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Limitations/Risks
• The applicability and accuracy of the course content may vary by the clinical, 

geographical, and cultural context; you should evaluate the course accordingly.
• As healthcare is rapidly evolving, new findings may change the validity of the 

information presented in this course. Providers should always consult the latest 
research and guidelines from professional associations.

• The interventions discussed in this course may be limited in generalizability, requiring 
practitioners to consider specific individual and population factors.

• The course may not cover all possible risk factors, diagnostic methods, or treatment 
options, and complex cases may require additional considerations.

• Healthcare providers should apply cultural competence and sensitivity to ensure 
effective and respectful care based on their patients' diverse needs.

• Providers should always evaluate the limitations of diagnostic and screening tools, 
considering their potential for false results as well as any ethical implications.

• It is the responsibility of course participants to critically evaluate the evidence from 
multiple sources to guide professional practice.



Learning Outcomes
After this course, participants will be able to:
• Identify and describe modifications to each 

assessment of vestibular function when completed in 
children.

• List the age each assessment of vestibular function 
can be completed.

• Summarize outcomes for each assessment of 
vestibular function.



Introduction
Violette Lavender, AuD



How it all began…



Drivers…
• Lack of formalized vestibular battery for children
• Normative data was changing with the equipment 

landscape
• Clinicians in smaller centers requesting guidance
• Centralized document with national distribution



The Team



Resources…
• Clinical Practice
• Textbooks
• Conferences
• Peer Reviewed Articles

• Recommendation papers (ex:  Janky et al, Cushing et. 
al, Colleagues at Ghent University, etc.)



Document
• Practice Guideline --------- Clinical Consensus 

Document
• Not meant to be a “cookbook” approach
• Understanding of challenges with focus areas:

• specific end organ structure
• subjective vs. objective data
• Functional impact
• Age/developmental level 



Overview



Bedside Examination in 
Pediatric Balance/Vestibular 
Assessment
Guangwei Zhou, ScD, Balance and Vestibular Program
Boston Children’s Hospital at Waltham



Historical Background of 
Bedside Examination
• A clinical term used in medical practice, with the evolving 

understanding of human anatomy & 
physiology/pathophysiology

• Ancient medicine: Egypt, India, Greek and traditional Chinese 
medicine  

• Medieval/Renaissance/transition to clinical medicine
• The rise of modern medicine/examination: e.g., use of 

stethoscope 
• 20th Century: standardized exam (inspection, palpation, 

percussion, and auscultation), aided by technological 
advancements (X-rays, ultrasound, etc.)

• Contemporary medicine: many practice with over-reliance on 
technology; however, bedside examination still has a value as a 
diagnostic/screening tool, foster human connection in healthcare 



Bedside Examination for Pediatric 
Balance/Vestibular Conditions
• To evaluate basic vestibular and balance function in 

children, aiding clinical diagnosis and management in 
real time. 

• Patients’ bedside/inpatient hospital care 
• Emergency Room
• Ambulatory care/outpatient clinics 
• Primary care/Pediatrician office
• Audiology practice
• Relying on the clinician’s knowledge/skills/observation



Observation/Identification of 
Nystagmus
• Nystagmus is involuntary rhythmic eye movement, with 

fast/slow phases
• Direction of nystagmus: named for the direction of the fast phase 
• Horizontal nystagmus (left/Right-beating)
• Vertical nystagmus (up/down-beating)
• Torsional nystagmus, goggles might be
• needed 
• Nystagmus? or not
• None-vestibular nystagmus (e.g., congenital nystagmus, etc.) 



Common Types of Nystagmus
• Spontaneous Nystagmus

• Uncompensated peripheral vestibular loss, 
suppressed by fixation 

• Horizontal nystagmus in most cases
• Vertical nystagmus (e.g., down-beating) 

uncommon, central involvement?

• Evoked Nystagmus
• Gaze-evoked, using of attractive toys, avoid 

end-gaze nystagmus 
• Sounds/pressured-evoked nystagmus
• Post-head shake nystagmus



Assessment of 
Vestibulo-Ocular Reflex
• The vestibulo-ocular reflex (VOR) is present 

at birth and even infants have nystagmus in 
response to angular acceleration. 

• Function of semicircular canal, vestibular nerve, 
central nerve system 

• Head Impulse/Thrust: reliable tool for 
unilateral/bilateral loss 

• Post-rotary nystagmus: rotating a child at a 
constant velocity on a swivel chair for about 30 
seconds with eyes closed → nystagmus when 
the VOR is intact. Lack of it or with short a decay 
is predictive of vestibular loss



Assessment of 
Vestibulo-Ocular Reflex
• Dynamic Visual Acuity 

• Impaired VOR can affect visual acuity during 
head movement

• Use of pocket-size eye chart, different 
optotypes 

• First establish static visual acuity
• Then get dynamic acuity: head moving 

horizontally (at 2 Hz)
• A drop of two lines or more → impaired 

VOR or bilateral loss
• Often used at bedside to screen for 

ototoxicity



Assessment of 
Vestibulo-Spinal Reflex
• The vestibulo-spinal reflex helps 

stabilize the body and maintain 
postural control.

• Typically developed child: head 
holding (6 weeks), head 
turn/controlled move (16 weeks), 
sitting (9 months), standing (about 
12 months), walking independently 
(no later than 15 months) 

• Romberg Test: unilateral/bilateral 
loss or cerebellar lesion

• Tandem gait/stance and walk:  
sensitive to acute loss 



Screening Tests for 
Balance Function
• Assessment of balance function is important for accurate diagnosis of 

vestibular impairment, identification of fall risk, and treatment planning
• Modified Clinical Test of Sensory Integration of Balance (mCTSIB): hard 

surface vs soft surface/foam, eyes open vs closed
• Single-Leg Stance Test: stand on one leg and record time in seconds; 

raising a concern if < 10s; vestibular loss likely if < 4~5s



Cervicogenic Screening
• Cervicogenic dizziness/vertigo in children refers to a 

condition where a child experiences dizziness or a 
sensation of unsteadiness primarily caused by issues 
with the neck muscles and joints in the cervical spine.

• Often accompanied by neck pain
• Usually worsened by head movements or certain neck 

positions 
• Associated with whiplash injuries, cervical/neck 

pathologies, poor neck posture, etc.
• Hold the head still while the child moving side to side 

or palpation of the neck → dizziness 



The Value and Limitations of 
Balance/Vestibular Bedside Examination
• Despite technological advances in laboratory balance and 

vestibular testing, bedside exams remained valuable; 
however limitations should be aware

• Use for triage and screening patients, first-line evaluation, central 
vs peripheral  

• Rapid and readily accessible/available, cost-effective
• Direct interaction and engagement,  patient-centered care
• Limitations: variable sensitivity/specificity, insufficient for complex 

or non-specific dizziness, subjective nature in observation, etc. 



Vestibular Evoked Myogenic 
Potentials (VEMPs)
Kristen Janky, PhD



Cervical VEMP 
• Related to the Vestibulo-collic reflex
• Uncrossed -Ipsilateral response
• Saccule: Inferior VN
• INHIBITORY (release from 

contraction) of SCM in response to 
acoustic stimuli

• Amplitude most often reported
• 1994



Ocular VEMP
• Related to the Vestibulo-ocular reflex
• Crossed – contralateral response
• EXCITATORY : contraction of the 

inferior oblique
• UTRICLE: Superior VN
• Amplitude most often reported (2 –

20µv)
• 2005



Effects of Age
• Cervical VEMP

• Can be assessed in newborns; usually start at 6 months
• Better responses in full- vs pre-term infants
• Currently being used to screen for vestibular loss in children who 

fail their newborn hearing screening
• latencies are shorter in infants and children compared with adults, 

which has been attributed to neck length.

• Ocular VEMP
• Due to maturation and compliance, not assessed until 4 years
• There is no difference in oVEMP parameters between children 

and adults 



Normative Data
• Lack of standardization

• no uniformity in stimuli, electrode placement, and test 
settings. 

• Most studies have used either 500Hz or click stimuli; 

• Both cVEMP and oVEMP responses have been 
recorded in nearly 100% of control ears, 
demonstrating their feasibility.

• An overview of normative data can be found in the 
manuscript, Table 4



cVEMP Modifications
• To contract the SCM

• Children 3 years and older lay in the supine 
position, elevated 30 degrees (often propped on 
their forearms), and are instructed to lift their 
heads and turn away from the ear receiving the 
air-conducted stimulus. 

• Toddlers can sit on a parent’s lap and contract 
the SCM by turning the head

• Infants can either lay supine and turn the head 
or be held in a declined position, facing the 
parent/caregiver, during acoustic stimulation. 
cVEMP

• Use of EMG monitoring is recommended
• Reinforce with toys or a short video



oVEMP Modifications
• Children can lie down or be seated
• To maintain a constant upward gaze, fun stickers or short video 

recordings can be placed at 30 degrees upward gaze 
• For children who cannot sustain upward gaze, oVEMP can be 

completed with the eyes closed; however, it should be noted that 
response rates are lower and oVEMP amplitudes are smaller and less 
reliable.



VEMP Considerations
• Tympanometry

• Rule out middle ear disorder
• if ear canal volumes are < 0.8 mL, 120 dB SPL (92 dB nHL) 

should be used to ensure safe SPL levels

• Bone Conduction
• Preferred in young children where OME is prevalent

• Reliability
• cVEMP and oVEMP responses are reliable in children

• cVEMP Amplitude Normalization 
• Helpful when children cannot sustain SCM contraction



VEMP Interpretation
• Cochlear Implantation

• Bone conduction stimuli are recommended for accurate pre- and 
post-testing

• Sensorineural hearing loss
• cVEMP being used to screen for vestibular loss in children with 

hearing loss
• Conductive hearing loss

• Bone conduction stimuli are recommended for accurate pre- and 
post-testing

• Large Vestibular Aqueduct Syndrome
• Type of 3rd WVariable outcomes (increased/decreased 

thresholds, increased/decreased amplitudes



Video Head Impulse 
Test (vHIT)
Kay Bachmann, PhD



vHIT BACKGROUND
• Based on the Head Impulse Test (HIT) bedside test 

developed by Halmagyi and Curthoys (1988)
▪ Measure of the vestibulo-ocular reflex of the 

semicircular canals



Sensitivity of the HIT screening 
• Studies have shown that 

catch up saccades can 
be seen best by the 
human eye if the caloric 
weakness is 42.5% or 
greater.

Perez and Rama-Lopez 2003 Sensitivity - Correctly identifying 
dysfunction  = 0.45
Specificity - Correctly identifying normal 
function = 0.91



vHIT – sensitivity and specificity of 1.0! 
(MacDougall et al., 2009)

Currently two commercially available and FDA approved devices
Group 1: Klaus Bartl, Nadine Lehnen, Stefan Kohlbecher,and Eric 
Schneider Annals of the New York Academy of Sciences, 2009 
May;1164:331-333
Group 2: H.G. MacDougall, K.P. Weber, L.A.McGarvie, G.M. Halmagyi, and 
L.S.Curthoys Neurology, 2009 Oct 6;73(14):1134-41.

Group 1:“Eye See 
Cam”

Group 2: ICS 
Impulse



vHIT: How To…
1. Fit the goggles to 
the patient (must be 
tight so there is minimal 
slip)

• Eye movements are 
measured by tracking 
the pupil



vHIT: How to:
2. Make sure the whole 
pupil is visible to the 
camera (may need to lift 
eyelid)



vHIT: How To…
3. Calibration (in 
vivo)- to measure 
pupil displacement, 
DEFAULT used for 
younger children



vHIT: How To…
4. Subject Position – seated at least 1 meter from a 
1”x 1” focal sticker on a wall



vHIT: Lateral Impulses – 11 y.o.



vHIT Interpretation:  Unilateral Loss
• 0.80–1.2 is considered the reference range for lateral canal vHIT. ​
• 0.60 –1.2Gain cutoff values for left/right- anterior/posterior 

semicircular canal



Micheal Castiglione, AuD 

Videonystagmography 
(VNG)



Videonystagmography (VNG)
• Subtests

• High-Frequency Headshake
• Skull Vibration-Induced Nystagmus Test
• Positional Testing
• Dix-Hallpike/Roll Test
• Ocular Motor Test
• Caloric Irrigation

Test 0-2 years 3-7 years 8 + years
VNG High-frequency headshake

Skull vibration induced 
nystagmus test

High-frequency headshake
Skull vibration induced 
nystagmus test
Positional testing
Ocular motor test (after 5 
years)

All components of VNG



Pediatric Recording Options



High Frequency Headshake
• Age 10 months and older
• Assess for asymmetrical vestibular system function

• No normative data specific for children
• 3 consecutive beats considered pathological

• Central involvement-latent onset and/or persistent
• Can be completed with in-room camera, electrodes or goggles

• Tell the child “we are going to be silly and shake our head and 
say No! No! No! 10 times



Skull Vibration-Induced 
Nystagmus Test
• Any age
• Assess asymmetrical function in the peripheral vestibular 

system

• Presence of nystagmus (>10 beats and > 2 deg/sec or 
enhancement of pre-existing nystagmus by at least 50%

• Record for 5 seconds without stimulation and at least 10 
seconds with stimulation

• Show the child the vibrator and let them feel the vibration

• Tell them “This is going to tickle our ear, and we are going to 
sing a song. When we are done, we are going to tickle the 
other ear and sing



Positional Testing
• 4 years and older

• Determine if certain positions elicit nystagmus

• Often non-localizing

• Normative data not established for children

• Most clinic consider positional nystagmus to be significant if it’s 
persistent, >4-6 deg/sec and is in greater than 50% of positions

• Tasking for children: sing songs, play guessing games “what animal 
says “woof woof”

• The authors collective experience is when all other peripheral tests 
are normal, nystagmus without fixation can be a peripheral or central 
finding



Dix-Hallpike Test/Roll Test
• Assess for BPPV
• Not common in children  
• Should be considered on patients who complain of 

positional vertigo
• Avoid on patients who have cervical or vascular 

issues
• Assess ability to rotate their head prior to testing



Ocular Motor Testing
• Best on ages 9 years or older
• Assess central vestibular ocular motor system
• Limited normative data in pediatrics

• More artifact noted under age 7-attention
• Smooth pursuit-lower gain and varied asymmetry
• OPK-differences in asymmetry
• Random saccade-longer saccadic latencies

• Infant and toddlers can be done as bedside exam as general observation of 
ocular motor function 

• Use finger puppet, light stick or sticker
• Have patient sit on parent’s lap facing out
• Assess: Can the child move their eyes smoothly? Can they move their eyes 

quickly and accurately? Is nystagmus observed when they look left, right, up or 
down? 

• 4-8 years
• Can obtain using pediatric goggles
• Skip if time and attention are limited
• Use cartoon character as visual target if software allows
• Shorten the recording time



Caloric Irrigations
• Age 8 and older, may be tolerated as young as 5

• Assess for vestibular weakness and side involvement

• Normative data-centers should establish their own norms.  
Responses in children tend to be more robust

• Use of monothermal screening 

• Middle ear pathology or PE tubes need to be taking into consideration

• Air versus water

• May not perform if other tests confirm bilateral hypofunction or 
consider using ice water caloric

• Tasking for children: sing songs, play guessing games “what animal 
says “woof woof”



Pediatric Rotational Chair
Melissa Caine, AuD



Pediatric Rotational Chair
• Pediatric testing:

• Sinusoidal harmonic acceleration (SHA)
• Step velocity
• VOR suppression

• Pediatric age range:
• SHA & Step velocity: 10 months – adulthood
• VOR Suppression: 7 years – adulthood



Sinusoidal Harmonic Acceleration
• Age range

• 10 months – adulthood
• VOR responses are present across 

all frequencies by 10 months

• Testing younger infants
• Can be completed but any 

abnormalities found should be 
confirmed after 10 months

• Rule out maturational factors



But What About Norms?
• Normative data available for 

ages 5 years through adulthood
• Testing centers are 

recommended to collect and 
establish normative data with 
their equipment and patient 
population

• Future multi-center study 
opportunities



• Assess at a minimum of three frequencies
• Include a high, mid, and low frequency

• Results within control group reference range?
• Testing complete

• Abnormal result at any frequency?
• Repeat to ensure consistency
• Test adjacent frequencies

• Complete tympanometry prior to testing
• Impact of middle ear dysfunction

Sinusoidal Harmonic Acceleration



Sinusoidal Harmonic Acceleration
• Interpretation:

• Gain:
• High gain is considered an abnormal finding for children
• Affected by fatigue, stress, anxiety, level of alertness, difficulty 

level of mental tasking
• Phase:

• Affected by head movement and goggle slippage
• Gain symmetry:

• Greater variability in children compared to adults
• Still a reliable measurement



Pediatric Considerations
• Order of testing frequencies

• Vary to increase comfort and compliance
• Start with higher frequency to avoid provoking motion sickness

• Challenge:
• Patients with motion intolerance, generalized anxiety disorders, or 

general nervousness during testing

• Modification:
• Patience and empathy
• Distraction
• Mindfulness



Step Velocity
• Age range

• 10 months – adulthood
• VOR responses are present across all frequencies by 

10 months

• Testing younger infants
• Can be completed but any abnormalities found should 

be confirmed after 10 months
• Rule out maturational factors



Step Velocity
• Current research suggests that step velocity testing 

results in children should fall within established adult 
normative data

• Assessment at one rotational speed is 
recommended

• 100 deg/sec is suitable for children

• Abnormal results should be repeated for 
consistency

• Complete tympanometry prior to testing
• Impact of middle ear dysfunction



Step Velocity
• Interpretation:

• Gain:
• High gain is considered an abnormal finding for children
• Affected by fatigue, stress, anxiety, level of alertness, difficulty 

level of mental tasking
• Time constants:

• Range of 11-26 seconds
• Time constant symmetry:

• Within 30%



VOR Suppression
• Age range

• 7 years through adulthood
• Understanding of test instructions
• Maintain visual focus on the target

• Lack of established pediatric normative 
data

• In adults expected to be >70%
• Greater variations in VOR suppression in 

children is possible given high VOR gain 
value in children



VOR Suppression
• Assessment at two frequencies 

is recommended
• High frequency and low 

frequency
• Select frequencies completed with 

SHA testing
• Do not assess frequencies below 

0.04 Hz

• Abnormal results should be 
repeated for consistency



Pediatric Considerations for 
Rotational Chair Testing
Melissa Caine, AuD



Calibration
• Complete standard calibration whenever possible

• Ensure patient is age/developmental level to complete
• Utilize default for infants and young children
• Challenges with monocular goggles



Pediatric Seating
• Patients <40lbs

• Car Seat
• Designed for
• chair use

• Caregiver lap

• Patients >40lbs
• Booster seat
• Standard seat



Seating & Head Position
• Buckle up!

• Must maintain secure and safe seated position

• Heads up! 
• Ensure horizontal canal is in lateral plane
• Secured to avoid excessive movement

• Hand-held
• Velcro

• Eyes up (and open)!
• Goggle placement
• Infrared camera height



Testing Comfort
• Quiet hands!

• Clinic
• Balls, fidget toys, etc
• Meet testing center’s 

toy policy
• Comfort items from 

home
• Small hand-held toys
• Blankets

• Lights out!
• No light-up toys while 

testing
• Remove light-up shoes
• Smart watches

• Caregivers, patients, and 
test assistants



Recording Methods
• Electronystagmography (ENG) electrodes

• Ages:
• Infants – young toddlers

• Bitemporal montage
• Challenge:

• Electrode tolerance
• Modification:

• Electrode choice
• Direction of leads
• Distraction



Recording Methods
• Infrared camera

• Ages: 
• Infants – young toddlers
• Older children who cannot 

tolerate goggle or electrode 
placement

• Limitations:
• Subjective observation of 

the VOR only
• No gain, phase, symmetry 

data
• Cannot be used for VOR 

suppression



Recording Methods
• Monocular goggles

• Generally fit children by 2 
years of age

• Challenge:
• Goggle acceptance 

• Modification:
• Consider hand-held placement

• Likely not feasible for step 
velocity testing

• Utilize caregiver for 
placement/retention



Recording Methods
• Binocular goggles

• Made for adults!
• Can be used if binocular recording is 

preferred
• Ensure both eyes are centered

• Challenge:
• Potential gapping on patient’s face
• Compromising vision-denied state if 

not using an enclosed chair 
• Modification:

• Adjust testing environment
• Goggle padding





Tasking
• Distracted, aware, alert, 

motivated!
• Challenge:

• Eyes open
• Minimize eye blinking, shifting, 

crying
• Modifications:

• Involve caregivers
• Consider child’s language and 

development level
• Appropriate tasking speed and 

difficulty



Testing Environment
• Ensure light-free testing space

• Rotational chair enclosure 
recommended

• Challenge:
• Many children fear the dark

• Modification:
• Allow visual assess as needed 

between testing cycles
• Open enclosure door
• Open monocular goggle cover
• Light-emitting toy



Recommended Supplies

• Recording
• Standard and 

pediatric goggles
• Infrared camera
• ENG electrodes and 

leads

• Seating
• Car seat and booster 

seat
• Willing caregivers 

• Busy hands and 
moving heads

• Quiet toys

• Communication with 
caregivers and/or 
testing assistants

• Intercom
• Wireless video 

camera



Pediatric Questionnaires
Pros: low cost, easy to administer
Cons: in children, parents have to report = BIAS

Violette Lavender, AuD



Questionnaires (standardized ages)
• Birth -5=Ages and Stages Gross Motor
• Ages 5-12= Dizziness Handicap Inventory
• Ages 6-17 years= Pediatric Visually Induced 

Dizziness Questionnaire (PVID) 
• Ages 6-17 years= Pediatric Vestibular Symptoms 

Questionnaire (PVSQ)



Questionnaire



Scoring the ASQ
• Great for monitoring some milestone progress for 

children with CMV



Screening Questionnaires
• Vanderbilt Pediatric Dizziness Handicap Inventory 

(DHI-PC)
• 21 items
• Yes, no or sometimes
• Parent/ caregivers
• Ages 5-12
• Quantify subjective handicap of dizziness

• McCaslin DL, Jacobson GP, Lambert W, English LN, Kemph AJ (2015). “The 
development of the vanderbilt pediatric dizziness handicap inventory for patient 
caregivers (DHI-PC).” Int J Pediatr Otorhinolaryngol. 79 (10): p1662-1666 





Screening Questionnaires
• Pediatric Vestibular Symptoms Questionnaire

• 11 questions
• Ages 6-17
• Quantify subjective vestibular symptom (ie, dizziness, 

unsteadiness) severity in children





Screening Questionnaires
• Pediatric Visually Induced Dizziness Questionnaire

• 11 items
• Ages 6-17
• Quantify the presence and severity of visually induced dizziness





Conclusions



Takeaways for the 
Consensus Document
• Table presented may be a useful deskside 

companion
• Again, not required to do all tests; rather, tools for the 

job
• Document points to resources and provides 

normative data
• Tips and tricks shared for each area of testing



Notes
• Expected publication JAAA Spring 2025
• Opportunities to amend and grow the document
• Does not include vestibular rehabilitation or treatment 

options



Thank You!

Questions?

Violette.Lavender@cchmc.org
Micheal.Castiglione@cchmc.org
Katheryn.Bachmann@cchmc.org

guangwei.zhou@childrens.harvard.edu

CAINE@chop.edu

kristen.janky@boystown.org



Congratulations!
• You’ve completed the course and can move on to the 

exam! 
• From your account: 

• Go to pending Courses
• Choose take exam
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