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ANNOTATION
These methodical recommendations are created for foreign students of medical faculty of the 4th year. Here are detailed features of the normal anatomy and physiology of the ear without which it is impossible to study the subject. A detailed algorithm for diagnosing the pathology of the auditory and vestibular analyzers is given. All modern methods of studying the state of various otters of the ear with examples and detailed description of the research are described. At the end, students are offered open and test questions for self-control.

During the compiling of recommendations, materials from recent protocols and experience of otorhinolaryngologists from the clinic of the Kharkov National Medical University were used.

The purpose of this training manual is to present to the students of the medical faculty a detailed and understandable algorithm for examination the auditory analyzer, relying on its anatomical and physiological characteristics.

Substantiation of topic

There is no need to argue about importance of the acoustic and statokinetic analyzers in human life. Their biological role is in trapping and analyzing signals from environment.

Due to analyzers we know about changes occurred in the outer world. This results in more elaborate balancing of the organism and environment.

Research of analyzers is of great importance while selecting personnel for employment and service with armed forces, making expertise and specifying nature of a disease - all this demands that a student study the material in details for using in the medical practice, when required.

Studying the subject the student should:

A. Know anatomical and physiological interrelations between the ear and adjacent organs;

B. Know audiometry and vestibulometry;

C. Be able to examine hearing by means of speech and tuning forks; carry out vestibular coordination tests and make a hearing and vestibular report;

D. Know clinical anatomy of the internal ear and physiology of the acoustic and vestibular analyzers.

Brief physiology of the acoustic analyzer

The acoustic analyzer is a complex single system, which begins from the external ear and ends in the cerebrum brain cortex. The task of the auditory analyzer is to trap and analyze acoustic signals from the outer world. Due to hearing, as well as to other analyzers, a human being receives information about the environment. Operation of this analyzer ensures powerful development of the brain. An adequate irritant of the acoustic analyzer is the sound, which is the harmonic oscillation of the environment that can be recorded as a curve, having stages of depression and concentration. Sound is a complex phenomenon that consists of numerous acoustic waves, among which fundamental tone and overtone are distinguished.

The acoustic analyzer has a number of specific peculiarities:

A) it is characterized with versatility - the possibility to hear in darkness;

B) due to hearing the articulate speech could develop.
The word became a signal of signals of the first signal system that contributed to development of the second signal system in the evolution. The auditory organ ensures development of a human being and perception of speech, that enables efficient existence in the society. Transmission of the acoustic wave is provided by ear structures: they are divided into sound-conductive and sound-perceptive organs in clinical practice. The first ones include the auricle of the ear, the external auditory passage, the eardrum, the auditory ossicles (the hammer, the anvil and the stapes), the membrane of the oval aperture, the first steps of the vestibule and the membrane of the round aperture. Sound-perceptive organs have Corti's organ, conduction paths of the pair of cranial nerves, basic capsules, the temporal part of the cerebrum brain cortex. Its one part - cochlea is a peripheral part of the acoustic analyzer. Acoustic wave passes through these anatomical buildups. The role of each of these structures in transfer of sound is different. Thus, the auricle of the human ear is not of great significance in transfer of sound, but the auricle of the animals' ear has an important function of a sound collector. An acoustic wave, passing through the auditory canal, oscillates the eardrum. It is fluctuated because of even small sounds. The eardrum is in close contact with the hammer. The stapes actuates the liquid media of the internal ear. The irritation reaches the Corti's organ and is transferred through the auditory nerve to the cerebrum brain cortex, its temporal area, where it converts into auditory senses.

Each sound has its properties: pitch, volume and tone, which are completely reflected in the acoustic analyzer.

The pitch of the sound is determined by vibration frequency of an acoustic wave. The range of sound perception by the human ear is rather wide and varies from 16 up to 20,000 oscillations per second. Animals have a larger range of sound perception: the dog - up to 30,000, the cat - up to 40,000 and the bat - more than 60,000 oscillations per second.

A human being can determine direction of sound. In clinical practice, this is called ototopics.

The second property of sound is its intensity, which depends on amplitude of oscillations. The more the amplitude of oscillations is, the more intensive the sound is. The sound characteristic has such a concept as volume - it does not always go in parallel to the sound intensity. So, a low tuning fork will have large intensity and low volume. This is conditioned by the following: a human ear is little sensitive to these oscillations, but sound of 2000 oscillations per second (despite low frequency) is perceived as loud because the human ear is especially sensitive to the zone of 1,000-3,000 oscillations per second.

The third property of sound is a tone. What does it depend on and what is it? In the process of evolution our ear acquired capacities to differ various undertones, or in other words - tone of sound. We easily distinguish speech of one musical instrument from another one by tone. The sound tone is stipulated by the following: each vibratory object is oscillated not only as a whole, but also by parts. It means that there are overtones, except the fundamental (the lowest) tone. The tone depends on the number and intensity of these overtones.

What is the physiological significance of sound-conductive organs? Acoustic waves easier pass into the depth through the auditory passage, however, it is not the only path: acoustic waves pass also through skull bones, soft tissues. However, this path is more difficult and therefore it is perceived as less loud.

Striking the eardrum, an acoustic wave sets in motion the system of auditory ossicles, including the stapes plate, which, in its turn, transfers oscillation to the ear lymph. These complicated transmitting organs of the middle ear enhance sounds by means of the eardrum and stapes plate. And due to the lever mechanism of ossicles, there is an approximately double gain in intensity. Without such transmitting mechanism the acoustic wave would lose a significant part of its intensity when reaching the liquid medium.

The auditory tube is also of a certain significance in the hearing function. It has two functions: drainage and ventilation. In the case of its obstruction a negative pressure is formed in the cavity of the middle ear. This is immediately reflected in hearing. Besides that, auditory muscles play some role in the mechanism of sound-conduction. Their basic function is accommodation. If the sound is intensive, they vigorously contract. This results in fixing auditory ossicles, and the sound fades out.

The third section of the sound-conductive system is the internal ear, which is represented by the cochlea.

How does the contemporary medical science explain the mechanism of sound perception? What happens in the sound-perceptive organs because of action of an acoustic wave? A number of theories try to solve this problem. One of the basic ones is Helmholtz's theory. The author finds solution basing upon peculiarities of structure of the basic membrane, which consists of a great number of transverse fibers of different length and tautness. Therefore each fiber, like a string of a multi-string instrument, resonates to the certain tone. High tones irritate the narrow end of the membrane near the oval aperture, and low tones - near the helicotrem. The thesis on spatial sharing of perception in the cochlea was proved by experiments of L. A. Andreyev from the laboratory of I. P. Pavlov through development of dogs' conditioned reflexes to pure sounds. After this the cochlea was deteriorated from one side, and as for the remaining side, the area, that should perceive this tone, was deteriorated. After this deterioration the conditioned reflex disappeared. Bekeshi's experiments on guinea-pigs showed that each jog of the stapes results in deformation of the drum wall of the cochlea path in the form of the running wave, the crest of which corresponds to the identified area of the basic membrane, pursuant to the sound going from outside. The running wave from high sounds causes deformation of the basilar membrane in the basis of the cochlea, from low sounds - closer to the top.

P. P. Lazarev proposed an idea, and later proved, that acoustic cells have "acoustic purpura" which under influence of the sound is disintegrated into ions, causing the nerve process.

V. F. Undrits experimentally proved that the cochlea is a live microphone, which transforms sound energy into the electric one.

EXAMINATION OF THE EAR

Symptomatology

A patient with ear disease presents with one or more of the following complaints:

1. Hearing loss.

2. Tinnitus.

3. Dizziness or vertigo.

4. Ear discharge.

5. Earache.

6. Itching in the ear.

7. Deformity of the pinna.

8. Swelling around the ear.

The details of history of these symptoms particularly in reference to the onset, duration, progression and severity should be noted.

Examination

It includes both physical and functional examination.

A. Physical examination. It includes examination of:

1. Pinna and the surrounding area.

2. External auditory canal: (i) without speculum, (ii) with speculum

3. Tympanic membrane.

4. Middle ear.

5. Mastoid.

6. Eustachian tube.

7. Facial nerve.

1. Pinna and the surrounding area

The pinna is examined by inspection and palpation. Both of its surfaces, the lateral and the medial, should be examined. Look for size (microtia, macrotia); shape (abnormalities of contour, cauliflower ear); position (bat ear). Also look for redness (furuncle or abscess); swelling (haematoma, abscess); vesicles in concha and retroauricular groove (herpes zoster); scars (trauma or operation); ulceration or neoplasm.

Also examine the area above, in front, below and behind the pinna and look for a swelling (mastoid or zygomatic abscess, neoplasm or lymph nodes); sinus (preauricular sinus); fistula (mastoid fistula); scar (endaural or postaural scar due to previous operation).

Palpation of the pinna is essential to look for raised temperature (perichondritis or abscess); thickness of tissues (perichondritis); fluctuation (seroma or abscess) and tenderness. Movements of the pinna are painful in furunculosis of the external canal.

2. Examination of the external auditory canal

(a) Examination without a speculum. This is an important part of the examination and precedes introduction of speculum. The pinna is pulled upwards and backwards while the tragus is pulled forwards to spread open the meatus. Look for the size of meatus (narrow or wide), contents of lumen (wax, debris, discharge or polyp) or swelling of its wall (furuncle, neoplasm).

(b) Examination with a speculum. Once the size of the meatus is known, proper speculum is selected and introduced. Use the largest speculum that can easily enter the canal. Look for wax, debris, discharge, polyp, granulations, exostosis, benign or malignant neoplasm, sagging of posterosuperior area (coalescent mastoiditis).
3. Examination of the tympanic membrane

A normal tympanic membrane is pearly white in colour and semi-transparent and obliquely set at the medial end of the meatus. It has two parts - pars tensa and pars flaccida, both of which should be carefully examined. Its various landmarks are shown in fig. 
1. The tympanic membrane is examined for: 
 (a) Colour. Red and congested in acute otitis media, bluish in secretory otitis media haemotympanum. A chalky plaque is seen in tytnpanosclerosis.
 (b) Position. The tympanic membrane may be retracted or bulging. General retraction is seen in tubal occlusion, retraction pockets are seen in attic or posterosuperior region and may collect epithelial flakes. Sometimes the tympanic membrane is very thin, deeply retracted and is fixed to the promontory as in adhesive otitis media.

A bulging tympanic membrane is seen in acute otitis media, haemotympanum or neoplasm of the middle ear which has not yet perforated the drum.
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Fig. 1. Landmarks of the normal tympanic membrane right side.
(b) Surface of tympanic membrane. It may show vesicles or bullae (herpes zoster or myringitis bullosa), a perforation (acute or chronic otitis media). A perforation may be central (in pars tensa) or attic (in pars flaccida) or marginal (at the periphery involving the annulus). A central perforation may be small, medium, subtotal or total.

(c) Mobility. It is tested with a Siegel's speculum (Fig. 74.5). A normal tympanic membrane is mobile. Restricted mobility is seen in the presence of fluid or adhesions in the middle ear. An atrophic segment of the tympanic membrane may be hypermobile.
Examination of the middle ear

Normally the middle ear cannot be examined directly. When the tympanic membrane is semi-transparent, some structures can be seen through it. In the presence of a perforation, it is possible to know the condition of middle ear mucosa and any ingrowth of the squamous epithelium from the edges of the perforation.

Examination of the mastoid process. Look for a swelling (abscess or enlarged nodes), obliteration of the retroauricular groove (furuncle), fistula (burst abscess), scar (previous operation).

Normally, the mastoid surface feels irregular on palpation. These irregularities are "ironed out" and the surface feels smooth in periosteal inflammation as in subperiosteal abscess.

Tenderness of the mastoid process is seen in mastoiditis. It is elicited by pressure at three sites:

(a) over the antrum (just above and behind the meatus)

(b) over the tip

(c) over the part between the mastoid tip and the mastoid antrum.

Examination of the eustachian tube. The tympanic orifice of the eustachian tube can be seen in the anterior part of the middle ear if there is a perforation of the tympanic membrane. The pharyngeal opening of the tube can be seen by posterior rhinoscopy.

Function of the tube can be tested by valsalva maneuvre. In the presence of a perforation, air can be felt to escape from the ear when the patient tries to blow with his mouth and nose closed.

Examination of the facial nerve 

Paralysis of the facial never may co-exist with disease of the ear, e.g. acute or chronic suppurative otitis media, herpes zoster oticus, malignant otitis externa, tumours of the external or middle ear and trauma. It is essential to test facial nerves in every case of ear disease.

Determining the patency of the auditory tubes. Valsalva`s maneuver. The patient is asked to take a deep breath and then to exhale forcibly against occluded nostrils and a closed mouth. As the pressure increases, the auditory tubes open and the air enters the tympanic cavity to move the membrane outward. The patient feels crisping sounds in the ears.

Valsalva's maneuver fails if the mucous membrane of the auditory tube is affected.

Politzer's treatment. The olive of the Politzer bag is introduced into the right nostril of the patient and held in place with the thumb of the left hand while the forefinger closes the left patient's nostril as shown in Fig. 57. An olive of an otoscope is passed into the external acoustic meatus of the patient and the other olive into the ear of the physician. The patient is asked to utter "one, two, three" or any other word rich in vowels. As the patient pronounces a vowel, air is forced into the patient's nose by com​pressing the Politzer bag. When the patient utters a vowel, the soft palate is raised and the nasopharynx is thus separated from the other airways, the air pressure increasing inside it. Part of the air passes forcibly into the auditory tubes which is detected by the examiner due to a specific sound in the otoscope. The procedure is then repeated in a similar way with the other nostril.

Catheter perflation of the auditory tubes 

1. The nasal mucosa is anaesthetized with a 5 per cent cocaine solution. The olives of the otoscope are put into the ears of the patient and the examiner (Fig. 58).

2. The catheter is held in the right hand like a pen. In anterior rhinoscopy, the catheter is inserted (with its beak down) through the inferior nasal passage down to the nasopharynx.

3. The catheter is then pulled 2-3 mm back, the beak is turned 90° medially, and pulled back again till the examiner feels the catheter beak touch the vomer.

4. The beak is now turned down and further through  180° toward the examined ear so that the ring of the catheter is directed approximately to the external canthus of the eye on the side of examination. The beak enters the pharyngeal opening of the audi​tory tube. The examiner usually feels this moment with his fingers.

5. A rubber bulb is now pressed slightly with a short movement of the fingers to pass air into the auditory tube (Fig. 59). The examiner hears noise through his otoscope.

Impedance Audiometry

Auditory impedance testing is a technique to evaluate the functional status of the middle ear and the neural pathways associated with the stapedius muscle activity. Variation in the mass or stiffness of the middle ear transformer mechanism can induce a change in the impedance of the tympanic membrane. The change in the transmission properties of the middle ear can be evaluated by alteration of the atmospheric pressure in the external auditory canal. The impedance battery comprises three sub-tests: static compliance (seldom used), tympanometry, and acoustic reflex testing.

Three classifications of tympanograms have been identified (Fig 2):

Type A: The conductive mechanism is normal. There may be stapedial fixation if the peak is reduced over 50%. A smooth notched curve is present with the peak middle ear pressures between +50 mm H2O and - 100 mm H2O.

Type B: There is flattening of the curve with little or no peak present. This is seen typically in cases of ossicular fixation or the middle ear effusion.

Type C: The peak negative middle ear pressure greater than — 150 mm H2O is indicative of the eustachian tube dysfunction. This pattern may be seen in the early or late stages of otitis media and may correlate with a small middle ear effusion.

The examiner must keep in mind that tympanometry is unreliable in children under six months of age due to the flaccidity of the external auditory canal. Acoustic reflex testing (ART) measures the ipsilateral and contralateral stapedius muscle contractions in response to an auditory stimulus in the external canal. Data indicate that the acoustic reflex is not present below six months of age. A normal ART implies the normal middle ear function with hearing between 0 dB and 60-70 dB. In addition, the integrity of the reflex arc (VIII nerve, cerebellopontine angle, brain stem, VII nerve, stapedius muscle) of the stimulated ear is ensured. If a middle ear pathology is absent, elevation of the acoustic reflex implies a retrocochlear lesion while an absent reflex indicates either retrocochlear pathology, severe to profound cochlear loss, or a conductive hearing loss in the recordied ear. Certain precautions must be taken in the interpretation of this test. The seventh nerve paralysis or dysfunction of the stapedius muscle (in certain craniofacial anomalies, following stapedectomy or in myasthenia gravis) may produce elevated or absent thresholds. Small conductive losses can likewise result in an elevated ART. Acoustic reflex testing can be ab​normal in some intcert hearing individuals who are carriers in certain types of genetic deafness. Though an abnormal ART is not specific for the identification of a retrocochlear lesion, such lesions will rarely be seen in association with a normal ART. Two modifications of the ART involve measurements of an acoustic reflex delay and acoustic reflex latency. Both provide information that correlates strongly with pathology of the eighth cranial nerve or cerebellopontine angle and are simpler and less expensive to obtain than ABR testing.
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Type A represents normal middle ear function. Type A curves have normal mobility and pressures and typify normal hearing and sensorineural
hearing loss with normally functioning middle ear systems.

Type B represents restricted tympanic membrane mobility. Type B curves have little or no point of maximum mobility and reduced compliance.
This curve is very typical of a stiff middle ear system as is seen in otitis media.

Type C represents significant negative pressure in the middle ear cavity.

Type C curves have normal mobility and negative pressure at the point of maximum mobility, (negative pressure is considered significant for
treatment when more negative than -200 mm H20).

Type As represents normal middle ear pressure but reduced mobility suggesting limited mobility of the tympanic membrane and middle ear
structure, commonly seen in fixation of the ossicular chain.

Type Ad represents normal middle ear pressure but hypermobility. This patter is indicative of a flaccid tympanic membrane due to
disarticulation of the ossicular chain or partial atrophy of the eardrum.
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Type
TypeA Normal tympanogram/ sensorineural hearing loss where conductive mechanismis normal.
TypeB Flat curve, no change in compliance with pressure changes. Seen in fluid in the middle ear.
TypeC Maximum compliance in negative pressure. Seen in eustachian tube obstruction.

TypeAs  Compliance is lower at or near ambient air pressure. Seen in otosclerosis or malleus fixation.

TypeAd  High compliance at or near ambient pressure. Seen in ossicular discontinuity.




Fig. 2. Types of tympanograms
Impedance audiometry is by no means exact. Abnormalities in testing may imply retrocochlear disease but further audiologic and radiographic studies are necessary for an accurate diagnosis to be made. If, however, both tympanometry and acoustic reflex testing are normal, the examiner can be confident that the level of hearing is essentially normal.
Research methods of the acoustic analyzer

Functional researches are carried out by speech, tuning forks and audio - metrically.

1. Test by whisper (WH.) and conversational speech (C. S.):

 A. The person to be tested should be at distance of 5-6 m from the researcher. The ear to be tested is directed towards the doctor, the second ear is closed with the forefinger.

 B. The researcher by whisper, reserved air (took a breeze -exhaled) pronounces words with low sounds from Voyachek's table of words, then words with high tones. If the patient doesn't hear at a distance of 5-6 m, the doctor approaches closer and records the distance, at which the patient manages to hear the sound. This distance should be written in the hearing report (in meters).

C. The test by conversational speech is to be carried out the similar way.

Bone conductivity is tested by a low-frequency tuning fork. As a rule, this is C 128 tuning fork, as a higler frequency tuning fork does not suit.

The research technique is as gollows. The tuning fork is set to motion and installed with its leg perpendicular to the sector of the papillary appendix. Duration of sounding is checked by a stopwatch. Each tuning fork has its report (time of sounding is normal).

For diagnostic purpose the following methods are used:

Rine test (R).

The test is based upon comparison of bone and air conductivity. When comparing duration of sound perception through the bone and air in a human being with normal sensitivity the air conductivity prevails over the bone conductivity. This is positive Rine test, with reverse data - negative.

Weber test (W).

A sounding tuning fork is placed in the center of the sinciput. As for a human being with normal sensitivity, both ears perceive the sound equally. In a patient with a disease of the sound-conductive organs, lateralization appears in the sick ear. And in a patient with a disease of the sound-perceiving organs, lateralization will be towards the healthy ear.

Schwabach test (SCH).

The test is based upon specifying duration of perception of sound through a bone. A sounding turning fork is to be placed on the sinciput or on the papillary appendix of the patient, and is to be kept, until the patient under research fails to hear. Then these data are compared with the standard. If a doctor has a good hearing, he should place it also to himself. If he continues to hear the sound of the tuning fork, the patient has the shortened Schwabach. This happens in case of diseases of the sound-perceiving organs. If the sound of the tuning fork is equal in the patient and doctor, then Schwabach test of the patient under research is normal.

Jele test (J).

A sounding tuning fork is placed on the sinciput, and simultaneously the air in the auditory passage is compressed and vacuumed. In the moment of air compression the person under research with normal hearing senses reduction of perception, that is connected with a decline of movement of the sound-conductive system because of impressing the stapes into the niche of the oval aperture. If the stapes is immovable (for example, in otosclerosis), there will be no change in sound perception during air compression and vacuuming in the auditory passage. In case of disease of the sound - perceiving organs, there will be also a sound decline, as in the normal case.

Results of speech and tuning fork researches are recorded into the hearing report.
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In the end of the report the conclusion should be made basing upon the obtained data.

Examination of the hearing using an audiometer

An electric generator-audiometer allows supplying pure sounds by air and bone. The threshold of hearing can be researched within the range from 125 to 8000 Hz. Using an attenuator these frequencies can be enhanced up to 100-110 dB when researching air conductivity, and up to 50-60 dB when researching bone conductivity.

To determine the hearing threshold for each frequency (threshold tone audiometry), first - weak sound is supplied and then it is enhanced until it evokes the hearing sense.

Researches are carried out for each ear, separately for air and bone conductivity using air and bone telephones. Audiometers show hearing loss (in dB) in comparison with the standard (null line).

Audiometers allow to test hearing by over-threshold sounds. This test allows differentiating impairment of the sound-perceptive organs. The phenomenon of volume acceleration is of the largest value in this research. This phenomenon emerges only in case of an affected peripheral section of the sound-perceptive organs (acoustic cells). And enhancement of the supplied sound, higher than the sense threshold, is perceived by the patient so loudly, as in case of the normal hearing, i.e. the volume rise is accelerated.

Hereupon intensive sounds (70-100 dB) are perceived by the sick ear as loudly as by the healthy one. There is an equation of perception by the sick and healthy ears.

Speech audiometry. This method enables doctors to determine the level of legibility of speech depending on volume. This is an important aspect from the social point of view. The speech, recorded using a tape-recorder, is transferred by phone to each ear separately with equal volume.

There is a standard table of the recorded words that consists of 30-35 words of the equal phonetic composition, pronounced with the identical intensity. Nivety 90 per sent of correctly repeated words are the standard. The data are to be written as curves: speech intensity is marked on x-axis and speech legibility (in %) - on y-axis.

Objective audiometry. This test is based upon conditioned and unconditioned reflexes. This makes it possible to estimate the state of hearing, if central sectors of the acoustic analyzer are impaired.

Unconditioned reflexes are response to the sound in the form of pupillary dilation (cochlea-pupil reflex) and closing (auro - palpebral, wink reflexes).

The most up-to-date method of the objective test of hearing is audiometry with registration of potentials, caused in the cerebrum brain cortex by sound signals, on the encephalogram.

The valuable method is test of bone conductivity using ultrasound. Thanks to this it is possible to make differentiated diagnosis between impairment of the purely sound-perceiving and mixed nature.

In the child practice, playing audiometry is used for test of hearing. It is based upon supply of the sound and simultaneous show of toys.

Physiology of vestibular analyzer

The statokinetic analyzer is very important, especially at present, in the period of rapid development of technologies and high speeds. It performs the balance function (together with the brain), regulates muscular tonus, keeps the body in the set position and gives information on the position of a body in space through the cortex.

The vestibular analyzer is not sensitive to the uniform motion, it is only in charge of beginning and end of motion or change of the motion speed. Therefore, its adequate irritant is a straight line and circular motion. The force, that at the outset makes a body to move, is called acceleration; the force, that keeps a uniform motion, is a negative acceleration.

The vestibular analyzer of a human being consists of two formations: the vestibule and semicircular canals. The semicircular canals are filled with perilymph, and the membranous canals situated inside the bone ones - with endolymph. Each ampule has an elevation in the form of an ampular crest, and there are acoustic cells on it. They are connected with each other and form the cupula, which goes to the opposite wall. The vestibular nerve comes to each of 3 ampular receptors.

The otolith organs are situated in the vestibule, directly in the follicle and matrix. Each of these formations has a puce for a spot -maculastatic. They are formed by receptor organs, consisting of acoustic and supporting cells. The otolith membrane is situated over them. The fibers from these formations come to the internal auditory passage, where they join and form the vestibular ganglion. The vestibular representation is in the medulla and contacts with nuclei of Bekhterev, Shwalbe and Daters, antonomic which are connected with the oculomotor centers, spinal and brain musculature, cerebellum and cortex.

Physiology of the semicircular canals

In 1824 Fluzance made experiments on pigeons: he cut the semicircular canals and noticed forcible turns of the neck with a forced position of the head. The head started to nutate. When moving, the pigeon started to turn upside down - all this became the base for a thought that the semicircular canals are engaged in the balance of a body in space. This assumption was also proved by Menyer, a clinical expert, when observing the similar picture in patients with the labyrinth disease.

Mach and Breyer substantiated the physical aspect of the processes, which happened in the ampules. Under the influence of angular acceleration the endolymph current emerges, the latter diverts the cupula, that is an irritating moment for the receptor.

Barani and Bekhterev gave grounds for influence of the central mechanisms on functioning of the analyzers. Thus, for the first time Bekhterev discovered the "central nystagmus", i.e. the nystagmus, which occurs under the influence of the central sectors of analyzers.

When the receptors of the ampules of the semicircular canals are stimulated, abnormal and autonomic reflexes appear.

Thus, movement of endolymph in the semicircular canals sets the eyeball in motion towards the same direction. This movement is rhythmic? with the a slow and quick component.

According to the principles of labyrinthology the nystagmus is always directed towards the most irritated labyrinth. Under Voyachek's teaching, coincidence of direction of the slow component and direction of the endolymph current is typical for all canals, i.e. nystagmus is directed towards the side opposite to the endolymph current.

If the labyrinth (for example, left) is stimulated, there is hypertonus of muscles, ensuring motion to the right; i.e. deviation to the right is noticed. If the right labyrinth is stimulated – there is deviation to the left.

Stimulation of the semiqircular canals cause a number of autonomik reactions: change of skin color, paleness, sweat, change of blood pressure, heart beating, nausea, vomiting.

Function of the otolith organs

The basic function of the otolith organs is to keep the muscle tone. The adequate irritant for this part of the vestibular analyzer is straight line acceleration and gravitation force. It is experimentally found that there are two extreme positions of the head during stimulation of the otolith organs: the maximum position - when the otolithes press on filaments of sensitive cells, and the minimum position - when the otolithes sag. In the maximum position the tonus of limb muscles is maximal. In the clinical practice, estimation of sensor reflexes (cloudiness of consciousness, sense of falling down) and autonomic reflexes (nausea, vomiting, acceleration or deceleration of pulse, etc.) Is of a great importance.

Research methods for the vestibular analyzer

Starting to examine a patient with an impairment of the vestibular function, it is necessary to pay attention to the typical complaints of this category of patients. The main complaint is are balance disturbance, cloudiness of consciousness, nausea, vomiting.

The sense of falling down around the axis and deviation towards any side are characteristic of vestibular cloudiness of consciousness. Cloudiness of consciousness, as a rule, enhances duringa change of the head position. The disturbance of balance is noticed towards one or another side, but the cerebellum ataxia is always directed towards the impaired hemisphere.

Then let us proceed directly to examination of the labyrinth!

1. Examination in Romberg's posture.

The patient is proposed to stand with the feet put together, arms are to be spread out at the level of breast, the fingers are to be open, the eyes are (to be) closed. When the labyrinth is stimulated, the patient falls down towards the side opposite to the nystagmus.

2. Straight and flank walking. 

The eyes are closed; the patient makes five steps along the straight line forward and five steps backward. If there is any pathology in the labyrinth, the patient deviates from the straight line towards the side opposite to the nystagmus, and in case of an impaired cerebellum - always towards the affected side. Putting, for example, the right leg aside, the left leg put at its place, and on the contrary; thus the flank walking is used during examination. If the labyrinth is impaired, the patient performs this test clearly towards both sides, but if the cerebellum is impaired, the patient is unable to make any flank motion to the opposite side (falls).

3. Pointing tests. 

These tests are based upon the impairment of the muscular tonus- thus, performing the finger-finger test, a patient sits in front of a doctor. The doctor stretches the hands forward, the patient has to catch the doctor's fingers by the forefingers of his spread out arms. First this is made with open eyes, and then - with closed eyes. If the labyrinth is affected, the mistake is made towards the side opposite to the nystagmus, if there is a pathology of the cerebellum - towards the affected side. The finger-nose test is performed with closed eyes. The hands are spread out and the forefinger should catch the nose tip. If the cerebellum is affected, the mistake is made towards the affected side.

4. Adiadochokinesia.

 The patient has to quickly rotate supination and pronation by both hands. If the cerebellum function is affected, an abrupt lag of a hand on the affected side is noticed.

5. Rotating test.

The person to be tested sits at the rotatory armchair (Barani's), declines his head forward to 30°, closes his eyes. We make an even rotation: 10 rotations - 20 seconds, then shortly stop. The patient lifts his head and fixes his eyes at the doctor's fingers who detects the nystagmus, characterizing its directions (to the right, to the left, upward, downward), by plane (horizontal, rotatory, vertical), by intensity (1st, 2nd and 3rd degree), by amplitude (small swing, middle swing, large swing), by duration (the norm is 20 - 30 seconds).

The research results are to be recorded.

An example of the record:

Adro STNY H
10 rev. 180 rev./sec.  30 " 2 DEG..

20"

Large swing, VVR - 1st DEG

It should be read as follows: when stimulating the right labyrinth (10 rotations to the left during 20 seconds at a speed of 180 revolutions/ second), the nystagmus emerges – a large swing, horizontal, to the right, duration of 30 seconds, nystagmus of the 2nd degree, vestibular- autonomic response of the 1st degree.

6. Calorific test.

As it became known, the movement of the endolymph in the labyrinth is caused not only by an angular acceleration, but also by cooling or heating. In the case of a cool factor the endolymph is also cooled, meanwhile the endolymth current appears as a result of motion of its cooled particles downward. Under the action of warm water, warm particles of the endolymph rise upward. From the technical point of view this is made as follows. First otoscopy is made to determine whether the eardrum is not perforated. Then it is necessary to fill jane syringe with 100 ml of water at temperature of 19°С . The sitting patient sets his head aside to 60°С and during 10 seconds water is poured into the auditory passage along the back upper wall. The doctor records time from the moment of completion of pouring water till emergence of the nystagmus (the norm is 25-30 seconds). The doctor asks the patient to set his eyes to the forefinger and estimates the nystagmus by all its characteristics (plane, direction, intensity, amplitude, speed, duration (50-70 seconds are the norm)). Hot calorizing is made by water at 45°С. In case of cold calorizing the nystagmus is directed towards the opposite side, and in case of hot calorizing - towards the same side.

An example of record of research results:

Ad 100 ml 19°  NY H S 20 " - 90", 1 DEG.

              10"

middle swing, rhythmic, frequent, VVR - 2 DEG.

It should be read as follows: when calorizing the right ear (ad) with water (quantity * 100 ml, temperature - 19° ), being intaken during 10 seconds, the horizontal nystagmus emerges - (NY H), directed to the left (s), time of latent period - 20 seconds, duration of the nystagmus - 90 seconds, intensity of the 1st degree, amplitude -middle swing, nystagmus motion is rhythmic, frequent, vestibular – autonomic responses of the 2nd degree.

7. Pressing test. When Politser's balloon or Sigle's bailer are hermetically inserted into the auditory passage, during air compression (if there is a fistula in the labyrinth) the nystagmus is directed towards the tested ear, and during decompression -towards the opposite side.

8. Galvanic test. This test is the most often used as a differentiated diagnostic test of impairments of the vestibular analyzers of the peripheral and central genesis. The technique is us follows. A cathode is attached to the tragus, and an anode - to any indifferent part of the body. The current intensity is 1 0 - 25 mA. During closing the nystagmus emerges towards the cathode, and during breaking - towards the anode.

Research of function of the otolith organs

In the clinical practice most frequently the otolith organs are researched by double rotation, or in other words - Voyachek's otolith response.
The patient has to sit at Barani's armchair. He closes his eyes and tilts the trunk and head forward to 90°, makes rotations - 5 rotations during 10 seconds, then abruptly stops. In 5 seconds the patient straightens, opens his eyes, and estimation of degrees of setting the head aside (1st degree - setting aside up to 5°, 2nd degree -up to 30°, 3rd degree - setting aside to more than 30° till falling of the patient) is to be made. The degree of development of the autonomic reaction (1st degree - turning white, fall in pulse, 2nd degree - cold sweat, nausea, 3rd degree - vomiting, loss of consciousness) is also to be estimated.

Test using Khilov's 4-rod swings

Swaying on swings during 15 minutes (normal) causes acute stimulation of the otolith organs (paleness, nausea, vomiting, etc.).

Estimation of the results is as following:

if the reaction appears within 1-5 minutes of swaying, this is the 3rd degree; within 5-15 of swaying - the 2nd degree; in 15 minutes of swaying – the 1st degree.

An example of vestibular report
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For finding out how students understand and learn the subject described above, they must pass the following test and answer the control questions.

Questions
1.  In what units is the pitch of a tone measured and what is it characterized by?

2.  In what units is the sound intensity measured and what is it characterized by?
3.  What function does the vestibular analyzer fulfill?
4.  Where are the vestibular apparatus receptors located and what are they represented by?
5.  Where are the acoustic apparatus receptors located and what is it represented by?
6.  How many degrees of nystagmus exist?
7.  What kinds of tympanograms do you know?
8.  What tuning fork tests are used for assessing impairments in the sound conductance system?
9.  What tuning fork tests are used for assessing impairments in the sound perception system?
10.  What groups of reflexes develop in case of the vestibular apparatus destruction?
11.  What theories of the hearing do you know?
12.  Name three Ewald’s laws.
13.  What is the pressor test and what does it indicate?
14.  What is adiadochokinesia?
15.  What is acoustic impedancometry?

16.  What subjective methods for examination of the hearing do you know?

TESTS
1. On the external surface of the tympanic membrane one distinguishes:

· The cone of light, umbo membranae tympany, mallear stripe and a short process (of the malleus), anterior and posterior mallear folds.

· The tight and weakened parts.

· The anterior and posterior pockets.

2.  Which of the listed labyrinth formations belong to the acoustic (cochlear) analyzer?

· Utriculus, sacculus, semicircular canals

· Utriculus, sacculus

· Cochlea

· Vestibule

· Semicircular canals

3.  On which of the listed formations is the Corti’s organ located?

· Basilar membrane

· Integmentary plate

· Vestibular membrane

4.  What phenomena occur after the vestibular nerve lesion?

· Disturbances of equilibrium, nystagmus, vertigo, nausea, vomiting.

· Disturbances of equilibrium, hearing, coordination

· Dysfunction of the facial muscles

· Disturbances in the sense of touch and kinesthesia

· What does the function of the middle ear consist in?

· Conductance of sounds in the air and transfer of the minimum quantity of the acoustic energy, protection of the internal ear from extreme vibrations and bass tones

· It is an equalizing transformer of impedance
· It contributes to penetration of almost the whole mass of acoustic energy to the inner ear.
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