Sense of Hearing

Sense of Balance



Auditory system



Auditory system

capturing and transmission of mechanical energy to

the receptor organ, transduction into electrical signal
(ear)

transmission to CNS

processing of the transmitted information
— interpretation of the sound

— interpretation of its importance for the organism
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Sound

* rises by vibration of a solid
object in the air or water

e charakteristics:

— frequency — pitch of the tone

— amplitude — intensity

— timbre — given by
representation of harmonic
frequencies of the oscillation

Dristance ==

http://www.slideshare.net/drpsdeb/presentations



Sound
e simple (clear)

* composite

— harmonic

* periodic /\ /\ /
— non-harmonic (noise) \/ \/ I :

* non-periodic

Sound Waves
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Figure 2.7 Waveform (left) and spectra (right) of two sine waves (A and B), combining
into a complex wave (C).

http://www.earmaster.com/music-theory-
online/ch03/chapter-3-2.html

http://physics.bowlerderby.com/soundwaves.html



HUMAN
20-20,000Hz

ELEPHANT
5-12,000Hz

DOG
50-45,000Hz
CAT
45-65,000Hz

MOUSE
1,000-100,000Hz

BAT
2,000-120,000Hz

BELUGA WHALE
1,000-120,000Hz

DOLPHIN
75-150,000Hz

Audible spectrum
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Intensity of the sound

P+
e given by the

amplitude of signal o~ 0TS

> whisper — 20 dB X
» common speech - 65 dB B, +

> jet engine — 100 dB ' % - \
> pain threshold — 120 dB / [ "}1 1 -
| - | | ;
0 —_—

* volume (loudness) - N \ | \ |
subjectively perceived = ) (VN

- =

intensity of the sound S

https://www.boundless.com/physics/textbooks/boundless-physics-
textbook/sound-16/sound-intensity-and-level-129/intensity-458-6077/



External ear

transmission of the acoustic signal from the external environment
to the tympanic membrane

Malleus Incus  Stapes

nerve

Cochlear
nerve

Base of stapes
in oval window

34— Cochlea

: T Vestibule

. “Round
NN window

auditory
meatus
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Middle ear

transmission of the signal from the tympanic membrane to the oval
window and perilymph

Stapes  Semicircular
TR Malleus canals
\ Oval

Base of stapes
in oval window

Cochlea

Vestibule

« “Round
W window

Eustachian
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e Reinforcement of
the signal

— area of the
tympanic
membrane/ area
of the oval window

— leverage
mechanism of the
middle ear ossicles

 Protective function

— m. stapedius, m. tensor

tympani
— Eustachian tube

Middle ear

Malleus }

Manubrium

of Malleus Stapedial

Stapes Footplate

Oval Window

(.!7’ (Small Area)

Tympanic s\ )
Membrane Z ™\
(Large Area) 7

area is concentrated
onto a smaller area

http://slideplayer.com/slide/3433153/
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Inner ear

transmission of mechanical undulations of the perilymph to the
neural (electric) signal

Cross section of cochlea

== Basilar Inner Tunnel ~ AXo8
Afferent  membrane  hair cells of Corti
axons

http://www.slideshare.net/drpsdeb/presentations



Tonotopic arrangement

Helicotrema

Oval window Scala
vestibuli

Malleus Incus

Scala

—_— media
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Organ of Corti

Helicotrema

> Inner hair cells

Oval window Scala
Malleus Incus vestibuli

» Outer hair cells

Tympanum

Afferent  membrane hair cells of Corti

axons



Inner hair cells

* sensory cells

axons

http://www.slideshare.net/drpsdeb/presentations



Outer hair cells

 modulation of the signal
v amplification of the signal of required frequencies

* their number increases in the direction to the apex

(low frequencies)
Stereocilia
\Q%!
Electromotile
Response

A\

Afferent  membrane  hair cells of Corti Nucleus

axons The Outer Hair Cell

http://www.slideshare.net/drpsdeb/presentations http://www.neurophys.wisc.edu/auditory/johc.html

Organ of Corti




Outer hair cells

 modulation of the signal
v amplification of the signal of required

* their number increases in the dire e apex
(low frequencies)

Stereocilia
e ™
Electromotile
Response

A\

Nucleus

axons The Outer Hair Cell

http://www.slideshare.net/drpsdeb/presentations http://www.neurophys.wisc.edu/auditory/johc.html



Innervation of the organ of Corti

Quter hair cells

Inner hair cells

Spiral ganglion
cells

To cochlear
nuclei (afferent)

From superior
olivary complex
(efferent)



Nucleus spiralis cochleae
Nucleus cochlearis ventralis

— information about the intensity
— time delay - the sound direction

Nucleus cochlearis dorsalis

— information about the frequency

Olivary nuclei

— analysis of the direction

— modulation (increase) of sensitivity of
the outer hair cells

Rostral
midbrain

Caudal
midbrain

Pons-
midbrain
junction

Mid-pons

Medial geniculate
complex of the

thalamus

Cochlear nuclei
Dorsal

Posteroventral
Anteroventral
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Nucleus olivaris superior medialis

localization of the sound based on analysis of the time delay

/% spesker below 1-3 kHz — time delay

Sound reaches
left ear first /J~
Sound reaches
Left ear right ear a little
later
= s,
s

Longer path to neuron E

Cochlea and 1 2 3 = 52;}
cochlear nucleus Right ear ' '
leading neuron

@ —— Left ear

- - MSO~— leading neuron )
Action potential Right ear
begins traveling 2;:%
toward MSO 5 4 3 2 1

\ Shorter path to neuron E yahay X

Action potential
from right ear

begins traveling
toward MSO

\\ T
Action potentials converge
on an MSO neuron that
responds most strongly if
their arrival is coincident

Cochlea and
cochlear nucleus




Nucleus olivaris superior lateralis

localization of the sound based on analysis of the intensity

§§ Stronger stimulus

to left ear excites
left LSO

4 This stimulus also
inhibits right LSO
via MNTB interneuron

Speaker

 Net excitation
to higher centers

MNTB 1}

from 1-2 kHz -
Intensity

Net inhibition

Excitation from left side is greater

than inhibition from right side, resulting
in net excitation to higher centers

Output of LSO

than excitation from right side, resulting
in net inhibition on right and no signal
to higher centers

T Inhibition from left side is greater

70 40 20 0 -20 40 -70
Left > right Right > left

Relative loudness MNTB — medial nucleus of the trapezoid body




Nucleus spiralis cochleae
Nucleus cochlearis ventralis

— information about the intensity
— time delay - the sound direction

Nucleus cochlearis dorsalis

— information about the frequency st

midbrain

Medial geniculate
complex of the
thalamus

Olivary nuclei
— analysis of the direction

Caudal

— modulation (increase) of sensitivity of midbein
the outer hair cells

Colliculi inferiores

— integration of information from the lower
structures

Pons-
midbrain
junction

— centre of the acoustic reflexes

http://www.slideshare.net/drpsdeb/presentations



Colliculi inferiores in various animal species

bat dolphine

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology: MIT
OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA



Nucleus spiralis cochleae
Nucleus cochlearis ventralis

— information about the intensity
— time delay - the sound direction

Nucleus cochlearis dorsalis

— information about the frequency

Olivary nuclei
— analysis of the direction

— modulation (increase) of sensitivity of
the outer hair cells

Colliculi inferiores

Pons-
midbrain

— integration of information from the lower Janction

structures
— centre of the acoustic reflexes

Nucleus corporis geniculati medialis
(thalamus)

Auditory cortex

http://www.slideshare.net/drpsdeb/presentations



Auditory cortex

(A) (E}

Corresponds to
apex of cochlea

http://www.slideshare.net/drpsdeb/presentations



Vestibular system



Vestibular system

anatomic localization, hair cells

information about the position
information about the acceleration

— Linear
endolymph superior n
—_ Angular - semicircular canal
perilymph ;( e '
; 4 SUperior
horizontal 3 ) samicircular duct membranous
sermicircular o labyrinth
canal \ ; vestibule \ /
horizontal cachlea
semicircular—=
duct
posterigr ————"_ ]
semicircular
canal
: ampullae
posterior
semicircular q
duct L
window
aval i ndos cochlear duct

Z1 297 Encyclopaedia Britannica, Inc.
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 anatomic localizatis

 information about
 information abo

— Linear
— Angular

Vestibular system

perilymph

horizontal ; f

semicircular R

canal H\\\\K | vestibule
horizontal . ' cochlea
semicircular — 1]

duct -

_ _superior
7 semicircular duct

labyrinth

posterigr ————"_

semicircular
canal
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posterior

semicircular i
duct

weind o
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Information about position and linear acceleration

 Macula —
— Crystals of CaCO,

utricle

macula

saccule

e
-

e Utriculus

— Macula horizontally

 Sacculus

— Macula vertically

enlargement

of macula
‘ otoconia

/ otolithic

membrane

} stereocilia

Typel
hair cell

Typel ' NS
hair cell . e s a0
= = —
T supporting

nerve fibre basement membrane cells

Backward Deceleration .
- kinocilium
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Information about angular acceleration

° AmpUIIae vestibular system y '

crists

* Semicircular canals

ampulls SN/
— upper .. W,

— horizontal — I\ >=

. : D
— posterior enlargement e =4
of crista \5 .
Cupula displacement S
cupule ('

hair
bundles

Inertial flow
of endolymph Kini
1
'
Rotation of semicircular nerve fibre ¢

canal (angular acceleration) ST e . ot '
neyclopaediy arndes, Inc
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Mechanism

* Flexion towards stereocilia
— opening of mechanically activated K* channels —depolarization

* Flexion away from stereocilia
— closing of the channels - hyperpolarization

b ¢ )

Hyperpolarization

_______________ >
Receptor potential Depolarization
_______________ o fLL LU LT L] DA )10 O A N MM M WA NN RN
Nerve impulses Resting Increased Decreased
discharge impulse impulse
frequency frequency
Excitation Inhibition
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Vestibular area in
cerebral cortex

Ventral posterior
nucleus in thalamus

Oculomotor nerve
(1) nucleus

Vestibular branch of
vestibulocochlear
(V1) nerve

Trochlear nerve

Vestibular
(IV) motor nucleus

ganglion

Abducens nerve
(V) motor nucleus

Cerebellum

Accessory nerve (XI) nucleus

Spinal cord Vestibulospinal tract

Vestibular nuclei
e integration of vestibular, visual and somatosensoric information

e projections: — cerebellum
— oculomotoric nuclei
— nucleus of n. accessorius (neck muscles)

— thalamus - cortex
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