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Methodical Instruction for Lesson 

Theme. conducting TRACTS of HearING and BALANCE
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:  To know  name and show the structures of hearing and 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 external, middle and internal ear.
3. Circulation of peri- and endo- lymph.
4. Pathway of sound wave.
5. Places of entrance of auditory nerve to cranial cavity and brain.
6. Places of entrance of vestibular nerve to cranial cavity and brain.
7. Characteristics of auditory analyzer.
8. Characteristics of static and kinetic analyzer.
The student should able:
1. To show on a skull the petrosal part of temporal bone, opening of internal acoustic meatus, facial canal, and roof of tympanic cavity.
2. To show the localization of the nuclei of auditory and vestibular analyzers.
3. To show on skull and brain, the place of entrance (output) of vestibulocochlear nerve.
4. To show localization of cortical end of auditory analyzer in the brain.
5. To show localization of cortical end of static and kinetic analyzer in the brain.
Questions of initial level:
1. Structure of external ear.
2. Structure of middle ear. 

3. Tympanic cavity and its content.
4. Circulation peri- and endo- lymph.
5. Pathway of sound wave.
6.   Where are located balance (stato- kinetic) receptors

7. Characteristics of statokinetic analyzer

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 acoustic nerve (n. acusticus; auditory nerve or nerve of hearing) divides near the bottom of the internal acoustic meatus into an anterior or cochlear and a posterior or vestibular branch .

The vestibular nerve (n. vestibularis) supplies the utricle, the saccule, and the ampullæ of the semicircular ducts. On the trunk of the nerve, within the internal acoustic meatus, is a ganglion, the vestibular ganglion (ganglion of Scarpa); the fibers of the nerve arise from the cells of this ganglion. On the distal side of the ganglion the nerve splits into a superior, an inferior, and a posterior branch. The filaments of the superior branch are transmitted through the foramina in the area vestibularis superior, and end in the macula of the utricle and in the ampullæ of the superior and lateral semicircular ducts; those of the inferior branch traverse the foramina in the area vestibularis inferior, and end in the macula of the saccule. The posterior branch runs through the foramen singulare at the postero-inferior part of the bottom of the meatus and divides into filaments for the supply of the ampulla of the posterior semicircular duct .

The cochlear nerve (n. cochlearis) divides into numerous filaments at the base of the modiolus; those for the basal and middle coils pass through the foramina in the tractus spiralis foraminosis, those for the apical coil through the canalis centralis, and the nerves bend outward to pass between the lamellæ of the osseous spiral lamina. Occupying the spiral canal of the modiolus is the spiral ganglion of the cochlea (ganglion of Corti), consisting of bipolar nerve cells, which constitute the cells of origin of this nerve. Reaching the outer edge of the osseous spiral lamina, the fibers of the nerve pass through the foramina in the tympanic lip; some end by arborizing around the bases of the inner hair cells, while others pass between Corti’s rods and across the tunnel, to end in a similar manner in relation to the outer hair cells. The cochlear nerve gives off a vestibular branch to supply the vestibular end of the ductus cochlearis; the filaments of this branch pass through the foramina in the fossa cochlearis (page 1048) .

Vessels.—The arteries of the labyrinth are the internal auditory, from the basilar, and the stylomastoid, from the posterior auricular. The internal auditory artery divides at the bottom of the internal acoustic meatus into two branches: cochlear and vestibular. The cochlear branch subdivides into twelve or fourteen twigs, which traverse the canals in the modiolus, and are distributed, in the form of a capillary net-work, in the lamina spiralis and basilar membrane. The vestibular branches are distributed to the utricle, saccule, and semicircular ducts .

The veins of the vestibule and semicircular canals accompany the arteries, and, receiving those of the cochlea at the base of the modiolus, unite to form the internal auditory veins which end in the posterior part of the superior petrosal sinus or in the transverse sinus .

Auditory tract 1. Body of first neuron of auditory tract positioned in cochlear ganglion (spiral cochlear ganglion). The peripheral process of first neurons terminates in spiral organ and the central process neurons form cochlear part of VІІІ cranial nerve. It passes through the internal auditory meatus into cranial cavity, where terminates by synapse with second neuron .

2. The bodies of second neurons of cochlear nerve are found in anterior and posterior cochlear nucleus in lateral recess of rhomboid fossa. Axons of second neurons form fascicles having a name trapezoid body. These fibres terminate partly in superior olivar nucleus. One from posterior cochlear nucleus form striae medullaris of fourth ventricle .

3. The third neuron of auditory tract positioned in superior olivar nucleus. Their axons a lateral lemniscus, which runs through the isthmus of rhombencephalon (triangle of lemniscus) and reach the subcortical hearing centres .

The bodies of fourth neurons of auditory tract located in medial geniculate body and inferior colliculus of midbrain. Then axons run through the posterior third of posterior leg of internal capsule and reach Geshla gyrus (cortical hearing analyser in superior temporal gyrus). Axons of the fourth neurons also pass from inferior colliculus to the anterior funiculus of spinal cord as vestibulospinal tract .

Instantaneous reaction in response to sound (protective reflex) realises by means of this pathway
Self-dependent work
Using textbooks, atlas and charts, master the pathway of sound and the auditory analyzer. Sound-waves sent by the auricle to the external acoustic meatus, cause vibration of the tympanic membrane. These sound vibrations are passed to the perilymph of the vestibule through the system of ossicles. The vibrations of perilymph spread on the vestibular scale upwards to the top of snail, where through the Breschet's [Scarpa's] hiatus (helicotrema) are passed to the perilymph of tympanic scale, through which it goes down to the cochlear window where they are inhibited by the secondary tympanic membrane. Through the vestibular membrane, oscillation of perilymph passes to the endolymph of cochlear duct and further to the basal membrane on which the receptor of auditory analyzer (Corti organ) containing sensory hair cells is located. These cells are surrounded by the nervous fibers of spiral ganglion, ganglion spirale (1st neuron of auditory way) located at the base of snail modiolus. Here the mechanical vibrations of endolymph are transformed to nervous impulses through axons forming the auditory nerve, and are sent to the brain to the auditory nuclei of rhomboid fossa (2nd neuron of auditory pathway). Further on to subcortical centers of hearing: medial geniculate bodies, inferior colliculi of the roof of midbrain, thalamus (part of the fibers are interrupted in the nuclei of trapezoid body of pons) – (3rd neuron). From the nuclei of medial geniculate bodies the fibers, forming an auditory radiation, go to the cortical end of auditory analyzer which is in the middle part of the superior temporal gyrus, in the depth of Sylvian fissure.


Using textbooks, atlas and charts, master the pathway of statokinetic analyzer.
Nervous impulses are received from receptors of the ampulla crest of the semicircular ducts and in the spots of the utricle and sac of the vestibule of membranous labyrinth, through the vestibular ganglion, gangl. vestibulare (1st neuron), located on the floor of the internal acoustic meatus, via the vestibular nerve, are sent in the brain to the nuclei of rhomboid fossa (2nd neuron) and further to spinal cord, cerebellum and thalamus (3rd neuron), with continuation to the cortical vestibular analyzer (the cortex of vermis of cerebellum; middle and inferior temporal gyri of brain).
The program of independent work
	Educational tasks
	Specification of tasks

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

	2. To name all nuclei of vestibulocochlear organ and characterize them.
	1. To point at the projections of acoustic and vestibular nuclei in the floor of the rhomboid fossa. 

	3. To study the structure of the middle and internal ear. To study acoustic analyzer tract.
	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.

	4. To study the pathway of statokinetic analyzer.
	1. To draw the scheme of pathway of nerve fibers from centers of balance in ampules of semicircular ducts and macula of utriculus and sacculus to cortical end of the analyzer.


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, - 2010, 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 6. 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 .
3.   "Human Anatomy", V.G.Koveshnikov, 2011
4  "Atlas of Human Anatomy", Sobotta, 2010
5  "A Color Atlas of Human Anatomy", R.M.H.McMinn, R.T.Hutchings, J.Pegington, 2006
6  "Gray's Anatomy", Henry Gray F.R.S., 2001

Questions of final control:
1. Structure of external ear.
2. Structure of middle ear. Tympanic cavity and its content.
3. Structure and characteristics of structures of the internal ear.
4. Circulation peri- and endo- lymph.
5. Pathway of sound wave.
6. Characteristics and cerebral location of cochlear and vestibular nuclei.
7. Place of entrance of vestibular nerve into the brain.
8. Place of entrance of auditory nerve into the brain.
9. Characteristics of auditory analyzer.
10. Characteristics of statokinetic analyzer.

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: CONCLUSIVE LESSON ABOUT ANATOMY OF SENSE ORGANS
