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Introduction
Balance disorders in the pediatric age group have been largely unrecognized and 
only superficially studied compared to similar disorders in adults. The reasons for 
this are manifold and include difficulty in eliciting complete and accurate clinical 
histories in children, challenges in obtaining objective vestibular and balance 
testing in marginally cooperative patients, and the apparent rapidity with which 
children accommodate for and mask underlying vestibular and balance disorders 
due to their central nervous system plasticity, flexibility, and rapid neuromuscular 
reflexes. However, this does not minimize the importance of recognizing and 
treating vestibular and balance disorders in children as the morbidity that 
accompanies such disorders is very substantial. 
In this monograph, we will review the salient features of the physiology of the 
vestibular system, history and physical examination of the dizzy child, laboratory 
testing of vestibular and balance function, and the differential diagnosis formulated 
from the complete study of more than 130 pediatric patients at the A.I. DuPont 
Pediatric Balance and Vestibular Disorders Laboratory in Wilmington, Delaware 
(USA).
Physiology of the Vestibular System
The vestibular system through its peripheral and central connections is concerned 
with the maintenance of static and dynamic balance of the body, orientation of the 
head, and stabilization of gaze. The vestibular afferents, comprised of the otolith 
organs (utricle and saccule) and semicircular canals, detect the forces of linear and 
angular acceleration respectively upon the head. This information is relayed to the 
vestibular nuclei in the brainstem which act not only as a relay station to higher 
structures but participate in processing and modifying the afferent information 
through the so-called angular accelerometer function of the velocity storage 
mechanism. The next order of output is to the body (vestibule-spinal reflex), 
neck (vestibulo-ocolic reflex), and eyes (vestibulo-ocular reflex). However, the 
sensory function and reflexive action of the vestibular system is intimately paired 
with the sensory modalities of three-dimensional vision and proprioception of the 
major joints and pressure sensors of the feet to give continuous information to 
the brain regarding orientation of the head and body during movement and while 
sedentary. Important brainstem pathways from the vestibular system connect with 
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brain centers concerned with mentation and digestion thus explaining the common 
symptoms of disorientation and nausea during disruption of its normal function.
Disturbances of the vestibular pathways, particularly of the peripheral sensory 
organ, manifest as a static disturbance of the baseline symmetry in afferent 
stimulation and consequently activation of the VOR producing nystagmus with 
the fast phase directed towards the de-afferented side. A mismatch between the 
abnormal sensory information supplied by the imbalanced vestibular pathways 
and the accurate information produced by proprioception and vision produces 
the illusion of movement (vertigo), disorientation, vegetative symptoms, fatigue, 
and dynamic imbalance. The central compensation that alleviates these signs 
and symptoms proceeds from repetitive stimulation of the balance system and a 
central re-organization of the vetibular afferents at the level of the brainstem.
History and physical examination of the dizzy child
The reader is referred to the excellent text on the history and examination of the 
dizzy patient in Hamalgyi and Baloh. Essentially, the history should be focused 
on the quality, duration, and provocative or alleviating factors of the symptoms. 
Specifically, the clinician must establish if the symptoms represent true vertigo or 
some other sensation. In the child, the description of the symptoms by the patient 
to their care-giver is invaluable. Children are often adept at describing what they 
“see” during vertigo attacks. A history of prior otologic, neurologic, or systemic 
disease should be explored and any history of headache needs to be examined. 
Any history of head trauma needs to be elucidated. In some children, the social 
situation may point to malingering, anxiety, or secondary gain.
Physical examination includes the standard and complete head and neck and 
otologic evaluation. A thorough neurologic examination including cranial nerves, 
examination for past pointing, strength and age appropriate reflexes needs to be 
completed. In the infant, acceleration of a rotating stool while the child fixes on 
a point of interest on the examiner can provide gross information about the status 
of the VOR. A search for spontaneous and gaze evoked nystagmus should be 
done. The head-thrust maneuver and a search for post-headshake nystagmus with 
Frenzel glasses in place can be completed in children older than 3 years. The Dix-
Hallpike maneuvers to search for BPPV particularly in children with antecedent 
head trauma is important. Additionally, the Fukuda stepping test is a reliable sign 
of vestibule-spinal asymmetry.
Laboratory testing of vestibular and balance function
It is possible with patience, experience, and skilled personnel to completely 
evaluate balance function even in the youngest child. The objective evaluation of 
the dizzy child can be divided into the following evaluations:
Audiometrics: A thorough evaluation of the auditory pathway is mandatory as 
pathology in the vestibular system is often paired to auditory dysfunction. Pure 
tone and speech audiometry, otoacoustic emission testing, middle ear muscle 
reflexes and immitance testing, and auditory brainstem evoked potentials as 
indicated are necessary as a preliminary evaluation.
Vestibular evoked myogenic potentials: The elicitation of transient relaxation 
of the sternocleidomastoid muscle through acoustic stimulation of the saccule 
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provides important information about the status of the otolith organs and the 
inferior vestibular nerve. An air, bone, or galvanic stimulation can be provided and 
a search for presence or absence of the response, latency, amplitude ratio between 
ears and threshold evaluated. The presence of the response indicates integrity of 
this pathway. An abnormally low threshold may be produced by a third window 
in the inner ear. Even infants may be tested if given an appropriate visual fixation 
point to allow for adequate muscular contraction. 
Rotational chair testing: The VOR may be evaluated at higher frequency 
stimulation by rotational testing than caloric stimulation. This test is well tolerated 
and is necessary when calorics are absent to establish whether there is true 
bilateral vestibular hypofunction. The gain, phase angle, and asymmetry of the 
response are typically measured at 4 to 6 frequencies. This is done in the dark 
without surround to prevent claustrophobia common in children and typically in 
small children while held in their parent’s lap. 
Video electronystagmography: The VNG is reserved for last as the calorics are 
the most frequently incomplete test. Oculomotor evaluation of saccades, smooth 
pursuit, and optokinetic nystagmus are completed using a child friendly, visually 
engag9ing target. Alternate bithermal calorics are then attempted with air. If 
possible, cool or warm stimuli are done bilaterally prior to changing the stimuli in 
case the tst needs to be aborted as some gross information about symmetry of the 
response can then be calculated.
Computerized posturography: Dynamic platform posturography is performed 
using a commercially available system to evaluate the contribution of vision, 
proprioception, and vestibular input to standing. Fall recovery strategies and 
latencies can be calculated, and though non-diagnostic, are helpful in planning 
rehabilitation.
Gross motor assessment: The age appropriate assessment of gross motor 
skills via the Peabody or Bruininks-Ostresky are completed. This allows for a 
broader clinical vignette of the patient’s disability and allows for benchmarks of 
improvement during rehabilitation.
Gait analysis: The objective analysis of dynamic balance during walking must be 
done on the gait laboratory. Our program has developed a set of tests to analyze 
straight line walking in ambulatory children. The deviation of the center of mass 
during ambulation can be accurately assessed and compared to normative data. 
Kinetics and kinematics of walking and running may also ne analyzed as well and 
allows for an important assessment of the child’s limitations of mobility.
Differential diagnosis
At the A.I duPont Hospital for Children Vestibular and Balance Laboratory we 
have evaluated more than 130 pediatric patients with vestibular and balance 
disorders by the protocol outlined in this monograph. Table 1 provides a list of 
the differential diagnoses found. In broad terms, approximately one third of the 
patients were found to have a peripheral lesion, one quarter a migraine variant, 
and the remainder a variety of pathologies. The peripheral pathologies were mixed 
and included, in order of commonality, the following: inner ear malformation 
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Table. 1 List of the differential diagnoses.

(enlarged vestibular aqueduct syndrome predominated), temporal-bone fracture, 
congenital vestibular hypofunction, progressive cochleo-vestibulopathy, otitis 
media, vestibular neuritis, congenital cytomegalovirus infection, benign paroxysmal 
positional vertigo, post cochlear implant, vestibulopathy not otherwise specified, 
sudden  sensorineural hearing loss with vertigo, autoimmune inner ear disease,  
Meniere’s disease, viral labyrinthitis, and 3rd window of the inner ear. One can 
see that the typical “adult” pathologies such as BPPV and viral neuritis were 
less frequent and inner ear congenital malformations and post-traumatic causes 
more common.
Migraine disease is a very common accompaniment to vertigo.  In younger 
children this manifests as so-called benign recurrent vertigo of childhood. 
Episodes of nystagmus, torticollis, and emesis occur and typically are self-limited. 
In older, teenage children classic migraine headache concurrent or separate from 
spells of vertigo are the typical manifestation. These can be treated with standard 
anti-migrainous medications.
Other important causes of vertigo in children include central nervous system 
structural lesions (such as the Arnold Chiari malformation), movement and 
neurodegenerative diseases, motor/developmental delay, traumatic brain injury, 
and oculomotor abnormalities.
Summary
Vestibular and balance disorders in children present a significant source of 
morbidity in this age group. Through appropriate clinical and objective evaluation 
of balance function, a diagnosis and treatment plan can be accomplished in 
virtually every child.

A. I. duPont Hospital for Children
Pediatric Balance and Vestibular Disorders Laboratory

Dates 9/’03–9/’07 N=132 (69M; 63F) Average Age=10 yrs.
   (Range 1-17)

• 1. Peripheral vestibulopathy 29.5%
• 2. Migraine / BRVC  24.2%
• 3. Motor / Developmental Delay 10.6%
• 4. Traumatic Brain Injury 9.8%
• 5. CNS Structural Lesion 9.1%
• 6. Behavioral / Psychogenic 6.0%
• 7. Idiopathic / Normal  3.0%
• 8. Movement Disorder / Neurodegenerative 3.0%
• 9. Encephalopathy  1.5%
• 10 Vascular  1.5%
• 11 Peripheral Neuropathy 0.8%
• 12 Oculomotor abnormality 0.8%
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