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Objectives
After this course, participants will be able to:

1.List causes of pediatric vestibular loss and dizziness
2.List consequences of vestibular loss in children 
3.List outcomes that can be used to predict the 

presence of vestibular loss in children.

What is the vestibular system? 
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What is the vestibular system? 
Superior 
(Anterior)

Posterior

Horizontal
(Lateral)

Utricle

Saccule

https://openclipart.org/image/2400px/svg_to_png/38287/58294main-The.Brain.in.Space-page-75-ear-vestibular-system.png

Vestibulo-ocular
Maintain steady 

vision during head 
movements

Jacobson & Shepard, 2008 

Vestibulospinal

Maintain posture

Vestibular Reflexes 
Vestibulocolic

Righting reflex; 
stabilizes head

From Halmagyi & Curthoys, In Herdman
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What happens when the 
vestibular system isn’t 
functioning?

ADULTS are significantly affected by vestibular loss

Reduced DVA

Increased 
Falls

ImbalanceCognitive 
Deficits

Decreased 
Quality of Life

ADULTS

Do children 
suffer from the 
same effects of 
vestibular loss 

as adults?
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There are some important differences among 
children and adults

1)Children are not small adults
2)Most adults acquire their vestibular loss in adulthood (so can 

provide perspective on pre- and post- vestibular loss) whereas 
most children’s vestibular loss is congenital or early acquired

3)Children are in a period of exponential development opposed 
to adults who have the added component of aging – unknown 
how having vestibular loss interacts with development 

4)Most children with vestibular loss have co-morbid hearing loss 
that cannot be overlooked as a contributing factor.

Despite these differences, preliminary evidence suggests that 
children suffer from the same effects of vestibular loss as adults 

Reduced DVA

Increased Falls

Imbalance

(gross motor)

Cognitive 
Deficits

Decreased 
Quality of Life

Reading / 
Academic 
Outcomes

CHILDREN
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Similar to adults, children with 
vestibular loss have reduced 
dynamic visual acuity

Rine 2003; Braswell 2006; Martin 2012, Christy 
2014, Janky 2015, Janky 2021, etc

More severe vestibular loss is associated with more severe 
dynamic visual acuity deficits
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• Children with significant vestibular loss are 
delayed in gaining head control, sitting, 
standing, and walking. (Inoue 2013; Janky 2018) 

• Typically developing children sit, stand, and walk at       
6 – 8 m, 10 – 11 m, and 10 – 12 m, respectively 

• Children with vestibular loss sit, stand and walk at         
8 – 18 m, 9 – 20 m and 12 – 33 m, respectively (Kaga1999). 

1 2 3 4

Children with vestibular loss have gross motor delay

Gross Motor Delay Extends into Later Childhood
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• “Both gross motor and balance development scores were lower 
on repeated testing”

Children with Vestibular 
Loss have Imbalance
• Kaga 1999, Rine 2000, Inoue 2013, Maes 

2014, Christy 2014, Janky 2018, Sokolov 
2019, Janky 2021, etc.

Which can lead to increased 
falls and CI Failure
• Wolter 2015
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Cognitive Deficits and
Vestibular Loss

• In adults, vestibular loss has been 
linked to deficits in spatial navigation, 
spatial memory, visuospatial, 
attention, executive function, and 
cognitive processing (e.g., Xie 2017; 

Kremmyda 2016; Smith 2019; Popp 2017; Bigelow 2015). 

• However, the extent to which cognitive 
deficits exist in children with hearing 
and comorbid vestibular loss is 
unclear. 

Children with vestibular loss did NOT have 
significantly worse working memory, but trending 

towards reductions in visuospatial working memory

VERBAL

VISUOSPATIAL

The presence of 
hearing loss 
MATTERS!
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Children with bilateral 
vestibular dysfunction 
exhibited more difficulties 
with emotion recognition 
compared to their typically 
developing peers
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The effects of vestibular loss in CHILDREN are not well established

Reduced DVA

Increased Falls

Imbalance

(gross motor)

Cognitive 
Deficits

Decreased 
Quality of Life

Reading / 
Academic 
Outcomes

CHILDREN

Snashall 1983; Levinson 1988; Braswell 
2006a; Franco 2007; Franco 2008; 
Tomaz 2014; Caldani 2020; de Vargas 
Romero 2020

Janky, 2023

Rine 2003; Braswell 2006; 
Martin 2012, Christy 2014, 
Janky 2015, Janky 2021

Wolter 2015

Lacroix 2020; Janky 2022, 
Van Hecke et al., 2023

Kaga 1999, Rine 2000, Inoue 
2013, Maes 2014, Christy 2014, 
Janky 2018, Sokolov 2019, Janky 
in press, etc.
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Which 
children are 

at risk for 
vestibular 

involvement?

• Reviewed 561,151 patient encounters 
• 2,546 (0.45%) were diagnosed with a balance disorder

• 159 (6.2%) peripheral vestibular disorders
• Odds ratio: 43 times more likely to have SNHL

• 109 (4.1%) central involvement was diagnosed
• Odds ratio: 16 times more likely to have headache

• 2,283 (90%) unspecified dizziness
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• Parents were asked if during the past year their child was bothered by 
symptoms of dizziness and balance problems (10, 954)

• Prevalence 5.3% (female: 5.7%, males 5.0%)
• Prevalence increased with age

• Associations: 
• Hearing loss increased the risk of dizziness and balance by 4.8
• Difficulty seeing increased the risk of dizziness and balance by 3 

• The proportion of peripheral vestibular disorders increased with age, 
peaking at 32% in ages 61 to 70; however, central disorders 
outnumber peripheral vestibular disorders
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• Vestibular migraine was the most common pathologic diagnosis in 
ages 6 to 20 (n = 110, 39%) and 31 and 50 (n = 69, 17%) regardless of 
gender, but was more prevalent in females (21% vs 14%; P < .0001)

• Children get the same diagnoses as adults but the prevalence of each 
varies 
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Epidemiological studies tell us that there are at 
least 2 categories of kids at risk for vestibular loss:

Kids who complain of dizziness
• Children can develop similar 

etiologies of vestibular loss 
and thus similar symptoms as 
adults, including dizziness, 
imbalance, falls, and hearing 
loss

• Prevalence mix varies
• Primary: Vestibular Migraine

Kids with Hearing Loss
• Are all children with hearing 

loss at equal risk for 
vestibular loss?

Can I screen for vestibular loss?
Yes, you can!
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1. Complaint of Dizziness

Etiologies of dizziness in children by prevalence
• Vestibular Migraine
• Vestibular Neuritis
• OME
• SNHL

• Cochleovestibular anomaly
• CMV

• Concussion
• Psychogenic
• 3PD
• BPPV
• Meniere’s disease
• Orthostasis
• CNS [seizure, CPA tumor, autoimmune, syncope]
• SSCD

Patient

Vestibular 
Audiologist

Physical 
Therapist

AudiologistNeurotology

Pharmacy

*Manuel of Pediatric Vestibular Disorders
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2. SNHL is a risk factor for vestibular loss 
(Verbecque et al 2017)

• Children are more likely to have vestibular loss with:
• Severe-to-profound sensorineural hearing loss (Janky et al., 2018; Martens et al., 2022) 

• And with specific etiologies of hearing loss:
• Cytomegalovirus (CMV) infection (30 – 60%)
• Auditory Neuropathy (show decline in function over time)
• Waardenburg Syndrome (up to 70/80%)
• Rubella (30 – 40%)
• Pendred Syndrome 
• Malformations (depends on severity of malformation)
• Meningitis (~100%, depends on rate sensor)
• Ototoxicity
• Usher Syndrome (~100%, depends on type)
• Auditory Neuropathy Spectrum Disorder (42 – 91%)

Hearing loss etiology is unknown in ~ 35 – 42% of cases (Sokolov 2019, Cushing 2019) and not all 
etiologies result in complete vestibular loss (Cushing 2019), suggesting etiology alone is not a 
sufficient predictor of vestibular loss. 

• Specific to children with CI
• 50% have some degree of vestibular loss
• 20 – 30% have bilateral loss

• Jacot et al. (2009), Jin et al. (2006), Cushing et al (2013), Janky et al. (2015)

Vestibular Loss

Bilateral
Vestibular Loss

Normal Vestibular

Vestibular
Loss

Normal
Vestibular

Not all children with HL have vestibular loss
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50% of children pre-CI 
have some degree of 
vestibular loss – 30 % have 
bilateral loss

• Bilateral pure tone average (250, 
1,000, 2,000, and 4,000 Hz) is 
greater than:

• CUT-OFF SCORE: 40 dB, sensitivity = 
80%, specificity = 55%

• CUT-OFF SCORE: 66 dB, sensitivity = 
33%, specificity = 91%

Children are more likely to have vestibular loss if:
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Vestibular Loss Should be Suspected in: 
• Children with severe to profound sensorineural hearing 

loss, which justifies testing all children prior to cochlear 
implantation; 

• Children who pass their newborn hearing screening and 
acquire hearing loss or have progressive hearing loss; 
and 

• Children with any degree of hearing loss and concomitant 
gross motor delay due to the known association between 
vestibular loss and gross motor function.
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Children are more likely to have vestibular loss if:

• Sat later than 7.25 months
• sensitivity = 62%, 

specificity = 81%

• Walked later than 14.5 
months

• sensitivity = 78%, 
specificity = 77%

These values do overlap normal expectations:

• Sitting without support (3.8  to 9.2 months)
• Age to sit > 7.25 months

• Standing with assistance (4.8 to 11.4)
• Hands and knees crawling (5.2 to13.5)
• Walking with assistance (5.9 to 13.7)
• Standing alone (6.9 to 16.9)
• Walking alone (8.2 to 17.6)

• Age to walk > 14.5 months

WHO Multicentre Growth Reference Study
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“Are you concerned about your 
child’s gross motor skill 
acquisition?”

A significantly higher proportion of 
parents reporting concern for 
gross motor skills as severity of 
vestibular loss increased. 

OR: 52.957

OR: 
5.437

Single Leg Stance
• Stand on dominate leg with 

nondominant leg raised, knee bent to 
90 degrees, hands on hips, and eyes 
closed for a maximum of 10 s. Timing is 
stopped if eyes open, foot is put down, 
or standing leg is moved

• CUT-OFF: < 4 seconds, sensitivity = 90%, 
specificity = 100%

• (Janky et al. 2022; Oyewumi et al., 2016)
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Single Leg Stance

Bedside Head Impulse Test
• The head is tilted 30 

degrees downward and 
high acceleration, 
unpredictable head thrusts 
are delivered in the plane 
of each horizontal canal

• CUT-OFF: corrective 
saccade, sensitivity = 75%, 
specificity = 91%

• (Christy et al., 2014)
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Bedside Head Impulse Test
Positive for most caloric weaknesses > 40-50%

Positive for most caloric weaknesses > 40-50%

Bedside Head Impulse Test
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Modified Clinical Test of Sensory Integration on Balance

• Maintain balance with arms crossed against 
chest for 30 s while 

• (1) standing, eyes open; 
• (2) standing, eyes closed; 
• (3) standing on foam, eyes open; 
• (4) standing on foam, eyes closed. 

• Maximum score is 120 s
• CUT-OFF: 100 s 
• Sensitivity = 88%, specificity = 85%
• (Christy et al., 2014)

49

Modified Emory Clinical Vestibular Chair Test 
(m-ECVCT)
• Patients sit in a rotating office chair with the head centered and slightly 

flexed and eyes closed.
• Rotate chair right for 30 seconds at 0.5 Hz, using a metronome. 
• After 30 seconds of rotation, stop the chair, place frenzels over the eyes and 

time the duration of eye movements
• Rest for 2 minutes or double the duration of nystagmus to dampen the effect 

of the first rotation.
• Repeat to the left. 
• Nystagmus duration < 29.2 seconds (total) = possible vestibular loss
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Dynamic Visual Acuity (DVA)
• Comparison between static (head still) 

and dynamic (head moving) visual acuity
• Instructions: 

• Patient reads down eye chart until they miss 
one letter.  One line above = static visual 
acuity.  

• Repeat while physically moving patient's head 
back and forth 

• Interpretation:
• > 2 lines  suggests oscillopsia
• 5-6 lines is normal for true bilaterals
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Illustrative Patient Cases
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Case 1: 20-month-old male with bilateral, mild 
hearing loss and gross motor delay

• Medical history is significant for Cornelia de Lange syndrome, born at 33 
weeks, 20-day stay in the neonatal intensive care unit (NICU) due to intra 
uterine growth restriction, hypospadias, plagiocephaly, and torticollis.

Cervical VEMP: 
age 11 months

Case 1: 20-month-old male with bilateral, mild 
hearing loss and gross motor delay

• Due to significant gross motor delay additional testing was recommended
• Rotary chair demonstrated normal gain with abnormal phase

• This is a unique finding given the patient’s mild hearing loss.
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Case 2: 8-month-old female with bilateral, profound, SNHL. Imaging 
showed cochlear aplasia, cochlear nerve deficiency, vestibular 
dysplasia with enlarged vestibule, and poor development of 
semicircular canals

Case 2: 8-month-old female with bilateral, profound, SNHL. Imaging 
showed cochlear aplasia, cochlear nerve deficiency, vestibular 
dysplasia with enlarged vestibule, and poor development of 
semicircular canals 

No corrective saccades. Opthalmology diagnosed 
bilateral Duane’s retraction syndrome
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Case 3: 23-month-old female with profound SNHL in the right ear and 
normal hearing sensitivity in the left ear. She sat independently at 8 
months, stood at 12 months, and walked at 16 months. 

Absent cVEMP
in the right ear

Case 3: 23-month-old female with profound SNHL in the right ear and 
normal hearing sensitivity in the left ear. She sat independently at 8 
months, stood at 12 months, and walked at 16 months. 

Right vestibular loss 
confirmed with vHIT
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Objectives, Revisited 
After this course, participants will be able to:

1.List causes of pediatric vestibular loss and dizziness
• Similar etiologies seen in adults with large proportion of vestibular 

migraine; different prevalence mix compared to adults, strong 
association with SNHL

2.List consequences of vestibular loss in children 
• Reduced DVA, reading acuity, cognitive outcomes, gross motor skills, 

and increased falls
3.List outcomes that can be used to predict the presence of 

vestibular loss in children.

Objectives, Revisited 
• Dizzy

• YES? AT RISK
• Hearing Loss

• PTA > 66 dB? AT RISK
• Acquired/progressive? AT RISK

• Are parents concerned for their child’s gross motor function?
• YES? AT RISK

• What age did your child sit independently?
• > 7.25 months? AT RISK

• What age did your child walk independently?
• > 14.5 months? AT RISK

• Single Leg Stance
• < 4 s? AT RISK

• Head Impulse test
• Corrective Saccades present? AT RISK

Other confirmatory 
tests like the 

mCTSIB, DVA, or  
m-ECVCT
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More info….

Reading (& Cognition & QOL) Outcomes in Children with Vestibular Loss

Contact me if you have children with CI (age 8 – 14) AND vestibular loss that might participate! 

Need 23 children with CI AND vestibular loss
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Ready for a career change and interested in research?

Learn more about these open positions by visiting 
jobs.boystown.org or the Boys Town table today!

Research Audiologist
(research experience not needed)

Research Participant 
Recruitment Program 

Coordinator
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