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17 Evaluation and Management of Vestibular Function in 
Infants and Children with Hearing Loss

Richard E. Gans

Key Points
• While we could survive without vision or hearing, as some 

species do, it would be impossible to survive without the 
ability to resist the pull of gravity or safely navigate within 
our environment.

• The majority of equilibrium problems that occur in infants 
and children manifest as delayed gross motor and balance 
problems, not as vertigo or dizziness.

• Muscle tone is another important aspect of an infant/child 
vestibular evaluation because it is closely associated with the 
integrity of the vestibular system.

• Multiple investigators have reported as high as 90% abnormal 
vestibular evoked myogenic responses in children with con-
genital sensorineural hearing loss.

• Children with unilateral sensorineural hearing loss have also 
been shown to have poorer balance than normal-hearing 
children.

• Hearing loss does not make a child immune from vestibular 
migraine, concussion, or other conditions causing vestibular 
dysfunction in normal-hearing children.

• Children who receive cochlear implants prior to 3 years of age 
may have better balance function than those implanted at an 
older age.

17.1 Introduction
Hearing loss is the most common congenital abnormality in 
infants,1 accounting for 1 to 3 per 1,000 newborns and increases 
in prevalence through adolescence. Considering the similar 
anatomy and phylogeny of the vestibular and cochlear mecha-
nisms, it is not difficult to understand that the causes of cochlear 
dysfunction may also affect the balance mechanism. Although 
not considered highly prevalent, vestibular conditions do occur 
in children.2 Numerous investigators have reported a higher 
incidence of vestibular problems in children with congenital or 
acquired sensorineural hearing loss (SNHL) than in the general 
pediatric population.3,4 Based on the well-known comorbidities 
of SNHL and vestibular deficits, it is equally as important to 
provide early identification and intervention for children with 
balance issues as it is for those with hearing loss. The global 
acceptance and success of early neonatal hearing testing has 
improved our ability to identify those infants who are also at risk 
for vestibular dysfunction.

Pearl
Vestibular loss or dysfunction should be considered a possibility 
for all neonates, infants, and children who are identified as 
having SNHL.

In the literature, pediatric vestibular testing and normative 
data has focused primarily on school-aged children with modi-
fication of adult protocols utilizing videonystagmography (VNG), 
rotary chair testing, and computerized dynamic posturography 
(CDP).2,5,6,7,8 Given that these technologies are not available in most 
facilities and that even where they are, testing may not be obtained 
until the child is at least 3 years old, the focus of this chapter will 
be to provide the reader with an overview of vestibular function, 
common disorders, and evaluation methods for infants ranging 
from 3 months to 3 years of age. The good news is that with a 
proper case history, interview of the parents, an understanding 
of the vestibular system’s multiple reflex systems and their role 
in maturational motor milestones, most at-risk infants and young 
children can be identified by most practitioners prior to compre-
hensive electrophysiologic examination.

Pearl
Balance is the primary function of the inner ear; the ability to 
detect gravity and navigate through space is critical to the 
normal development of motor skills and coordination.

17.2 The Mechanisms of 
Equilibrium

The inner ear’s contribution to mechanical equilibrium is signifi-
cant. In fact, its primary function is equilibrium, not hearing. The 
vestibular labyrinth portion of the inner ear is the first sensory 
system to develop embryologically; it actually precedes cochlear 
development (the phylogenic development of the cochlea follows 
that of the saccule). Like other species, we have a developmental 
hierarchy based on importance to survivability. While we could 
survive without vision or hearing, as some species do, it would 
be impossible to survive without the ability to resist the pull of 
gravity or safely navigate within our environment. The labyrinth 
is fully developed anatomically in utero by 49 days gestation. 
Its neural connections with the central pathways continue to 
develop through the 8th month of gestation.9 The system will 
continue to mature, myelinate, and evolve through childhood up 
to about 6 years of age.

Equilibrium requires more than just the vestibular labyrinth. It is 
a complex integration of the vestibular system, vision, somatosen-
sory-proprioception, and the central nervous system (CNS). Various 
sensory modalities interact to provide information to the postural 
control system from three frames of reference: (1) proprioception, 
the sense of position and movement of one part of the body relative 
to another via muscle, joint tactile, and visual receptors; (2) extero-
ception, the the sense of relationship of objects in the environment 
to each other, via primarily visual and tactile inputs; and (3) 
exproprioception, or information about the body parts relative to 
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the external environment from all types of sensory receptors. The 
vestibular system serves as an exproprioceptive sense that reports 
velocity and acceleration of the head relative to gravity and inertia, 
so it is especially helpful in correcting erroneous information from 
the other sensory inputs. The vestibular system is the primary 
sensory modality, contributing approximately two-thirds of the 
critical data about where we are in space, including our sense of 
motion, speed, and direction. All sensory modalities must work 
together within several complex reflex arcs for accurate perception 
and response to the dynamic world. The four otolith organs and six 
semicircular canals are the end organ receptors of the vestibular 
system. To begin to develop an understanding of methods available 
to evaluate the vestibular function of infants, a discussion of the 
underlying physiology and reflexes is presented.

17.3 Physiology of Equilibrium: 
Vestibular Reflexes

The vestibular system is a critical sensory component within 
multiple complex reflex arcs. As there are actually no direct 
tests of vestibular function, all established and commonly used 
vestibular function tests evaluate and record only the motor 
(output) portion of one or more of three vestibular reflex arcs: 
vestibuloocular (VOR), vestibulospinal (VSR), and vestibulocollic 
(VCR). The test interpretation is an extrapolation of the influence 
of the inner ear on the results as to whether one has intact or 
dysfunctional vestibular participation. Ideally, for infants, just as 
with adults, we prefer to evaluate all three reflex arcs to obtain 
the best comprehensive picture of equilibrium function. Ideally, 
as there are three distinct vestibular reflexes, one or more or 
preferably all three may be evaluated even with behavioral 
techniques. The best test of the VCR is arguably the vestibular 
evoked myogenic potential (VEMP), which is an electrophysio-
logic assessment tool.

17.3.1 Vestibuloocular Reflex
The VOR allows stabilized vision in the presence of head move-
ment. Without this function the world would appear to jiggle 
or bounce each time the head was moved. This blurred vision 
or drop in visual acuity does occur with individuals who have a 
defect in the VOR and is termed oscillopsia. The VOR is an ascend-
ing pathway through the upper brainstem and contributes to 
the production of an accurate compensatory eye movement. For 
each and every head movement there must be equal and oppo-
site eye movements. Adult VOR testing typically includes VNG, 
rotary chair testing, and dynamic visual acuity tests. Naturally, 
with infants these evaluation protocols will not be appropriate. 
The VOR receives some additional help to stabilize vision at 
lower movement frequencies provided by the optokinetic (OKN) 
reflex. While the vestibular end organs are providing the brain 
with information about gravity and velocity, the OKN system 
produces eye movement based on motion of the external world. 
The eyes will follow in the direction of the movement and then 
quickly return to the center. This produces an involuntary eye 

movement termed nystagmus, with a slow and fast phase. It is 
this integration that allows the individual to correctly perceive 
and respond to whether it is the individual or the world that is 
moving. It can be elicited at birth and is adultlike in its operation 
by about 6 months of age.

17.3.2 Vestibulospinal Reflex
The VSR provides the musculoskeletal system with information 
through the lower brainstem and descending motor tracts to the 
extremities to correctly maintain our postural stability under 
both static and dynamic conditions. Vestibular signals interact 
in a complex manner with other systems to produce several 
postural reflexes. The cerebellum appears to play a key role in 
these interactions, which can involve limb and neck propriocep-
tion, touch, vision, and descending cortical influences relayed 
to the vestibular complex primarily via the reticular formation. 
Descending pathways responsible for postural reflexes include 
the vestibulospinal and reticulospinal tracts. Both receive signals 
from the vestibular end organs, and both are strongly influenced 
by cerebellar efferents. Descending motor control of the neck 
musculature is more closely linked to the vestibular end organs. 
Limb muscle reflexes are more closely linked to input from sev-
eral sensory systems.

17.3.3 Vestibulocollic Reflex
The VCR is considered to be a righting reflex. In essence it is the 
gravity sensor within the inner ear communicating with the 
neck musculature, keeping the head steady in response to body 
tilt. Originating within the saccule portion of the otolith mech-
anism, the reflex then courses through the lower brainstem in a 
descending pathway with its motor portion being cranial nerve 
XI, the accessory nerve, innervating the sternocleidomastoid 
neck muscle. This reflex has gained much attention over the past 
decade, as its measurement is the cervical cVEMP.

17.4 Causes of Vestibular 
Dysfunction

Common causes of unilateral and bilateral vestibular dysfunc-
tion in the pediatric population, both congenital and acquired, 
are outlined in Fig. 17.1. It is important to remember, that unlike 
adult acquired acute dysfunctions, which tend to be unilateral 
(e.g., vestibular neuritis, resulting in vertigo), the majority 
of pediatric conditions have a greater prevalence of bilateral 
involvement. This is likely why pediatric dizziness and vertigo 
have low prevalence in the general pediatric population.2,10 With 
the exception of benign paroxysmal vertigo (BPV) of childhood, 
which produces vertigo, nausea, and emesis, the infant or young 
child is not in apparent distress.
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Pitfall
One normal-hearing ear does not preclude the possibility of a 
bilateral vestibular loss.

Congenital disorders by far are the leading cause of pediatric 
vestibular dysfunction.11 It is estimated that over 500 syndromic 
and nonsyndromic disorders are known to have an audiovestibular 
expressivity.11 Recent investigators have reported as high as 90% 
abnormal VEMP responses in children with congenital SNHL. The 
emerging use of neonate and infant VEMP data suggests a much 
high incidence of vestibular dysfunction than the 30 to 50% pre-
viously estimated.12,13,14,15 Recent pediatric VEMP studies and their 
respective age ranges are presented in Table 17.1.12,13,14,15,16,17,18

Table 17.2 presents syndromes with known and unspecified 
expressivity as well as a brief description of each to familiarize 
the reader better with common expressivities associated with 
the conditions. It has been well established that audiovestibular 
anomalies are the most frequently found defect across all known 
mitochondrial diseases. In addition, there are nearly 70 identi-
fied different nonsyndromic loci for hereditary audiovestibular 
impairment. Of these, at least 30 are dominantly inherited, which 
means hearing loss may not be consistently seen. So, if there were 
no failure of a high-risk hearing screening at birth, but only the 
vestibular symptoms occurred, the vestibular loss would probably 
be missed. Autosomal recessive disorders in the nonsyndromic 
category account for over two dozen loci.

Acquired conditions may include BPV of childhood, which 
generally is considered the leading cause of pediatric dizziness. 
BPV of infancy (not to be confused with benign paroxysmal 
positional vertigo [BPPV], discussed in the following paragraph), 

Fig. 17.1 Common causes of unilateral and bilateral vestibular 
dysfunction in children.

Table 17.1 Review of pediatric VEMP studies

Investigators Study

Pereira et al 201516 Normative data on children ages 8–13 
years

Maes et al 201417 Compared cVEMP on normal and 
hearing impaired children ages 3 to 
13 years

Ecevit et al 201218 Compared cVEMP in late preterm and 
term births

Zhou et al 200915 21/23 (91%) SNHL had abnormal 
amplitudes

Picciotti et al 200713 Ages 3–15 years

Kelsch et al 200612 Ages 3–11 years

Sheykholeslami et al 200514 Neonates

Abbreviations: cVEMP, cervical vestibular evoked myogenic potentials; SNHL, 
sensorineural hearing loss.

Table 17.2 Expressivity and description of syndromes affecting the audiovestibular system

Syndrome Expressivity  
(Known or Unspecified)

Description

Usher Known Type I: congenital-bilateral profound SNHL, retinitis pigmentosa
Type II: mild-severe progressive high-frequency SNHL

Brachiootorenal Known Preauricular pits or tags, branchial cysts, hearing loss, and/or abnormal development of the 
kidneys

Pendred Known Congenital, severe–profound SNHL, abnormality of bony labyrinth; abnormal thyroid 
development with goiter in early puberty of adulthood

Neurofibromatosis type 2 (NF2) Known Bilateral vestibular schwannomas, tinnitus, hearing loss, and balance dysfunction; 
schwannomas of other peripheral nerves, meningiomas, and juvenile cataract

Waardenburg Unspecified Congenital SNHL, pigmentary disturbances of iris, hair, skin; vestibular disturbances 
without hearing loss

Von Hippel-Lindau Unspecifed Hemangioblastomas of brain, spinal cord, and retina; renal cysts and renal cell carcinoma 
(40%); dizziness/imbalance and hearing loss may be initial symptoms, may mimic Ménière 
disease

CHARGE Known Coloboma–heart–atresia–retardation–genital–ear; vestibular symptoms prevalent
Marshall Known Saddle nose, myopia, early-onset cataracts, and short stature; vestibular symptoms 

prevalent
Spinocerebellar ataxia Known Complex and progressive; 23 distinct genetic disorders; may also include hearing loss
Abbreviation: SNHL, sensorineural hearing loss.
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a classification of migraine, is the condition most likely to produce 
symptoms of vertigo in children.19 It could be argued that since 
this is a migraine variant, it is genetic. It is classified as one of the 
six subtypes of migraine by the International Headache Society.20 
Basser coined the name in 1964 to describe brief bouts of vertigo, 
nausea, vomiting, and change in pallor.21 Onset usually occurs 
between ages 1 and 4, and it will virtually disappear in children 
by age 5 or 6. There are no lingering effects between episodes, 
and all radiographic and EEG tests are unremarkable. So, this is a 
diagnosis of exclusion, but because of its genetics and tone, more 
of the biological parents are probably migraineurs. It is estimated 
that ~ 50% of these children will become migraineurs by puberty. 
Benign paroxysmal vertigo of infancy is defined as recurrent with 
at least five occurrences, which resolve spontaneously or within 
hours. Investigators are reporting successful management with 
both abortive and prophylactic pharmacologic treatments.22

Head trauma may cause the same form of BPPV as seen in 
adults. This is usually seen in older children and adolescents who 
are involved in sports or activities in which they are susceptible 
to even minor head bumps playing soccer or other contact sports. 
Infants at any age, however, may experience BPPV with head 
trauma. These children can be quickly identified with appropriate 
modified Hallpike protocols, be successfully treated with canalith 
repositioning maneuvers (CRM), and resume their normal activi-
ties without any restrictions, so long as there are no issues of con-
cussion secondary to a head trauma to complicate their recovery.

Of great concern, particularly in emerging economies, is over-
dosing with aminoglycosides for treatment of bacterial infections 
in infants and young children.23 This has become a growing prob-
lem and is presently being addressed by a joint effort between the 
World Health Organization (WHO) and the American Academy of 
Otolaryngology—Head and Neck Surgery (AAO-HNS) Foundation. 
Educating attending physicians and healthcare providers in these 
rural or remote regions has become a primary goal of these 
organizations.

There are now emerging data regarding vestibular function post 
cochlear implantation for the pediatric population24 and the dif-
ferences between electrode types.25 Researchers are increasingly 
considering not only hearing preservation but vestibular function 
as well. Presently there is a need for controlled prospective stud-
ies pre- and postimplantation to assess the effect on children’s 
balance function. Researchers in the meantime are exploring 

innovations that combine cochlear and vestibular implants for 
individuals with bilateral vestibular loss.26

17.5 Evaluation Techniques
Just as normal hearing is essential for acquisition of speech and 
language, intact vestibular function is critical to the infant’s 
physical and motor development. The majority of equilibrium 
problems that occur in infants and children manifest as delayed 
gross motor and balance problems, not as vertigo or dizziness.

Pearl
An infant’s vestibular and balance function can be reliably eval-
uated as early as at 3 months of age using both behavioral and 
electrophysiologic protocols.

Delayed maturational motor milestones may be the earliest 
signs of a vestibular dysfunction. When interviewing parents of 
an infant with an identified hearing loss, it is important to ask 
them about the child’s motor development timeline. Indicators of 
peripheral-central vestibular dysfunction may include the infant’s 
inability to hold the head upright, crawl, stand, and then walk.

Just as with auditory testing, there is an array of clinical- 
behavioral tests available. Even prior to the use of any standard-
ized test, as with speech and language development, there are 
well-recognized developmental milestones. These are age specific 
with normative data in the form of maturational motor milestones 
as shown in Table 17.3.27

Pitfall
Early examination and evaluation should be considered if vestib-
ular issues are of concern. Delayed milestones may be observed 
at a very early age.

Table 17.3 Summary of maturational motor milestones

3 months 7 months 9 months 12 months 24 months
Raises head and chest when 
lying on stomach

Sits with and then without 
support of hands

Crawling on hands and 
knees

Sits without assistance Walks alone by 18 months

Starts to use eyes and hands 
in coordination

Supports weight on legs Walking with assistance Crawls forward on belly 
by pulling with arms and 
pushing with legs

Begins to run

Begins to support head Ability to track moving 
objects improves

Upper body—turns from 
sitting to crawling position

Creeps on hands and knees 
and supports trunk

Can push a wheeled toy

Pushes down with legs when 
feet placed on floor

Rolls over Pulls self up to standing 
position

Moves eyes in all directions Supports head when sitting Walks holding on to 
furniture
Stands momentarily without 
support
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The evaluation of functional balance in young children has been 
well studied, and there are normative data for a wide range of ages. 
One of the most commonly used developmental scales, the Denver 
Developmental Screening Test,28,29 is used by pediatricians and 
other health and social service providers to look at developmental 
problems in preschool children in the areas of social contact, fine 
motor skills, language, and gross motor skills. Gross motor skills 
involve the ability to use large muscles for movements such as 
lifting the head, crawling, or walking. These skills begin to develop 
in infancy and early childhood. The Pediatric Balance Scale (PBS) 
has been evaluated for children ranging from 2 years 4 months 
to 13 years, 7 months. It has been reported as most accurate for 
ages 3 to 6 years, and the influence of height, weight, and BMI on 
performance has been studied.30

Although delay in maturational milestones may indicate prob-
lems within the vestibulospinal reflex, an infant’s gross motor 
skills depend on both muscle tone and strength. Low muscle tone, 
or hypotonia, is a characteristic of several disabling conditions 
such as Down syndrome, genetic or muscle disorders, or CNS 
disorders. These conditions may, of course, exist in conjunction 
with vestibular dysfunction secondary to congenital trauma or 
syndromes.

A good case history is essential in speaking with the parents 
and asking about when these milestones were achieved. Likewise, 
spending time observing the infant playing, rolling, and interact-
ing with a parent will provide a great deal of valuable information. 
Just as with hearing testing, much of the evaluation is child- 
directed. Vestibular evaluations can be accurately conducted as 
early as 3 months of age with neonates who are suspected of 
congenital hearing loss. Waiting until 3 months of age is prefer-
able because time is needed for the neck musculature to mature 
enough for the child to begin to hold the head upright. The neck 
muscles become stronger during these first few months of life. At 
first, newborns can hold their heads up only for a couple of sec-
onds while on their stomachs. The muscles are strengthened each 
time the head is held up. By 3 months of age, infants lying on their 
stomachs can support their heads and chests up to their forearms.

Pitfall
Concerns based solely on observations related to episodes of 
dizziness or vertigo will not typically identify vestibular problems 
in children. Many children with vestibular dysfunction appear to 
be clumsy or prone to falls.

Once infants can lift up their heads, they’ll push up using their 
arms and arch their back to lift up their chest. These movements 
help strengthen the upper body and are in preparation for sitting 
up. Infants may also rock while on their stomachs, kick their legs, 
and “swim” with their arms. These movements are necessary for 
rolling over and crawling. By the end of this period, infants should 
be able to roll over from stomach to back and back to stomach and 
probably are able to sit without any support.

By 8 months of age, most infants can sit up without support. 
They also figure out how to roll down to their stomachs and return 

to a sitting position again. Some infants are in constant motion; 
they arch their necks and look around while on their stomachs 
and grab at their feet or objects while on their backs. All this 
activity is preparing them for crawling, which is usually mastered 
between 7 and 10 months of age. Crawling is important for the 
development of integrated communication between the two sides 
of the brain. Some infants never crawl but rather scoot on their 
bottoms or move on their stomachs.

After crawling is mastered, infants will begin to pull themselves 
up to a standing position. They then begin to take some steps 
while holding on to something for support. This will change into 
cruising around the furniture. As their balance improves, infants 
may gradually take a few steps without holding on. Many infants’ 
first steps are taken around 12 months, but 2 months earlier or 
later than this may be considered within a range of normal.

Lifting the child in space or changing the child’s position while 
on a variety of movable surfaces can test righting reflexes and 
equilibrium responses. An example of this can be seen in Fig. 
17.2. The three-month-old infant is placed prone, on an exercise 
ball, which is a dynamic surface. The infant’s head and legs lift up 
reflexively, in what is known as a Landau reflex, which emerges 
at 3 months of age. This reflex is also seen in an older child of 
3.5 years in Fig. 17.3. As can be seen in the photos, both children 
demonstrate a clear upturn of the head away from the floor. 
Problems in integration of tonic neck reflexes may implicate 
related vestibular dysfunction because labyrinthine receptors 
indicate body position only in conjunction with neck receptors.

In Fig. 17.4 a 3-year-old is sitting on the exercise ball, a highly 
dynamic condition, and we watch to see whether the head and 
torso remain stable and centered even when he is perturbed in 
any direction. Lateral tilt, for example, activates utricular recep-
tors, which in turn excite vestibulospinal neurons and influence 
the activity of limb muscles. Age guidelines for head righting, 
equilibrium responses, and other postural reactions that are 
dependent, at least in part, on vestibular processing have been 
documented by many developmental researchers and are well 
known to therapists who work in pediatrics.

Fig. 17.2 Placing 3-month-old infant prone on an exercise ball 
produces a Landau reflex.
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Pearl
Evaluation protocols may include use of motor milestones and 
optokinetic reflexes when advanced testing such as cVEMP is not 
available.

Muscle tone is another important aspect within the evaluation, 
as it is closely associated with the integrity of the vestibular 
system. Loss of vestibular input may result in prolonged muscular 
debility that may even extend to the visceral muscles. For children 
who are too young or small to be tested with CDP, or when the CDP 
is unavailable, may be evaluated using the Clinical Test of  Sensory 
Integration of Balance (CTSIB), which is standardized on children 
as young as 3 years of age. In Fig. 17.5 a Limits of Stability (LOS) 
strategy can be utilized with the child, first with eyes open, then 
with closed, and finally using a play-type protocol that requires 
the child, while standing on a dynamic surface, to reach or stretch 
outside their static base of support.

The visual observation of optokinetic nystagmus (OKN), using 
a rotating drum that fills the infant’s visual field (at least 80%), 
is also an excellent method of assessing the VOR. It has been 
demonstrated that OKN appears as early as 1 month, and it is 
nicely developed at 3 months of age. Conditions where there is 
a bilateral vestibular dysfunction (BVD) will not produce a bin-
ocular bidirectional response. In those cases where there may 
be a noncompensated unilateral vestibular dysfunction (UVD), 
response will be asymmetric, with no or reduced response with 
the stimuli moving in the direction of the involved labyrinth. It 
is this author’s experience that it is rare to see infants or young 
children with noncompensated UVD secondary to an acquired 
otologic lesion.

17.6 Conclusions
Infants with vestibular, equilibrium, and delayed maturational 
motor control disorders can now be identified at an earlier age, 
thanks to the success of newborn hearing screening. Unlike older 
children or adults with acquired unilateral vestibular deficits, 
infants with BVD will not benefit from traditional vestibular 
rehabilitation strategies. They will benefit, however, from ongo-
ing sensory integration, substitution, and conditioning therapy 
with trained pediatric physical and occupational therapists. The 
knowledge of the status of vestibular modality will provide the 
therapists with valuable information about therapy protocols 
and ultimately the child’s prognosis over time. Although it does 
require at least two intact sensory modalities to produce normal 
equilibrium function, this early vestibular therapy jump start 
will be critical in providing infants and children with a more 
normal and active lifestyle during their formative years.

It is well documented that the audiovestibular system in infants 
is just as susceptible to vestibular deficits as it is to hearing deficits. 
Audiologists can play an important role in the early identification 
of infants, especially those with hearing loss, who may be at risk for 
balance problems as well. Young infants as early as 3 months of age 
are not candidates for VNG (with the exception of cVEMP testing as 
shown in Fig. 17.6), posturography, or rotary chair examinations, 

Fig. 17.4 Three-year-old shows good neck and trunk stability while on 
the dynamic exercise ball.

Fig. 17.3 Three-year-old demonstrates appropriate vestibular 
response.
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even if the technologies are available. Therefore, an understanding 
of the vestibular system’s role in postural and motor coordination 
performance can serve as an invaluable contribution for early 
identification and intervention of vestibular problems.

References
[1] Advameg, Inc. Hearing impairment. Encyclopedia of Children’s Health. http://

www.healthofchildren.com/G-H/Hearing-Impairment.html. 2018. Accessed 
February 4, 2018

[2] O’Reilly RC, Greywoode J, Morlet T, et al. Comprehensive vestibular and 
balance testing in the dizzy pediatric population. Otolaryngol Head Neck Surg 
2011;144(2):142–148 

[3] Rine RM, O’Hare T, Rice M, Robinson E, Vergara K. Relationship of vestibular func-
tion, motor and postural control ability in children with hearing impairment—a 
preliminary study: 5. Pediatr Phys Ther 1997;9(4):194

[4] Kaga K. Vestibular compensation in infants and children with congeni-
tal and acquired vestibular loss in both ears. Int J Pediatr Otorhinolaryngol 
1999;49(3):215–224 

[5] Cyr DG. Vestibular testing in children. Ann Otol Rhinol Laryngol Suppl 1980;89(5 
Pt 2):63–69 

[6] Cyr DG. The vestibular system: pediatric considerations. Semin Hear 
1983;4(1):33–45

[7] Valente M. Maturational effects of the vestibular system: a study of rotary chair, 
computerized dynamic posturography, and vestibular evoked myogenic poten-
tials with children. J Am Acad Audiol 2007;18(6):461–481 

[8] Weiss AH, Phillips JO. Congenital and compensated vestibular dysfunction in 
childhood: an overlooked entity. J Child Neurol 2006;21(7):572–579 

[9] Wiener-Vacher SR. Vestibular disorders in children. Int J Audiol 2008;47(9):578–
583 

[10] Jahn K, Langhagen T, Schroeder AS, Heinen F. Vertigo and dizziness in child-
hood—update on diagnosis and treatment. Neuropediatrics 2011;42(4):129–134 

[11] Pikus A. Heritable vestibular disorders. Semin Hear 2002;23(2):113–120
[12] Kelsch TA, Schaefer LA, Esquivel CR. Vestibular evoked myogenic poten-

tials in young children: test parameters and normative data. Laryngoscope 
2006;116(6):895–900 

[13] Picciotti PM, Fiorita A, Di Nardo W, Calò L, Scarano E, Paludetti G. Vestibu-
lar evoked myogenic potentials in children. Int J Pediatr Otorhinolaryngol 
2007;71(1):29–33 

[14] Sheykholeslami K, Megerian CA, Arnold JE, Kaga K. Vestibular-evoked myogenic 
potentials in infancy and early childhood [author names and affiliations cor-
rected in Laryngoscope 2005;115(11):2076]. Laryngoscope 2005;115(8):1440–
1444 

[15] Zhou G, Kenna MA, Stevens K, Licameli G. Assessment of saccular function 
in children with sensorineural hearing loss. Arch Otolaryngol Head Neck Surg 
2009;135(1):40–44 

Discussion Questions
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2. What is the relationship between congenital sensorineural 
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4. What is the relationship between migraine and BPV of child-
hood? Can the latter be treated medically?
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Fig. 17.5 Limits of Stability (LOS) strategy is utilized with child 
standing on a dynamic surface.

Fig. 17.6 cVEMP testing may be reliably obtained at 3 months of age 
from active, awake infants.
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