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How to Use This Review

This literature review is part of the Vestibular Medicine in Children series published by the Australian
Dizziness Clinics Education Hub. It is written for vestibular physicians, paediatricians, and emergency
physicians who assess and manage children presenting with vestibular disorders.

The review is designed to be read as a deep-reference resource or used as a clinical desktop companion.
It is supported by a clinical cheat sheet, short-form clinician videos, and audio episodes that cover the
same material.

Callout Box Guide

Key Point: Identifies the most clinically important take-home message in the surrounding text.

I Clinical Insight: Provides mechanistic or physiological context that deepens understanding of the
clinical point.

I Clinical Pearl: A practical, experience-based tip for direct application at the clinical interface.

I Important: Flags a safety-critical issue, diagnostic pitfall, or common error that must not be missed.

Page 2 of 22



gAustralian
Dizziness Clinics www.australiandizzinessclinics.com

Table of Contents
I.  Overview: The Vestibular System in the Developing Child

Structure | Reflex Matures by Clinical relevance

Semicircular canals (SCC) 12-18 months Horizontal SCC adult-like by 1
year; VOR gain adult-level by
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4—6 months Head righting; rolling Labyrinthine righting reflex;
OKR maturing

6—12 months Sitting; pulls to stand VOR gain 0.6-0.8; SCC
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VHIT gain Unreliable 0.5-0.9 0.7-1.1
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(anterior/posterior)
Caloric asymmetry Not reliable <35% (interpret <25%
cautiously)
cVEMP threshold Often absent 70-100 dBnHL 85-105 dBnHL (age-
dependent)
OVEMP n10 amplitude | Very low / absent Emerging 0.5-15 pv
Rotary chair VOR TC <10 sec 10-15 sec 15-20 sec

VI. Functional Maturation: Vestibulo-Spinal Reflexes and Postural Control
VII. Developmental Milestones and Their Clinical Correlates

No head righting Absent at 6 months Vestibular + neurological
review; MRI if isolated

Walking after 18 months Without neurological cause VHIT bilateral; bilateral BVH
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Persistent wide-based gait After 24 months VHIT + cVEMP; MABC-2
balance subtests

Frequent unexplained falls 3-5 years Vestibular screen; otoscopy;

(>3/week) audiogram

NICU history + Any age Proactive vHIT at 3—6 months

aminoglycosides corrected age

Bilateral SNHL at birth Any Immediate vestibular screen;

genetic workup

VIIl. Normal Variation and Age-Appropriate Norms in Vestibular Testing

VHIT (passive technique) Newborn+ Age-band norms essential,
gain matures to age 5

cVEMP (bone-conducted) Newborn+ Threshold 5-10 dB higher than
adults under age 3

OVEMP 5 years+ (limited before) Low amplitude normal under 3;
absent = not pathological

Rotary chair 5-7 years Shorter time constant under 5;
age-specific references

Caloric testing 8-10 years+ (cooperative) Hyperreactive response normal
under 5

MABC-2 balance subscale 3 years+ Use age-band norms; 5th

percentile = significant delay

IX. Recognising Deviations from Normal Development

Condition Key distinguishing features m

Bilateral vestibular BVH on vHIT; associated Full genetic workup; audiology;
hypofunction SNHL; genetic syndrome ophthalmology

Syndromic (CHARGE, Usher, Multi-system features; specific = Genetics referral; MDT
Pendred) genetic markers management

Progressive labyrinthine Fluctuating vestibular function; | Serial vHIT + audiogram; MRI
disease SNHL temporal bones

Central vestibular delay Abnormal MRI; cerebellar Neurology; MRI with DWI;
(posterior fossa) signs; vertical nystagmus brainstem evoked potentials
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Functional/psychogenic
vestibular delay

Normal all tests; psychosocial
context; inconsistent

Psychological assessment;
family context; school liaison
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birth)

Key theme Normal vestibular development — milestones,
norms, red flags
Core test VHIT (most age-applicable vestibular test from

Critical error

Applying adult norms to children — always use
age-band reference ranges

Referral trigger

bilateral SNHL

Failed vestibular milestone; unexplained falls;

Priority

Urgent
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pathology; acute vestibular loss

Refer to
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Bilateral SNHL at birth; NICU
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Vestibular physician +
audiology
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Routine Confirmed BVH; syndromic Genetics; ophthalmology; MDT
vestibular loss
Monitoring All children with confirmed Annual review vestibular
vestibular abnormality physician
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I. Overview: The Vestibular System in the Developing Child

Clinical Relevance of Vestibular Development

Vestibular dysfunction in children is substantially more common than previously recognised. Population-
based estimates suggest that between 5 and 15 percent of school-aged children experience dizziness or
balance impairment requiring clinical evaluation, yet vestibular function testing in paediatric populations
remains underutilised. The mismatch between disease burden and diagnostic activity stems in part from
the clinical complexity of paediatric presentation — children frequently cannot articulate vestibular
symptoms in adult terms — but also from widespread reliance on adult normative standards that are not
developmentally appropriate.

The vestibular system contributes to three functionally critical domains throughout childhood: gaze
stabilisation during head movement (via the vestibulo-ocular reflex), postural control and balance (via
vestibulo-spinal reflexes), and spatial orientation. Disruption of any of these domains — whether through
peripheral end-organ pathology, central processing abnormality, or maturational delay — has cascading
consequences for gross motor development, school participation, and quality of life. Understanding the
normative developmental arc of vestibular function is therefore the prerequisite for any meaningful
evaluation of paediatric vestibular pathology.

Clinical Pearl: Vestibular dysfunction in children is underdiagnosed because it is routinely assessed
against adult norms. A normal result in an adult does not exclude vestibular pathology in a young child if
age-matched reference data are not applied.

The Five Vestibular End Organs and Their Roles

The peripheral vestibular apparatus comprises five end organs bilaterally: three semicircular canals
(horizontal, anterior, and posterior) and two otolith organs (utricle and saccule). The semicircular canals
transduce angular acceleration across three orthogonal planes; each canal pair operates in a push-pull
arrangement with its contralateral counterpart. The utricle senses horizontal linear acceleration and head
tilt in the earth-horizontal plane; the saccule responds primarily to vertical linear acceleration and is also
sensitive to low-frequency vibration and bone-conducted sound — the basis of the cervical VEMP
response. In the developing child, these end organs do not achieve full functional maturity simultaneously,
and understanding their individual developmental trajectories is essential for interpreting paediatric
vestibular test results.

Functional Immaturity versus True Pathology

A central interpretive challenge in paediatric vestibular medicine is distinguishing true pathology from
functional immaturity. The vestibular system undergoes protracted postnatal maturation — peripheral
myelination extends to approximately 2 years of age, while central myelination of thalamocortical
projections continues into adolescence. During this period, normative vestibular test values differ
substantially from adult references. Absent or attenuated vestibular responses in a neonate are expected,;
the same findings in a 4-year-old with sensorineural hearing loss demand urgent investigation for bilateral
vestibular hypofunction. The clinical framework that governs this distinction — and the normative dataset
that underlies it — is the focus of this review.

The osseous labyrinth reaches adult size by approximately 20 weeks gestation, but
functional maturation of vestibular reflexes extends throughout childhood and into adolescence.
Structural completeness does not imply functional maturity.

Il. Embryological Origins: From Otic Placode to Membranous Labyrinth

Early Inner Ear Induction: Weeks 3-4

Inner ear development initiates during the third gestational week with the formation of the otic placode —
a bilateral thickening of the surface ectoderm adjacent to the developing rhombencephalon. Inductive
signals from the adjacent mesoderm and neuroepithelium, principally mediated by Wnt, FGF (fibroblast
growth factor), and BMP (bone morphogenetic protein) family members, drive placodal specification and
boundary definition. By the end of week 3, the placode has begun to invaginate to form the otic pit.
Invagination progresses through week 4, culminating in closure of the otic pit to form the otic vesicle —
also termed the otocyst — a fluid-filled epithelial sphere that is the progenitor of the entire membranous
labyrinth.
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The otocyst initially appears morphologically uniform but rapidly establishes spatial patterning through
graded signalling. The dorsal domain gives rise to the vestibular apparatus; the ventral domain generates
the cochlear duct. This dorso-ventral specification is governed by opposing gradients of Wnt (dorsal-
promoting) and Sonic Hedgehog (ventral-promoting) signalling. Key transcription factors operative at this
stage include Pax2, Gata3, and DIx5/6. Loss-of-function mutations in these regulatory genes underlie
several syndromic forms of inner ear malformation relevant to the paediatric vestibular clinician.

By 20 weeks gestation the osseous labyrinth is essentially adult-sized. This is clinically
critical: temporal bone CT and MRI in children can be interpreted using adult anatomical landmarks
from this gestational age onwards, provided the evaluating clinician recognises that functional maturity
lags far behind structural completion.

Morphogenesis of the Membranous Labyrinth: Weeks 4-10

Between weeks 4 and 8, the otocyst undergoes the complex morphogenetic programme that generates
the recognisable structures of the membranous labyrinth. The three semicircular canal primordia arise as
flat epithelial outpouchings from the dorsal otocyst. Each canal forms through a process of differential
resorption: opposing epithelial sheets fuse centrally along a fusion plate, and the central cells are
reabsorbed, leaving behind the tubular canal with its terminal dilation — the ampulla — housing the crista
ampullaris and its cupula. Disruption of this resorption process underlies semicircular canal aplasia and
hypoplasia, conditions associated with mutations in EYAL, SIX1, and CHD7 (CHARGE syndrome).

The macular organs develop from the ventral otocyst during the same period. The utricular macula
differentiates first, followed by the saccular macula. Hair cell differentiation is governed by the
transcription factor Atohl (Math1l), which is both necessary and sufficient for hair cell fate specification.
Otoconia — the calcium carbonate crystals overlying the maculae — begin to appear by approximately
week 6 and achieve their characteristic morphology by week 12. Their matrix protein scaffolding (otolin,
otopetrin) is critical for proper crystal formation; genetic defects in these proteins are associated with
BPPV susceptibility and otoconia dysgenesis.

Clinical Insight: Semicircular canal morphogenesis is largely complete by week 8 of gestation. Genetic
insults affecting the Wnt, FGF, or Notch signalling pathways during this narrow developmental window
produce the semicircular canal malformations seen in CHARGE syndrome (CHD7), branchio-oto-renal
syndrome (EYA1/SIX1), and inner ear hypoplasia.

Molecular Signalling Architecture

The molecular orchestration of inner ear development involves hierarchical signalling cascades. FGF3
and FGF10 (expressed in the hindbrain and mesoderm respectively) are required for otic placode
induction; their combined loss results in absent or severely hypoplastic otocysts in animal models. Notch
signalling, operating through Jaggedl/Delta-like ligand interactions with the Notchl receptor, governs
lateral inhibition during hair cell fate assignment — ensuring the mosaic arrangement of hair cells and
supporting cells. BMP4 specifies the crista ampullaris within each semicircular canal ampulla. The
transcription factor Atohl sits at the apex of the hair cell differentiation cascade; its conditional deletion
in the mouse inner ear results in complete absence of hair cells in both the cochlea and the vestibular
end organs. Mutations in the human homologue, and in downstream targets, are associated with SNHL
and vestibular end-organ dysfunction.

Clinically relevant genetic vulnerabilities active during this period include: mutations in SLC26A4 encoding
pendrin, which regulates endolymph ion composition and whose absence leads to enlarged vestibular
agueduct (EVA) syndrome; connexin mutations (GJB2 encoding connexin 26, GJB6 encoding connexin
30), which disrupt potassium recycling in the endolymph; and CHD7, a chromatin remodelling gene
whose haploinsufficiency causes CHARGE syndrome, characterised by semicircular canal aplasia and
bilateral vestibular dysfunction.
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Figure 1. Embryological Timeline of Vestibular Development

Week 3 Week 4 Weeks 5-6 Weeks 8-10 Weeks 16-20 Birth

scc Membranous Osseous Functional

Otic Placode Otic Vesicle

Fermas (Otocyst) Outpouching Labyrinth Labyrinth Vestibular

Complete Complete System

Connexin Osseous growth VOR functional;
mutations complete; imaging cVEMP present
vulnerable reliable ~2-3y

Wnt/FGF Pax2, Gata3 Notch, BMP
signalling expression pathways; Atohl

Genetic vulnerability window: SLC26A4 (EVA), G)JB2/G)B6 (Connexin), CHD7 (CHARGE)

Key Point: By 20 weeks gestation the osseous labyrinth is essentially adult-sized — critical for imaging interpretation.

Source: Australian Dizziness Clinics — clinical flowchart.

Figure 1. Embryological Timeline of Vestibular Development — Key stages from otic placode formation at week 3
through to functional vestibular system at birth, with molecular events and genetic vulnerability window. Source:
Australian Dizziness Clinics — clinical flowchart.
Important: Enlarged vestibular aqueduct (EVA) — the most common inner ear malformation causing
childhood SNHL — results from disruption of SLC26A4 (pendrin) function. EVA is associated with
progressive, fluctuating SNHL and frequently with concurrent vestibular hypofunction. Any child
presenting with SNHL and EVA on imaging requires formal vestibular function assessment.

lll. Structural Maturation of the Peripheral Vestibular Apparatus

Hair Cell Development and Specialisation

The vestibular hair cells of the mature labyrinth exist in two morphologically and functionally distinct
populations: type | and type Il hair cells. Type | hair cells are flask-shaped with a rounded base entirely
enclosed by a large calyx afferent terminal — a feature unique to the amniote vestibular system — while
type Il hair cells are cylindrical and receive bouton afferent endings. Type | cells are concentrated at the
apex of the crista and the striola of the maculae, regions responding preferentially to high-frequency and
transient stimuli; type Il cells predominate at the periphery of the crista and extra-striolar zone of the
maculae, encoding lower-frequency tonic information.

Hair cell differentiation from progenitor cells proceeds in a gradient from the central to peripheral zones
of each end organ. During embryonic development, each hair cell possesses a kinocilium — a true cilium
situated asymmetrically in the cell apex. The kinocilium dictates the directional polarity of the hair cell by
governing the orientation of the stereociliary staircase. Following birth, kinocilia regress in cochlear hair
cells but are retained in vestibular hair cells throughout life — a key distinction. Calyx synapse formation
occurs postnatally and extends through the first two years of life; this protracted synaptic maturation has
direct implications for the interpretation of vHIT gain values in young children.

Clinical Insight: Calyx synapse maturation continues postnatally and is not complete until
approximately 2 years of age. This physiological timeline explains why vHIT gain values are
systematically lower in children under 2 years compared to older children and adults, and underscores
the requirement for age-stratified normative data in paediatric vHIT interpretation.

Afferent and Efferent Innervation

The vestibular ganglion (ganglion of Scarpa) divides into superior and inferior divisions. The superior
vestibular nerve innervates the cristae of the horizontal and anterior semicircular canals, the utricular
macula, and the anterosuperior portion of the saccular macula. The inferior vestibular nerve innervates
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the crista of the posterior semicircular canal and the main body of the saccular macula. This anatomical
separation is clinically exploited in the interpretation of VEMP testing: the cervical VEMP (cVEMP)
assesses saccular function via the inferior vestibular nerve, while the ocular VEMP (o0VEMP) assesses
utricular function via the superior vestibular nerve. Afferent maturation proceeds from the peripheral end
organs centrally, with synaptic density in the vestibular nuclei increasing substantially during the first year
of postnatal life.

The efferent vestibular system — comprising neurons in the brainstem that project back to the peripheral
end organs — plays a modulatory role in vestibular signal processing, potentially amplifying or
suppressing afferent signals in a context-dependent manner. Efferent innervation of the labyrinth is
present from early embryonic life and is thought to play a role in activity-dependent refinement of central
vestibular circuits during the postnatal period. The efferent system’s clinical significance in human
vestibular disease remains an area of active investigation.

Otoconia and Endolymph Maturation

Otoconia are bicrystalline calcium carbonate (calcite) structures embedded in a protein matrix (otolin-1)
that overlies the utricular and saccular maculae. Their mass and inertial properties are essential for the
transduction of linear acceleration. Otoconial genesis initiates around week 6 of gestation and involves
the polymerisation of the otolin matrix followed by nucleation and growth of calcite crystals. In neonates,
otoconia are smaller and less uniformly distributed than in adults; adult-equivalent morphology is
achieved by approximately 6 months of postnatal life. The BPPV risk associated with otoconial
fragmentation increases with age, but cases of paediatric BPPV — most commonly posterior canal — do
occur and should not be dismissed in children presenting with positional vertigo.

The endolymph that fills the membranous labyrinth has a unique high-potassium, low-sodium ionic
composition maintained by the stria vascularis and its vestibular equivalent. In neonates and young
infants, endolymph ionic composition differs from adult values, with implications for the electrochemical
driving force that governs hair cell transduction. Maturation of endolymph composition parallels structural
maturation of the stria vascularis and reaches adult-equivalent concentrations within the first few months
of postnatal life.

The utricular and saccular otoconia reach adult-equivalent morphology by approximately 6
months of postnatal life. This timeline aligns with the emergence of reliable cVEMP and oVEMP
responses in infants, supporting otoconial maturation as one determinant of VEMP availability in early
life.

IV. Development of the Central Vestibular Pathways

Vestibular Nucleus Complex: Origins and Connectivity

The vestibular nucleus complex comprises four principal nuclei — the medial (MVN), lateral (LVN, Deiters
nucleus), superior (SVN), and descending (DVN) vestibular nuclei — located at the pontomedullary
junction in the floor of the fourth ventricle. These nuclei arise from the alar plate of rhombomeres 2 through
6 during the fourth to seventh week of embryonic development. The MVN and SVN predominantly
process signals from the semicircular canals and project to the oculomotor nuclei via the medial
longitudinal fasciculus (VOR arc); the LVN processes otolith signals and gives rise to the lateral
vestibulospinal tract (VSR arc); the DVN receives convergent canal and otolith inputs and projects to the
spinal cord via the medial vestibulospinal tract.

Connectivity between the vestibular nuclei and their major targets — the oculomotor nuclei (cranial nerves
I, IV, V), the spinal cord, the cerebellum, and the thalamus — is established during embryonic and early
fetal development, but synaptic refinement through activity-dependent mechanisms continues well into
postnatal life. Commissural fibres connecting the bilateral vestibular nucleus complexes are present by
birth, enabling the bidirectional inhibitory interactions that underlie velocity storage and other integrative
vestibular functions.

Clinical Insight: The vestibular nucleus complex receives afferent input not only from the labyrinth via
cranial nerve VIII but also from the cerebellum, the proprioceptive system, and the visual system.
Central vestibular immaturity therefore manifests as impaired multisensory integration rather than
simple absence of vestibular responses — a distinction that helps explain the postural and gaze
instability seen in children with central vestibular immaturity.
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Cerebellar Development and Vestibular Signal Processing

The cerebellum is the principal modulator of vestibular signal processing. Its contributions to the VOR —
through the flocculus and nodulus (archicerebellum) — include adaptive gain control, phase adjustment,
and suppression of the VOR during self-generated head movements. The cerebellar vermis and fastigial
nucleus modulate the vestibulospinal reflex and postural responses. Cerebellar development is
characterised by an extended postnatal growth phase; granule cell proliferation in the external granule
layer continues until approximately 18 months of age, and cerebellar volume growth relative to body size
continues into the second decade of life. This protracted maturation timeline has direct implications for
the adaptation and plasticity of vestibular reflexes in young children.

The flocculus is particularly important for VOR gain adaptation and cancellation. Its developmental
maturation correlates with the progressive refinement of VOR gain suppression during voluntary gaze
shifts. In young infants, VOR suppression is incomplete, contributing to the gaze instability observed
during attempted visual pursuit in the first months of life. Mature VOR cancellation is typically established
by 6 to 12 months of postnatal age.

Thalamocortical Projections and Cortical Vestibular Processing

Vestibular signals are relayed via the thalamus (ventral posterolateral nucleus and ventral posterointerior
nucleus) to the cortical vestibular areas, principally the parieto-insular vestibular cortex (PIVC) and the
adjacent retroinsular and area 2v regions. These cortical areas integrate vestibular, visual, and
somatosensory signals to generate the conscious percept of self-motion and spatial orientation.
Thalamocortical vestibular projections undergo the most protracted myelination of any vestibular
pathway, with incomplete myelination extending into the teenage years. This late maturation of the cortical
vestibular network accounts for the observation that children demonstrate immature multisensory
integration and impaired performance on posturography conditions that specifically test cortical vestibular
processing.

Central myelination is incomplete until adolescence. This explains prolonged VEMP
latencies and slower VOR dynamics in young children, and justifies the use of age-stratified normative
data for all electrophysiological vestibular tests in children under 16 years.

Myelination Timeline Summary

Myelination of vestibular pathways proceeds in a hierarchical sequence from peripheral to central. The
peripheral vestibular nerve (superior and inferior divisions of the vestibular branch of cranial nerve VIII)
achieves near-complete myelination by approximately 2 years of age — the same timeframe as the
auditory nerve. Brainstem vestibular pathways, including the medial longitudinal fasciculus and
vestibulospinal tracts, are substantially myelinated by 4 to 5 years of age. The cerebellar peduncles,
which carry cerebellovescicular projections, reach adult myelination status by approximately 6 to 8 years.
Thalamocortical vestibular projections continue maturing into the early teenage years.
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Figure 4. Central Vestibular Pathway Development
Connectivity, myelination timelines, and clinical correlates

Myelination: near-complete Oculomotor Nuclei
by 2 years (peripheral, (VOR arc — "l' |V, Vl)

Vestibular Nuclei
MVN - LVN - SVN - DVN
(Rhombomere origin)

Spinal Cord
(VSR arc — vestibulospinal
tract)
Saccule

Cerebellum

(Flocculus, Nodulus)
Thalamus - PIVC
Parietal Insular Cortex

Thalamocortical: VOR arc:

& Peripheral VIII nerve: ]
Protracted — continues Myelination near-complete
into adolescence Near-complete by 2 years by 2 years

Key Point: Central myelination is incomplete until adolescence — explains prolonged VEMP latencies and slower VOR dynamics in young children.

Source: Australian Dizziness Clinics — clinical flowchart.

Figure 4. Central Vestibular Pathway Development — Connectivity diagram showing vestibular end organs through to
cortex, with myelination completion ages for each pathway segment. Source: Australian Dizziness Clinics — clinical
flowchart.

V. Functional Maturation: The Vestibulo-Ocular Reflex

VOR Architecture and Components

The vestibulo-ocular reflex (VOR) is the short-latency (approximately 7-10ms) reflex arc that generates
compensatory eye movements in response to head movement, thereby stabilising retinal images during
locomotion and daily activities. Its three-neuron arc — primary afferent from the labyrinth, interneuron in
the vestibular nuclei, motor neuron in the oculomotor nuclei — is architecturally simple but functionally
sophisticated. The horizontal VOR, driven by the horizontal semicircular canal pairs (hSCC), is the
component most extensively studied in children. Vertical VOR components involve the anterior and
posterior SCCs; the otolith organs contribute to the torsional and translational VOR. Canal-otolith
interactions become increasingly complex during development as the multisensory integration
architecture matures.

VOR gain is defined as the ratio of compensatory eye velocity to head velocity; ideally equal to 1.0 for
head impulses in the mid-frequency range (1-6 Hz). VOR phase describes the temporal relationship
between head and eye velocity. At the low-frequency end (0.05-0.5 Hz, tested with rotary chair), both
gain and phase are affected by the velocity storage integrator in the vestibular nuclei. At high frequencies
(1-6 Hz, the operating range of the video head impulse test), gain reflects primarily the canal-nerve—
nucleus arc without velocity storage contributions.

VOR Gain Development: Rotational vs High-Frequency

The VOR is present in preterm infants as early as 24—-28 weeks gestational age, demonstrating that the
three-neuron arc is functionally operational before birth. However, VOR gain at birth is substantially below
adult values, typically 0.4-0.6 for head impulse-range stimuli. Gain increases rapidly over the first 6
months of life, approaching adult values for low-to-mid frequency rotational stimuli (the range tested by
rotary chair) by approximately 6 months of age. High-frequency VOR gain — the range tested by the
video head impulse test (vHIT), which applies head accelerations of 1,000-4,000 degrees per second
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squared — matures more slowly, reaching adult-equivalent values typically between 4 and 8 years of age
depending on the canal being tested.

This differential maturation has direct clinical implications: a 3-year-old child may demonstrate a normal
rotary chair result but show reduced vHIT gain that does not indicate unilateral vestibular hypofunction.
Published age-stratified vHIT normative datasets (Wiener-Vacher, Becares-Martinez, Janky) are
essential references for any clinician performing vHIT in children. The lower bound of normal vHIT gain
(typically 0.8 in adults for the horizontal canal) should be adjusted downward for children under 8 years.

Clinical Pearl: Absent cVEMP in a 6-month-old is normal — the response may be present but require
higher stimulus intensities. Absent cVEMP in a 3-year-old with SNHL should prompt urgent
investigation for enlarged vestibular agueduct (EVA/SLC26A4 mutation), bilateral vestibular
hypofunction, or concurrent inner ear malformation.

VEMP Development: cVEMP and oVEMP

Cervical vestibular evoked myogenic potentials (cVEMPS) are inhibitory sacculo-collic reflexes recorded
from the tonically contracted sternocleidomastoid muscle in response to loud sound or bone-conducted
vibration. The p13/n23 waveform reflects activation of the saccular macula via the inferior vestibular
nerve, with subsequent relay through the lateral vestibulospinal tract to SCM motor neurons. cVEMP
responses are generally recordable from approximately 3 months of age, coinciding with otoconial
maturation and increasing SCM muscle tone. Threshold in young children (under 2 years) is elevated
compared to adults, typically by 10-15 dB; adult-equivalent thresholds are achieved by approximately 2
to 3 years. Latency values (particularly the p13 component) are prolonged in young children secondary
to incomplete myelination of the inferior vestibular nerve and vestibulospinal pathways.

Ocular vestibular evoked myogenic potentials (0VEMPS) are excitatory utriculo-ocular reflexes recorded
from the inferior obligue muscle in response to sound or vibration stimulation, reflecting utricular macula
activation via the superior vestibular nerve and the utriculo-ocular pathway. oVEMP maturation follows a
longer timeline than cVEMP, with reliable n10 responses typically not established until 4 to 6 years of age
and adult-equivalent amplitude and latency values not reached until 8 to 10 years. This extended
maturation reflects the more protracted myelination of the superior vestibular nerve and utriculoocular
pathways compared to the saccule-colic path.

Figure 2. VOR Gain Maturation Timeline
(Horizontal Canal, High-Frequency vHIT-Range Stimulus)

1.2 A

0.8 F == fmmmm o e

High-frequency gain
(VHIT) matures more slowly

VOR Gain (VHIT)

0.6 1

Near-adult rotational
VOR by 6 months

0.4 1

Normal range
=@= Mean VOR gain

=== Adult lower cutoff (0.8)
Source: Australian Dizziness Clinics — clinical flowchart. Adult mean (1.0)

0.2

3rém 1y 2y 4y 8y 16y (adult)
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Figure 2. VOR Gain Maturation Timeline — Mean vHIT-range VOR gain by age from 3 months to adulthood, with
normal range band and adult reference cutoffs. Source: Australian Dizziness Clinics — clinical flowchart.
Clinical Insight: The cVEMP and oVEMP have distinct maturation timelines that reflect differences in
the myelination of the inferior versus superior vestibular nerve divisions. In a child with asymmetric
hearing loss being evaluated for unilateral vestibular involvement, absent oVEMP (expected up to age
5—-6) must not be misinterpreted as unilateral utricular loss.

VI. Functional Maturation: Vestibulo-Spinal Reflexes and Postural Control

VSR Pathways and Early Expression

The vestibulo-spinal reflexes (VSRs) mediate postural muscle responses to head and body perturbations,
operating primarily through the lateral vestibulospinal tract (LVST) from the lateral vestibular nucleus to
ipsilateral extensor motor neurons, and the medial vestibulospinal tract (MVST) from the medial vestibular
nucleus to bilateral cervical motor neurons. The LVST facilitates anti-gravity extensor activity in the trunk
and limbs; the MVST coordinates head and neck stabilisation. In the neonate, the Moro reflex — a
symmetric abduction-extension response of the upper limbs to sudden head drop — represents an early,
primitive expression of vestibulo-spinal function that confirms integrity of the basic vestibulospinal arc.
The Moro reflex disappears as cortico-spinal maturation progressively inhibits primitive reflex activity,
typically by 4 to 6 months of age.

Postural righting responses emerge progressively over the first year of life. The labyrinthine righting reflex
— the ability to orient the head vertically regardless of body position — is present from approximately 2
months, enabling head control in the prone position. Body-on-head righting reactions emerge over the
following months, contributing to the sequential motor milestones of rolling, sitting, and eventually
standing. These righting responses depend on the integrity of both the vestibular end organs and the
developing cortico-spinal inhibitory system.

Clinical Insight: Children with bilateral vestibular hypofunction demonstrate absent or severely
attenuated postural righting responses in infancy. The inability to achieve labyrinthine-mediated head
righting by 3 months, or to sit independently without support by 9 months, in a child with SNHL should
immediately raise concern for bilateral vestibular end-organ failure.

Sensory Reweighting Development

Postural stability in the mature system depends on the dynamic integration and reweighting of three
sensory inputs: visual, vestibular, and somatosensory (proprioceptive). Nashner classic sensory
organisation framework describes how the CNS adjusts the relative weighting of these inputs depending
on their availability and reliability — up-weighting vestibular information when vision is unavailable or
unreliable, and vice versa. In young children, visual dominance is substantially higher than in adults; the
vestibular and proprioceptive systems contribute progressively less to postural stabilisation in conditions
of conflict or perturbation. This developmental profile of high visual weighting reflects both the immaturity
of central vestibular processing and the limited proprioceptive experience of the developing motor system.

Adult-equivalent sensory reweighting patterns are not consistently achieved until approximately 7 to 10
years of age. Prior to this, children demonstrate greater postural instability than adults under conditions
that challenge sensory reweighting — particularly conditions 5 and 6 of the Sensory Organisation Test
(SOT), which require appropriate vestibular weighting when both vision and support surface
somatosensation are unreliable. This developmental lag in vestibular weighting means that children with
vestibular pathology experience proportionally greater functional impairment than adults with equivalent
degrees of vestibular loss, because their compensatory reweighting capacity is immature.

Children preferentially weight visual input over vestibular input for postural control. This
explains why visual-vestibular conflict situations cause disproportionate distress and functional
impairment in children with vestibular pathology — their compensatory reweighting toward vestibular
dominance is still maturing.

Computerised Dynamic Posturography in Children

Computerised dynamic posturography (CDP), including the Sensory Organisation Test (SOT), quantifies
postural responses under six conditions that systematically manipulate visual and somatosensory
availability. In children, CDP results mature progressively through middle childhood; adult-equivalent
composite equilibrium scores on the SOT are typically achieved by 7 years, with some conditions
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(particularly conditions 5 and 6) continuing to mature until 10 years of age. Published normative datasets
for CDP in children (Hirabayashi 1995, Wolter and Brantberg 2011) provide age-stratified reference
values that must be applied when interpreting paediatric CDP findings. The Limits of Stability (LOS)
subtest — measuring voluntary weight shift range — also matures progressively, reaching adult values
by approximately 7 to 8 years.

Figure 3. Postural Milestone Timeline
Vestibular contributions to gross motor development — age-keyed milestones

2 months 6 months 9 months 12 months 18 months 3 years 4-5 years

Head Sitting Pulling Independent RunQin Tandem Single-Leg
Righting Unsupported to Stand Walking 9 Walking Stance

7-10 years: Adult-Equivalent
Posturography Patterns

Birth-2y: 2-6y: 7-10y:
Visual dominance Gradual vestibular Adult-like sensory
high weighting increase reweighting

Clinical Pearl: A child who walked late AND has SNHL has bilateral vestibular loss until proven otherwise.

Source: Australian Dizziness Clinics — clinical flowchart.

Figure 3. Postural Milestone Timeline — Age-keyed vestibular contributions to gross motor development, with sensory
reweighting development phases. Source: Australian Dizziness Clinics — clinical flowchart.

VII. Developmental Milestones and Their Clinical Correlates

Age-Linked Vestibular Milestones

Gross motor milestones provide the most accessible clinical window into vestibular function in young
children who cannot cooperate with formal testing. The temporal sequence of vestibular-dependent motor
development is predictable: head righting by 2 months (labyrinthine righting reflex), sitting unsupported
by 6 months (trunk righting and balance reactions), pulling to stand by 9 months (early antigravity limb
function), independent walking by 12 months (emergence of full vestibulo-spinal antigravity support),
running by 18 months (dynamic balance and reactive postural responses), tandem walking by 3 years
(fine postural control), single-leg stance by 4 to 5 years (mature unilateral balance), and adult-equivalent
posturography performance by 7 to 10 years. Deviation from this sequence — particularly early delays in
head righting or sitting — warrants vestibular assessment, especially in the context of SNHL.

The vestibular contribution to these milestones operates in parallel with developing corticospinal control,
proprioceptive maturation, and muscle strength acquisition. Clinical attribution of motor delay to vestibular
causes therefore requires systematic exclusion of alternative aetiologies; however, the converse error —
attributing vestibular developmental delay to hypotonia, developmental coordination disorder (DCD), or
non-specific clumsiness — is substantially more common and carries greater clinical consequence.

Clinical Pearl: A child who walked late AND has sensorineural hearing loss has bilateral vestibular loss
until proven otherwise. This clinical heuristic should guide early bilateral cVEMP and vHIT testing in any
child with SNHL presenting with motor delay — it must not be assumed that hearing loss alone explains
the developmental profile.

Bilateral Vestibular Loss and Motor Delay
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Bilateral vestibular hypofunction (BVH) in childhood presents differently from the oscillopsia-dominant
presentation of adult BVH. Young children with BVH typically present with: delayed motor milestones
(most commonly delayed walking, often beyond 18 months), excessive dependence on visual input for
balance (falling in the dark, difficulty on uneven ground), and clumsiness or unstable gait that does not
improve at the expected rate. In children with congenital or early-acquired BVH — such as those with
CHARGE syndrome, Usher syndrome, aminoglycoside ototoxicity, or bilateral EVA — the motor delay is
often the presenting concern before hearing loss is fully characterised.

The paediatric vestibular clinician must be aware that the standard paediatric developmental screen does
not specifically test vestibular function, and that motor delays attributable to BVH are frequently coded as
hypotonia, cerebral palsy, or DCD in the absence of vestibular assessment. The diagnostic cascade for
any child with motor delay and SNHL should include formal bilateral vestibular function testing as a first-
line investigation, not as an afterthought.

Important: Delayed gross motor milestones are the primary presenting sign of bilateral vestibular loss
in infancy. A child who has not achieved independent walking by 18 months AND has SNHL must not
be assigned a neurodevelopmental diagnosis before bilateral vestibular assessment (cVEMP and vHIT)
has been performed and interpreted against age-appropriate norms.

Delayed Walking and SNHL: The Clinical Decision Point

The co-occurrence of delayed walking and SNHL should trigger immediate formal vestibular assessment
regardless of the degree of hearing loss. Even mild to moderate SNHL in a child with motor delay warrants
investigation, as vestibular dysfunction occurs across the full spectrum of cochlear impairment. The
investigation minimum should include bilateral cVEMPs (as the most feasible bedside-accessible
vestibular test in young children) and vHIT if technically achievable. In the setting of EVA on temporal
bone CT, the likelihood of concurrent saccular involvement is high — bilateral absent cVEMPSs in this
context are confirmatory of saccular hypofunction and should prompt referral for vestibular rehabilitation,
family education, and swim safety counselling.

VIIl. Normal Variation and Age-Appropriate Norms in Vestibular Testing

VHIT Normative Data by Age

Video head impulse testing (vHIT) is the most widely used high-frequency vestibular function test and is
feasible in cooperative children from approximately 6 months of age. Normative datasets for paediatric
VHIT are available from several groups including Wiener-Vacher (2003), Becares-Martinez (2014), and
Janky et al. (2018). Across these datasets, horizontal canal vHIT gain follows a consistent maturational
curve: mean gain of approximately 0.6—0.7 at 6 months, rising to 0.75-0.85 at 1 to 2 years, 0.85-0.90 at
4 years, and 0.90-1.00 by 8 years. The adult lower bound cutoff of 0.8 should not be applied below 4
years of age; age-appropriate lower bounds are approximately 0.55 at 6 months, 0.65 at 1 year, 0.70 at
2 years, and 0.75 at 4 years. Anterior and posterior canal vHIT gain mature on a similar but slightly slower
timeline than the horizontal canal.

Covert saccades — compensatory saccades during the head impulse that partially mask the true VOR
gain deficit — occur in children with vestibular hypofunction just as in adults, but may be more difficult to
distinguish from the high frequency of physiological saccades in young children. The presence of overt
saccades (saccades occurring after the head impulse) in a child above 2 years of age should be treated
as a pathological finding indicative of reduced ipsilateral canal gain.

Clinical Insight: Always use age-matched normative data when interpreting vHIT results in children.
The adult lower bound cutoff of 0.8 will falsely classify many normal children under 4 years as having
vestibular hypofunction. Conversely, applying overly permissive paediatric ranges to older children risks
under-detecting true unilateral vestibular loss.

cVEMP and oVEMP Normative Data

Cervical VEMP normative data in children have been published by Kelsch et al. (2006), Verrecchia et al.
(2010), and others. The pl13 latency in infants (3-6 months) is prolonged compared to adults
(approximately 17-19ms vs adult mean of 13ms), reflecting peripheral nerve immaturity. The p13 latency
matures to near-adult values by approximately 2 to 3 years. Amplitude normative ranges in children show
greater inter-individual variability than in adults; threshold is typically 10-15 dB higher in infants than
adults, decreasing to adult-equivalent levels by 2 to 3 years. The asymmetry ratio (AR) cutoff for pathology
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— typically greater than 35% — should be applied cautiously in children under 3 years due to the higher
inherent response variability at this age.

The oVEMP n10 response is detectable in children from approximately 4 to 6 years of age in most
normative studies. Latency is prolonged in young children (n10 approximately 12—14ms in 4—6-year-olds
compared to approximately 10ms in adults), with adult equivalence not typically achieved until 8 to 10
years. Amplitude normative ranges for oVEMP in children are wide; threshold testing (rather than
amplitude) may offer better reliability in younger age groups.

Rotary Chair and Caloric Testing Norms

Rotary chair sinusoidal harmonic acceleration testing is feasible in children from birth (with a lap-hold
technique) and provides frequency-specific VOR gain, phase, and time constant data. The vestibular time
constant — reflecting velocity storage function — is shorter in young infants (approximately 4—6 seconds
at birth) and increases to adult values (approximately 12—16 seconds) by 2 to 3 years. VOR gain during
rotary chair testing matures faster than high-frequency vHIT gain, reaching adult-equivalent values by
approximately 18 months to 2 years of age. Phase leads (indicating incomplete velocity storage) are
prominent in infants and normalise as the velocity storage integrator matures.

Caloric testing in children is technically challenging and distressing for young patients, limiting its utility in
children under 6 to 7 years of age. In cooperative older children, adult normative data and interpretation
criteria (unilateral weakness greater than 25%, directional preponderance greater than 30%) can be
applied with reasonable confidence from approximately 8 years of age. In younger children, caloric
responses may be reduced in amplitude without indicating true unilateral loss.

Figure 5. Age-Appropriate Vestibular Testing Summary

Which tests are interpretable at each age — with normative caveats

“ T

CVEMP: fpresent CVEMP: feliable; All VEMPs: All tpsts: Adult horms
=3{6m use ag¢ norms religble relighle apply tojall tests
OVEMP: Jpresent OVEMP: thaturing; VHIT: rgliable; VHIT: agult-like VHIT|gain
=446m latency grolonged age norns exist gain ejpected =>0.8 ejpected
VHIT: fgasible; VHIT: fdasible; Rotary chair: VEMP: gdult-like VEMP| adult
norms vety limited limited ape norms full prptocol latejcies thresholds
Rotary chair: Rotary chair: CDP: mhturing; CDP:fadult Calorf: UW
feasible wih lap hold feagible norms gvailable equivalpnt ~7y >25% = pbnormal
Calaric: limited. CDP:- adult Calaric: feasible Calaric: full CDP: full adult
poor tolerance norms invalid but distressing protocol SOT norms.
Clinical Insight: Always use age-matched norms. Applying adult cutoffs will falsely pathologise normal children.

Source: Australian Dizziness Clinics — clinical flowchart.

Figure 5. Age-Appropriate Vestibular Testing Summary — Which tests are interpretable at each age band, with
normative caveats by age. Source: Australian Dizziness Clinics — clinical flowchart.

Summary of Paediatric Vestibular Test Normative Data
TEST | <1YEAR | 1-3 YEARS | 3-8 YEARS | 8+ YEARS | ADULT

VHIT (hSCC gain) | Mean ~0.65; LB ~0.55 | Mean ~0.75-0.80; LB ~0.65 | Mean ~0.85-0.90; LB ~0.75 | Mean
~0.95; LB 0.80

cVEMP p13 latency | 17-19ms (prolonged) | 14-16ms | 13-14ms | Adult ~13ms

cVEMP threshold | 10-15 dB above adult | Approaching adult | Near adult | Standard adult

oVEMP n10 | Unreliable/absent | May be absent | Prolonged latency (12-14ms) | Adult ~10ms; fully reliable
Rotary chair (TC) | 4-6 seconds (short) | Approaching adult by 2y | Adult-equivalent ~7y | Adult 12-16 seconds
CDP SOT composite | Not feasible | Age norms required | Matures 5-7y | Adult norms from ~7y
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IX. Recognising Deviations from Normal Development

Red Flags for Vestibular Developmental Pathology

The recognition of vestibular developmental pathology requires vigilance for a set of clinical red flags that
do not fit the normative developmental trajectory described in preceding sections. The most important red
flags are: failure to walk independently by 18 months in the presence of SNHL (indicating probable
bilateral vestibular hypofunction); abnormal video head impulse test with overt or covert saccades on
lateral head impulse in a child above 2 years (indicating unilateral or bilateral canal hypofunction);
spontaneous nystagmus persisting beyond the neonatal period (beyond 3 months of age) without visual
fixation that changes character (indicating central vestibular pathology); and absent bilateral cVEMPS in
a child above 3 years with SNHL (indicating bilateral saccular hypofunction, strongly associated with
EVA).

Additional red flags include head-shaking nystagmus in a child over 3 years (indicating asymmetric
vestibular tone, equivalent to the adult sign of unilateral peripheral hypofunction), unexplained failure to
pass the Romberg or modified Romberg test in a child over 5 years, and postural instability in darkness
that is disproportionate to any identified neurological deficit. These signs in isolation warrant further
investigation; in combination, particularly with SNHL, they constitute a strong indication for a full paediatric
vestibular function test battery.

Important: A child who fails to walk independently by 18 months AND has SNHL must have bilateral
cVEMP testing before a neurodevelopmental diagnosis is accepted. Assigning a label of global
developmental delay, hypotonia, or DCD to a child with unrecognised bilateral vestibular loss deprives
that child of potentially beneficial early intervention and accurate genetic counselling for the family.

Bilateral Vestibular Hypofunction in Children: Causes and Presentation

Bilateral vestibular hypofunction (BVH) in the paediatric population occurs in the context of several
identifiable aetiologies. Aminoglycoside ototoxicity — historically from systemic use, but increasingly
documented from topical ear drops in the setting of a perforated tympanic membrane or tympanostomy
tubes — causes bilateral saccular and canal hypofunction with a severity proportional to total drug
exposure. EVA (enlarged vestibular aqueduct, SLC26A4) causes progressive saccular dysfunction that
typically precedes canal involvement; bilateral absent cVEMPs with preserved vHIT gain in an early
presentation can transition to panvestibular loss with disease progression. CHARGE syndrome (CHD7)
produces bilateral semicircular canal aplasia with complete canal hypofunction in up to 90% of affected
individuals, often in the context of preserved otolith function. Usher syndrome (particularly type I, caused
by MYO7A and CDH23 mutations) causes congenital profound SNHL with severe bilateral vestibular
hypofunction that accounts for the characteristic delayed walking in affected children.

The clinical presentation of childhood BVH is dominated by motor delay in the first two years, followed by
progressive emergence of characteristic balance difficulties: gait instability in reduced illumination,
inability to swim without assistance, and oscillopsia during locomotion in children old enough to verbalise
this symptom. Oscillopsia — the perception of retinal image slip during head movement — is rarely
reported spontaneously by young children and must be specifically enquired about in older children and
adolescents with suspected BVH.

Differentiating Central Vestibular Immaturity from Pathology

Central vestibular immaturity — the expected developmental lag in thalamocortical vestibular processing
— can superficially mimic central vestibular pathology in young children. Both may manifest as impaired
performance on complex multisensory balance conditions, prolonged VEMP latencies, and immature
postural responses. Differentiating features that support pathology over immaturity include: findings that
are more deviant than expected for age (outside the 5th percentile of published norms), asymmetric
findings (immaturity is symmetric), findings that fail to improve on serial assessment (maturational lag
resolves with age), and associated neurological findings on MRI (demyelination, posterior fossa
malformation, brainstem tumour).

Serial vestibular assessment — repeating a full test battery at 6-month intervals — is the cornerstone of
distinguishing immaturity from early pathology in clinically borderline cases. A child with low-normal vHIT
gain at 18 months who repeats at 3 years with age-appropriate gain and no overt saccades has
demonstrated maturational lag, not pathology. A child who fails to show expected maturational progress
over the same interval warrants further investigation including genetic testing and MRI.
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Clinical Insight: Common diagnostic errors in paediatric vestibular medicine include: attributing
vestibular motor delay to hypotonia (without vestibular assessment), coding balance difficulties as DCD
without vestibular testing, misinterpreting age-normal VEMP absence as saccular pathology, and
applying adult vHIT cutoffs to young children. All of these errors result in either missed vestibular
pathology or unnecessary further investigation.

Figure 6. Clinical Decision Pathway for Suspected Vestibular Developmental Delay

layed walking + SNHL / Abnormal head impulse / Persistel

Red Flag Assessment
bdside HIT, Romberg, gait observation, nystagmus exa

Vestibular Test Battery
(age-appropriate: VHIT + cVEMP + oVEMP + rotary chair)

Bilateral Vestibular Unilateral Vestibular
Hypofunction Hypofunction
(BVH) (UVH)

Normal / Age-
Maturation Variant

BVH Workup: UVH Workup: Normal/Variant:
Genetics (SLC26A4, G)B2) MRI brain/IAM Repeat testing in 6-12m
MRI IAM; Audiology Serology (Lyme, CMV) Monitor milestones
Ototoxicity history Serial assessment Reassure family

Important: A child failing to walk by 18 months WITH SNHL must have bilateral cVEMP testing before a neurodevelopmental diagnosik is accepted.

Source: Australian Dizziness Clinics — clinical flowchart.

Figure 6. Clinical Decision Pathway for Suspected Vestibular Developmental Delay — Entry through red flag
assessment, vestibular test battery, to diagnostic categories and management pathways. Source: Australian Dizziness
Clinics — clinical flowchart.

X. Summary and Key Clinical Takeaways

Ten Core Clinical Points from This Review

» The vestibular system is structurally complete (osseous labyrinth) by 20 weeks gestation but
functionally immature at birth, with maturation of key reflexes extending throughout childhood and
into adolescence.

VEMP responses (cVEMP and oVEMP) have distinct maturational timelines: cVEMP is reliable from
approximately 3 months; oVEMP is not reliably present until 4-6 years of age.

» VHIT gain norms are substantially lower in young children than adults; the adult lower bound of 0.8
should not be applied to children under 4 years.

Bilateral vestibular hypofunction in childhood presents primarily as delayed gross motor milestones —
not as dizziness — and is frequently misattributed to hypotonia or DCD.

Any child with SNHL and delayed walking should have bilateral cVEMP testing as a first-line
investigation before a neurodevelopmental diagnosis is assigned.

The labyrinthine righting reflex (head righting) should be present by 2 months; failure to achieve this
milestone in a child with SNHL is a strong indicator of bilateral vestibular end-organ failure.
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Children preferentially weight visual input for postural control; impaired visual-vestibular reweighting is
a characteristic sign of vestibular pathology in children that may not be apparent on standard
vestibular tests.

Central myelination of thalamocortical vestibular projections is not complete until adolescence; VEMP
latencies and VOR time constant values are age-dependent throughout childhood.

» Age-matched normative data are mandatory for interpreting all paediatric vestibular function tests;
published datasets exist for vHIT, VEMPs, rotary chair, and posturography.

Genetic aetiologies associated with combined cochleo-vestibular hypofunction — EVA (SLC26A4),
Usher syndrome, CHARGE (CHD7), connexin mutations — should always be considered in children
with bilateral vestibular loss and SNHL.

Minimum Knowledge Standard for Clinicians Seeing Paediatric Vestibular Patients

Any clinician encountering children with vestibular symptoms or motor delay should understand: (1) the
age-appropriate presentation of vestibular dysfunction across the developmental spectrum; (2) which
vestibular tests are feasible and interpretable at which ages; (3) the clinical significance of the co-
occurrence of SNHL and motor delay; and (4) the key genetic aetiologies of bilateral vestibular
hypofunction in childhood. This review has addressed each of these domains. Clinicians seeking to
deepen their skills in specific diagnostic areas are referred to the supplementary cheat sheet, which
provides a rapid-reference table of developmental milestones and vestibular test norms, and to the
accompanying clinician video and audio series.

Clinical Pearl: This review is the foundation for the Vestibular Medicine in Children series. The next
module — PVMO02: Benign Paroxysmal Vertigo of Childhood — covers the most common episodic
vestibular syndrome in paediatric practice, building on the developmental framework established here.
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Disclaimer and Copyright

This literature review is published by Australian Dizziness Clinics for the purposes of clinician education
and professional development. It is intended to support, not replace, the clinical judgement of qualified
vestibular physicians, paediatricians, and emergency physicians. The clinical norms, diagnostic
thresholds, and management frameworks described reflect current best evidence as at April 2026;
clinicians are responsible for reviewing updated literature and applying their own clinical expertise to
individual patient presentations.

© 2026 Australian Dizziness Clinics. All rights reserved. No part of this document may be reproduced,
distributed, or transmitted in any form without prior written permission from Australian Dizziness Clinics.
For permissions and enquiries: www.AustralianDizzinessClinics.com
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