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OTIC PLACODE TO OTOCYST

Early Induction (Week 3-4)

— Otic placode: thickened ectoderm adjacent to rhombomeres 5-6;
induced by FGF3/FGF10 from hindbrain

— Transcription factors: Pax2, Pax8, Sox2 — initiate otic specification
from head ectoderm

— Pit invaginates (day 22) - otic cup — seals as otocyst (day 25,
~200 progenitor cells)

— Dorsal otocyst: vestibular labyrinth + vestibulo-cochlear ganglion
(SVN + IVN)

— Ventral otocyst: cochlear duct + spiral ganglion neurons
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Development of Otocyst

Otic placode - otic pit - otocyst (days 22-25)

Morphogenesis of Vestibular Structures (Week 6-10)

— Dorsal outpouches -, fusion plates (epithelial sheets appose and
merge)

— SCC lumen formation: Netrin-1 and FGF9 drive central plate
resorption - toroidal canal duct

— Anterior + posterior canals: week 6-8; lateral (horizontal) canal
last: week 8-10

— Common crus: fusion of anterior + posterior non-ampullated limbs
(week 9)

— Utricle + saccule: differentiate week 7; otoconial membranes week
8-9; crystals precipitate week 10

Mechanism of Semicircular Canal Formation: Fusion and

Resorption
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SCC formation: outpouching - fusion plate - resorption

v Lateral SCC forms last and is most sensitive to developmental
arrest — isolated lateral SCC aplasia is the most common canal
malformation; presents with congenital nystagmus and imbalance.

HAIR CELL DIFFERENTIATION

Prosensory Specification

— Atoh1 (Math1): master regulator of hair cell fate; loss — absent HCs;
gain-of-function - ectopic HCs

— Sox2: maintains prosensory progenitors; Notch lateral inhibition
generates one HC per progenitor

— Type l/ll fate: Tbx2 expression drives Type | (calyceal) fate; Type Il
(bouton) = low Thx2

— Hair cell polarity: Wnt/PCP pathway orients stereociliary bundle
toward kinocilium (week 12—-16)

— Efferent innervation: olivocochlear bundle arrives week 14-16;
modulates HC sensitivity
Key Molecular Signals

— Pax2/Pax8: otic placode specification; mutations — renal-ear
syndromes (Waardenburg type 4)

— EYA1/SIX1: Branchio-Oto-Renal syndrome; EVA + cochlear
dysplasia

— SLC26A4 (pendrin): enlarged vestibular agueduct (EVA);
progressive HL + abnormal VEMP

Developmental Milestone

Week 3 Otic placode visible — first sign of inner ear

Week 4 Otocyst seals; dorsal/ventral patterning begins

Week 6 SCC outgrowth begins; utricular macula differentiates
Week 7 Utricle and saccule separate; saccular macula forms
Week 8 Sensory epithelium (cristae) emerges; hair cells appear
Week 10 SCC lumina patent; labyrinth morphologically complete
Week 14-16 = Myelination begins; efferent connections established
Week 20 VOR functional (measurable by fetal eye movements)
Week 28 Otolith responses present; gravitational sensing active
Week 32 Auditory brainstem responses (ABR) detectable

Developmental Arrest Classification

Malformation Arrest Key Features
Week

Michel aplasia Week 3 Complete absence of inner ear;
profound SNHL + total vestibular loss

Common cavity Week 4 Undifferentiated otocyst cyst; no
canal/cochlear differentiation

Incomplete partiton = Week 6 Cochlear modiolus defect + cystic

| apex; dilated vestibule

Mondini / IP-II Week 7 1.5 cochlear turns + dilated vestibule;
most common CI candidate

SCC Week 8— LSCC most common; balance

aplasia/hypoplasia 10 dysfunction + deafness

EVA (SLC26A4) Variable Bony aqueduct >1.5 mm on CT;
abnormal oVEMP (saccule most

affected)
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Spectrum of Congenital Inner Ear Malformations: A Diagnostic

Matrix

Michel Aplasia Common Cavity Mondini (IP-11)

Developmental Week 3 Week 4 Week 7
Arrest

Anatomical
Schematic

Key Radiological gt
Feature

Spectrum of inner ear malformations by week of arrest

Ototoxicity — Critical Windows

— HC differentiation weeks 14-20: peak vulnerability to
aminoglycosides and cisplatin

— Aminoglycosides: outer HC lost first (base — apex); high-frequency
loss predominates

— CMV infection (wk 16-22): cochlear > vestibular damage; leading
cause of congenital SNHL

— Post-natal: mammalian HC do not regenerate (Atohl epigenetically
silenced after birth)

v Absent cVEMP in EVA suggests saccular dysfunction even before
hearing loss. oVEMP abnormalities may precede canal hypofunction
on vHIT — VEMP is a sensitive early marker of otolith damage in
EVA and Mondini malformations.

INNERVATION & NEURAL DEVELOPMENT

Vestibular Ganglion (Scarpa's Ganglion)

— Origin: otic placode neuroblasts with neural crest contribution
— BDNF: survival of vestibular neurons; SCC innervation

— NT-3: cochlear innervation + saccular afferents

— Superior vestibular nerve: superior + lateral SCCs and utricle
— Inferior vestibular nerve: posterior SCC and saccule

— Singular nerve: IVN branch to posterior ampulla; runs in singular
canal (surgical landmark)

v This anatomical separation explains Superior Vestibular Neuritis:
anterior/lateral canal deficits on vHIT with preserved cVEMP
(saccule intact) and absent oVEMP (utricle affected).

Central Vestibular Pathways

— Vestibular nuclei: 4 nuclei from hindbrain rhombomeres (Superior,
Medial, Lateral, Descending)

— Lateral VN (Deiters'): giant cells — lateral vestibulospinal tract —
extensor tone / posture

— Medial VN: largest nucleus — medial vestibulospinal tract - VCR
(head stabilisation)

— Superior VN: projects to oculomotor nuclei via MLF - drives VOR

— PIVC: no single primary vestibular cortex; posterior insula integrates
vestibular + visual + somatosensory

OTOCONIA & OTOLITH ORGANS

Biomineralisation & Striolar Organisation

— Otoconia: calcium carbonate (calcite); hexagonal prisms 3—-30 um;
specific gravity ~2.71

— Otoconin-90 (0Oc90): regulates crystal nucleation; Otopetrin-1
(OTOP1) for seeding

— Age-related degeneration - fragmentation -~ BPPV
— Striola: Type | HCs; calyx afferents; rapid jerk; high-gain phasic
responses

— Extrastriola: Type |l cells; bouton afferents; static tilt and low-
frequency motion
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— Line of Polarity Reversal (LPR): opposing stereocilia orientation
across striola - push-pull redundancy

— Polarity rule: Utricle — HCs point TOWARD striola; Saccule — HCs
point AWAY from striola

VASCULAR DEVELOPMENT & FLUID HOMEOSTASIS

Vascular Supply

— Labyrinthine artery: from AICA (~85%); end artery with NO
collateral circulation

— Anterior vestibular artery: utricle + superior/lateral ampullae

— Posterior vestibular artery: from common cochlear artery —
saccule + posterior ampulla

— Venous: vein of vestibular agueduct - sigmoid sinus / inferior
petrosal sinus
Endolymph Homeostasis

— Dark cells: base of cristae + periutricular zone; secrete K* into
endolymph (vestibular equivalent of stria vascularis)

— Endolymphatic sac: mitochondria-rich (ion exchange) + ribosome-
rich (immune defence) cells

— Dark cell degeneration - Meniere's disease / presbyvestibulopathy
- endolymphatic hydrops

CLINICAL APPLICATIONS

Syndromic Vestibulopathies

CHARGE CHD7 SCC aplasia/hypoplasia; profound
balance deficit + delayed motor
milestones

Branchio-Oto- EYALl/ Cochlear hypoplasia + preauricular pits +

Renal SIX1 renal anomalies

Waardenburg SOX10/ Stria vascularis melanocyte absence —

PAX3 SNHL + pigment anomalies
Pendred SLC26A4 EVA + Mondini; progressive HL triggered

by minor head trauma

SSCD — Embryological Basis
— Superior canal forms first but arcuate eminence ossifies late

— Thin bony roof - vulnerable to dehiscence from intracranial
pressure / trauma

— Third window - sound/pressure stimulates vestibular system (Tullio
phenomenon)

Regenerative Medicine

— Mammalian HC do not spontaneously regenerate (Atohl silenced
postnatally)

— Supporting cells retain progenitor-like properties — Wnt/Notch
reactivation strategy

— Challenge: regenerated cells stall immature; calyx synapses not yet
achievable

v Vestibular supporting cells retain more regenerative capacity than
cochlear ones — the vestibular system may be the first target for
clinical hair cell regeneration therapies.

KEY CLINICAL PEARLS

v Lateral SCC is the most common isolated canal malformation —
always worth checking on temporal bone CT in unexplained
childhood imbalance.

v VEMP is the earliest marker of otolith damage in EVA and Mondini
— order BEFORE pursuing vHIT in suspected congenital
malformations.

v Mammalian hair cells do NOT regenerate — vestibular
suppressants and prevention remain the cornerstones of paediatric
vestibulotoxicity management.
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