

The Semicircular Ducts (ductus semicirculares; membranous semicircular canals)—The semicircular ducts are about one-fourth of the diameter of the osseous canals, but in number, shape, and general form they are precisely similar, and each presents at one end an ampulla. They open by five orifices into the utricle, one opening being common to the medial end of the superior and the upper end of the posterior duct. In the ampullæ the wall is thickened, and projects into the cavity as a fiddle-shaped, transversely placed elevation, the septum transversum, in which the nerves end .

—The walls of the utricle, saccule, and semicircular ducts consist of three layers .

The outer layer is a loose and flocculent structure, apparently composed of ordinary fibrous tissue containing bloodvessels and some pigment-cells. The middle layer, thicker and more transparent, forms a homogeneous membrana propria, and presents on its internal surface, especially in the semicircular ducts, numerous papilliform projections, which, on the addition of acetic acid, exhibit an appearance of longitudinal fibrillation. The inner layer is formed of polygonal nucleated epithelial cells. In the maculæ of the utricle and saccule, and in the transverse septa of the ampullæ of the semicircular ducts, the middle coat is thickened and the epithelium is columnar, and consists of supporting cells and hair cells. The former are fusiform, and their deep ends are attached to the membrana propria, while their free extremities are united to form a thin cuticle .



Self-dependent work
The vestibulocochlear organ (hearing and equilibrium), organum vestibulo-cochleare (organum status et auditus) consists of three departments: external, middle and internal ear (auris externa, media, interna).
To study on textbooks, charts and models, structure of the ear and all its departments; to find out their functional significance.
At consideration of the structure of the internal ear, pay attention to structural features of bony and membranous labyrinths and master that they contain the receptors of two analyzers – auditory and statokinetic (gravitations).
The bony labyrinth (labyrinthus osseus) is located in the pyramid of the temporal bone and consists of: bony vestibule, three bony semicircular canals and bony snail.
The vestibule is the central part of the labyrinth. A bony crest divides it into two pockets: spherical and elliptical, where openings of the semicircular canals are opened. Two windows are located in the external wall of the vestibule: window of vestibule (fenestra vestibuli) which faces the tympanic cavity and is closed by the base of the stirrup; window of snail (fenestra cochleae) closed by the secondary tympanic membrane (membrana tympani secundaria).

Three semicircular canals (anterior, posterior and lateral) are located in three mutually perpendicular planes. Every canal has an arc and two legs. One leg of every semicircular canal is extended as an ampule. The anterior and posterior canals form a common leg while the lateral canal forms a single leg. Thus, the semicircular canals open to the vestibule by five openings.
The bony labyrinth of snail is a bony tube, wrapped up in 2.5 turns about the axis or bar (modiolus). The cavity of the bar is a canal. In the spiral canal of snail, is a bone spiral plate which divides its cavity into two parts: stair of vestibule (scala vestibuli) above the bony plate, and drum stair (scala tympani) below.
Inside the bony labyrinth, connective tissue membranous labyrinth (labyrinthus membranaceus) is located. In it are distinguished: membranous vestibule, membranous semicircular ducts and membranous snail or snail duct.
The utricle (utriculus) and small sac (sacculus) belong to the membranous vestibule. The utricle is disposed in the elliptical pocket, and sac – spherical. They are united by a utriculo-saccular duct (ductus saccoutricularis). The 5 openings of the semicircular ducts open into the posterior wall of the utricle. On the internal surface of the utricle and sac, two spots are located – macula utriculi and macula sacculi. They are the receptors of vestibular nerve and consist of hair cells of sensory vestibular epithelium, surrounded by supporting cells. Receptors of the utricle and sac perceive gravity and linear acceleration, i.e. provide the equilibrium of body being at rest.
The receptors of ampullars legs represented by sensory crests with neuroepithelial cells which perceive an angular acceleration and are the organs of dynamic equilibrium, are located in membranous semicircular ducts (anterior, posterior and lateral), i.e. provide the equilibrium of body moving in space. The cochlea and cochlear duct belong to the membranous labyrinth of snail. Cochlear duct lies in the vestibular stair and has three walls. The upper wall is the vestibular membrane. The lower wall is a basal membrane on which the organ of corti is located. The lateral wall is represented by the periosteum of bony canal of snail and is internally lined by the special epithelium of vascular strip, the capillaries of which produce endolymph.
Using an atlas and charts, study the circulation of peri- and endo- lymph.
To know that the perilymph circulates in the perilymphatic space of the internal ear (between membranous and bony labyrinths), and drains into the perilymphatic duct (ductus perilymphaticus) in subarachnoid space. To pay attention, that the perilymphatic duct is located in the snail duct which passes across the pyramid and opens under the opening of internal acoustic meatus in the funnel-shaped deepening and spreads to the subarachnoid space. As a result, inflammation of meninges of the brain (meningitis) can spread to the structures of the internal ear and vice versa. Endolymph circulates on the reserved space of membranous labyrinth and is not connected with the environment. An endolymph from a cochlear duct passes to the sac through the connecting duct. It goes to the utricle from the semicircular ducts.
From the utricle and saccule, via the utriculo-saccular duct, it drains to the endolymphatic duct (ductus endolymphaticus). This duct goes to the vestibular aqueduct (aqueductus vestibuli). On getting to the vestibular aqueduct the endolymphatic duct ends between the layers of dura mater via a blind expansion – endolymphatic sac (saccus endolymphaticus).
The program of independent work
	Educational tasks
	Specification of tasks

	1. To show the localization of organ of balance  in the skull.
	1. To locate and show all structures of organ of balance, ossicles in the skull.

	2. To study the structure of the  internal ear. 
	1. To draw scheme of nerve fibers passing from organ of Corti to cortical end. To pay attention to the decussation and creation of lateral loop.


Students should make notes on all aspects of independent work in their notebooks, write the dictionary of anatomical terms, sketch schemes, pictures and annotate them.
References:

 а) basic 

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2016, 2092 p .

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013 .

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc .

4. Materials preparation for lectures

5. Materials preparation for practical classes 

b) additional

 1. Lecture .

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition .

Questions of final control:
1. Parts of  internal ear.
2. Describe the structure of bony semicircular canals .

3. Describe the structure of membrane semicircular canals .

4.   Where are located balance (stato- kinetic) receptors

5. Characteristics of statokinetic analyzer

6. Circulation peri- and endo- lymph.
Clinical tasks
1. The 54 y. o. female patient complains to a giddiness, a nausea, infringement of equilibrium after falling and a trauma of a head. What formation of internal ear was taken place most likely?

A. Membrana tympans.

B. Labyrinthus osseus.

C. Organum spirale.

D. Organum vestibulare.

E. Canalis longitudinalis modiolil.



2. The patient has an inflammation of a middle ear complicated by mastoiditis. What wall of the tympanic cavity the apertures connecting tympanic cavity with cells of a mastoid process are located?

A. Posterior.

B. Anterior.

C. Superior.

D. Inferior.

E. Medial.

3. The superior wall of a tympanic cavity is destroyed by pus because of a purulent otitis. What cranial fossa will pus from a tympanic cavity distributed in? 

A. Posterior cranial fossa.

B. Anterior cranial fossa.

C. Middle cranial fossa.

D. To the orbit.

E. Pterygopalatine fossa.

4. The inflammation of tympanic cavity has become complicated by an inflammation of dura mater. What wall of tympanic cavity the infection can penetrate into a cavity of a skull through? 

A. Inferior

B. Lateral

C. Superior

D. Medial

E. Posterior

5. The patient has the angina follicularis complicated by an acute otitis (an inflammation of a middle ear). What are the anatomic preconditions exist for this process? 

A. Pirogov’s lymphoepithelial ring.

B. Fallopian tubes.

C. Developmental defect of pharynx.

D. Eustachian tube. 

E. Piriform excavation 

NEXT TOPIC: conducting TRCTS of HearING and BALANCE
