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External Audltory Meatus

Extends from the pinna to the tympanic membrane

— About 26 millimeters (mm) in length and 7 mm in diameter in
adult ear.

— Size and shape vary among individuals.
 Protects the eardrum

« Resonator
— Provides about 10 decibels (dB) of gain to the eardrum at around
3,300 Hertz (Hz).

» The net effect of the head, pinna, and ear canal is that
sounds in the 2,000 to 4,000 Hz region are amplified by 10
to 15 dB.

— Sensitivity to sounds greatest in this frequency region
— Noises In this range are the most hazardous to hearing



Outer Ear Resonance
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Cerumen

» The purpose of wax:
— Repel water

— Trap dust, sand particles, micro-organisms, and
other debris

— Moisturize epithelium in ear canal

— Odor discourages insects

— Antibiotic, antibacterial, antifungal properties
— Cleanse ear canal



Outer Ear Hearing Disorders

e Quter ear
« CHARGE

« Down Syndrome
— Ears small and low set

 Fetal Alcohol
Syndrome

— Deformed ears

« DiGeorge syndrome
— Low set ears



http://home.planet.nl/~hasse267/Earimagessite/earimagesindex.htm
http://www.chargesyndrome.org/about-charge-ears.asp
http://www.aafp.org/afp/20050715/279_f4.jpg
http://www.gfmer.ch/genetic_diseases_v2/gendis_detail_list.php?cat3=98

External Ear Care

« Ear candling
« Swabs
 Foreign objects



Middle Ear

Middle Ear Cavity

Ossicles

TympaniC CaV|ty Middle Ear Muscles
Tympanic Membrane [
Ossicles

Eustachian Tube

Function  Amplifier

Middle Ear Muscles
Eustachian Tube Cholesteatoma

Mastoid Temporal bone fractures
Otitis Media

PE tubes Otosclerosis



http://www.sfu.ca/~saunders/l33098/Ear.f/midear.html
http://picinfor.googlepages.com/ossicles
http://www.drjimboyd.com/tt.jpg
http://www.upstate.edu/cdb/grossanat/hnsklattb.shtml
http://www.rxabbott.com/eb/hn026.htm
http://www.wadalab.mech.tohoku.ac.jp/FEM_mid-e.html
http://hyperphysics.phy-astr.gsu.edu/hbase/sound/earsens.html#c4
http://www.ghorayeb.com/Cholesteatoma.html
http://www.ghorayeb.com/TBFX.html
http://www.entusa.com/eardrum_and_middle_ear.htm
http://www.ghorayeb.com/PEtubesconsent.html
http://www.marshfieldclinic.org/earsurgery/otosclerosis.asp

Function of Middle Ear

e Conduction
— Conduct sound from the outer ear to the inner ear

e Protection

— Creates a barrier that protects the middle and inner areas from
foreign objects

— Middle ear muscles may provide protection from loud sounds

« Transducer
— Converts acoustic energy to mechanical energy
— Converts mechanical energy to hydraulic energy
« Amplifier
— Transformer action of the middle ear

— only about 1/1000 of the acoustic energy in air would be
transmitted to the inner-ear fluids (about 30 dB hearing loss)



Middle Ear

Tympanum:
Timpani, or kettledrums, are musical

instruments in the percussion
family.

A type of drum, they consist of a

large bowl commonly made of
copper.

They are played by striking the head
with a special drum stick called a
timpani stick. MAL‘L%{}‘S’S SIALEs
Timpani evolved from military '
drums to become a staple of the
classical orchestra in the 17th
century.

Today, they are used in many types
of musical ensembles including
classical orchestra

= OVAL WINDOW & FOOTPLATE
OF STAPES

HANDLE OF MALLEUS
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acoustic
meatus o= '-"4_" X TYMPANIC MEMBRANE




Tympanic Membrane

The eardrum separates the outer ear
from the middle ear

Creates a barrier that protects the i
middle and inner areas from foreign N e
objects
Cone-shaped in appearance S
— about 17.5 mm in diameter A
The eardrum vibrates in response to P —

sound pPressure waves.

The membrane movement is
Incredibly small

— as little as one-billionth of a centimeter



Eustachian Tube
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. The eustachian tube connects the front wall ot the
middle ear with the nasopharynx

 The eustachian tube also operates like a valve,
which opens during swallowing and yawning

— This equalizes the pressure on either side of the
eardrum, which is necessary for optimal hearing.

— Without this function, a difference between the static
pressure in the middle ear and the outside pressure may
develop, causing the eardrum to displace inward or
outward

 This reduces the efficiency of the middle ear and less acoustic
energy will be transmitted to the inner ear.




Ossicles

« Malleus
(hammer)

* Incus (anvil)

o Stapes
(stirrup)
smallest
bone of the
body




Transformer/Amplifier

Transform the vibrating motion of the eardrum into motion of
the stapes.

The middle ear enhances the transfer of acoustical energy In
two ways:
— The area of the eardrum is about 17 times larger than the oval window
« The effective pressure (force per unit area) is increased by this amount.
— The ossicles produce a lever action that further amplifies the pressure

Without the transformer action of middle ear, about 1/1000 of
acoustic energy in air transmitted to inner-ear fluids (about 30
dB loss).

Malleus and incus vibrate together, transmitting the sound
waves from the eardrum to the footplate of the stapes (this
pushes the oval window in and out)(mechanical energy)



Transformer/Amplifier

e Area ratio

— Thumbtack })

e Lever
— crowbar



http://images.google.com/imgres?imgurl=http://doityourself.com/ori/200x200/6041792.jpg&imgrefurl=http://doityourself.com/store/6041792.htm&h=200&w=200&sz=3&tbnid=v7oaA-bh6HAJ:&tbnh=99&tbnw=99&hl=en&start=7&prev=/images?q=thumb+tack&svnum=10&hl=en&lr=&sa=G
http://images.google.com/imgres?imgurl=http://doityourself.com/ori/200x200/6041792.jpg&imgrefurl=http://doityourself.com/store/6041792.htm&h=200&w=200&sz=3&tbnid=v7oaA-bh6HAJ:&tbnh=99&tbnw=99&hl=en&start=7&prev=/images?q=thumb+tack&svnum=10&hl=en&lr=&sa=G
http://images.google.com/imgres?imgurl=http://www.yourdictionary.com/images/ahd/jpg/A4crowba.jpg&imgrefurl=http://www.yourdictionary.com/ahd/c/c0769900.html&h=424&w=388&sz=9&tbnid=VtSlqGH_MocJ:&tbnh=122&tbnw=111&hl=en&start=2&prev=/images?q=crowbar&svnum=10&hl=en&lr=
http://images.google.com/imgres?imgurl=http://www.yourdictionary.com/images/ahd/jpg/A4crowba.jpg&imgrefurl=http://www.yourdictionary.com/ahd/c/c0769900.html&h=424&w=388&sz=9&tbnid=VtSlqGH_MocJ:&tbnh=122&tbnw=111&hl=en&start=2&prev=/images?q=crowbar&svnum=10&hl=en&lr=

Middle Ear Muscles

« Tensor tympani
— Attached to malleus
— Innervated by V, trigeminal nerve
Tensor

i Staped | us tympani

muscle

— Attached to stapes
— Innervated by VII, facial nerve A(
« Middle Ear Muscle Function: e
— Help maintain ossicles in proper position "¢
— Protect inner ear from excessive sound
levels

« When ear exposed to sound levels above
70 dB, the muscles contract, decreasing
amount of energy transferred to inner ear

— This protective reflex termed "acoustic
reflex"

T Stapedius
muscle



Ligaments of Middle Ear

e Function

— restrict and confine
the effect of ossicles
to act as a lever

— restrict movements to
reduce the chance of
damage to the inner S22
ear tube

— prevents distortion to
sound

Stapedius




Mastoid

Tympeaiic anlrim

Tegmen tympani
Prominence of lateral semiciveular canal

| Prominence of facial canal
| Fenestra vestibuli
| Bristie in semicanal for Tensor tympanit
| Septum canalis musculotubaris
Bristle in hiatus of facial canal

Carotid canal
Bony part of auditory tube
Promontory

Bristle in pyramid

Fenestra cochlee

Suleus tympanicus

Bristls in stylomastoid foramen

Mastoid cells



http://www.answers.com/main/ntquery;jsessionid=5bhhi68ld273p?method=4&dsname=Wikipedia+Images&dekey=Gray+139+-+Coronal+section+of+right+temporal+bone.png&gwp=8&sbid=lc02a
http://www.answers.com/main/ntquery;jsessionid=5bhhi68ld273p?method=4&dsname=Wikipedia+Images&dekey=Gray+139+-+Coronal+section+of+right+temporal+bone.png&gwp=8&sbid=lc02a

Middle Ear Disorders

'T'

 Middle

— Acute otitis media
— Otosclerosis

— Disarticulation

— Mastoiditis

— Tympanosclerosis
- OME

— TM Perforation

— TM Retraction

— Cholesteatoma

« Down Syndrome
» Treacher Collins Syndrome
 BOR Syndrome



http://home.planet.nl/~hasse267/Earimagessite/earimagesindex.htm
http://atc.utmb.edu/aom/home.htm
http://www-surgery.ucsd.edu/ent/PatientInfo/info_otosclerosis.html
http://www.earsurgery.org/dislocation.html
http://www.henryfordhealth.org/body.cfm?id=39109&action=Display&articlenum=1034
http://www.aap.org/otitismedia/www/vc/ear/rvw/rvw17.cfm
http://www.aap.org/otitismedia/www/vc/ear/rvw/rvw16.cfm
http://www.aap.org/otitismedia/www/vc/ear/rvw/rvw18.cfm
http://www.aap.org/otitismedia/www/vc/ear/rvw/rvw19.cfm
http://www.aap.org/otitismedia/www/vc/ear/rvw/rvw20.cfm
http://www.nas.com/downsyn/
http://www.treachercollins.org/
http://www.gfmer.ch/genetic_diseases_v2/gendis_detail_list.php?cat3=47

Inner Ear

Oval window
Semi-circular canals

\estibular

semicircular canals

’ Cochlear and vestibular nerves
1
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utricle and saccule

Auditory Cochlear

traveling wave

traveling wave

Vestibular traveling wave

pathologies



http://www.driesen.com/inner_ear_labyrinth.htm
http://www.medicine.mcgill.ca/physio/cullenlab/vestib1.htm
http://www.iurc.montp.inserm.fr/cric/audition/english/cochlea/fcochlea.htm
http://www.tnt.uni-hannover.de/plain/project/coding/audio/perception/cochlea_big.html
http://pcbunn.cithep.caltech.edu/Cochlea/#Results
http://www.phon.ucl.ac.uk/courses/spsci/c315_99_1/COCHLMTN.MOV
http://www.augie.edu/perry/ear/heardis.htm

Function of Inner Ear

elliptical recess
for utricle

- Convert mechanical sound . =553

anterior |

waves to neural impulses N
that can be recognized by o) S gy
the brain for:

o) Ye Wi oo

— Hearing
— Balance AN

crista ampullaris of
anterior semicircular
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 Linear motion
« Rotary motion

semicircular
duct

ampulla

Balance

membrane ~ . Ll

kinocilium

otolithic _~ .

type il
hair cell

Displacement of Vestibular Sensory Hairs

Resting state

Toward kinocilium

Away from kinocilium

Discharge rate of vestibular nerve
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Organ of Cortl
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OHC vs. IHC Function

T

Air cells




OHC Motlllty Models

model

after Hudspeth



Afferent Neural Innervations

INNER HAIR CELL
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apical cuticular plate

Hair Cells

phalangeal process

facet for outer hair cell

outer phalangeal cell
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Cells
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Cells

basilar membrane

<z e A Tector!al Mimprane
S \..E === P

Basilar  Quter = Supporting

Hair 2
Cells Membrane g:l.lrs Cells
Outer Hair Cell
>
>

A

Fahio Mammanao




external
acoustic
mejlus

scala vestibuli scala media

-@_ 14 round window basilar membrane
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-

tympanic cavity \

auditory tube

 Traveling wave
 Basilar membrane

» Traveling Wave info

» Cochlear Traveling Wave

helicotrema

2000
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http://www.tnt.uni-hannover.de/plain/project/coding/audio/perception/cochlea_big.html
http://www.med.sc.edu:88/videos/cochleaweb.mov
http://www.sickkids.on.ca/cochlearimplant/section.asp?s=How+We+Hear&sID=6704&ss=Physiology+of+normal+hearing&ssID=6733&searchTerms=Physiology of Normal Hearing
http://www.rockefeller.edu/labheads/hudspeth/graphicalSimulations.php

Inner Ear Etiologies

e Genetic
— Connexin 26

e EXxcessive Noise
e Head Trauma

» Metabolic

— Diabetes, thyroid dysfunction
 Ototoxic

— Gentamiacin, cisplatin, etc.
* Disease



Vetibular nerve. Nerve of equilibrium
® Cochlear nerve. Nerve of hearing

e ——
Say o2

T s

* They are concerned with transmission of afferent information from

internal ear to central nervous system.

Cerebral cortex

Aucitory cortex of
superior lemporal
Qyrus

Acoustc radiation of
internat capsule

Medial geniculate body

Posterior nucleus of
trapozoid body and
the superior olivary




Connexin 26

Connexin 26 (GJB2) is one of the main proteins
involved In potassium (K+) homeosiasis in the cochlea
of the inner ear. It s found in the supporting cells,
fibrocytes of the spiral ligament and in cells of the spiral
limbus.[Adapted from Steel. K P. (1998) Science 285,
1363-1364, with permission. ]



Standard ABR

Cross-section of Internal Auditory
Canal

- T
.~ Facial Nerv

The wave V latency used in the
standard ABR IT5 and |-V delay
HIGH- measures is dominated by neural
FREQUENCY activity from the high-frequency
FIBERS regions of the cochlea. Thus, unless
the tumor affects these high-frequency
fibers sufficiently, standard ABR

Acoustic Nerve Inf. Vest Nerve latencies will be normal.

Large Tumor Small Tumor Small Tumor
Abnormal Standard ABR Abnormal Standard Normal Standard ABR

l ABR I

TUMOR




Acoustic Neuroma

neuroma



http://www.neurinoma.com.br/English/neurinoma.html

Spiral Ganglion

el g, LTL

scala vestibuli
\(from oval window}

basilar membrane

scala tympani
(from round window)




Central Auditory Mechanism

Auditory Path



http://www.audiospeech.ubc.ca/haplab/auditoryPath.jpg

Central Auditory Path
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