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Inner ear

Tympanic Tympanic '
membrane  cavity Oval

window
—— Elastic cartilage Round window

Auditory tube
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1. Helix. 2.Crus of helix 3. Auricular tubercle. 4. Antihelix.
5. Crura of antielix. 6. Triangular fossa. 7. Scaphoid fossa,
8. Concha of auricle. 9. External acoustic meatus. 10. Tragus.
11. Antitragus. 12. Intertragic notch. 13. Lobule of auricle.
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A
Vascular
Scapha foremen
Triangular fossa
Temporal bone,
squamcus part Crus of helix
Vascular Anthakx
foramen
Lamina cf lragus
Anttragus
Conche
Temninal natch Tail of haiix
Tempeoral bone,
lympanic part
Stylodd process
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Muscles of auricle

e Extrinsic muscles:
auricularis anterior,
superior and
posterior
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External auditory meatus

External acoustic meatus

Tympanic membrane ®  Length : 24dmm

* lateral 1/3
cartilagenous-
continuous with the
cartilage of auricle

~ + Medial 2/3-bony

e ‘S’ shaped curve
course.

 Extends from the
bottom of the concha
to the tympanic
membrane.
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Contd..

— Lined by hairy skin

— Contain sebaceous glands and ceruminous glands
(modified sweat glands) which secrete cereumin

observation of the external acoustic meatus and tympanic
membrane can be improved by pulling the ear superiorly,
posteriorly, and slightly laterally
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NERVE SUPPLY

Auriculotemporal
branch of the
- mandibular nerve [Vy]

Lesser occipital
nerve (C2)

wicular nerve

C2.c)

A Vagus nerve [X]
©NotesMed.com *® Facial nerve [VIi]
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Applied anatomy

* Involvement of pinna in herpes zoster of
geniculate ganglion (Ramsay Hunt syndrome)

* Infection and boils of the external auditory
meatus cause very little swelling but are very
painful because the skin lining is firmly
adhered to the underlying cartilage and
bone.

* Ear wax:
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Arterial supply

e Posterior auricular artery: branch of the
external carotid artery.

* Deep auricular artery: branch of first part of
the maxillary artery.

e Anterior tympanic artery: branch of first part
of the maxillary artery
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Development

* Ectodermal invagination of first pharyngeal
cleft.
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Tympanic Membrane (ear drum)

Thin, semitransparent
partition between the N | e ateral proces:
external auditory canal and  mancotar foid N\ i (of malkeus)
middle ear. fa 2 /\*

Oval, measuring 9—10 mm | aRocier ld
in length, and 89 mmin  .geo

A Pars flaccida

width. mabeus |

Obliquely placed making an 7

angle of about 55° with the / \J/

floor of the external e Ve - N e

acoustic meatus.

Consists of a connective
tissue core lined with skin
on the outside and mucous
membrane on the inside
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Structure of tympanic membrane

 Three layers; from lateral to medial these are
as follows:

1. Outer cuticular layer of stratified squamous
epithelium

 Continuous with the skin lining the external auditory,
meatus.

2. Middle fibrous layer, which encloses the handle
of the malleus.

 Contains outer radiating and inner circular fibres.

3. Innermucosal layer is lined by low columnar
epithelium,
 Continuous with the mucous lining of the middle, ear.
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Subdivisions

A Pars flaccida
Posterior _ : Lateral process
malleolar fold B 2 (of malleus)
Anterior
malleoiar fold

Umbo
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Parts

* Pars tensa: It is most of the tympanic
membrane and periphery is thickened to form
fibrocartilaginous rim called annulus
tympanicus, which fits into the tympanic
sulcus.

* Pars flaccida (Shrapnell’s membrane): a small
triangular area above the lateral process of

malleus between anteriorand posterior
malleolar folds (now called malleal folds).
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Surfaces

e Lateral surface: concave towards the meatus
and directed downwards, forwards, and
laterally.

* Medial surface: convex and bulges towards
the middle ear. The point of maximum
convexity is called umbo.
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Blood supply

* Deep auricular artery
* Anterior tympanic artery
* Posterior tympanic artery
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Nerve supply

* Anterior half of the lateral surface: by the
auriculotemporal nerve (V3).

* Posterior half of the lateral surface: by
auricular branch of vagus (CNX).

 Medial surface: By tympanic branch of the
glossopharyngeal (CNIX) through tympanic
plexus.

©NotesMed.com



Development of tympanic membrane

* First pharyngeal membrane consisting, from
superficial to deep, of three layers:

— Cuticular layer, derived from ectoderm.
— Intermediate layer, derived from mesoderm.
— Mucous layer, derived from endoderm.
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ear, rlght Malleus

Incus

Tegmen tympani and
epitympanic recess

uscle (cut)

* Myringotomy
should be made
N
posteroinfesrior
part to avoid
injury to chorda

tympani nerve ‘@’
.

Tympanic membrane

Aditus ad antrum

Chorda tympani

Long limb of incus

Facial nerve (CN VI, c
within facial canal

Incudostapedial joint (¢
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Middle ear (tympanic cavity)

* Narrow slit-like air-filled cavity within the
petrous part of the temporal bone.

e Sandwiched between the external and
internal ear.

* Size and Shape:
— a cube, compressed from side to side.

— |In coronal section, it resembles a biconcave disc,
like a red blood cell.
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Middle ear (tympanic cavity)

Middle ear

v Parts

&

. — Epitympanic recess
';. — Tympanic cavity proper
o
L -

&

* Consists of
- — 3 Bones
. — 2 muscles
— 2 nerves
— Ligaments
- — Air
~.Bones
— Malleus

External acoustic meatus — Incus
— Stapes
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Contents of the Middle Ear

* Inside the mucous lining: Air.

* Qutside the mucous lining:
— Three small bones : malleus, incus, and stapes.
— Two muscles: tensor tympani and stapedius.
— Two nerves: chorda tympani and tympanic plexus.
— Vessels supplying and draining the middle ear.
— Ligaments of the ear ossicles.
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4 mm
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Infenor wall
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Communications :

* Anteriorly: with
nasopahrynx through
eustachian tube.

* Posteriorly: with
mastoid antrum and
mastoid air cells
through aditus to
antrum called aditus ad
antrum.
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Mastoid antrum Aditus to mastoid antrum

Tegmen tympani
Epitympanic recess

Pharyngotympanic tube

Middie ear
Mastoid process

Mastoid air cells



Ear Ossicles

v' Malleus: its handle is attached
to the fibrous layer of the
tympanic membrane. The head
of the malleus articulates with
the body of the incus.

v Incus: at one side it is attached
to the head of the malleus and
on the other side its long

process articulate with the head
of the stapes.

v’ Stapes: the footplate of the
stapes fits into the oval window.
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Malleus

f:—lncudumall eolar joint
—‘|— .%_ ,- Body
—|-:EI.C| ﬁé \\ T ||'|cu5
j _,»5 ——Short process

f .'
Meck 4|— /
| | f
|I [ __
Antenor T I'. 1— Long process
process i |
-..-"Il .-’/ | Pastenor crus
1 III
[

II"-. Head
aeral | Lentiform ——y_ - Stapes
process | 7 i
, nodule ~ oot
Handle | Incudostapedial -/ plate
{manubrum) f Jont -
y |
(J f Anterior crus

L

Fig. 18.11 Ear ossicles.



Malleu [ncus Stapes
Resemblance ~~ Hammer Anvilor premolartooth ~~ Stirrup
Development ~ First pharyngeal arch cartilage ~ First pharyngeal arch cartilage  Second pharyngeal arch cartilag
Muscle attached ~ Tensor tympani None Stapedius

Joint/Joints Incudomalleolar saddle type of - Incudomalleolar and incudo-  Incudostapedial (ball and socket type of
symovial jint) stapedial synovial joint)
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QUpPenion igalnent FOSIENon idgaiment O ncus
of malleus

Malleus Incus Stapes in oval window

(fenestra vestibuli)

/ Facial (VII) nerve

Round window
(fenestra cochlea)

/ Tensor tympani
muscle
g MEDIAL
©NotesMed.c Tympanic membrane | - Aol it

External auditory canal Stapedius mu;cle
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Middle ear muscles

( Malleus )

Epitympanic)

recess

Stapedius )
muscle

s )

Pharyngotym) e - -
. tympani Tympanic
( patoubs ( muscle ) (memberance)
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Boundaries (walls)

* Roof or tegmental wall

* Floor or the jugular wall

* Anterior or the carotid wall

* Posterior or the mastoid wall

* Lateral or the membranous wall
* Medial or the labyrinthine wall
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Prominence of lateral semicircular canal Prominence of facial canal Tegmen tympani
Promontory

Tensor tympani muscle

Aditus to
mastoid antrum ‘ Pharnyngotympanic tube

Lesser petrosal nerve

Branch from internal
carotid plexus

Pyramidal eminence

Chorda tympani nerve
Sympathetic plexus

Internal carotid artery
Chorda tympani nerve

Tympanic branch of the glossopharyngeal nerve [IX]
Internal jugular ven

Facial nerve [VII]
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Epitympanic recess | Lesser petrosal nerve
g ~ Prominence of lateral

Malleus | N | L semicircular canal
Incus =i o
Stapes | T, — ey = L. C— Facial nerve

Aditus to mastoid antrun
zhorda: lympant (forming posterior wall)

, Prominence of canal

Tensor tympand for facial nerve
Tympanic Tympanic plexus on
membrane promontory of

labyrinthine wall

[ Stapedius

Pyramidal eminence

(B) Anterior view r\ Tympanic nerve (from CN IX)

E 7.114. Walls of tympanic cavity. A. This specimen was dtssected with a drill from the medial
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. Lateral wall of middle ear, right Malleus

nd
eegnen ty'rgpam a

Tendon of tensor tympani muscle (cut)
Aditus ad antrum
Semicanal for tensor :
tympani muscle
- \- e Chorda tympani
lwe«gn(yp ';’):n Long limb of incus
Handle (manubrium
f malle Facial nerve (CN VI, cut)
¢ v within facial canal
Internal carofid artery (cut)

Incudostapedial joint (cut)
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Roof & floor

Canalis semi- Tegmen
circularis anterior  ¢tymnan;

Ganglion
geniculi C
N. vestibularis (CN VIII)

N. facialis (CN VII)
N. cochlearis (CN Vi)

N. petrosus major

Canalis semi-
ircuiaris posterior

Canalis semi-
crecularis lateralis

N. petrosus minor
Fenestra vestibuli .
Semicanalis rr

tensoris tymp

Sinus sigmoideus : A. carotis i
v L € ] 2 @& “ P Tuba audit
Posterior wall of o R 1 Sl Ao ' Plexus caroticus
cavitas tympani /;ﬁ’ Voo | | XGE L : internus
ite"fﬂae ’ po e ol b et F 3 Anterior wall of
—— v 14 e cavitas tympani

Chorda tympani

. r L L ’ - ’ Ao “~l . L4 0 - | . L I S
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Roof and floor

e Roof: * Floor:
— Fomed by thin plate of — Formed by a thin plate
bone called tegmen of bone
tympani. — Which separates the
— Separates the tympanic tympanic cavity from the
cavity from the middle jugular bulb.

cranial fossa.

— Tegmen tympani also
extend posteriorly to
form the roof of aditus
ad antrum.
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Anterior wall (carotid wall)

Prominence of lateral . i .
semicircular canal - -

o | : Facial nerve (CN VII) and geniculate ganglion

Base (lootplate) of stapes within
vestibular (oval) window '

Grealer petrosal nerve

Tendon of
stapedius muscle Tensor tympani
muscle
Pyramidal eminence
Auditory
(pharyngotympanic)
Incudostapedial joint (cut) tube, par
Facial nerve (CN VII, cut)
Internal carotid artery (cut)
Facial canal and ) L. N Promontory and tympanic plexus

(under mucosa)

MA

stylomastold foramen

©NotesMed.com Cochlear (round) window



Anterior wall (carotid wall)

* Formed by a thin plate of bone.

* lower part it separates the cavity from internal
carotid artery.
* Upper part of anterior wall presents two

openings or canals, the upper one for the
tensor tympani muscle and the lower one for

the auditory tube.
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Facial canal

Processus cochleanformis

Tngaminal

Impresson

Carotid canal

Round window
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Posterior wall
1. Aditus ad antrum 2. Fossa incudis 3.Pyramid

4. Vertical part of facial canal 5. Posterior
canaliculus for chorda tympani

mpanum. o S ’p’:\
.M-' Y ‘*..

Aditus a¢
antrum mastoideum

— N petrosus minor

Malleus & N. facalis (CNVI) in

canalis nervi faclalls
;o Y, ‘ B
Incus ——— — Ny A —— Prominentia canalis
iy sermicircularis lateralis

Chorca tympani
frominentia
canalis facials
Lensor tympani
Stapes

Tendon of
m. stapecus Zromontoriem
Membrana
tympania

Plexus tympanscus

N. tympanscus
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Medial wall

e 1.Promontory 2. Oval window (fenestra vestibuli) 3.Round window
(fenestra cochleae) 4. Sinus tympani 5. Prominence of oblique part of
the facial canal 6. Prominence of lateral semicircular canal of the
internal ear

Prominence of lateral semicircular canal Prominence of facial canal Tegmen tympani

Tensor tympani muscle

Aditus to ——
mastoid antrum : y 4 Pharyngotympanic tube

COval window —

Lesser petrosal nerve

Branch from internal
carotid plexus

Pyramidal eminance

Chorda tympani nerve
Sympathetic plexus
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Medial wall

Prominence of facial canal

Stapes
Tensor tympani muscle

[}
Lesser petrosal mrvliromo nta ry

* Fenestra vestibuli

Prominence of lateral
semicircular canal

*  Prominence of facial

canal

Tympanic plexus —
* Fenestra cochleae

(secondary
tympanic
membrane)

Round window

Pharyngotympanic tubs

- Branch from internal carotid plexus
{caroticotympanic nerve)

Tympanic narve
(from glossopharyngeal nerve [IX])
Promontory

© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com
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MEDIAL WALL

Canalis semi- Tegmen tympani Ganglion
circularis anterior ~ (paries tementalis) geniculi N vestibularis (CN VIII)

Canalis semicir-

cularis posterior N. facialis (CN VII)

N. cochlearis (CN VIII
- (N i)

Canalis semicir- N. petrosus major

cularis lateralis

N. petrosus minor
Fenestra
vestibuli

N. facialis in ca-
nalis nervi facialis

Sinus sigmoideus

Semicanalis musculi
tensoris tympani

! 4— A. carotis interna

- Tuba auditiva

Promontorium

Plexus caroticus
internus

Ce!lulae Paries caroticus
mastoideae
Chorda tympani
Fossula fenestrae Plexus V. jugularis N. tympanicus
cochleae tympanicus interna

©NotesMed.com



* Infection of the middle ear (otitis media):
* Acute mastoiditis and mastoid abscess

* Meningitis and temporal lobe

* Lower motor neuron type of facial palsy

 Hyperacusis:
paralysis of stapedius results in hyperacusis (an
abnormally increased power of hearing) where
even whisper appears as noise.

e Otosclerosis
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Lateral wall

* Formed by tympanic membrane, which
separates the tympanic cavity from the
external auditory meatus.

* The chorda tympani nerve, a branch of facial
nerve passes across the tympanic membrane
lying lateral to the long process of the incus
and medial to the handle of the malleus.
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Arterial Supply

* Anterior tympanic branch of the maxillary artery.

* Stylomastoid branch of the posterior auricular
artery.

* Petrosal branch of the middle meningeal artery,
running along the greater petrosal nerve.

e Superior tympanic branch of the middle

meningeal artery, running along the canal for
tensor tympani.

* Branch from the artery of pterygoid canal.
 Tympanic branch of the internal carotid artery
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Venous Drainage

* Pterygoid venous plexus, via squamotympanic
fissure.

e Superior petrosal sinus, through subarcuate
fossa.

Lymphatic Drainage

*Retropharyngeal lymph nodes.

*Parotid lymph nodes.
*Upper deep cervical lymph nodes.
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Tympanic Plexus

* |tis a plexus of nerves on the promontory in
the medial wall of the middle ear.

* |tis formed by:

— Tympanic branch of the glossopharyngeal nerve
(Jacobson’s nerve).

— superior and inferior caroticotympanic nerves
derived from sympathetic plexus

— branch from facial ganglion (geniculate ganglion).
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Internal Ear

External acoustic meatus
Malleus Stapes

Components: e o

e Membranous . B internal ear
labyrinth. : '

* Bony
labyrinth.

Tympanic membrane

Cartilage

P

©Not&sjled.com Pharyngotympanic tube




Anterior
samicircular canal

i Cochlea

Veastibulocochlear
narve [VII]

— Postarior
samicircular canal

©NotesMed.com
Lateral semicircular canal



Parts

Anterior (superior)
semicircular canal
Posterior
semicircular
canal
Cochlea

...

Fenestra
Lateral (horizontal) cochleae Fenestra
semicircular canal vestibuli
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Bony labyrinth

. Fenestra vestibuli
—Anterior

¢ COCh Iea Cochlea
 Vestibule

* Semicircular
canals (three)

Crus Vestibule
commune

— Posterior
B

— Lateral

Semicircular canals

Fenestra cochleae

Fig. 18.16 Parts of the bony labyrinth.
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* Modiolus: axial bony stem around whic Modiolus
. . - Scala vestibuli

the cochlear canal spirals. It is like an
elongated cone.

Vestibular membrane
* Cochlear canal-arranged spirally arounc
the modiolus and makes two and three g,y ligament
fourth turns. Its basal turn bulges into
tympanic cavity as the promontory.
cavity as the promontory

e Spiral lamina- triangular area thus
enclosed by the vestibular and basilar
membranes, and the outer wall of the
cochlear canal forms the cochlear duct
(scala media)

* Scala vestibuli and scala tympani
communicate with each other at the
apex of the cochlea by a small opening
called helicotrema

Spiral organ Lamina of madiolus

Basilar membrane Scala tympani
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Scala Vestibuli APEX

<
-~

= Scala Media spiral
Ian:ina -
/-

/ .
L

BASE

Scala Tympani[—
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Scala vestibuli
Vestibular membrane

Cochlear duct

Scala tympani
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* At the basal turn of cochlea, the scala vestibuli
communicates with the anterior wall of the vestibule

* Close to the basal turn of cochlea the scala tympani

presents two features—fenestra cochleae and beginning
of the aqueduct of cochlea

Helicotrema

Owval window
closed by foor
plate of stapes

Scala vestibuli
(filled with perilymph)

Round —- _ /
window % I .
Scala media/
closed by
secondary cochlear duct
S Aqueduct of cochlea (filled with
Lympanic
membrane endolymph)
e ., .
CSF Scala tympani

©NotesMed.com

(filled with perilymph)



Vestibule

* Bony cavity between cochlea and semicircular canal
* Anterior wall-opening of cochlear canal

e Posterior wall- 5 openings of semicircular canal

* Lateral wall- Fenestra vestibuli

o Lateral semicircular canal and duct

Anterior semicircular canal and duct
Vestibular aqueduct

Posterior semicircular canal and duct

Dura mater
Saccule
Ampulla
Utricle
Stapes in oval window
_ Helicotrema
Vestibule
. Cochlea
Tympanic membrana
Scala vestibuli
Cochiear duct
Scala tympani
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* Medial wall -spherical recess and elliptical recess

* Two recesses are separated by the vestibular crest
which splits inferiorly to enclose the cochlear recess

* Aqueduct of vestibule

Foramina for lower division of
vestibular nerve fibres from sup.
and lat. semicircular ducts

Elliptical recess (for utricle)

Vestibular crest

Spherical recess (for saccule)

Posterior wall Foramina for upper division

of vestibular nerve

Opening
leading to
scala vestibuli

Bony spiral
' lamina
' Anterior wall
Cochlear recess

Opening for cochlear
nerve filaments

/ Opening for aqueduct
of vestibule

©NotesMed.com
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Semicircular canals
e 3 canals (anterior (superior), posterior, and lateral) lie
in 3 planes right angle to each other.

* Open in the vestibule by 5 openings
* Dilated one end is called ampulla

Lateral semicrcular canal and duct Ampulla
Antenor semicircular canal and duct

Endolymphatic sac and duct

Posterior semicircular canal and duct

Dura mater
Saccule
Utricle
Helicotrama
Stapes in oval wndow
Utricosaccular duct
Round window Scala vestibuli

Cochlear duct
Scala tympani
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* Anterior semicircular canal-right angle to long axis of
oetrous part of temporal bone

* Posterior semicircular canal- parallel long axis of
oetrous part of temporal bone

e |ateral semicircular canal lies in the horizontal
olane

Lateral semicwrcular canal and duct Ampulla

Antenor semicircular canal and duct
Endolymphatic sac and duct

Posterior semicircular canal and duct

Dura mater
Saccule
Utricle
Helicotrama
Stapes in oval wndow
Utricosaccular duct
Round window Scala vestibuli

Cochlear duct

©NotesMed.com Soala tympari



Aquaeductus

Saccus endo-
lymphaticus

N. ampullaris
lateralis

Crus membrana-
ceum commune

N. saccularis
Ductus semi-

circularis lateralis

Ductus semi-
circularis
posterior

©NotesMed.com

Ganglion
vestibulare,
pars superior

N. ampullaris
anterior

Ductus semicircularis

anterior N. vestibularis

(CN VIIT)

vestibuli

|
Y

L
"

S OEeser—— 7§
OSSR

==

ol md

Ampulla membranacea
posterior Fenestra

vestibuli

Fenestra
cochleae

N. facialis (CN VII)

Ganglion vestibulare,
pars inferior

R. communicans
cochlearis

N. intermedius

N. cochlearis (CN VIII)

N. utricularis

N. ampullaris
posterior

Modiolus cochleae

Ganglion
spirale
cochleae



Membranous labyrinth

* Cochlear duct lies within the bony cochlea
 The saccule and utricle lie within the bony vestibule

 Three semicircular ducts lie within the three bony
semicircular canals

* Filled with endolymph

Cochlear duct  Saccule Utnicle Semicircular ducts (3)

@5
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Membranous labyrinth

:
Saccule
)

Ampullae of
semicircular ducts -',1
/ |

Litricle

Ductus

reuniens
Cochlear |

duct

Utriculo-saccular duct

Ductus endolymphaticus

Saccus endolymphaticus
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Anterior |

Lateral

Posterior |

Aqueduct of vestibule
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Notes

* The sensory receptor within cochlear duct is
spiral organ of Corti. It is concerned with
hearing.

e The sensory receptors within saccule and
utricle are maculae. They are concerned with
static balance.

e The sensory receptors within the
semicircular ducts are cristae ampullaris.
They are concerned with kinetic balance.
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Cochlear duct (scala Media)
 Lies in the middle part of cochlear canal

* Contain spiral organ of corti (sensory
receptor for hearing)

Lateral semicrcular canal and duct

Antenor semicircular canal and duct
Endolymphatic sac and duct
Dura mater

Posterior semicircular canal and duct

Saccule

Utricle

Helicotrama

Stapes in oval wndow

Utricosaccular duct
Round window

©NotesMed.com
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Cochilear duct
Scala tympani




Structure

In cross section of the
cochlear canal- cochlear
duct is triangular in shape

Boundaries:

Base —Formed by the

osseous spiral lamina
(medially) and basilar
membrane (laterally).

Roof- Formed by the
vestibular membrane
(Reissner’s membrane)

Laterally:by the outer wall
of cochlear canal.
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Helicotrema

Modiolus

Scala vestibuli
Cochlear duct

Lamina of modiolus Cochlear nerve
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Spiral Organ of corti

* Peripheral organ of hearing in the cochlear
duct

e |tis situated on the basilar membrane.

Components:
— Tunnel of corti
— Hair cells
— Supporting cells(Deiter’s and Hansen’s Cells)
— Membrana tectoria
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Organ of corti

Tectorial membrane “’g

Hair bundle
Outer hair cell —
Inner hair cell
Supporting cells ~—===2=
Sensory and motor fibers
in cochlear branch of
vestibulocochlear (VIII) nerv
y Cells lining
Basilar membrane scala tympani
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Osseous spiral lamina Vestbular
(Reissner’s)
membrane

Scala media
(eochlear duet)

Scala vestibuli

Soria vasculars

—— Membrana recrori

Spiral ganglion

— Spiral ligament

Duter hair cells

Basilar membrane

Cochlear nerve

',

Scala tympani

Innver hair cells

Tunnel of Corti bounded by
inner and outer rod cells
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N. ampullaris
anterior

tius Canalis semi-
circularis anterior

Pars

superior Ganglion
> vestibulare
(CN VII)

Ductus semi-
circularis anterior

Pars
N. ampullaris inferior |
lateralis
Utriculus
Saccus eqdo- (with n. utricularis)
lymphaticus
Ductus
semicircularis
lateralis
Sacculus
Biickis (with n. saccularis)
semicircularis
posterior
N. ampullaris Ductus
Ductus posterior reuniens

endolymphaticus
©NotesMed.com B Structure of the vestibular apparatus.
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