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The sense of hearing

Audition

Sound is the wave of compression (increase in pressure) and decompression (decrease in
pressure)

-No vacuum transmission
(vacuum)g | &l Jiiy ¢ gall (K1 &) jalls Jain ¥ &saall 5 oy pra Lua
-highest speed-solid

Gy gasdh () g il ¢ sl uSe e gasdl cpae liquiddh ce solidd) 2 058 be g sl & guall L
soliddb = liquiddh

Loudness or intensity
-depend upon amplitude of sound waves
-units for expression sound amplitude/loudness/intensity are decibels(dB)

3 i <l ) W IS amplitude of sound waved! (e st (ala 3 & gpall 305 e ety intensityd!
G gl 30d oty g1l (33 yha e Lty § intensityd) sty caS Ual) L Sall 5 intensityd)
<l A3 e referenced 4l (amplitude or pressure of sound)

sl Asbaall s
dB=20 log p/p0

dp=decibels

p=sound pressure being measured

pO=reference pressure measured

for example :if the sound pressure is 10 time the refrence pressure, the intensity:

dp=20 log p/p0

dp=20 log 10p0/p0

dp=20 log 10

dp=20*1=20

if O dp ,it is not mean the sound not hearing but it is mean the pressure sound is equal to
reference because log1=0

reference is the average threshold for hearing at 1000Hz

1000Hz s s\ frequencyd) ¢sSs Wl 4zawi 5085 pressure J8
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sound frequency(pitch/tone) is measured in cycle/second or hertz(Hz)

G geall 131 ety La g cycle per secondd) e aaiaty & ds gall Joha e aaiaty b & frequencyd) Lua
(low pitch}ade & sall 5l (high pitch)sls S @ sall 131 & gall 5as e ey Jal 5 5l e
Human ear is sensitive frequencies between 20 and 20000Hz and is most sensitive between
2000 and 5000Hz

sensitive S| 5 20-20000J) ¢ Wwaa 5 ) &l sea¥) pany 53 aodaniy g8 il sVl S pann Lo L) Lsa
2000-5000 o <) e

The usual range of frequency of human speech is between 300 and 3500Hz and the sound
intensity is about 65dB

Sound intensity>100dB can damage the auidatory apparatus and >120 dB can cause pain
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1-external ear: auricle and external auditory meatus
-Auricle which capture and direct sound wave towards external acoustic meatus

-external auditory meatus conduct sound wav to tympanic membrane

) external acoustic meatus J! Llaw s wave soundd! geass 53 Jsse OV ) s 58 A auricled!
tympanic membraned! sound waved) <&

-sebaceous gland and ceruminous gland: secrete brown pigment granules and fat droplets

Secretion of sebaceous & ceruminous gland and desquamated epithelial cell form
earwax (oY) aed)
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Tympanic membrane

Tympanic membrane
-transmit vibration in the air to the cochlea through ossicles
It is vibrate with sound and if the sound stop ,vibrate stop
-Kept tensed by tensor tympani muscle
-tympanic membrane connected to ossicles

Malleus

Incuse

Stapes

-ossicles are combined as single lever by ligaments articulation of incus with stapes pushes
cochlear fluid forward and backward on tympanic membrane movement

Attachment to the tympanic membrane is the handle of the malleus and the malleus is bound
to incus by minute ligament so when the malleus move ,the incus move

The end of incus attachment to stapes and the stapes lies against the cochlear in the opening
of oval window

The tip end of the malleus is attachment to the center of tympanic membrane and this point
of attachment is constantly pulled by tensor tympani muscle which keep tympanic membrane
tensed

The articulation of the incus with stapes cause the stapes push forward on the cochlear fluid
every time tympanic membrane move inward

And pull fluid backward every time malleus move outward

J&8s inwardd stapesd) ¢s ) sad Aldall & sl e single leverd (phas  ossiclesd) bua  Six
pull fluid backward = 7 outward malleusd s=> W a5 cochlear fluidd)

Attenuation sound by muscle contraction

When loud sound transmitted through the ossicular system and from there into the central
nervous system then reflex occur after later period from 40-80ms to cause contraction of
stapedius muscle and tensor tympani muscle
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I'he tensor tympani (which innervated by mandibular nerve)pull the handling of the malleus
inward while the stapedius(which innervated by mandibular nerve) muscle pull the stapes
outward

These tow forces oppose each other and thereby cause the ossicle system to develop increase
rigidity so reduce ossicular conduction so attenuation vibration going to cochlear
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Figure 52-1

To:

1-To protect cochlear from damaging due to excessively loud sound

2-to mask(damps) low frequency sound ,,your own sound

Impedance matching

Impedance opposition to passage

- perilymph in cochlear offers impedance to sound wave due its own inertia

Impedance matching is the process by which tympanic membrane and auditory ossicles are
capable of converting energy into mechanical vibration in cochlear fluid with minimal loss
of energy /intensity

How?

1-surface area of tympanic membrane (55sq mm)>footplate of stapes(23sq mm) so these lea
to amolifies the signale because the area of tympanic membrane is 17 time longer than oval
window

2-0ssicles act as a lever system so these lead to amolifies the signal 1.5 time
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a5 loss of energy J=~: middle eard! external auidatory meatusd ¢« sound waved s s ¢\l
efficient of sound wave J x » impedance matching in middle ear seul 231 (3 & pall gy b
cochleard! sl JSi Jia g0 (s Lgdeliay s sound intensityd! e Lélss Joss in energy Jba o (Siad

surface of oval windowd! = 17 timew =S| surface of tympanic membraned 53 (A sV (i yha
ampilfication of sound wavedaz: 38 (ala

1.5 L& sound wavedl intensityd) 25 5 sl as lever slxidy ossiculed) 40Ul dlaidl

In the abnormal of middle ear in the ossicular system (like fluid in middle ear or
osteosclrosis)and tympanic membrane, these lead to loss of energy so loss of sound intensity

-eustachian tube connect middle ear with nose to nasopharnex
-equalize pressure on both side of tympanic membrane
-usually close

-opens with jaw movement& ascend

-descend still close

- have cilia to drainage fluid to nasopharynx

-shorter, wider& more strait in children these lead to otitis media

equalize pressure Jax: 5l o sisls s nosopharunxd!s middle eard! o b eustacian tubed) Lua
e all LS o 13} ) iy La g 3 _Saa ¢ 58 3L (gla 3alalls Lua on both side of tympanic membrane

Oldie 55 Sua Juady sl La G tympanic membraned) e s sall bl & 5 addie G W 3 6l Lua
& jail AL da3 Aad g rupture of tympanic membrane e (See s (i ¢85 (5 ) g ot clia
g asle S g il Slall

it is common in children when have <A more strait s s e 53 a5 JubYL sl gl Lua
complication like perforation e #iu (See infection in nasopharynx to develop otitis media
of tympanic membrane and other..

Inner ear: cochlea
Thre cochlea is asystem of colied tube .it consiste of tree colied tubeseperated by membrane:
1-scala tympani contain perilymph

2-scala media(its also called cochlear duct, membranous cochlear or otic cochlear) contain
endolymph
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3-scala vestibule contain perilymph

The scala vestibule and scala media is separated from each other by Reissner's
membrane(also called vestibular membrane)

And scala tympani and sacal media separated by each other by basilar membrane
On the surface of basilar membrane lies the organ of coti

The fluid of scala tympani and scala vestibule is open on each other by helicterma at the
apex

Perilymph: it is high Na and low K as extracellular fluid

Endolymph: it is high K and low Na similar to CSF ,these generated by continual of K into
scala media by stria vascularis

Basilar membrane

Contains about 20,000-30,000 basilar fiber

Characteristics of basilar fibers:

1-different size and shape

2-fixaed to modiolus and free at one end so they can vibrate

3-elastic

Near base: it is short, thick & stiff,,, it is vibrate by high frequency
Near apex: it is long, thin& soft,,, it is vibrate by low frequency sounds

The length of basilar fiber is increase beginning from the base of cochlear to the apex and the
diameter is decrease from base to apex and this important distinguish between high
frequency and low which discus later
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Organ of corti

-Receptor organ

-On the surface of the basilar membrane

-Contain row of electromechanically sensitive cell with stereocilliay called hair cells
-2 type of hair cell: outer -3row(12,000)& inner- single row (3,000)

-Hair cells synapse with cochlear nerve ending

-90-95% of cochlear nerve ending on inner hair cell-receptor

-Outer: larger diameter-efferent-increase amplitude and sharpness of sound
-Gelatinous tectoria membrane lies above the stereoclia of the hair cell

-Movement of the basilar membrane cause sterecilia of the hair cells to shear back and fourth
against the tectorial membrane to tectorial membrane

5 ke 2 ssurface of the basilar membraned) e 32 s> sareceptor cell oe 3_ke organ of cortid!
tectorial J! wedle LAl =l e 3 9a ge stereocilliay s electromechanically sensitive cellce
tectorial membraned 23 tectorial membraned) e cilia J! ¢l 4 )~ s membrane

outer and inner hair cell ¢se 52 s# organ of cortid L

Gpall J8 e Jypae 4 Saa cochlear nerve endingd! 90-995%ce Jwais sa inner hair celld) Lua
cortexJ!

2 =2 control sensitivity of inner celloe J s (=l efferent fiber s 58 outerd W

Ul S alig da g pe O gam Slie a0 SS) G Jsa Dl 2y amiplitude and sharpness of soundd!
131 Al sl il gaa¥) Jliy 5 0 59 80 g e S A outer celld) o s jdlille juaal s

Gl pa¥) Je K 08 L 6 damage to outer hair cell lead to loss of hearing b=
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