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FOREWORD  

This book is designed to be used by medical students and junior doctors. It includes the entirety of our 

vibrant specialty and is written in English so that it may be read by medical students in the many 

countries comprising Central Europe. In each section a brief summary of the basic anatomy and 

physiology is presented and then the key elements for making a diagnosis such as a pertinent history, 

physical examination, and specialized testing, including imaging, are presented in a clear manner making 

it very understandable for the intended reader. The usual treatment options are also very clearly 

presented. Reading this excellent contribution to the literature after a day in the ENT Clinic will supply 

the reader with enough information about the patient/s seen in the clinic that day to more fully 

understand and appreciate the clinical experience. 

 
Miro Tedla M.D. Ph.D., the Senior author, is a member of the Faculty in the Department of 

Otolaryngology at the Comenius University in Bratislava, Slovakia. He was ably assisted by Gabriela 

Pavlovļinov§ M.D. Ph.D. also from Comenius University and Dr Sabyasachi Chakrabarti, MS (ENT), 

DOHNS, MRCS (ENT), FRCS (ORL-HNS), from the Calcutta Medical Research Institute, Kolkata, 

India, previously working as a specialist registrar in Coventry U.K. Professor Milan Profant, the 

Chairman of the Department, who is a very good friend of mine, was anxious to expose Dr. Tedla to a 

basic science research experience which was not available in their Department at that time. As Chairman 

of the Department of Otolaryngology at the University of Pittsburgh I arranged for Dr. Tedla to be a 

Visiting Research Fellow in our laboratory from 2002 ï 2004. This experience was funded through a 

Ruth Crawford Mitchell Fellowship from the University of Pittsburgh. These funds are used to support 

Visiting Scholars from Slovakia who are studying in the U.S or U.S. Scholars studying in Slovakia. 

 
As his mentor I came to know Dr. Tedla very well during those years and then again when he returned in 

2005 ï 2006 as a Visiting Fellow in Swallowing Disorders with Professor Ricardo Carrau. Dr Tedla has 

devoted much of his research to this subspecialty which ultimately led to his writing a textbook ï

Swallowing Disorders-published in Slovak language in 2009. 

 
He spent three years as a Consultant in the University Hospitals of Coventry and Warwickshire U.K. and 

now having returned home to his native Slovakia he will, Iôm certain, be one of the leaders in 

Otolaryngology in Slovakia. 

 
Eugene N. Myers M. D. F.A.C.S. F.R.C.S Edin. (Hon) 

Distinguished Professor and Emeritus Chair 

Department of Otolaryngology 

University of Pittsburgh School of Medicine 

Author of: Cancer of the Head and Neck-4
th
 Ed. Elsevier 

Operative Otolaryngology-Head and Neck Surgery 3
rd
 Ed. (in preparation) Elsevier 

Decision Making in Otolaryngology-Head and Neck Surgery 2
nd

 Ed. (in preparation) Jaypee Press 
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1 THE EAR 

1.1 APPLIED ANATOMY AND 

PHYSIOLOGY 

The ear is composed of the external, middle and 

inner ear segments, which function as one organ to 

support its physiological functions of hearing, 

balance and body position.  

1.1.1 The external ear 

The external ear consists of the auricle, external 

auditory canal and the epithelial surface of the 

tympanic membrane.  

The auricle (pinna) is composed of fibroelastic 

cartilage covered by skin (Figure 1.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1  

Auricle-lateral surface 

The external auditory meatus, also known as the 

external acoustic canal, is about 2.5 cm long in 

adults and is divided into an outer cartilaginous 

portion (one third) and an inner bony portion (two 

thirds) (Figure 1.2). The external auditory canal 

protects the middle and the inner ear and serves as 

a channel for sound transmission. The skin lining 

the auditory canal is very thin; it adheres closely 

to the cartilaginous and osseous portions of the 

tube, and covers the outer surface of the tympanic 

membrane. In the subcutaneous tissue of the 

cartilaginous portion of the meatus are numerous 

cerumen glands, which secrete the cerumen. There 

are no glands or hair follicles in the subcutaneous 

layer of the bony portion. This very thin skin can 

be easily traumatised. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2  

External auditory meatus 

1.1.2 The middle ear 

The middle ear cleft is a continuous space that 

begins from the nasopharyngeal orifice of the 

Eustachian tube and extends to the furthest mastoid 

air cell. It includes the tympanum (middle ear 
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cavity proper), the Eustachian tube, and the mastoid 

air cell system (Figure 1.3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3a 

Scheme of the middle ear ï parts of the middle ear 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3b 

Scheme of the middle ear ï ossicles 

The tympanic cavity is lined with mucosa 

consisting of cuboidal or ciliated cylindrical 

epithelium. The mucociliary transport is oriented 

towards the ostium of the Eustachian tube. This 

air-containing cavity is separated from the 

external ear by the tympanic membrane (TM), and 

from the inner ear by the round and oval windows. 

The middle ear cavity proper is divided into three 

parts (Figure 1.4):  

1.  epitympanum or attic (above TM);  

2.  mesotympanum (opposite TM);  

3.  hypotympanum (below TM).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4  

Levels of the tympanic cavity 

The tympanic membrane separates the external 

ear from the middle ear. It is oval in shape, 9ï10 

mm tall, 8ï9 mm wide, and 0.1 mm thick. 

The primary function of the middle ear is to 

efficiently transfer sound energy from 

compression waves in the air to fluidïmembrane 

waves within the cochlea. The sound energy is 

transmitted and amplified by a chain of three 

bones known as ossicles (malleus, incus and 

stapes) from the tympanic membrane to the oval 

window of the cochlea. 

The ossicles are connected by synovial joints. The 

smallest ossicle is the stapes; its footplate is set in 

the oval window.  

The middle ear is filled with air which flows from 

the nasopharynx into the middle ear through the 

Eustachian tube. The normally closed Eustachian 

tube opens briefly with swallowing as a result of 
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contraction of the tensor veli palatini muscle to 

transmit air into the middle ear.  

The Eustachian tube has three important 

functions: 

¶ ventilation (pressure regulation of the middle 

ear) 

¶ protection of the middle ear from ascending 

nasopharyngeal secretions and pathogens 

¶ clearance of middle ear secretions towards the 

nasopharynx (mucociliary transport, pumping 

action during closing) 
 

This tube is 3.5ï4.0 cm long and is directed downwards, 

forwards and medially from the middle ear to the 

nasopharynx. It is lined by respiratory epithelium and is 

subject to all of the allergies, irritants and infections of this 

system. It consists of a cartilaginous portion and a bony 

portion; the junction between these parts (called the isthmus) 

is very narrow. The Eustachian tube is shorter, wider and 

more horizontal in children. Greater patency of the 

Eustachian tube allows easier access for secretions from the 

nasopharynx- the reason why infections are more common in 

infants and small children. (Figure 1.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5  

Difference between the Eustachian tube in children and adults 

 

 

 

 

 

 

 

 

 

The fenestra vestibuli (fenestra ovalis, oval window) is an 
opening leading from the tympanic cavity into the vestibule 
of the internal ear. The fenestra cochleae (fenestra rotunda, 
round window) is situated inferior to and a little posterior to 
the fenestra vestibuli, from which it is separated by a rounded 
elevation, the promontory. It is placed at the bottom of a 
funnel-shaped depression and, in the cadaveric bone, leads 
into the cochlea of the internal ear. In the fresh state it is 
closed by a membrane, the secondary tympanic membrane, 
which is concave towards the tympanic cavity, and convex 
towards the cochlea. The promontory (promontorium) is a 
rounded prominence, formed by the projection outwards of 
the first turn of the cochlea.  
The junction between the attic and mastoid antrum, called 
aditus ad antrum, is narrow and may be closed by 

granulation tissue in the case of chronic otitis leading to 
deficient aeration of the mastoid air cell system. The air 
cells of the temporal bone are in continuity with the air in 
the middle ear. There is a marked variability of 

pneumatisation of the temporal bone.  

1.1.3 The inner ear 

Embryology  

During week 4 of embryonic development, the human inner 

ear develops from the auditory placode, a thickening of the 

ectoderm that gives rise to the bipolar neurons of the cochlear 

and vestibular ganglions. As the auditory placode invaginates 

towards the embryonic mesoderm, it forms the auditory 

vesicle or otocysts. The auditory vesicle gives rise to the 

utricular and saccular components of the membranous 

labyrinth. They contain the sensory hair cells and otoliths of 

the macula of the utricle and of the saccule. At the beginning 

of the fifth week of development, the auditory vesicle also 

gives rise to the cochlear duct, which contains the spiral 

organ of Corti and the endolymph that accumulates in the 

membranous labyrinth.  

Clinical anatomy 

The inner ear is composed of two parts: the bony 

labyrinth, a system of cavities within the petrous 

portion of the temporal bone; and the membranous 

labyrinth, a system of ducts and sacs within the 

bony labyrinth.  

The bony labyrinth  protects delicate structures of 

the membranous labyrinth and is filled with a fluid 

called perilymph. The walls of the bony labyrinth 

consist of dense bone everywhere except in two 

small areas near the base of the cochlear spiral. 

The oval and round windows are openings in the 

bone of the labyrinth and they are closed by the 

stapes footplate and a membrane, respectively. 

The middle ear cleft includes the tympanum 

(middle ear cavity), Eustachian tube, and the 

mastoid air cell system. The middle ear cavity is 

divided into the mesotympanum, epitympanum 

(attic) and the hypotympanum. The tympanic 

membrane is the lateral wall of the middle ear 

and separates the middle ear from the external 

ear canal. 

adult 

child 
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The bony labyrinth can be divided into five parts: 

the vestibule (housing the utricle and saccule), the 

cochlea, the semicircular canals, the vestibular 

aqueduct, and the cochlear aqueduct. The 

vestibule is an ovoid cavity located just medial to 

the tympanic cavity. The cochlea is anterior to the 

vestibule, and the apex of the cochlea is directed 

anteriorly and laterally. The three semicircular 

canals lie posterosuperior to the vestibule. Each 

canal forms about two thirds of a circle and 

communicates at each end with the vestibule. 

Each canal lies at right angles to each other 

(Figure 1.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.6  

Inner ear anatomy 

The membranous labyrinth consists of a system 

of ducts and sacs within the bony labyrinth. The 

fluid inside the membranous labyrinth is called 

endolymph. There are no ducts or open 

connections between perilymph and endolymph. 

The membranous labyrinth consists of the 

endolymphatic duct and sac, the saccule, the 

utricle, the semicircular ducts, which are jointly 

termed the vestibular system and are a key 

element in the balance mechanism, and the, and 

the cochlear duct, which is responsible for hearing 

(Figure 1.7). The perilymph is formed partly by 

filtration from the blood and partly by diffusion of 

cerebrospinal fluid. The endolymph is a filtrate of 

perilymph, but its concentration of sodium and 

potassium is different. The major cation in the 

perilymph is sodium (as in extracellular fluid), but 

the major cation in endolymph is potassium, 

which is vital for the functioning of the inner ear. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7  

Membranous labyrinth 

 

 

 

 

 

The blood supply  

The internal auditory artery, or labyrinthine artery, supplies 

the entire inner ear. It originates as a branch of either the 

anterior inferior cerebellar artery or the basilar artery. It 

divides into the vestibular artery, the vestibulocochlear artery, 

and the cochlear artery. The vestibular artery supplies the 

vestibular nerve and parts of the saccule, the utricle, and the 

semicircular ducts. The vestibulocochlear artery supplies the 

basal turn of the cochlea, as well as the saccule, the utricle, 

and the semicircular canals. The cochlear artery enters the 

modiolus and gives rise to the spiral arteries which supply the 

majority of the cochlea. 

The vestibular system 

The vestibular system provides information about 

head motion and orientation with respect to 

gravity. The balance mechanism of the vestibule 

consists of the otolith organs the utricle and 

The inner ear consists of two functionally 

separate systems: the cochlea and the vestibular 

system. 
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saccule. Sensory hair cells are embedded within 

the membrane (macula) of each organ. Calcium 

carbonate crystals called otoconia are attached to 

both the medial wall of the saccule and the floor 

of the utricle. The otoconia enable the vestibular 

system to detect tilts and movements of the head, 

because they respond primarily to linear 

acceleration forces such as gravity. 

The angular accelerations are detected by three 

semicircular canals: the lateral, superior 

(anterior) and posterior. The canals are positioned 

at a 90Á angle from one another, with the 

horizontal canal tipped backwards 20ï30 degrees. 

Each canal includes the ampulla at one end, which 

contains the cupula: a gel-like bud. The cupula has 

sensory hair cells which detect the flow of 

endolymph within the semicircular canals. The 

semicircular canals detect angular accelerations by 

detecting the change in flow of endolymph while 

the head moves or rotates. The sensory signals are 

transmitted by the vestibular division of the VIIIth 

nerve, which unites in the internal auditory meatus 

with the cochlear division to form the 

vestibulocochlear nerve. 

 

Connections between the vestibular centres, the centres of the 

ocular muscles, and the cervical musculature (together with 

the cerebellum) form the morphologic basis for the extremely 

precise coordination of the three functional systems. This 

allows the visual fixation of an object even during movement 

of the head. Control of the synchronised coordination of the 

ocular and cervical muscles is achieved through the vestibular 

apparatus via the gamma neurons. 
 

The cochlea 

The bony cochlea is a hollow tube, in the form of 

a spiral, wound with two-and-a-half turns around a 

central axis named the modiolus through which 

pass the cochlear vessels and nerves. It is likened 

to a snailôs shell. A bony shelf, called the osseous 

spiral lamina, projects from the central hub into 

the tube. The cochlear duct lies within and follows 

the spiral shape of the bony cochlear canal. It 

begins at the vestibule and ends at the apex of the 

cochlea. The cochlear duct is triangular in a cross-

section. The floor of the duct is formed by the 

basilar membrane, attached to the spiral lamina 

medially and the spiral ligament laterally. The 

lateral wall of the duct is lined by a stria vascularis 

and the third wall is made up of ReissnerËs 

membrane. ReissnerËs membrane and the basilar 

membrane divide the cochlea into three spaces: 

the scala media, the scala tympani and the scala 

vestibuli (Figure 1.8). The scala media contains 

endolymph and is linked to the saccule. The scala 

tympani and vestibuli contain perilymph and 

communicate with one another at the apex of the 

cochlea through an opening called the 

helicotrema. The scala tympani is connected to the 

cerebrospinal fluid (CSF) of the subarachnoid 

space by the cochlear aqueduct. The endolymphatic 

system of the cochlea (scala media) is connected 

to the saccule by the ductus reuniens and, from 

there, connects to the endolymphatic sac, which 

lies in a bony niche within the cranium. The 

endolymph of the utricle and semicircular canals 

also connects to the endolymphatic sac.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.8  

Cross-section through the cochlea 

The sense organ responsive to acoustic energy is 

located on the basilar membrane and is called the 

organ of Corti (Figure 1.9).  
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Figure 1.9  

Organ of Corti 

Anatomy of the organ of Corti  

The organ of Corti consists of the sensory cells and 

supporting cells. The sensory cells are called hair cells. The 

inner hair cells (IHCs) are aligned in a single row, while the 

outer hair cells (OHCs) are aligned in three rows. There are 

approximately 3500 inner hair cells and 12,000 outer hair 

cells. Hair cells are separated by supporting cells called 

Deiters cells. The IHCs and OHCs differ from one another in 

a number of important respects. IHCs are pear-shaped and 

contain a centrally located nucleus, whereas OHCs are 

cylindrically shaped with a nucleus near the base. The apical 

pole of the hair cell has several rows of stereocilia. These are 

arranged in a graduated fashion with the shortest stereocilia 

on the outer rows and the longest in the center. This gradation 

is thought to be an important anatomic feature of the organ of 

Corti as it allows superior tuning capability.The organ of 

Corti is covered by a gelatinous structure called the tectorial 

membrane.  

 
The arrangement of the basilar membrane, the 

organ of Corti, and the tectorial membrane is such 

that a deflection of the basilar membrane (by 

transmitted sound waves) will result in a shearing 

movement between the hair cells and the tectorial 

membrane, resulting in lateral or medial deflection 

of the stereocilia. This bending movement of the 

stereocilia initiates the transduction of acoustic 

energy into neural signals. Each region of the 

cochlea is associated with a specific frequency 

range. The low frequencies are represented 

towards the apex of the cochlea and the high 

frequencies towards the base.  

Ascending auditory nervous system 

The cell bodies of the bipolar, spiral ganglion neurons are 

located within the osseous spiral lamina. The peripheral axon 

projects to the hair cells of the organ of Corti, while the 

central process passes through the internal auditory meatus, 

forming the acoustic division of the eighth cranial nerve. It 

runs through the same internal auditory meatus and unites 

with the vestibular division. The nerve enters the lateral 

aspect of the brainstem at the pontomedullary junction, where 

it bifurcates into ascending and descending divisions and 

terminates in the cochlear nuclei in the caudal pons. From the 

cochlear nuclei, projections are made to the superior olivary 

complex in the pons, bilaterally, and to the contralateral 

inferior colliculus via the lateral lemniscus. From the inferior 

colliculus, ascending fibres pass to the medial geniculate 

body, from which the fibres pass to the primary auditory 

cortex, located in the superior temporal gyrus (HeschelËs 

gyrus) of the temporal lobe.  

1.1.4 The mechanism of hearing  

The sound is produced by the vibration of 

molecules within the air in the form of pressure 

waves. Ultimately, the ear converts these pressure 

waves into neural action potentials, which are 

perceived by the brain as hearing.  

Sound is collected and transmitted to the 

tympanic membrane by the external ear. The 

folds and ridges of the pinna help to direct the 

sound towards the ear canal. The shape of the 

pinna also helps to determine the direction of the 

sound to some extent. Sound waves then enter 

the external auditory canal and are directed 

towards the tympanic membrane. The pinna and 

the ear canal not only direct the sound to the 

tympanic membrane, but also amplify the sound 

to some extent. The amplification by the pinna 

and ear canal is maximum at 3000 Hz (around 

20 dB). 

The sound waves cause the tympanic membrane to 

vibrate and this, in turn, causes the ossicles, 

namely the malleus, incus and stapes to vibrate. 

The middle ear thus conducts the sound vibrations 

from the tympanic membrane to the footplate of 

the stapes, and finally into the fluids of the inner 

ear. The middle ear also amplifies the sound, 

which is due to two main factors: 

¶ Area ratio between the tympanic membrane 

and the stapes footplate. The surface area of 

basilar membrane 

stereocilia 

inner hair cells 

outer hair cells 

tectorial membrane 

supportive cells 
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the tympanic membrane is 17 times larger 

than the surface area of the stapes footplate; 

thus, the vibrations of the eardrum are 

amplified by 17 times when it gets 

concentrated on the footplate. 

¶ Lever action of the ossicles ï amplifies the 

sound by 1.2 times.  

The total amplification by the middle ear is thus 

21 times. This amplification of sound energy is 

required since much of the sound energy is lost 

while it is transferred from the air-containing 

middle ear to the fluid-containing inner ear. The 

amount of sound energy lost is almost identical 

to the amplification achieved by the middle ear, 

which is called impedance matching.  

The stapes footplate overlies the oval window, and 

its movement sets up a pressure wave in the 

perilymph of the scala vestibuli. The scala 

vestibuli communicates with the scala tympani in 

the apical part called helicotrema and, therefore, 

the wave travels along the length of these channels 

and ends at the round window. Movement in the 

perilymph causes vibration of the basilar and 

tectorial membranes of the organ of Corti. The 

organ of Corti rests on the basilar membrane in the 

whole length of the cochlea, and contains the hair 

cells. The vibration causes deflection of the 

stereocilia of hair cells opening potassium 

channels, which enter the hair cells from the 

surrounding endolymph, producing neural 

impulses. When these impulses reach the auditory 

centre of the cortex, through the auditory pathway, 

sound is perceived.  

A different frequency of sound vibrates different 

areas of the cochlea, and this makes the cochlea 

frequency-specific. The low frequencies are 

represented towards the apex of the cochlea and 

the high frequencies are represented towards the 

base. 

 

 

 

 

 

 

 

 

1.1.5 Physiology of the balance  

system 

The vestibular system is the sensory apparatus of 

the inner ear that helps the body to maintain its 

postural equilibrium. The information furnished 

by the vestibular system is also essential for 

coordinating the position of the head and the 

movement of the eyes. The balance is maintained 

by the interactions between the labyrinth and other 

systems in the body, such as the visual and 

skeletal systems. The main inputs into the balance 

system are the vestibular labyrinths, visual system 

(eyes), and somatosensory system, especially 

proprioception. The main outputs from the 

vestibular nuclei are vestibulo-ocular (permitting 

reflex eye movements related to posture) and 

vestibulo-spinal (anti-gravity muscles in the lower 

limb, reflex arcs which control gait). 

The three semicircular canals of the labyrinth are 

associated with sensing rotatory motion (angular 

acceleration), and the utricle and saccule respond 

to changes in the position of the head with respect 

to gravity (linear acceleration).  

Because the three semicircular canals ï superior, 

posterior, and horizontal ï are positioned at right 

angles to one another, they are able to detect 

movements in three dimensions. When the head 

begins to rotate in any direction, the inertia of the 

endolymph causes it to lag behind, exerting 

pressure that deflects the cupula in the opposite 

direction. This deflection stimulates the hair cells 

by bending their stereocilia in the opposite 

direction. The gravity receptors that respond to 

linear acceleration of the head are the maculae of 

the utricle and saccule. The left and right utricular 

maculae are in the same, approximately 

horizontal, plane; because of this position, they are 

more useful in providing information about the 

position of the head and its side-to-side tilts when 

a person is in an upright position. The saccular 

maculae are in parallel vertical planes and 

probably respond more to forward and backward 

tilts of the head. Shearing forces occur during 

linear acceleration. These shift the otoliths from 

their base, causing shearing of the hair cells and 

producing a neural impulse. 

The entire frequency spectrum of 18 to 20,000 

Hz is represented in the hair cells of the organ 

of Corti over the entire basilar membrane. 

High frequencies stimulate the basal turn, 

while low frequencies are detected at the 

cochlear apex.  
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1.2 EVALUATION 

History 

Patients should be questioned about symptoms of 

pain, hearing loss, ear discharge, tinnitus, aural 

fullness or pressure and disequilibrium. Further 

questions are directed towards formulation of a 

differential diagnosis based on the patientôs 

response. Especially with the symptom of hearing 

loss, family history can provide insight into the 

diagnosis. 

Inspection 

When examining the external ear, one should look 

at the size, shape, and position of the auricle, as 

well as for redness, swelling, ulceration, the 

presence of surgical scars, and congenital 

abnormalities such as accessory auricles, skin tags 

or pre-auricular sinuses. In the external auditory 

canal we should look for cerumen, foreign bodies, 

and any exudates.  

Palpation 

The mastoid process, auricle and regional lymph 

nodes should be palpated while looking for 

swelling or sensitivity to pressure. 

Otoscopy (otomicroscopy) 

Otoscopy is the visual examination of the auditory 

canal and the eardrum. The external auditory canal 

should be straightened by gently pulling the pinna 

upwards, outwards and backwards. A light source, 

otoscope or microscope can be used. The largest 

speculum that will fit into the ear canal should be 

used and must be introduced gently. If cerumen is 

present it needs to be removed. During otoscopy, 

we focus on the auditory canal and the entire 

tympanic membrane (Figure 1.10). The pars tensa 

of the tympanic membrane is normally greyish-

yellow; we can see three basic structures: the 

handle of malleus (stria mallearis), the lateral 

process of the malleus (prominentia mallearis), 

and the light reflex in the anterior inferior part of 

the membrane. It is important to pay particular 

attention to the strip at the top of the eardrum 

(called pars flaccida), since it is in this area that 

cholesteatomas are first seen. Some pathological 

findings of the tympanic membrane are injection 

of the vessels, haemorrhage, retraction as a result 

of decreased pressure in the middle ear, bulging, 

thickening, scars or perforation of the tympanic 

membrane. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.10  

Otoscopy 

Imaging 

The imaging of the middle ear is based upon 

computed tomography (CT) and magnetic 

resonance imaging (MRI). In trauma, CT 

demonstrates the fracture, lesions of the ossicles, 

and lesions of the windows. For all of the potential 

tumours of the middle ear, CT and MRI have to be 

performed. A study in an axial plane should 

always be accompanied by coronal sections. MRI 

is becoming more and more useful for evaluating 

the middle ear. It can give information in 

The relation between the vestibular apparatus of 

the two ears is reciprocal. When the head is 

turned to the left, the discharge from the left 

horizontal canal is decreased, and vice versa. 

Normal posture is the result of their acting in 

cooperation and in opposition. When the 

vestibular system of one ear is damaged, the 

unrestrained activity of the other causes a 

continuous false sense of turning (vertigo) and 

rhythmical, jerky movements of the eyes 

(nystagmus), both towards the uninjured side. 
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postoperative patients considering a possible 

recurrent cholesteatoma. MRI is also used in 

pathologies involving both middle and inner ears, 

such as some cholesteatomas and traumatic 

lesions, particularly with fistulas and 

malformation and in all kinds of tumours in the 

tympanic cavity.  

Tests of hearing 

Auditory symptoms include hearing loss, tinnitus, 

and aural fullness, while balance disturbances can 

range from light headedness and gait disorder to 

true, rotational vertigo. Auditory problems can 

arise in the external, middle or inner ear, the 

auditory brainstem or the central auditory 

pathways. Vestibular dysfunction can develop 

from pathology in the peripheral or central 

vestibular system, the visual system, or the 

somatosensory system.  

Simple test of hearing. Hearing can be examined 

without special equipment; these tests are known 

as free field tests. The patient is asked to repeat 

words given by an examiner. It must be done 

without giving the patient any visual clues, and the 

non-tested ear should be prevented from hearing. 

Most people with normal hearing should be able 

to hear a whisper at a distance of a few metres. At 

60 cm, a whisper is about 12 dB, a softly spoken 

voice about 48 dB, and shouting about 76 dB.  

Tuning forks. These tests are used to assess the 

patientôs hearing. Usually a tuning fork with a 

frequency of 512 Hz is used. The test demands a 

good technique and a basic understanding of air 

and bone conduction. The value of these tests lies 

in determining whether hearing loss is a 

conductive or sensorineural type. The tests most 

commonly employed are the Rinne and Weber 

tests (Figure 1.11). 

 

 

 

 

 

 

Figure 1.11  

Tuning fork 

Rinneôs test compares hearing in each ear through 

air and bone conduction. Normally we hear with 

air conduction, which is more efficient than 

hearing through the bone. The tuning fork is 

activated and held next to the ear for a few 

seconds and then placed behind the ear on the 

mastoid process. The patient is asked which 

sounds louder. In a healthy individual or in a 

patient with sensorineural hearing loss, Rinneôs 

test is positive; the air conduction (front of the ear) 

is better than bone conduction. The Rinne test is 

said to be negative when the fork sounds louder 

behind the ear, and bone conduction is better than 

air conduction; this is typical in conductive 

hearing loss.  

In Weberôs test the tuning fork is struck and 

placed in the midline, usually the vertex, forehead 

or bridge of the nose. The principle is the binaural 

comparison of bone conduction. The patient is 

asked where he or she can hear the sound better. 

In a normal hearing patient or bilateral or 

symmetrical hearing loss of either type, the sound 

is perceived in the midline. The patient with 

unilateral conductive hearing loss localises the 

tone in the affected (worse hearing) ear. On the 

other hand, the patient with unilateral 

sensorineural hearing loss localises the tone in the 

healthy (better hearing) ear.  

Schwabachôs test compares the bone conduction 

of the patient with the examiner.  

Gelleôs test. A vibrating tuning fork is applied to 

the mastoid process, and the air in the external 

auditory canal is compressed by a Politzer 

balloon. The excess pressure is fixing the stapes in 

the oval window and the sound is reduced, but is 

again perceived if the air pressure is removed 

(positive). It is a test of the mobility of the 

ossicles. In fixation of the footplate due to 

otosclerosis the loudness does not change 

(negative). 

Impedance audiometry  

Impedance audiometry is an investigation of the 

sound conduction apparatus. It includes the 

following methods: tympanometry, measurement 

of the stapedius reflex, acoustic decay reflex, and 

Eustachian tube function. Impedance audiometry 
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is a measurement of energy or air pressure which 

involves the external auditory canal, eardrum, 

ossicular chain, stapedius muscle, cochlea, facial 

nerve, vestibulocochlear nerve, and the brain  

stem.  

Tympanometry 

Tympanometry is used to test the conditions in the 

middle ear, the mobility of the tympanic 

membrane, and the ossicles (Figure 1.12).  

The test is performed using a probe tube which 

creates a varying pressure in the ear canal while 

emitting a sound and measuring the amount of 

sound reflected back to the probe. The probe is 

inserted into the external auditory canal until an 

airtight seal is obtained. Positive and negative 

pressures are introduced into the external ear canal 

and the compliance is measured. The changes of 

compliance as a function of variations of air 

pressure are plotted on a graph, called a tympa-

nogram.  

 

 

 

 

 

 

 

 Figure 1.12a  Figure 1.12b 

 Tympanometer   Patient interface 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.12c  

Placement in the ear canal 

 

 

 

 

 

Tympanogram. A type A tympanogram suggests 

normal middle ear function in which the peak is 

centred around 0 daPa of air pressure. Type As 

(low peak) suggests ossicular fixation (e.g. 

otosclerosis), while type Ad suggests ossicular 

discontinuity (Figure 1.13). 

 

 

 

 

 

 

 

 

Figure 1.13a  

Tympanogram curves  ï Type A 

 

 

 

 

 

 

 

Figure 1.13b  

Tympanogram curves  ï Type B 

 

 

 

 

 

 

 

Figure 1.13c  

Tympanogram curves  ï Type C 

A type B tympanogram is a flat trace with no 

observed peak regardless of the air pressure 

Tympanometry measures the mobility of the 

tympanic membrane as air pressure is varied in 

the ear canal. 
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introduced into the external air canal. Decreased 

mobility indicates fluid in the middle ear as in 

otitis media with effusion.  

A type C tympanogram peaks when air pressure 

reaches -200 daPa or lower. It suggests significant 

negative pressure in the middle ear system and 

may suggest developing or resolving otitis media. 

Additionally, this type indicates a malfunctioning 

Eustachian tube. 

The stapedius reflex occurs when the stapedius 

muscle contracts in response to a sound stimulus 

greater than 70 dB above the hearing threshold. The 

contraction occurs bilaterally, even if only one ear 

is stimulated. In the case of conductive hearing 

loss, reflexes are abnormally elevated or absent. A 

stapedial muscle contraction in response to an 

intense signal occurs bilaterally in normal ears with 

either unilateral or bilateral stimulation. If reflexes 

are present, sensorineural hearing loss is probably 

no worse than moderate in degree, and the 

ipsilateral acoustic reflex pathway is largely intact. 

Stapedius reflexes are generally absent or cannot be 

recorded in the presence of type B tympanograms. 

Pure tone audiometry 

Pure tone audiometry is a hearing test used to 

determine the presence or absence of hearing loss. 

The primary purpose of pure tone tests is to 

determine the type, degree, and configuration of 

hearing loss. An audiometer is an electric tone 

generator used to determine the hearing threshold 

for pure tones. The tone is a pure sinusoidal 

vibration in the audible range characterised by 

frequency, which is a vibration per second in 

Hertz. The pure tone audiogram provides an 

estimate of hearing sensitivity. This measure 

involves the peripheral and central auditory 

systems. Hearing sensitivity is plotted on an 

audiogram, which is a graph displaying intensity 

as a function of frequency. 
 

Pure tone audiometry 

A pure tone air conduction hearing test determines the 

faintest tones that a person can hear at selected frequencies, 

from low to high. During this test, headphones are placed 

over the outer ear, so that information can be obtained for 

each ear. The signal is transmitted through the outer, middle, 

and inner ear and then through the brain to the cortex.  

Bone conduction is performed by sending a tone through a 

small vibrator placed behind the ear. The signal is transmitted 

through the bones of the skull to the cochlea and then through 

the auditory pathways of the brain. It stimulates the bones of 

the skull, which, in turn, stimulates both cochleae. This type 

of testing bypasses the outer and middle ear. In these cases, 

this test helps the audiologist to determine the type of hearing 

loss being measured.  

 

Masking presents a constant noise to the ear 

which is currently not being tested to prevent 

crossover from the ear being tested.  

The degree of hearing loss refers to the severity 

of the loss (Table 1.1). Hearing loss is measured in 

decibels (dB). The softest sounds are made at zero 

dB, and the loudest are around 120 dB. The 

amount of hearing loss someone has is ranked as 

mild, moderate, severe or profound.  

Table 1.1 Degree of hearing loss 

Hearing  

loss 

Range  

of hearing loss 

Normal hearing  Up to 20 dB 

Mild  In the better ear between 25 and 

39 dB 

Moderate  40 to 69 dB 

Severe  70 to 89 dB 

Profound  More than 90 dB 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1.14  

Pure tone audiogram ï normal hearing 

To determine the type of hearing loss, thresholds 

for air and bone conduction are compared. If air 

and bone conduction thresholds agree within 10 
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dB and are within the normal hearing range, the 

individual has normal hearing (Figure 1.14). 

There are three basic types of hearing loss: 

conductive, sensorineural, and mixed. 

If air and bone conduction thresholds agree within 

10 dB but are poorer than 20 dB HL, the hearing 

loss is sensorineural. Sensorineural hearing loss 

happens when there is damage or deterioration of 

the inner ear (cochlea) or to the nerve pathways 

from the inner ear to the brain.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1.15  

Pure tone audiogram ï conductive hearing loss 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1.16  

Pure tone audiogram ï mixed hearing loss 

If air conduction thresholds are poorer than the 

bone conduction thresholds by 15 dB or more and 

bone conduction thresholds are within normal 

limits, the hearing loss is conductive (Figure 

1.15). Conductive hearing loss occurs when there 

is a defect in the outer ear, tympanic membrane or 

the ossicles, and the sound is not conducted well 

to the inner ear.  

If air conduction thresholds are poorer than bone 

conduction thresholds by 15 dB or more and bone 

conduction thresholds are poorer than 20 dB, the 

hearing loss is mixed (Figure 1.16).  

Bilateral hearing loss means hearing loss in both 

ears. Unilateral hearing loss means that hearing is 

normal in one ear but there is hearing loss in the 

other ear. The hearing loss can range from mild to 

very severe.  

Symmetrical means that the degree and 

configuration of hearing loss are the same in each 

ear. Asymmetrical means that the degree and 

configuration are different in each ear. 

Progressive hearing loss means that hearing loss 

becomes worse over time. Sudden hearing loss 

means that the loss happens quickly. Such a 

hearing loss requires immediate medical attention 

to determine its cause and treatment. Fluctuating 

hearing loss means hearing loss that changes over 

time ð sometimes getting better, sometimes 

getting worse. Stable hearing loss does not 

change over time and remains the same. 

 

Free field testing  

Sound field (free field) testing signals are presented via 

speakers. This form of testing is used with infants, toddlers, 

and other individuals with special needs for whom earphone 

use may be problematic. During sound field testing, an 

individual sits in the centre of the room, facing forward, 

halfway between each speaker. Typically, visual 

reinforcement audiometry (toys light and animate when the 

child responds to sound), conditioned orientation response 

audiometry (toys on both sides test localisation) or play 

audiometry (various games, e.g. dropping a block in response 

to sound) is used.  

Visual reinforcement audiometry (VRA) 

This is a screening method used in children 

between 6 months and 2 years of age. The child is 

trained to look towards a sound source. When the 

child gives a correct response (the child looks to a 



The Ear 

23  

source of sound when it is presented), the child is 

"rewarded" through a visual reinforcement. 

Example rewards include getting to watch a toy 

that moves or a flashing light. 

Conditioned play audiometry  

This can be used as the child matures and is 

commonly used with toddlers and preschoolers 

(ages 2ï5). The child is trained to perform an 

activity each time a sound is heard. The activity 

may involve putting a block in a box, placing pegs 

in a hole, or putting a ring on a cone.  

Speech audiometry 

Speech audiometry measures the individualôs 

ability to communicate. In Slovakia, speech 

audiometry is carried out using uniform test 

material consisting of monosyllabic and 

multisyllabic words. Determination of the 

percentage of hearing loss for speech 

comprehension is achieved by ascertaining the 

total word comprehension, and determination of 

the hearing loss for speech is assessed from the 

speech audiogram (Figure 1.17).  

 

 

 

 

 

 

 

 

 

 

Figure 1.17  

Speech audiogram ï normal (a),  

conductive loss (b), sensorineural loss (c),  

retrocochear pathology (d) 

 

 

 

 

 

 

Auditory brainstem response 

The electrical activity evoked in the auditory 

nerve and brainstem pathways is known 

collectively as the auditory brainstem response 

(ABR), or brainstem auditory evoked potential 

(BAEP), or brainstem auditory evoked response 

(BAER), or brainstem evoked response 

audiometry (BERA). The patient is exposed to an 

acoustic stimulus repeatedly and an 

electroencephalogram (EEG) is used to assess 

whether there is any change in brain activity. The 

elicited waveform response is measured by 

surface electrodes typically placed at the vertex of 

the scalp and on each mastoid or earlobe. The test 

can be performed with the patient under natural 

sleep, sedation or general anaesthesia.  

 

ABR waveform 

The ABR comprises seven waves, of which waves I, III and 

V are the most visible and of more significant clinical value. 

The currently used classification for the generating site of 

these waves is:  

I  ï distal portion of the auditory nerve relative to the 

brainstem (action potential of the auditory nerve);  

II  ï proximal portion of the auditory nerve relative to the 

brainstem;  

III  ï cochlear nucleus;  

IV  ï superior olivary complex;  

V  ï lateral lemniscus;  

VI  ï inferior colliculus;  

VII  ï medial geniculate body  

(Figure 1.18) 

 

ABR is useful in the differential diagnosis of 

many auditory disease processes. It is used to 

assess hearing sensitivity in infants, and it can 

predict a degree of hearing loss. Although the 

ABR provides information regarding auditory 

function and hearing sensitivity, it is not a 

substitute for a formal hearing evaluation, and 

results should be used in conjunction with 

behavioural audiometry whenever possible.  

 
Auditory steady state response 

Auditory steady state response (ASSR) is an objective test of 

hearing sensitivity used for children too young for traditional 

audiometric testing. The test is similar to ABR; however, the 

hearing threshold obtained here is frequency-specific. 

Different frequencies can be measured, which is not possible 

in ABR. 

The ability to hear and understand speech is 

more important in human communication than 

the ability to hear pure tones. Speech 

audiometry in conjunction with pure tone 

audiometry can aid in determining the degree 

and type of hearing loss.  
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Figure 1.18  

The ABR waveform 

 

Otoacoustic emissions 

Otoacoustic emissions (OAEs) are a simple, 

highly sensitive, relatively inexpensive, non-

invasive and reliable audiological diagnostic 

method. OAEs can be recorded in the ear canals in 

normal hearing individuals but are absent in the 

ear canal of individuals with significant hearing 

loss. OAEs are sounds generated in the cochlea 

that are transmitted through the middle ear into the 

external ear canal. By placing a small probe with a 

sensitive microphone into the external ear canal, 

this low-intensity energy can be elicited and 

recorded.  

OAEs are generated within the cochlear, with 

outer hair cells (OHCs) playing an integral role. A 

cut-off level for hearing loss exists, above which 

an OAE will not be detectable. OAEs are absent in 

cases of sensorineural hearing loss >30 dB HL. 

The most common use of OAEs is in screening 

programmes in the testing of neonates with 

possible hearing loss. OAE results should always 

be interpreted in the light of other results from the 

chosen test battery. It is advantageous to obtain 

tympanometric data prior to OAE testing. When 

middle ear function is compromised the value of 

even attempting OAE testing is debatable. 

 

 

 

 

 

 

 

 

 

 

 

 

The biggest advantage of using otoacoustic 

emissions in clinical practice is that they can be 

easily detected, noninvasive and quickly 

measured in the external ear canal. Such 

measurement provides noninvasive insight into 

the function of outer hair cells, which are the 

most sensitive part of the cochlea. Absent OAEs 

raises the suspicion of hearing loss. Other 

audiological tests are required to determine the 

nature and extent of any possible loss.  
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Neonatal hearing screening 

Universal neonatal hearing screening has the 

potential to reduce the age at confirmation of 

congenital impairments. The sense of hearing is a 

vitally important factor in the acquisition of 

speech. It is therefore essential that hearing loss in 

a child be recognised and treated. The earlier the 

treatment is instituted, the more successful it is. 

Nowadays, universal newborn hearing screening 

programmes are adopted on a nationwide basis in 

most countries of the developed world. It is 

common practice to perform the neonatal hearing 

screening test before the neonate is discharged 

home. OAEs are used to screen neonates, and 

those who fail the test need further evaluation with 

ABR or ASSR.  

1.3 DISEASES  

OF THE EXTERNAL EAR 

1.3.1 Congenital anomalies  

of the external ear 

Definition. Congenital anomalies are the product 

of errors in embryogenesis or the result of 

intrauterine events that affect embryonic and 

foetal growth. The formation of the ear involves 

fusion of ectoderm, endoderm, and mesoderm. 

Defects in formation may lead to a wide variety of 

dysfunctional or malformed structures.  
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Figure 1.19  

Apostasis auriculae before surgery (a), after surgery (b) 

Bat ear or prominent ear (apostasies, auriculae, 

otapostasis) is one of the most common 

anomalies. It is caused by failure of the normal 

formation of the folds of the auricle. The treatment 

is surgical correction (Figure 1.19).  

Macrotia is a large but normally formed auricle 

not usually associated with functional abnormality. 

It is defined as an ear which is two or more 

standard deviations from the mean. 

Microtia  is a small and deformed auricle. Over 

90% of the time, microtia is unilateral. Boys are 

affected more than girls, and in unilateral microtia, 

the right side is affected more than the left 

(Figure 1.20).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.20  

Microtia and atresia of the external auditory canal 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.21  

Preauricular appendix 






























































































































































































































































































































































































































































