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Balance and
equilibrium

GO sl ¢ el S Lgint s 5 iSall oSl e 5 e (il

VESTIBULAR APPARATUS Anterior

semicircular canal Bony labyrinth

: Membranous labyrinth
* sensory organ for equilibrium
¢ In bony labyrinth

Endolymphatic sac

- Saccule

» functional part is membranous labyrinth /J - Cochlea

Components
1- semicircular canals
2- otolith (utricle & saccule)
L:Jlrx(:lt:'

! '
{ Posterior semicircular canal

Lateral semicircular canal

Jb s b s vestibular apparatus 43) < ad Uy S
positions of the body mainly the head and send it to the CNS to maintain equilibrium
2 bony labyrinth 1 s 43 WL Ui L bony labyrinth * 2525« vestibular apparatus

a Ossh b otolith /7 semicircular canal 3 ¢» 05 4)) membranous labrynith be
((cochlea 44> ¢S saccule s canals g J<ia utricle

semicircular canals

» semicircular canals —respond to|rotatory movements or angular acceleration
the head.

Head rotating

sladl aasy 9 position of the head s € semicircular canals 3aild g s 3a s jag (Al Sa cub
il dga (o) 3y Laidly sy rotation of the head
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Semicircular Ducts

three semicircular ducts

A are in vertical planes project forward & 45 degrees outward
P are in vertical planes project backward & 45 degrees outward.

Left side Right side
Posterior canal Posterior canal

Ce D

O

anterior canal and posterior &S zuplane s 43 2Ua left side g Lla dia S
= perpendicular 1sisS: o2 4a canals 2 Js g canal perpendicular to each other

lateral canal

3 canals Us ear Js: 13

Note : anterior canal (forward) make 45 degree with the midline and posterior canal
(backward) make 45 degree with midline

Google : ((semicircular canals anatomy ))

Anterior/superior

Vestibulo-cochlear
nerve

Posterior/inferior
Lateral/horizontal canal
canal
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Plane of

Sem i Ci rc u |a r Du cts Anterior horizontal canal

semicircular and utricle
canal
|

P Posterior
three semicircular ducts

semicircular

« anterior (A)=> respond t§ front to back movements|(nodding) canal (50

—<— Naso-
occipital

. . Horizontal plane
* posterior (P)=> When|head is rotated from shoulder to shoulder semicircular

canal

* lateral/horizontal (H) - side to side movements {left to right or right to RN
left-shaking the head while saying ‘no — no’.).

Anterior
canal

ff
he':la[\g > Anterior
v SA semicircular

Horizontal
semicircular
canal

Posterior ~———Foramen
semicircular magnum
canal

Posterior
canal

b3l canal s e g2 13 Al horizontal line ¢ 30 degree < 4l the lateral ducts
30 degree &w) J3i a3 horizontal A
o Ao Gmagas canals JS 4d) (Ba (38 (e Lk 13 B 3 guall A%
3 canals? Us (il M cub
(S ally o 53%a) Aima A3 9 Led) canal JS e el sl
#& 9 shoulder slails cpaddl Ao JalS dlay cili Sia Jay shoulder to shoulder (A A3adla (s
Sl
N0 (Sas Ul g iy d al Ll eft to right Leiw

: canals e gill Ly &0 By gind M g
https://www.youtube.com/watch?v=YMIMvBa8XGs
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Semicircular Ducts
Cupula

Cristae
Ampulla _ ampullaris

enlargement at its ends: ampulla A\ N /
Receptor—> crista ampullaris— cupula (gelatinous tissue mass) N A
on top . = '

ducts and ampulla are filled with endolymph. —

Flow of endolymph excites sensory organ of the ampulla (crista

ampularis)

Gelatinous
mass of
cupula

Hair tufts

= Hair
cells

<ﬁNeNe

fibers
Sustentacular cells

¢ rotation 3= ' s«as canals Js s cub

Je s head A4S s wwaly b receptor organ Y2y ampulla ewia FUS Ue canal Js 4l
hair d,afig endolymph  4Sa e duah b 54 receptor AUl endolymph agd Sual canals
a2 hair cells and cilia < gdia receptor(crista ampullaris) LS 131 3 gall coun &y 98 5 cells

duse o) slaly) Ludly 7 91 b endolymph 48 s & aln sLiS M gelatinous membrane (capula)

slaa & 2l cilia slLiS & ad ae 4N depolarization or hyperpolarization s

CNS H Ja g lée hair cells ge 4uaia sensory nerve 2Ska lashg

Hair Cells Ripodiia |

Stereccila
* 50-70 stereocilia: become progressively shorter toward other side of cell
* 1 kinocilium: located to one side
* filamentous attachments connect tips of stereocilia & kinocilium.

Under normal resting conditions —continuous nerve impulses.

Movement toward kinocilium=> opens positive ions channels in cell
membrane—depolarization> fimpulse.

Opposite movement —closes ion channels— receptor
hyperpolarization=> |impulse

Changing head orientation —signals are transmitted via
vestibular nerveto = to control equilibrium.

Jokls ia Ao sladly g 3 s sluiia (e agdshcilia Js g cilia pgde i hair cells Jy Wsa a3
Lol AL g lany pa | 8 A aglS (e filametous o o pa Galaalia aglSs Kinociluim (A aged Baa g
Lse o) kinociluim sl

continues Us sSs o aglS ) g das ) 53 in the mid position 1 sisSs aglS amlal) ada gl Sa
(continues impulses) CNS 3 dwagi impulses 2 L A signal 2 L 13 Fa (ia impulse
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o man b udig depolarization Us Jxas ¢ Kinociluim sladly &S jad g 4S jall Us & jlald) S
potassium influx+ calcium entry s smas 3 5 aal) & palaws o5 inner ear

hypepolarization and stoppage of AP sa: kinociluim (wss Us 4 al) jLa ldly
equilibrium Weulal e agdsg CNS W s 4 o JS

Responses to rotational acceleration

N S
Head in still position Head rotating

; L Cupula ik
4

/Ampulla
)} ( / N
As the head rotates,

Ampullary nerve / cupula bends in opposite

direction of the rotation

% endolymph 4sa (@ b e semicircular canals respond to rotation 4 UsSa b s Al g
direction «wa e cilia W dallhy gelatinous membrane & aki gy smals

Mechanism of Stimulation of Receptor Cells in Semicircular Canal

Position

SSC
movement
direction

Endolymph
movement
direction

Cupula
position In
right

Crista position
In left

sensation

A-Resting

midposition

midposition

No sensation
of rotation

movement

B-beginning of

To right

Left (inertia)

toward U-
depolarization

Away from U-
hyperpolarized

Rotation to
right (true)

C-continuation
of movement
(constant
speed)

To right

To right
(inertia
overcome)

midposition

midposition

No sensation
of rotation

D-stop of
movement

No movement

To right
(momentum)

Away from U-
hyperpolarized

toward U-
depolarization

Rotation to left
(false)=vertigo

@ 5 ”“jiiif
@ o))

D
Rotation ends
< - = >
w L

s oaldil A< al) fagi L J g e canals Jb umas (i) 41 scenarios ) Js

YA A gl A L) A gl & ampullas oSlw endolymph GsSe zos resting 2k zo o — A
GkaS continues impulses bl Us (Jladi ¥ g Caag
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sensation of the position

: movement A (paall AlS cana dloal o) Guanll ol ) g Jla o1 3R

Ghde canals 4 a ollad) puse d jali 7 ) endolymph s o=l semicircular canals 4s s -B

AP a5 sal s DEPOLARIZATION s . Wiliza utricle okady s ad capulasinertia
Al urticle os was & Al g, left 44 S cub activation W ke signaling s£S zone

to the right direction il 3 < = U right semicircular canal s Ju& L inhibition

:in_constant speed <ili ilalg movement Jas! sy ol quk

4 a aa s endolymph Albg inertia e it 7 59 Geadll slad canals duaii ¢ S -C
left and 43¥ resting potential J &9 mid position & crista s capula 's=_xs canals
rotation o gsbwa¥) d8ds 98 g AP (udi | gtk oo BV right

s Blad cudb g g cudl ol Cuda

4¢> cupula s momentum daii slai¥) iy il 7 5 endolymph ¢Sl a8 s i g canals S -D
>x9 depolarization ssa: s urticle slaib ¢ 9 left 4¢as deactivated Wiwas g ()
dpaudag & atyLe i) g Ul A ¢ bl (bl ala g Jladll Caly 41 uay Ul ALaaCNS J signaling

bl aa ol ) 5a¥) a5 (a9 physiological vertigo

Detection of head rotation

discharge signal from hair cell on 40 sec rotation:
W .(1) cupula is in its resting position-> tonic discharge 100
impulses /sec
(2) Rotation begining ~>hairs bend = M rate of discharge
(3) continued rotation—> discharge of hair cell
gradually to resting.
Tonic (4)rotation suddenly stops - endolymph continues to
dilzz\:ls;?g:e Stop rotation rotate. but.sem.icircular ducF stops = Cupula bends in
opposite direction - stop discharge
(5) After few seconds, endolymph stops moving >

* cupula gradually returns to its resting position = normal
Begin rotation tonic level discharge

L
0 10 20 30 40 50 60 70 80 9
Seconds

Impulses per second

0

8L 4d juay ) rotation e be 3jae digdia La o MR)) (5.9 Ji Ua ydi la o padbu chart SR
resting potential J a5 sl signaling <y g constant speed U sas (wina g signaling 2
((resting & aa s ((Ao¥) S 5ull)) g iy L dgal)

tonic impulses =100 per second ‘s

:anqular rotation (semicircular canal) ¢ s4é
https://www.youtube.com/watch?v=uCRx5prin2l
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Sudden head rotation —signals from semicircular ducts
cause the eyes to rotate in direction equal and opposite
to rotation of head.

reflexes transmitted through vestibular nuclei & medial
longitudinal fasciculus = oculomotor nuclei—>
inhibition of extraocular muscles on one side and
activation on the extraocular muscles on the other side.

Ue Jmas Wl vestibule-ocular reflex s by reflexes Us 4 body rotation Jd4 eyes 4S,a
reflex ? s sy S cub cpadl dga o (usally ) 6l eyes | gddy Jladd) 4¢a S body ! Rotation
involuntary reflexes // semicircular canals ¢« ¢ signals Gk ¢

Vestibulo-Ocular Reflexes

movement of head=> vestibular reflexes

1-nystagmus
in response to angular/rotational acceleration

initially - slow component of =nystagmus eyes move in opposite direction of the rotation to maintain a
constant direction of gaze.

Followed by - rapid component of nystagmus= rapid eye movement in same direction as the head’s rotation
because eyes approach the limit of their lateral movement-> eyes fix on new position.

rotation is stopped=> postrotatory nystagmus= eyes move in opposite direction to rotation
person tends to fall in the direction of the original rotation (due to stimulation of contralateral extensor
muscles) because the person thinks he or she is spinning in the opposite direction.

rapid 4@ ssa: cuan rotation oladl (use & afi 7 (b <) physiological < Js 3
a8 g1 Lal oW g ocular muscles have limited movements gald glis 4wds sla®™ movement
post rotatory nystagmus 4sawiag 0pposite 44> e £ 954y eye v rotation

imbalance 43 CNS 3 Ju sl signals 4 4NS Gl o gl 7 eli) (uady ellla Gl g oS il Lal ) i
oSl (il 43) false sensation <« wwawg stimulation contralateral extensor muscles _wa:
momentum ¢bds culi Lizé o g
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RECEPTOR ORGAN IN OTOLITH ORGAN - MACULA

Located on the inside surface of each utricle and saccule

macula of utricle
Horizontal plane
determines orientation of head when the head is upright

macula of saccule
Vertical plane
determines orientation when person is lying down

Maculae and
statoconia

(¥
Crista ampullaris ' Ductus endolymphaticus
MEMBRANOUS LABYRINTH

Macula in saccule (vertically placed)

Macula in utricle (horizontally placed)

otolith membrane Us surface 1= hy 3 saccules urticle Xis (p3sa s« receptors Us 4
(crystals calcium carbonate < % membrane &)

Maculae

covered by gelatinous layer rich in calcium carbonate crystals Statoconia

(statoconia)
cilia of hair cells project up into gelatinous layer.
hair cells synapse with sensory endings of vestibular nerve.

weight of statoconia bends cilia in the direction of gravitational pull.

Gelatinous
a layer
—— Hair tufts

= Hair cells

Nerve fibers
)

Sustentacular cells

) JiS) g endolymph 4Sa g & 2l L statoconia s gelatinous layer a¢22 maculae
L 131 AL g Lgade ddlad) Al L oladls cilia wawds statoconia Je kg gravity Jb 1 il
hyperpolarization _x<a: away '35 depolarization uxa: kinocilieum stail

utricle & saccule —respond tg linear acceleration of head.
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Detection of linear acceleration by the utricle and saccule

Utricle for horizontal acceleration
Saccule for vertical acceleration

Forward acceleration of the body —>statoconia fall backward - information
of disequilibrium is sent into brain - leaning forward response until
anterior shift of statoconia exactly matches the backward shift because of

acceleration.

458 e your head tilt back e Gils S
slaily & ATl 7 ) statoconia 45 OS5 ¢ gravity
kinociliem oL hair cells «> ) gravity
180 a8yl g s s g activation s U3
balance & sxa: (s (reflex ) aladl il addy
resting position J! g5 statoconia d.ady

oy gravity 0s$ z tilting forward 13 L
away from 4l ¢, cilia s statoconia

3 hyperpolarization a2 z .9 kinociliem
deactivation

Head tiited back Head tilted slightly forwards

Gl
G
4

/"\.I

Component of gravitational
force acts parallel to
macula; hairs deflected

Force of gravity acts
perpendicular to macula
surface; hairs not deflected

'1'( D} Jé‘J l

Afferent axons fire at the
esting rate

No acceleration

LT

firing rate increases esting nmg

Head tilted forward

Component of gravitational
force acts paraliel to
macula; hairs deflected

n,

% .
}'«J

Acceleration backwards

\xﬁ-z-@-. }

firing rate

forward Jsa: g 8lad @S ad s 8 b 1) 0681 W 5 linear acceleration ! 4wl Ll

iy i (AL g asally 0 9Ss aNABY (e (98 o pSY) il JUaBML 6 3 backwards

Liu (depolarization)

hyperpolarization s g (usSsall 48 a9 15 g o a5 JUall)

:linear rotation s s
https://www.youtube.com/watch?v=5iZAnn5HIVw

vestibular, cerebellar & reticular motor nerve systems excite appropriate postural muscles to
maintain proper equilibrium.
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Neuronal Connections of the Vestibular Apparatus With the Central Nervous System

Extraccular

L e Most of vestibular nerve fibers terminate in ipsilateral
vestibular nuclei

Trochlear

four vestibular nuclei in medulla=>superior, inferior, lateral &
medial

ascending
fibors

Superior & medial > from crista ampullaris of semicircular
canals.
canas oo ' sw Lateral ->from maculae of otolith organ

LW inferior = from both crista ampullaris and maculae.

—Abducons

Utriclo
maculao

vestibulospinal
To carabollum

motor nourons

Leas nuclei ¢ 2al 3 JSy nuclei 4 Us g nuclei < udidga Jte 794 vestibular nerve 2
O O (e signals

Neuronal Connections of the Vestibular Apparatus With the Central Nervous System

Dentate nucleus  Fastigial From vestibular nuclei— synapse with
nucleus  Medial longitudinal 1-cerebellum
fasciculus : )
2-vestibulospinal tracts
3-medial longitudinal fasciculus

Red nucleus A 5
4-reticular nuclei

Reticular Some fibers pass directly to reticular nuclei/ cerebellar, fastigial,

substance  uvular, and flocculonodular lobe nuclei without synapsing.
Fastigioreticular

tract . .
% Vestibular nucleus Jdow uk‘ ls2 5.2 fibers .JJ'\“ o
Flocculo- /\\\ &a synapsing ) glars La i€ (e Skl

R X RO vestibular nuclei

Vestibulospinal tract
Rubrospinal tract
Reticulospinal tract

|
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Tracts form vestibular nuclei

Nuclei of

cramial nerve [N
cramial nerve IV
. Vestibulo-ocular Tract cranial nerve VI
through medial longitudinal fasciculus 2 nuclei of 111, IV Ml gt
NCNWIUN | )
and VI cranial nerves. Vestibular division of

cranial nerve VI
concerned with eye movements in relation to the position

Vegtibular nex et

of the head. s

Labynnth
l.lh'vr:‘l' l—§ ~Medial
vestibulospinal tract vestibulospinal tract

: reflexsa os osmosis s
https://mega.nz/folder/LgBlyKCA#CJZx31S_CCub58X_7iE_5g/file/n3YkxaCA

Dentate nucleus  Fastigial
nucleus  Medial longitudinal
fasciculus

2. Vestibulospinal Tract Red nucleus
* from lateral nucleus=> descend downwards and form the
vestibulospinal tract/ascend upward and join medial longitudinal Reticular
. supstance
fasciculus. Y/ Fastigioreticular
* Involved in reflex movements of head and body during postural TSN et
changes “‘ S Vestibular nucleus

Flocculo- \\
nodular lobe / p— Vestibular nerve
Vestibulospinal tract

Rubrospinal tract
Reticulospinal tract

Dentate nucleus  Fastigial
nucleus  Medial longitudinal
fasciculus

3. Vestibuloreticular Tract
+ vestibular nucler 2 reticular formation of brainstem. b
 concerned with the facilitation of muscle tone.

Reticular
substance

Fastigioreticular
tract

4. Vestibulocerebellar Tract A5 \ Vestbula nuceus
* Fibers rom all four vestibular nuclei and terminate in =~ woduroe \ R—
flocculonodular lobe and fastigial nuclei of cerebellum.

Vestibulospinal tract
Rubrospinal tract

* involved in coordination of movements according to Reticulospialrac
body position.
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equilibrium reflexes

Dentate nucleus  Fastigial
nucleus  Medial longitudinal
fasciculus

equilibrium reflexes pathways begins in
vestibular nerves —

vestibular nuclei & cerebellum —
reticular nuclei & spinal cord by o

vestibulospinal & reticulospinal tracts, : Fastigoreticular
rac

Red nucleus

Vestibular nucleus
signals to cord control antigravity Flocculo-

. eqep o nodular lobe i
muscles—controlling equilibrium. 2 Vasikuinrnens

Vestibulospinal tract
Rubrospinal tract
Reticulospinal tract

control for all over the body Jwa: (A 52

Vestibular disorders

1-unilateral lesion in the vestibular pathway=> nystagmus is reduced or absent on the side of the
lesion

ce 4 oo -
J.L\.‘I-i o J.L'A.H.

2-Benign paroxysmal positional vertigo = o
body position

* the most common vestibular disorder
» characterized by episodes of vertigo that occur with particular changes in body.

3- Méniére disease
» abnormality of the inner ear that causes vertigo, tinnitus, hearing loss, and sensation of pressure or
pain in the affected ear.

4- motion sickness
* nausea, sweating, pallor, and vomiting
* occur when conflicting information is fed into the vestibular and other sensory systems.

2 L umay unilateral lesion Jba 131 ¢85 nystagmus is physiological reflex Lisa satall--
nystagmus

A al) olad) Jaay Jhacns 9 s 58 31 ) Wb Jla inner ear 4N wal motion sickness -

|
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oadlil) B 3 gala p Uad o B 13) U gaabas
AND GOOD LUCK IN THE LAST SYSTEM ©
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