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‘Children’s developing systems require not only smaller tools, but greater insight.’

~Piaget

Summary

This chapter explores the unique considerations for paediatric vestibular assessment, includ-
ing developmental factors, test modifications, and interpretation of results. It highlights the
importance of age-appropriate normative data and discusses practical strategies for optimis-
ing test outcomes in young or non-compliant children. By addressing the distinct challenges of
assessing vestibular function in the paediatric population, this chapter aims to provide hearing
healthcare professionals with the knowledge and tools needed to support early and accu-
rate diagnosis and rehabilitation, ultimately improving outcomes for children with vestibular
disorders.
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Introduction

The vestibular system plays a critical role in maintaining balance, spatial orientation and gaze
stability. In children, vestibular disorders can negatively affect both intellectual and phys-
ical development, with consequences for motor skills, learning and academic performance
(Rogers 2010; Gioacchini et al. 2014). One key mechanism of the vestibular system is the
vestibulo-ocular reflex (VOR), which stabilises vision during head movements. Impaired VOR
function in children can make it difficult to keep text in focus during reading tasks, particularly
in dynamic classroom environments that require frequent head movements, such as copying
from the board or shifting attention between peers and materials. This visual instability may
lead to impaired reading fluency, diminished comprehension and increased visual fatigue.
Vestibular dysfunction can also disrupt spatial and non-spatial cognitive processes, delay
gross and fine motor development and contribute to broader learning difficulties (De Kegel et
al. 2012; Wiener-Vacher et al. 2013). Likewise, Franco and Panhoca (2008) found a statistically
significant association between peripheral vestibular dysfunction and underperformance in
school. A systematic review by Gioacchini et al. (2014) reported a prevalence of up to 15% for
vestibular disorders in the paediatric population.

Vestibular-mediated reflexes are present at birth (for example, head righting response: an
automatic body reaction that keeps the head straight, level, and upright relative to the ground)
(Adamovi¢ et al. 2020). Children with impairments that alter the vestibular reflexes are
slower than their normal counterparts in reaching motor key milestones (Inoue et al. 2013).
In the paediatric population, disruptions in vestibular function can significantly impact motor
development, coordination and overall quality of life. Despite its consequences, vestibular dys-
function in the paediatric population often goes underdiagnosed, partly due to the challenges
of identifying and assessing vestibular impairments in this age group. Children might present
with subtle or non-specific symptoms, such as delayed motor milestones, poor balance or
frequent falls, which can easily be attributed to other causes.

Advances in diagnostic techniques have facilitated the evaluation of vestibular function in
the paediatric population, enabling early detection and management of vestibular disorders.
Paediatric vestibular assessments now encompass a range of assessment methods, includ-
ing caloric testing, rotational chair testing, vestibular-evoked myogenic potentials (VEMPSs)
and video head impulse testing (vHIT). These tools, when combined with a thorough case
history and clinical observation, provide a comprehensive approach to identifying vestibular
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dysfunction in children. However, the outcomes of these assessments are significantly influ-
enced by the child’s developmental stage, willingness to participate, capacity to co-operate
and comprehension of the test instructions. As the vestibular test battery comprises multiple
procedures, it is crucial to identify, prioritise and begin with the most suitable tests for each
specific patient. This approach aims to maximise the diagnostic information obtained within
a limited timeframe, acknowledging the potential for diminished concentration in younger
patients. The overall aim of the assessment is to determine if the child presents with a possi-
ble peripheral or central vestibular disorder, guiding further intervention and referrals to other
healthcare professionals.

Case History

The case history is essential in the paediatric vestibular assessment. It must be conducted
at the outset as it provides critical context to guide test selection, interpretation, and clinical
management. Children may not be able to describe their symptoms accurately, making a thor-
ough history crucial for identifying potential vestibular dysfunction. Parents and caregivers are
essential sources of information when obtaining a comprehensive case history, particularly for
non-verbal children. The hearing healthcare professional (HHP) relies on caregivers to report
the child’s developmental milestones, general behaviour and observations of balance and
gait, as well as any avoidance behaviours, such as fear of heights or reluctance to walk in the
dark or on uneven surfaces. To facilitate the case history, HHPs may provide a questionnaire,
such as the Vanderbilt Paediatric Dizziness Handicap Inventory (VPDHI) (McCaslin et al., 2015)
for caregivers to complete at home with the child or by observing the child before the day of
testing. For verbal children, this questionnaire approach also allows the child to share details
more comfortably and openly in a familiar environment. In addition, the caregiver can ask
these questions in the child’s first language. In this way, the HHP can clarify and confirm the
information with the child on the day of the assessment. It is important to use age-appropriate
language when communicating with the paediatric population and to avoid jargon (Chapter
15). Collecting detailed background information provides valuable context for interpreting ves-
tibular assessment results and tailoring appropriate management strategies.

The case history should focus on family history, medical history, the impact of symptoms on
the child’s daily life, behavioural observations of the child, as well as the following aspects.
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Prenatal and birth history

Understanding a child’s prenatal and birth history is essential in identifying potential factors
that may contribute to vestibular dysfunction. Maternal infections during pregnancy, such as
cytomegalovirus (CMV) or rubella, can impact the developing auditory and vestibular system.
Similarly, the use of certain medications during pregnancy may pose ototoxic or neurodevelop-
mental risks. Birth complications, including prematurity, hypoxia or low birth weight, can also
affect the integrity of the inner ear and central nervous system (Chapters 2 and 3).

Developmental milestones

A child’s developmental milestones provide insight into their vestibular function and overall
motor development. The timing of major milestones, such as sitting, crawling, standing and
walking, can indicate whether vestibular or motor delays are present. Delays in achieving these
milestones may suggest vestibular hypofunction or other underlying issues affecting balance.
Additionally, difficulties with gross motor skills, such as frequent falls or an inability to navigate
age-appropriate physical tasks, can further highlight potential vestibular dysfunction. It has
been reported that gross motor milestones predict vestibular loss in children with hearing loss
(HL) (Janky and Shepard 2019).

Hearing and vision history

A history of HL, tinnitus or recurrent ear infections can signal potential inner ear dysfunction,
which may impact both auditory and vestibular pathways. Similarly, pathologies of the visual
system, such as strabismus (misalignment of the eyes) or difficulty focusing, can exacerbate
balance problems or contribute to sensory integration challenges.

Symptom inquiry

A structured approach, such as the SOSTONED acronym—Symptoms, Onset, Situation,
Triggers, Others affected, Neurological symptoms, Evolution and Duration—can ensure that a
thorough and systematic history is obtained. The HHP should elicit a detailed description of the
child’s symptoms in their own words, including:
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o Type of sensation: for example, room spinning, feelings of falling, nausea, vomiting
or imbalance in specific situations.

U Onset and evolution: sudden or gradual onset, changes over time, duration and fre-
guency of symptoms.

o Situational context and triggers: for example, during movement, positional changes,
exposure to loud sounds, or visual stimuli.

o Environmental factors: whether others in the environment experienced similar
symptoms (to rule out environmental causes).
o Neurological symptoms: for example, blurred or double vision, numbness or

photophobia.

Table 7.1: outlines the symptoms that can be expected with a peripheral vestibular pathol-
ogy versus central pathology.

Table 7.1: Symptoms of a peripheral vestibular pathology versus central pathology

Peripheral Vestibular Pathology Central Pathology

Sudden onset of symptoms Gradual onset of symptoms

Intermittent attacks with severe symptoms Symptoms are constant but mild.

Symptoms are worsened by changes in Symptoms are unaffected by head position
head position and movement. and movement.

Nausea and vomiting are severe and Nausea and vomiting are infrequent and
frequent. mild.

Motor function, gait and coordination are Motor function, gait instability and loss of
typically intact. coordination are more likely to occur.
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Vestibular Test Battery

Once a comprehensive case history has been conducted, the HHP should determine which
test procedures to prioritise. The vestibular test battery comprises a series of diagnostic tools
designed to evaluate the functional integrity of the peripheral vestibular system, as no single
test can evaluate all aspects of vestibular function. Each test targets specific components,
including the semicircular canals, otolith organs and their associated neural pathways. In the
paediatric population, selecting appropriate tests requires careful consideration of develop-
mental stages, co operation levels and the presenting symptoms. By combining physiological
and behavioural measures, HHPs can obtain a detailed understanding of the child’s vestibular
function.

Behavioural test battery

Behavioural vestibular assessments play a critical role in evaluating balance and spatial ori-
entation in paediatric populations, especially when physiologic testing may not be feasible,
readily available ortolerated. These tests rely on observing the patient’s responses to structured
tasks that challenge the vestibular system in age-appropriate and developmentally appropriate
ways. The behavioural test battery offers valuable insights into vestibular function by assessing
postural control, gaze stability and compensatory strategies through non-invasive and often
play-based methods. In children, especially those under the age of five years or with neuro-
developmental differences, behavioural assessments serve as a practical and informative
alternative or complement to physiologic vestibular tests. Table 7.2 outlines the components,
administration and interpretation of the behavioural vestibular test battery, emphasising its
clinical relevance and adaptability across the paediatric age range.

These behavioural vestibular assessments provide a crucial and adaptable approach to eval-
uating vestibular function in children, particularly when traditional physiologic tests are not
practical or tolerated. By using these observation-based, developmentally appropriate meth-
ods, HHPs can gather meaningful information about a child’s balance, gaze stability and spatial
orientation. These assessments are especially valuable in younger children (under three years)
andthose with neurodevelopmental differences, offering aflexible, non-invasive means of iden-
tifying vestibular impairments. When integrated with caregiver input and physiologic clinical
findings, behavioural vestibular assessments enhance diagnostic accuracy and support early
intervention planning, reinforcing their indispensable role in paediatric vestibular evaluation.
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Physiological test battery

The physiologic vestibular test battery encompasses a range of assessments designed to
objectively evaluate the functional integrity of the vestibular system. In paediatric populations,
physiologic vestibular testing presents unique challenges due to developmental, cognitive and
behavioural factors. However, advancements in technology and age-appropriate protocols
have improved test feasibility and reliability across a wide age range. Understanding the indica-
tions, proceduresand interpretation of the available physiologic tests is essential for accurate
diagnosis and effective management of vestibular disorders in the paediatric population.

a) Vestibular evoked myogenic potential (VEMP) testing

The vestibular evoked myogenic potential (VEMP) is a clinical test for assessing vestibular
pathologies by evaluating otolith function (Ozgir et al. 2015; Walther and Cebulla 2016). It
measures an electromyographic (EMG) response elicited by sound, vibration or electrical stim-
ulation (Murofushi 2016). Colebatch and Halmagyi (1994) first described the cervical VEMP
(cVEMP) as a short-latency response from the sternocleidomastoid muscle (SCMm), medi-
ated by the saccular macula, inferior vestibular nerve and vestibulospinal pathways. Later,
Rosengren et al. (2019) and Todd, Rosengren and Colebatch (2007) identified ocular VEMPs
(oVEMPs), recorded from extraocular muscles and reflecting utricular function (Rosengren et
al. 2010).

The clinical application of VEMPs in the paediatric population has been proven by the test’s
ability to aid in the diagnosis of vestibular neuritis, congenital vestibular hypofunction, oto-
toxicity, vestibular migraine and superior semicircular canal dehiscence syndrome (SCDS)
(Caland Bahmad 2009). Children with syndromes associated with HL, for example, Usher syn-
drome and Waardenburg syndrome, often exhibit vestibular dysfunction that can be detected
using VEMPs.

VEMPs are widely considered as a safe, non-invasive tool that is useful to supplement caloric,
video head impulse and rotational chair testing, all of which are limited to the evaluation of
the horizontal semicircular canal function and superior vestibular nerve integrity. VEMP testing
is generally feasible in children aged three and older. At this age, many children are able to
engage in brief periods of co-operation and, in the case of cVEMPs, can generate sufficient
tonic activation of the sternocleidomastoid muscle (SCMm) through head-lift or resistance
tasks. However, test success improves with age and development. For oVEMPs, children must
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remain still and fixate their gaze upward, which may be challenging for those under five years.
Modifications, such as using play-based approaches or shortened protocols, may enhance
test feasibility in younger children. Table 7. 3 depicts the test set-up for cVEMP and oVEMP.

The test procedures for VEMPs are as follows:

o Itis essentialto conduct otoscopy and tympanometry (Chapter 5) before commenc-
ing with cVEMP and oVEMP testing to exclude an outer or middle ear pathology, as
this would most likely result in absent responses. In cases of abnormal outer- or
middle-ear functioning, bone-conduction VEMP testing can be done.

o The child can be seated independently or placed on the caregiver’s lap.

o The skin should be cleaned with nu-prep to reduce impedance and surface elec-
trodes should be placed according to the test type. The electrode impedance should

not exceed 5kQ).

Table 7.3: cVEMP and oVEMP test procedure and interpretation

Aspect

cVEMP

oVEMP

Electrode placement

Test position

Electrodes are placed

on the belly of the
sternocleidomastoid
muscle (SCM), with a
reference electrode on
the sternum and a ground
electrode on the forehead.

The patient sits upright or
lies supine with the head
turned away from the
stimulated ear to activate
the SCM. Encourage
consistent muscle
contraction through verbal
prompts or engaging
activities, such as holding
a toy.

Electrodes are placed
below the eyes over the
inferior oblique muscle,
with a reference electrode
on the chin and a ground
electrode on the forehead
(Figure 7.1).

The patient sits upright
and gazes at a point on the
ceiling, or lies supine and
gazes upward at a fixed
point or toy placed at a
30-40° angle to engage the
extraocular muscles.
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Aspect

cVEMP

oVEMP

Test interpretation
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A positive peak, referred
to as P1, isrecorded at
approximately 13.00 ms,
and a negative peak,
referred to as N1, is
recorded at approximately
23.00 ms, as depicted in
Figure 6.2A (Chihara et al.
2007; Todd, Rosengren
and Colebatch 2007;
Welgampola et al. 2009).
Larger amplitudes can be
expected in children.

Figure 7.1: oVEMP patient set-up

A negative peak, referred
toas N1, isrecorded at
approximately 10.00 ms,
and a positive peak, referred
to as P1, isrecorded at
approximately 15.00 ms,

as depicted in Figure 6.2B
(Chihara et al. 2007; Todd,
Rosengren and Colebatch
2007; Welgampola et al.
2009). Larger amplitudes
can be expected in children.

Figure 7.2: (a) cVEMP (A) and oVEMP, (b) results for the right and left ear
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Video head impulse test (vHIT)

The video head impulse test (VHIT) provides an assessment of the function of the vestibular
ocular reflex (VOR), which is one of the primary vestibular reflexes. When a child with a normal
vestibular system moves their head, the eyes reflexively deviate in the opposite direction so
that the image is stabilised on the retina without blurring. This reflexive eye movement is called
the VOR and may also be referred to as the angular vestibulo-ocular reflex (aVOR). In recent
years, the vHIT has become a valuable tool in assessing all six semi-circular canals individually
at higher frequencies (Ross and Helminski 2016). This test is well tolerated by children and can
also be done using a remote camera system instead of goggles (Wiener-Vacher and Wiener
2017).

When specifically looking at the paediatric population, Ross and Helminski (2016) observed
challenges in the VHIT system. Due to children’s smaller physical features, such as smaller
head sizes and smaller eyelid openings, measurement errors seem to occur more easily than
in adults. These measurement errors are caused by goggle slippage, excessive blinking, etc.,
which can result in artifacts and inaccurate aVOR gain recordings (Mantokoudis et al. 2014).
Another consideration is that the results are dependent on the experience and skills of the
examiner to elicit correct and precise impulses. Additionally, a lack of inherent stiffness of the
cervical spine is observed in the paediatric population, resulting in difficulty eliciting a head
impulse greater than 100°/sec2. Despite these limitations, the vHIT has proven to be a sensitive
and efficient vestibular test for the paediatric population and is well tolerated by children aged
three to sixteen (Hulse et al. 2015). Success depends on the patient’s ability to maintain steady
visual fixation and tolerate rapid, passive head movements without excessive blinking or head
resistance.

a) Patient and caregiver preparation

Use a child-sized chair or allow the patient to sit on a caregiver’s lap if necessary for comfort
and compliance. Visual aids, toys or demonstrations may be used to reduce anxiety and gain
co operation. Provide the following test instructions:

o To the caregiver: ‘We’re going to do a simple test to check how your child’s balance
system is working. It involves wearing lightweight goggles, like a pair of special
glasses, which will help us see how their eyes move when we gently turn their head.
The test is quick, doesn’t hurt, and will only take a few minutes. You can stay right
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here to keep them comfortable, and I’ll explain everything as we go along.

. To the patient (for a younger child < six years): ‘We’re going to play a fun game! You’ll
wear some cool goggles, like superhero glasses, and all you have to do is keep look-
ing at the dot on the wall (or a fun cartoon). I’m going to gently turn your head—kind
of like a little dance move—but don’t worry, it won’t hurt at all. Just keep your eyes
on the dot, and we’ll finish super quickly!’

. To an older child (> six years): ‘These special goggles help us see how your eyes and
balance system work together. Allyou need to dois sit still, keep looking at the target
on the wall, and I’'ll gently move your head back and forth a little. It won’t hurt, and
you’ll be done before you know it!’

b) Positioning and Testing

o Seat the patient upright in a stable position.

. Align the patient’s head in the horizontal plane for testing the horizontal semicircu-
lar canals or in the appropriate orientation for vertical canal testing.

. Instruct the patient to fixate on a target (for example, a dot or toy) placed at eye level
about one meter away.

J Perform small, quick, unpredictable head movements (10-20 degrees amplitude) in
the plane of the semicircular canal being tested, ensuring the movements are within
physiological range and not abrupt or excessive.

. Testeach ear separately by rotating the head to the leftand right for horizontal canals
or tilting for vertical canals.

c) Testinterpretation and normative values

Normative data for paediatric populations is age-dependent and varies slightly between stud-
ies (Table 7.4). Figure 7.3 depicts normal vHIT results and VOR function of the right and left
lateral canals, and Figure 7.4 demonstrates abnormal VOR function of the right lateral canal,
with reduced gain and covert saccades observed at approximately 100 ms and covert saccades
observed at approximately 200 ms.
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Table 7.4: Age-based normative vHIT data for paediatric patients

VvHIT Parameters Typical Range/Interpretation

VOR Gain - Horizontal Canals (Infants &

Toddlers, up to three years) Approximately 0.60-0.75

VOR Gain - Horizontal Canals (Preschool- .
aged, 4-6 years) Approximately 0.75-0.90
VOR Gain - Horizontal Canals (older

children and adolescents, 7+ years) Approximately 0.90-1.00

. . Typically lower than horizontal canals;
VOR Gain - Vertical Canals ~0.60-0.85 depending on age and canal

Asymmetry (Inter-ear Gain Difference) < 7% is considered normal

Presence of covert or overt saccades

Latency of Corrective Saccades . .
suggests semicircular canal dysfunction
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Figure 7.3: vHIT results depicting normal VOR function of the right and left lateral canals
(Interacoustics A/S, 2023)
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Figure 7.4: vHIT results depicting abnormal VOR function of the right lateral canal
(Interacoustics A/S, 2023).

Caloric testing

The caloric test assesses the low-frequency function of the horizontal semicircular canal and
the superior vestibular nerve and offers valuable diagnostic information when appropriately
tailored to the paediatric population. The caloric test is useful in identifying unilateral or bilat-
eral vestibular hypofunction which may manifest as delayed motor milestones, imbalance or
dizziness in children. The test is recorded using Videonystagmography and is conducted by
introducing air or water at a specific temperature into the external auditory canal. This process
induces endolymphatic flow within the vestibular system, creating a non-physiological stimu-
lus. The resulting temperature gradient across the canal alters the density of the endolymph,
leading to measurable vestibular responses. A normal caloric response is characterised by a
clear, sustained horizontal nystagmus with an appropriate directional component based on the
temperature used, whereas reduced or absent responses may indicate peripheral vestibular
hypofunction. Figure 6.5 depicts arightunilateral peripheralvestibularweakness. The procedure
and its underlying mechanisms were first described by Robert Barany in 1907. Barany proposed
that the test be conducted with the patient in a supine position, with the head elevated at a
30-degree angle from the horizontal plane to align the horizontal semicircular canal optimally.
As the head is positioned at an angle of 30 degrees with the body in the supine position, the hor-
izontal semicircular canal develops the largest temperature gradient due to its proximity to the
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stimulus (Baloh and Kerber 2011). A warm stimulus causes the endolymph to become lighter
and move upwards, resulting in an ampullopetal (towards the ampulla) flow. This induces hor-
izontal nystagmus beating toward the stimulated ear. Conversely, a cool stimulus causes the
endolymph to become heavier and move downwards, resulting in an ampullofugal (away from
the ampulla) flow and horizontal nystagmus away from the stimulated ear (Baloh and Kerber
2011; Barin 2008). This is known as the ‘COWS’ rule, that is: cool opposite, warm same.

Caloric testing in children presents unique challenges due to developmental, behavioural and
anatomical aspects that should be considered when interpreting results. The caloric test may
not produce reliable results in very young children (for example, under two years of age) due
to underdeveloped vestibular responses or lack of co-operation. Children may have limited
understanding or ability to comply with the test instructions. Anxiety and fear of unfamiliar pro-
cedures can hinder co-operation. Strategies like explaining the procedure in simple terms or
using distraction techniques (for example, toys, videos) can help for older children. However,
testing younger children or those with special needs may require mild sedation or alternative
vestibular assessments. Therefore, caloric testing is typically reserved for children aged five to
six years and older. Water irrigation is often preferred over air in paediatric patients due to its
greater reliability and ease of inducing a response. However, the temperature and volume must
be carefully adjusted for smaller ear canals. Particularly in the paediatric population, further
contra-indications to caloric testing include a significant degree of space-occupying ceru-
men, otitis externa, middle ear effusion or the presence of a hypermobile tympanic membrane
(British Society of Audiology 2010).

a) Patient and caregiver preparation

o It is essential to conduct otoscopy and tympanometry prior to commencing with
caloric testing to exclude an outer or middle ear pathology.

. Explain the procedure in simple, child-friendly language.

o Reassure the child and involve the parent or caregiver to reduce anxiety.

o Use toys or videos to explain the process where appropriate.

o The environment may need to be modified (for example, allowing the caregiver to
hold the child or shortening the test duration) while focusing on obtaining critical
data.
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b) Positioning and testing

. When using videonystagmography (VNG), the lights in the room should be dimmed
to prevent light from entering the goggles, a common issue caused by the smaller
head size of children, which can affect the fit of the goggles.

o The child should be placed in a supine position on an examination bed.

. The head should be elevated by approximately 30 degrees from the horizontal plane
to align the horizontal semicircular canal with gravity for optimal stimulation.

J Warm and cool water or air should be used, depending on equipment availability
and patient tolerance. For water irrigation, insert water at 30 degrees Celsius (cool)
and 44 degrees Celsius (warm) for 30-40 seconds. If water is contraindicated or
not well tolerated, use air irrigation by inserting air at similar temperatures for 60
seconds. Proper positioning of the probe is crucial during air irrigation to ensure that
the air is directed toward the tympanic membrane. Incorrect positioning, where air
is delivered into the ear canal instead, may cause irritation or damage to the skin
within the canal.

| Each ear should be stimulated sequentially, alternating between warm and cool
stimuli with five-to-seven-minute rest periods between irrigations.

c) Monitoring and observation

o Watch for signs of discomfort, fear or distress.

o Pause or stop the procedure if the child becomes excessively agitated.

J Observe and record nystagmus direction, duration and velocity during and after
each irrigation. If testing is incomplete and needs to be stopped due to the child’s
inability to tolerate the procedure, visually observe the strength and direction of the
nystagmus, even if accurate readings cannot be obtained from the equipment. This
observation may still provide valuable information on whether vestibular function is
present in both systems.

d) Interpretation

o Age-appropriate normative data should be used for interpretation as depicted in
Table 7.5.

. Total Response: The total caloric response is calculated based on the sum of the
peak slow phase velocity (SPV) of all four irrigations; left warm (LW), left cold (LC),
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right warm (RW) and right cold (RC). It is widely accepted that a bilateral weakness
is present if the total caloric response is less than 25 degrees per second, or if the
total left or right ear response is less than 12 degrees per second.

Directional Preponderance (DP): DP is a calculated value that compares the nys-
tagmus strengths in the right beating direction with the nystagmus strengths in the
left beating direction. The DP is given as a percentage. A value of 30 % or greater is
generally used to suggest the presence of a DP.

Unilateral Weakness (UW): Unilateral Weakness is a calculated value that com-
pares the nystagmus strength induced by irrigation of the left ear with that of the
right ear. The UW is given in percentage. A difference greater than or equalto 25 % is
indicative of a clinically significant UW in the ear producing the lesser responses.
Fixation Index (Fl): This is a measure of the change in nystagmus intensity when
comparing the nystagmus observed during fixation to the intensity of nystagmus
immediately prior to fixation. The Fl is measured in both directions as suppression
of nystagmus may occur in one direction and not the other.

Typical Value/

Interpretation/

Table 7.5: Age-appropriate normative data for caloric testing in paediatric populations

Parameter Age Group ;;;T;::lValue/ L:I;f;:retatlon/
Response Immature
. <3years Variable/Often low responses; difficult
Magnitude (SPV) y o igterpret
Response May be lower than
— > o
Magnitude (SPV) 3-6years 10%sec adults; variable
Response o Approaches adult
Magnitude (SPV) 7+ years 20-30°%/sec norms
. Suggests unilateral
Unilateral . L
< [
Weakness (UW) All ages (if tolerable) 25% :gg;f)unctlon if
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Parameter Age Group Range Notes
Directional Increased DP may
All ages (if tolerable) <30% reflect central
Preponderance (DP)
asymmetry
Incomplete testing
Test Tolerance <6years Often limited common; consider
using air calorics
More complete,
Test Tolerance 7+ years Improved reliable data
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Figure 7.5: Caloric test results depicting a right unilateral peripheral vestibular weakness
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Intervention and rehabilitation

Intervention in paediatric vestibular disorders requires a multidisciplinary and individualised
approach. Once vestibular dysfunction is identified, timely referral is critical to minimise the
impact on a child’s motor development, balance, spatial orientation and academic perfor-
mance. Children exhibiting significant delays in gross motor milestones, persistent imbalance
or vertigo should be referred to a paediatric neurologist or Ear, Nose and Throat Specialist for
further diagnostic workup and medical management where necessary. In parallel, referral to
a paediatric physiotherapist or vestibular rehabilitation therapist is essential for developing
an age-appropriate vestibular rehabilitation programme, which may include balance training,
gaze stabilization exercises and motor coordination activities. While most evidence-based
protocols are derived from adult populations, paediatric vestibular rehabilitation therapy (VRT)
is adapted to the developmental level, attention span and motor abilities of each patient.
Coordination with occupational therapists, speech-language pathologists or audiologists
may also be warranted for patients with coexisting sensory or developmental challenges. The
patient’s teachers and caregivers should be included in the vestibular rehabilitation plan to
ensure that appropriate environmental and educationalaccommodations are made to support
the child in activities of daily living.

Management strategies should be guided by whether the vestibular dysfunction is of peripheral
or central origin. In peripheral vestibular disorders, such as vestibular neuritis, bilateral ves-
tibular hypofunction or congenital malformations, intervention typically focuses on promoting
compensation through VRT. Activities might include gaze stabilisation exercises (for example,
VOR x1 viewing), dynamic balance activities using uneven surfaces or balance boards, and
age-appropriate locomotor tasks to improve postural control. In contrast, central vestibular
disorders, often associated with conditions such as cerebellar ataxia, traumatic brain injury
or multiple sclerosis might require a broader neurorehabilitative approach. This could involve
coordination and proprioceptive training, visual motion sensitivity exercises and cognitive-mo-
tor integration tasks, often in collaboration with neurology and neuropsychology services.
Medication management may be indicated in central pathologies to address symptoms such
as migraines or seizures. In both cases, consistent monitoring and re-evaluation are crucial to
tailor intervention goals as the child develops and their needs evolve.
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Conclusion

The assessment of vestibular function in childrenis a complexyet essential aspect of paediatric
care. Early identification of vestibular disorders through age-appropriate testing, combined with
careful interpretation and multidisciplinary collaboration, can significantly improve outcomes
in balance, motor development and quality of life. Incorporating both behavioural observa-
tions and physiologic tests that are tailored to the child’s developmental age ensures a more
accurate diagnosis. Equally importantis timely intervention, including vestibular rehabilitation,
referrals to specialists and supportive educational strategies. As awareness of paediatric ves-
tibular dysfunction grows, HHPs are better equipped to provide comprehensive, family-centred
care that supports each patient’s full potential.

References

Adamovié, T., Jurii¢-Skevin, A., Madié, D., Sovilj, M., JeliCi¢, L., Maksimovi¢, S. and Subotic,
M. 2020. Head righting reflex in newborns as the predictive factor of early child development:
A longitudinal study. Early Child Development and Care, 129(5): 748—760. https://doi.org/10.
1080/03004430.2020.1798419

British Society of Audiology. 2010. Recommended procedure: The caloric test. [Online].
Available at: https://www.thebsa.org.uk/wp-content/uploads/2023/10/Recommended-
procedure-for-the-Caloric-test.pdf . (Accessed 12 December 2024).

Cal, R. and Bahmad, F. 2009. Vestibular evoked myogenic potentials: An overview. Brazilian
Journal of Otorhinolaryngology, 75(3): 456—462. https://doi.org/10.1016/S1808-8694(15)30666-2

Chihara, Y., Iwasaki, S., Ushio, M. and Murofushi, T. 2007. Vestibular-evoked extraocular
potentials by air-conducted sound: Another clinical test for vestibular function. Clinical
Neurophysiology, 118(12): 2745—2751. https://doi.org/10.1016/j.clinph.2007.08.005

Colebatch, J. G., Halmagyi, G. M. and Skuse, N. F. 1994. Myogenic potentials generated by
click-evoked vestibulocollic reflex. Journal of Neurology, Neurosurgery and Psychiatry, 57):
190—197. https://doi.org/10.1136/jnnp.57.2.190

Chapter 7. Paediatric Vestibular Assessment


https://doi.org/10.1016/S1808-8694(15)30666-2
https://doi.org/10.1016/j.clinph.2007.08.005
https://doi.org/10.1136/jnnp.57.2.190

De Kegel, A., Maes, L., Baetens, T., Dhooge, |. and Van Waelvelde, H. 2012. The influence
of a vestibular dysfunction on the motor development of hearing-impaired children. The
Laryngoscope, 122(12): 2837-2843. https://doi.org/10.1002/lary.23529

Franco, E. S. and Panhoca, I. 2008. Vestibular function in children underperforming at school.
Brazilian Journal of Otorhinolaryngology, 74(6): 815825. 8694(15)30141-5

Gioacchini, F. M., Alicandri-Ciufelli, M., Kaleci, S., Magliulo, G and Re, M. 2014. Prevalence
and diagnosis of vestibular disorders in children: A review. International Journal of Pediatric
Otorhinolaryngology, 78(5): 718-724.

Hulse, R., Hormann, K., Servais, J.J., Hulse, M. and Wenzel, A. 2015. Clinical experience with
video head impulse test in children. International Journal of Pediatric Otorhinolaryngology,
79(8): 1288—1293.

Inoue, A., lwasaki, S., Ushio, M., Chihara, Y., Fujimoto, C., Egami, N. and Yamasoba, T. 2013.

Effect of vestibular dysfunction on the development of gross motor function in children with
profound hearing loss. Audiology and Neurotology, 18(3): 143-151.

Interacoustics A/S. 2023. Video head impulse test (VHIT): A deep dive. [Online]. Available at:
head-impulse-test/video-head-impulse-test-deep-dive. (Accessed July 31 2024).

Janky, K. and Shepard, N.T. 2019. Pediatric vestibular testing. In: Balance Function
Assessment and Management. Edited by G.P. Jacobson, N.T. Shepard, K. Barin, R.F. Buckard,
K. Janky, D. McCaslin. San Diego: Plural Publishing.

McCaslin, D.L., Jacobson, G.P., Lambert, W., English and L.N., Kemph, A. 2015. The develop-
ment of the Vanderbilt pediatric dizziness handicap inventory for patient caregivers (DHI-PC).
International Journal of Pediatric Otorhinololaryngology, 79(10): 1662—1666. http://doi.
org/10.1016/j.ijporl.2015.07.017.

Mantokoudis, G., Saber Tehrani, A. S., Kattah, J. C., Eibenberger, K., Guede, C. I., Zee, D. S. and

Murofushi, T. 2016. Clinical application of vestibular evoked myogenic potential (VEMP). Auris

Evidence-Based Practices in Paediatric Audiology

Nasus Larynx, 43(4): 367—376. https://doi.org/10.1016/j.an1.2015.12.006

Ozgdr, A., Erdivanli, C., Coskun, Z. O., Terzi, S., Yigit, E., Demirci, M. and Dursun, E. 2015.
Comparison of tone burst, click, and chirp stimulation in vestibular evoked myogenic poten-
tial testing in healthy people. Journal of International Advanced Otology, 11(1): 33—35.
https://doi.org/10.5152/ia0.2015.927

Rogers, C. 2010. A review of childhood vestibular disorders. South African Family Practice,
52(6): 514-517.

Rosengren, S. M., Welgampola, M. S. and Colebatch, J. G. 2010. Vestibular evoked myogenic
potentials: Past, present and future. Clinical Neurophysiology, 121(5): 636—651. https://doi.
org/10.1016/j.clinph.2009.10.016

Rosengren, S. M., Colebatch, J. G., Young, A. S., Govender, S., & Welgampola, M. S. (2019).
Vestibular evoked myogenic potentials in practice: Methods, pitfalls and clinical applications.
Clinical Neurophysiology Practice, 4: 47—68. https://doi.org/10.1016/j.cnp.2019.01.005

Ross, L. M. and Helminski, J. O. 2016. Test-retest and interrater reliability of the video head
impulse test in the pediatric population. Otology and Neurotology, 37(5): 558-563.

Todd, N. P., Rosengren, S. M. and Colebatch, J. G. 2007. Ocular vestibular evoked myogenic
potentials (0VEMPs) produced by air and bone conducted sound. Clinical Neurophysiology,
118(2): 381—390. https://doi.org/10.1016/j.clinph.2006.09.025

Walther, L. E. and Cebulla, M. 2016. Band limited chirp stimulation in vestibular evoked myo-
genic potentials. European Archives of Oto-Rhino-Laryngology, 273: 2983-2991. https://doi.
org/10.1007/s00405-015-3888-y

Welgampola, M. S., Migliaccio, A. A., Myrie, O. A., Minor, L. B. and Carey, J. P. 2009. The
human sound-evoked vestibule-ocular reflex and its electromyographic correlate. Clinical
Neurophysiology, 120(1): 158-166. https://doi.org/10.1016/j.clinph.2008.06.020

Wiener-Vacher, S. R., Hamilton, D. A. and Wiener, S. |. 2013. Vestibular activity and cognitive
development in children: Perspectives. Frontiers in Integrative Neuroscience, 7. https://doi.
org/10.3389/fnint.2013.00092

Chapter 7. Paediatric Vestibular Assessment @


https://doi.org/10.1016/S1808-
https://doi.org/10.1016/j.ijporl.2014.02.009
https://doi.org/10.1016/j.ijporl.2015.05.034
https://doi.org/10.1159/000346344
https://www.interacoustics.com/academy/balance-testing-training/video-
https://doi.org/10.1016/j.anl.2015.12.006
https://doi.org/10.1080/20786204.2010.10874036
https://doi.org/10.1016/j.clinph.2009.10.016
https://doi.org/10.1016/j.clinph.2009.10.016
https://doi.org/10.1016/j.cnp.2019.01.005
https://doi.org/10.1097/mao.0000000000001040
https://doi.org/10.1016/j.clinph.2006.09.025
https://doi.org/10.1016/j.clinph.2008.06.020

Wiener-Vacher, S. R. and Wiener, S. I. 2017. Video head impulse tests with a remote camera
system: Normative values of semicircular canal vestibulo-ocular reflex gain in infants and
children. Frontiers in Neurology, 8.

@ Evidence-Based Practices in Paediatric Audiology Chapter 7. Paediatric Vestibular Assessment @


https://doi.org/10.3389/fneur.2017.00434

