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OBJECTIVES: Traumatic brain injury occurs frequently worldwide. Half of traumatic brain injuries are related to falls or motor vehicle accidents.
The term “concussion” is often used to describe a minor form of traumatic brain injury. These often involve decelerative events to the head (e.g.,
flexion/extension injury) and can also cause damage to the vestibular system of the inner ear.

MATERIALS AND METHODS: The European Society for Clinical Evaluation of Balance Disorders meets yearly and has proposed an investigation
and analysis of the vestibular consequences of traumatic brain injury. This review paper outlines these discussions.

RESULTS: The Society discussed all aspects of trauma-induced vestibular disorders along with diagnosis and management. They also assessed
the diagnostic tests available to investigate these disorders.

CONCLUSION: Trauma-induced vestibular disorders are difficult to manage, as our level of understanding of the pathology can be poor and
anatomical localization can also be difficult. Accordingly, a definitive diagnosis cannot be pinpointed in many patients, but an extensive his-
tory taking is crucial to determine the nature and extent of vestibular involvement. Trauma can not only result in microtrauma to the central
nervous system but can also significantly affect peripheral vestibular structures, particularly the otolith organs. The committee hopes that better
understanding of trauma to the vestibular system, along with improvements in the field of radiology and vestibular assessments, will aid in more
precise techniques of pinpointing pathology in order to develop an adapted treatment plan.
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INTRODUCTION

Traumatic brain injury (TBI) is frequent worldwide and may lead to strong health and socio-economic problems. In the United
States, about 1.6 million TBIs occur each year, corresponding to a rate of 540/100,000.' The most frequent cause of TBI are falls
(about 30%), followed by motor vehicle accidents (20%), direct hits by another person or object (this includes sports-related activi-
ties) (18%), and assaults (10%).> Traumatic brain injury is more common in men than women and also in younger people. The
degree of TBI is classified as mild, moderate, or severe in the Diagnostic and Statistical Manual of Mental Disorders, according to the
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duration of the loss of consciousness and post-traumatic amnesia,
and the Glasgow Coma Scale at initial assessment.® The term “con-
cussion” corresponds to a minor form of TBI (mTBI) and both terms
may be used synonymously.* Minor form of TBIs may account for as
many as 80% of TBlIs.

Trauma-induced disorders can often include decelerative events to
the head such as traumatic flexion/extension injury or “whiplash”
type of injury. Whiplash is a term used to describe the bony or soft
tissue lesions resulting from sudden acceleration-deceleration forces
applied to the neck and has been rated in 4 grades according to the
severity of the injury.®

Sudden acceleration-deceleration events can also cause damage to
the vestibular system of the inner ear. Patients suffering such damage
often voice characteristic complaints. The exact nature of the mecha-
nisms producing the vestibular symptoms is not yet clearly under-
stood but may be related to alteration of the cervical somatosensory
receptors or perhaps decelerative trauma to the otolithic structures
of the ear. It is important to stress that vestibular injury (causing a
recognized symptom set) from decelerative injury can occur regard-
less of whether an actual head strike occurred. Symptoms and signs
often differ from classic vestibular presentations but in some patients
can be persistent and debilitating. The most frequent vestibular com-
plaints after trauma are benign paroxysmal positioning vertigo (BPPV,
up to 38%), which by definition is damage to the otoliths. Temporal
bone fracture causing vestibular pathology (sometimes bilateral) can
also occur. Perilymphatic fistula, post-traumatic Meniére’s disease,
and central vestibular deficits must also be considered. In most
cases, the vestibular symptoms disappear in a few weeks, but subtle
symptoms can persist for months or years, accompanied by other
persisting symptoms such as headache, fatigue, visual disturbance,
cognitive and emotional impairments. This is often referred to as
“post-concussion syndrome.”®” Patients with persisting post-concus-
sion symptoms are far less likely to return to work.

When a patient voices complaints after trauma (or at any
time) suggesting vestibular involvement, it is crucial to take an in-
depth nonleading history and have the patient describe his or her
symptoms in everyday language. Symptoms of vestibular injury
are often referred to in the literature using terms such as “visually
induced dizziness” or “persistent postural perceptual dizziness”
(PPPD). Patients with symptoms of imbalance often voice persistent
feelings of insecurity within their environment but often volunteer
they are not noticeably off balance. Excessive and persistent nausea
induced by minor activities is another recognized symptom of ves-
tibular origin.

It remains quite a challenge to differentiate between peripheral inner
ear dizziness and the dizziness associated with minimal TBI. If injury
to the inner ear and the brain has occurred at the same time, they
cannot be dissociated. However as mentioned, it is accepted that
characteristic vestibular complaints after a concussion may be from
damage to the inner ear.

The European Society for Clinical Evaluation of Balance Disorders
aimed in one of its latest discussions to propose recommendations on
the diagnosis and management of different types of trauma-induced
vestibular disorders. This review paper outlines these discussions.

Radiological Assessment

When assessing the patient with vestibular complaints after head
trauma, the presence of a fracture is an aspect that must be ruled
out (or ruled in). Longitudinal and transverse fractures are the 2 main
types of temporal bone fractures.® Longitudinal fractures are most
frequently seen and represent about 80% of temporal bone frac-
tures. They usually result from temporo-parietal impacts to the head.
Computed tomography scan imaging can reveal a linear fracture
through the external auditory canal (EAC). The clinical manifestations
include bleeding from the EAC, hematotympanum, and conductive
hearing loss. Complications that can occur early or later on include
secondary transitory facial weakness or paralysis (<25% of cases),
otitis media (in cases of tympanic membrane perforation), and also
meningitis (due to a cerebrospinal fluid fistula). Persistent conductive
hearing loss can occur due to lesions of the ossicular chain such as
dislocation of the incudostapedial joint with or without subluxation
of the stapes. Other complications such as cholesteatoma (in case of
tympanic laceration) or stenosis of EAC may appear some years later
after the acute event.

Transverse fractures can also result from blows to the occiput.
Computed tomography scan imaging reveals a linear break travers-
ing the temporal bone perpendicular to the long axis of the petrous
pyramid. Clinical manifestations are hematotympanum, and some-
times spontaneous nystagmus, which will beat toward the normal
ear. Symptoms are a sudden cochleo-vestibular deficit with deafness
and acute vertigo resulting from an ipsilateral peripheral vestibular
loss. In about 50% of transverse fractures, the inner ear lesion is also
accompanied by laceration of the facial nerve resulting in a perma-
nent facial palsy. Because of the transverse linear break through the
inner ear, the risk of meningitis or cerebrospinal fluid fistula is greater
than in the case of longitudinal fractures. These types of fracture gen-
erate a complete loss of cochlear and vestibular function. Prognosis
of facial palsy remains uncertain.

Malformations of the inner ear such as asymptomatic enlarged ves-
tibular aqueduct, or dehiscence of the superior semicircular canal
may become symptomatic after cranial trauma, even without frac-
ture. In such situations, it is important to perform a CT scan.

Superficial siderosis of the central nervous system represents a late
complication of cranial fractures which can also involve progressive
unilateral or bilateral cochleo-vestibular deficits.’

Functional Assessment

It must be emphasized that there are no specific evaluations to docu-
ment or quantify vestibular trauma related to acceleration-decelera-
tion events. These patients are diagnosed with an extensive history,
along with clinical and radiological assessment. As the vestibular sys-
tem is a silent system, symptoms often include sensations of internal
self motion, which is often accompanied by associated symptoms
such as headache and photo/phonophobia. These patients often do
not show any objective abnormalities in a clinical exam.

Clinical evaluation in an emergency ward to evaluate signs of acute
vestibular impairment can often be helpful. However, vestibular
assessments carried out at an early stage are often not helpful, partly
because of the complexity of the vestibular system and also due to
the lack of effective diagnostic testing. Unfortunately, this is quite



often also the case for the long-term evaluation of residual vestibular
symptomes, as the diagnosis remains elusive in 25% of post-traumatic
vestibular disorders' and because cervical involvement is difficult to
assess.

Vestibulo-ocular Reflex Assessment Tools

The development of recent tests such as the skull vibration-induced
nystagmus test'' and head impulse testing (HIT) can be particularly
useful in the acute setting, as these tools can help to document a
substantial peripheral vestibular deficit. However, in the presence of
a suspected cervical injury, these must be used with caution in the
emergency ward; head shaking test (HST) is not recommended until
cervical spine pathology is ruled out radiologically (Table 1). Gaze
testing, pursuit, and saccades should be performed to rule out a cen-
tral lesion. Sometimes a spontaneous or positional nystagmus (Dix-
Hallpike maneuvre) under Frenzel goggles or skew deviation (using
a cover test) can be observed. A spontaneous nystagmus is generally
of peripheral origin when suppressed by visual fixation.

In the patient reporting neck pain in conjunction with spells of ver-
tigo or unsteadiness, cervical examination must be carried out care-
fully, and further vascular investigations (cervical Doppler, Angio CT
Scan, or Angio magnetic resonance imaging) are recommended.

Vestibular-Evoked Myogenic Potential Testing

Vestibular-evoked myogenic potential (VEMP) testing, which pro-
vides specific and sensitive otolithic assessments, is very useful and
is able to detect abnormalities not shown by computerized dynamic
posturography (CDP) or caloric testing.'? Its development as a clinical
tool allowed for detailed and accurate evaluation and measurement
of objective abnormalities, which are often bilateral. Documenting
this is helpful as it has been shown that bilateral pathology is much
more difficult to cope with (for the clinician and also the patient).'

Cervical Vestibular-Evoked Myogenic Potentials: The cervical VEMPs
(cVEMPs) are primarily a saccular evaluation. They consist of analyzing the
activity of the ipsilateral sternocleidomastoid muscle during neck flexion in
response to an auditory stimulation. There are 3 different parameters of the
response, which makes this a much more sensitive test than standard caloric
testing.'
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Ocular Vestibular-Evoked Myogenic Potentials: The ocular VEMPs (oVEMPs)
are primarily utricular and are recorded from under the eyes. They are contra-
lateral excitatory signals and are elicited by elevating the eyes to an angle of
30° above midline. The oVEMP is a much more delicate signal, and its ampli-
tude is a factor of 10 lower than standard cVEMP responses. Assessments are
carried out in a fashion similar to the cVEMP protocol.

Another method of measuring utricular function is the subjective
visual vertical (SVV) assessment. As mentioned, it is a subjective test
but can still detect (and sometimes lateralize) abnormalities. One of
the utricular tasks is to modulate ocular counterroll (i.e., perception
of earth vertical). Utricular pathology can distort this perception, and
this can be measured clinically by SVV.

Postural Control Assessment

One of the compounding issues in the vestibular trauma patient is
the fact that some patients recover to a lesser degree than others
who have suffered seemingly similar injuries. Patients with vestib-
ular damage can always be expected to recover from their newly
developed deficit, either via resolution or compensation. The con-
cept of compensation involves effective use of alternative sensory
inputs. However, some patients inexplicably do not compensate
effectively for their vestibular loss. The whole process of compen-
sation can itself be a challenge, as the alternate information sets
which patients sometimes rely upon can themselves be orienta-
tionally disruptive (e.g., watching a train go past). Computerized
dynamic posturography allows the clinician to assess a patient’s
performance when he or she is challenged with such disruptive
stimuli.™

Posturography also has a secondary role. As mentioned previously,
patients sometimes have symptoms which can sometimes override
signs. This was identified some years ago in NASA research studying
returning astronauts, whose symptoms are quite often debilitat-
ing.'? Symptoms are generated by the vestibular system in response
to experiencing (and returning from) zero gravity situations. Patients
often volunteer that this symptom complex, often referred to in the
literature as “PPPD,” is reproduced by the posturography assessment,
and the literature strongly suggests that this is indicative of a vestibu-
lar deficit."? This is extremely helpful not only to the assessor but also

Table 1. Tests Available for Vestibular Assessment. Frequency of Stimulation, Immobility Head vs Trunk (Keeping the Head in the Axis of the Trunk), and

Vestibular Structures Involved

Vestibular Structures Involved

Vestibular Test Frequency (Hz) Immobility Head/Trunk
Lateral SCC Posterior SCC Anterior SCC Utricle Saccule
Caloric test 0.003 + +
Rotary chair 0.01-0.05 + +
HST—Lateral 2
HIT—Lateral 6 +
HIT—RALP 6 + +
HIT—LARP 6 + +
SVINT 100 + + +
OoVEMP 500 + +
cVEMP 700 +

SCC, semicircular canal; HST, head shaking test; HIT, head impulse test; RALP, right anterior/left posterior SCC; LARP, left anterior/right posterior SCC; oVEMP, ocular vestibular evoked

myogenic potential; cVEMP, cervical vestibular evoked myogenic potential.
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often a great relief to the patient who is often concerned that his or
her complaints will be dismissed, as it is sometimes suggested that
“since all the assessments are normal, there probably is not anything
wrong with you.”

Using virtual reality goggles, the visual system can also be challenged
with movement information when the patient is standing on a pos-
turography platform. In this way, postural control can be assessed in
an orientationally inappropriate situation, that is, under situations
of sensory conflict between visual input (movement) and vestibular
input (lack of movement).

Gait Assessment

A growing number of studies over the past 2 decades have investi-
gated the effects of TBI, in particular mild TBI or concussion, on gait.'
In an attempt to measure the ability to carry out the diverse set of
activities required during daily ambulation, various experimental
protocols of gait assessment have been developed. These include
single-task simple gait, gait with simultaneous cognitive tasks (dual-
task gait), and complex gait such as tandem gait, obstacle step-over
tasks, or timed up-and-go test.

In healthy individuals, simple gait along a straight path is largely
controlled through automatic subcortical locomotor processing
requiring little executive control in healthy individuals.>'¢ However
dual-task gait and complex gait utilize frontal lobe executive func-
tioning to facilitate the processing of simultaneous cognitive and
motor demands."” Fino et al' reviewed the effects of concussion
on gait and showed slower single-task simple or complex gait dur-
ing only the acute phase (0-10 days post-concussion), poor balance
control (mediolateral movement of the body center of mass (COM))
in dual-task simple gait during the subacute phase (11-90 days
post-concussion), and subacute gait abnormalities during specific
complex gait tasks (e.g., slower tandem gait). A meta-analysis of
studies in adults between 4 weeks and 6 months post-concussion
found reduced maximal mediolateral COM displacement in dual-
task gait.'®

Concussion prognosis is a challenging clinical task that warrants
early assessment (within 7-10 days of concussion) in order to iden-
tify the odds of developing “persistent post-concussion symptoms”
(PPCS) (i.e., >28 days post-concussion). It has been recently found
that worse dual-task tandem gait test time and modified Balance
Error Scoring System tandem stance performance will predict PPCS
in pediatric patients,' and greater dual-task transverse plane COM
range of motion and lateral step variability will predict PPCS in young
adult athletes.®

Patients who have a sustained TBI may report residual balance prob-
lems such as dizziness, unsteadiness, or imbalance which can linger
on for months or even years.?' In people more than 3 months post-
concussion, it was shown that symptom severity affects gait. In the
study, it was shown that the concussion group walked and turned
more slowly than normal subjects under single- and dual-task condi-
tions, with less rhythm under dual-task gait. It was also shown that
a higher Neurobehavioral Symptom Inventory (NSI) somatic/sen-
sory subscore was related to higher single- and dual-task gait vari-
ability, and these patients also showed slower dual-task pacing and
turning.?

In TBI, the most frequently reported balance impairments (especially
in patients with vestibular disorders) involved sensory organization
deficits between vestibular, visual, and somatosensory systems* and
possibly cervical somatosensory disorders.* Patients also reported
impairments of their gait “not being automatic.” This has been
attributed to damage in brain regions responsible for executive
function.?® Although gait ataxia has been well related to vestibular
dysfunction in patients with moderate-to-severe TBI, the nature of
balance problems in chronic mild TBI may be related to impairment of
the “automatic gait” pathways.? It has been shown in chronic mild TBI
patients who voiced complaints of “feeling dizzy” and “loss of balance”
on the NSI that dual-task gait cost was negatively associated with the
Dizziness Handicap Inventory, whereas the Sensory Organization Test
vestibular score failed to predict balance-related disability.*®

Vestibular Trauma and Electroencephalography

Concussion can of course affect the brain but, as discussed previously,
can also impact the ear; this can be mediated through pressure in the
vestibular aqueduct affecting the membranous labyrinth. Although it
is rare to have purely vestibular symptoms, patients’ complaints can
range from mild disequilibrium to rotational vertigo in any plane.

Although electroencephalography (EEG) can be useful in assessing
trauma, it is important to note that EEG abnormalities do not relate to
severity of complaints in mTBI, and therefore, it is not helpful in differen-
tiating groups or determining anatomical location. However, EEG may
be a helpful tool in helping to pinpoint or rule out central pathology.

Electroencephalography was the first clinical neuro-diagnostic
assessment that revealed abnormal brain function following TBI.
Quantitative EEG (qEEG) recordings can be used to demonstrate sev-
eral quantitative trends. Among these, spectral analysis and coher-
ence are of particular interest in mTBI. In the acute stage, gEEG usually
shows immediate reduction in mean alpha frequency, with increased
theta, increased delta activity, and increased theta/alpha ratio.”

The reduced alpha and increased delta frequency noted above can
persist for weeks to months, but there is a 1-2 Hz increase in the fre-
quency of the mean alpha frequency; this is a sign of recovery to
the original baseline from the post-traumatic slowing. The majority
of acute qEEG abnormalities resolve by 3 months, and 90% resolve
within 1 year of the head trauma.?® Regardless of whether the abnor-
malities are subtle or overt, most post-traumatic qEEGs show evi-
dence of improvement over time.?

As the evidence for the cortical representation of the vestibular sys-
tem grows, so does the evidence for vestibular symptoms occurring
as a manifestation of associated focal cortical epileptic activity. Other
additional symptoms are nausea or vomiting, tinnitus, ipsilateral or
contralateral paresthesia, olfactory and gustatory hallucinations, as
well as depersonalization. A diagnosis is strongly supported by posi-
tive EEG findings where abnormalities over the parietal or temporo-
parietal-occipital areas are prominent.®

Medical Legal Assessment of Vestibular Complaints

In the medical legal setting, there is often the need to provide evi-
dence of the effects of injuries or their sequelae, in particular following
whiplash injuries, in the context of insurance claims, work stoppages,
or compensation claims, especially in cases which result in court



proceedings. However, this is sometimes a challenge, as patients with
complaints of a vestibular nature following trauma (usually a whip-
lash type of injury) may sometimes not have objective signs, but just
a history strongly suggestive of vestibular involvement. These patients
often describe similar symptom sets to those who had suffered cervi-
cal deceleration injury without an actual head blow, suggesting per-
haps that dizziness reported after mTBI may be from the inner ear.'

Initially, investigation consisted of using videonystagmography (VNG),
where 15-20% had abnormalities, and CDP, where approximately 50%
of patients with persistent post-traumatic vestibular symptoms had
measured balance abnormalities. Posturography is a more general test
for overall balance. However, test abnormalities are able to legitimize
complaints that are often dismissed as psychiatric by multiple other
physicians. A helpful aspect of CDP is that the sensation induced dur-
ing assessment is frequently volunteered as simulating their symptom
set32This is a separate useful piece of information, suggesting vestibular
pathology, and should be asked about if not spontaneously declared.

The advent of VEMP testing has allowed for detailed measurement
of otolithic function. Despite prolonged vestibular physiotherapy,
many patients often remain symptomatic. Vestibular-evoked myo-
genic potentials are able to detect abnormalities not shown by CDP,
and studies have shown that deficits are quite common and often
bilateral.” This can aid in determining the final symptomatic status
of a patient. Unfortunately, some patients have complaints which are
persistent and likely permanent; this is again an important factor in
the medical legal setting.

Cervical vertigo is a conundrum. Pre-existing conditions such as basi-
lar impression and cervical degenerative disorders can compound
this. Any vestibular complaints may be a compound of pre-existing
disorders combined with degenerative factors and the acute event
(whether it is traumatic or nontraumatic). Again the situation can be
clarified with an in-depth history taking.

One factor in assessment of the medical legal patient, especially
when using posturography, is to address “discordances” (defined as
“lack of agreement”) in clinical assessment.3> Sometimes there is dis-
agreement between a clinical assessment and measured abnormali-
ties; sometimes the results within the assessment do not agree. This
may be thought of as “malingering” or an attempt to exaggerate what
is wrong, but this is not always the case. For example, performance
on more difficult trials may sometimes be better than on simpler tri-
als. This can be suggestive of malingering but in some situations can
be a legitimate finding. The extreme malingerer and the genuine
patient are at opposite ends of a spectrum, but there are many varia-
tions along this spectrum, and clinicians need to be cautious, as a
posturography assessment may or may not be diagnostically helpful.

In brief, interpretation of posturography performance can at times be
difficult, and a patient’s results must be correlated with clinical find-
ings by an unbiased clinician and without stereotyping the patient. It
is only in this fashion that assessment in a diagnostic setting can be
carried out in an appropriate manner.

Vestibular Effects of Barotrauma
Barotrauma is defined as physical tissue damage due to failure
of equalization of pressure of the internal ear with that of the
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surrounding environment. Compressive or expansive forces and
shear to overstretched tissues can lead to damage in the middle
or inner ear. Perforation of the tympanic membrane (TM) and rup-
ture of the oval and/or round window membrane can also occur.?
Most examples of ear barotrauma occur in diving or in air travel,
although there are other causes discussed in the literature, such as
mountain climbing, skiing or explosive blast.>*3¢ A TM rupture could
lead to caloric stimulation of the vestibular apparatus, vertigo, and
disequilibrium under water, which is a highly dangerous situation in
combination with an (unexperienced) panicking diver.®® Tympanic
membrane rupture can occur at depths as shallow as 1.2 m.>’

More than 80% of all diving complications occur in the head and
neck, 65% of these complications involving the ear.3® Diving injuries
tend to be correlated with advancing age, alcohol usage, obesity,
asthma and chronic obstructive pulmonary disease, chronic sinusitis,
and otitis.*

Inner ear trauma can also occur from pressure changes in the mid-
dle ear,®® but the inner ear can also suffer (e.g., perilymphatic fis-
tula).*When the pressure differential reaches a limit of >90 mmHg (or
a pressure equivalent of 10 feet of seawater), the Eustachian tube will
close and a successful Valsalva maneuver will be prevented.*® When
the diver exerts repeatedly forceful Valsalva maneuvers in this con-
dition, due to the urge coming from the feeling of an increased ear
pressure, the intracranial pressure increases accordingly. This will
be transmitted to the cochlea via the perilymphatic duct, causing
an increase in the perilymphatic fluid and eventually an explosive
rupture of the round window.*' On the other hand, when a Valsalva
maneuver is being performed successfully (i.e., when the Eustachian
tube is successfully opened), there is a sudden increase in middle ear
pressure, causing the TM to bulge rapidly outward. This causes the
ME bones and the oval window to be pulled away as well, creating a
decrease in perilymphatic pressure in the cochlea, which can cause
an implosive rupture of the oval or round window, cochlear haemor-
rhage, or a rupturing of one of the cochlear membranes.?*#

Typically, barotrauma patients have a combination of vestibular and
hearing deficits with complaints of vertigo,*? but in some cases, only
suffer a sensorineural hearing loss. The barotrauma that a diver might
experience during descent can impair middle ear ventilation during
ascent, leading to a progression of barotrauma.?

Surgical exploration is sometimes necessary in case of a ruptured TM
or suspected perilymphatic fistula, with patching of the round or oval
window if necessary.*®

Vestibular Consequences of Head Trauma in Children

In case of sudden trauma-induced vestibular dysfunction in chil-
dren, the process of central compensation is probably more effec-
tive. Because of reduced ability in younger children to describe their
symptoms, it is more difficult to identify mild symptoms which may
be more subtle. Objective evaluations by parents are often useful in
this regard. Vestibular assessment, especially in the younger child,
may also be more of a challenge to perform and analyze, and the
whole process sometimes needs to be carried out in the setting of
an apprehensive patient (and parents). Given these factors, accurate
vestibular assessments are especially difficult and the presence of
pathology is likely underestimated in the pediatric population.
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In the pediatric population, diagnosis of BPPV must always be kept
in mind. Children comprise only about 1% of all BPPV patients, and
almost all pediatric cases result from head trauma.

Two other possibilities must be always kept in mind, otic capsule
bone fracture and perilymphatic fistula. In both cases, pneumoccocal
vaccination is required, and also, surgical closure of the leakage must
be undertaken as soon as possible to avoid infectious complications
(which will always occur) and hearing loss (which will occur sometimes).

In severe head trauma, many overlapping factors (i.e., associated
lesions) in different locations can make pathophysiological analysis
extremely complex in children (as well as in adults). Potential vestibu-
lar sequelae, in this case, take part in daily life difficulties (schooling,
sports, etc.) and then must be considered. These challenges will be
amplified in the presence of bilateral pathology. In short, in all chil-
dren, even extremely young ones, 2 points should be keptin mind:in
case of head trauma, the possibility of vestibular involvement should
be explored, and a history of head trauma (even remotely) should be
asked about in all vestibular dysfunction presentations.

Vestibular Consequences of Head Trauma in Sport

The sports most associated with mild TBI are boxing (involving knock-
outs), team sports (soccer, American football, rugby, ice hockey, water
polo),***> mountain biking,* and skiing, especially freestyle (halfpipe).

In boxing, a knockout (which results from a cerebral concussion and/
or loss of ability to maintain posture) is defined as an athlete not being
able to restart the fight after 10 seconds. The impact, often involving
sudden rotation and extension of the head backward, can cause a cere-
bral trauma and an impairment of the centres ensuring muscular tone
and balance. This can result in a loss of integration of vestibular, visual,
and proprioceptive (cervical muscles) information that are under cer-
ebellar control, generating a sudden interruption of postural tone.

A soccer player can “head a ball” (i.e., be hit in the head) several dozen
times in each game. While these blows can reach several dozen times
the gravitational force (9.8 m/s?) without causing a concussion, the
consequences of their repetition can be documented, depending on
the sensitivity of the clinical tests.*” Shock data can be collected by
head impact telemetry sensors with gyroscopes and accelerometers
(documenting number of hits during the match or training, their
strength and direction). Head injury can be influenced by accelera-
tion, change in momentum, and duration of impact.*®

The accumulation of impacts (crashes, vibrations) during the career
of a downhill mountain biker may generate micro-trauma to the cen-
tral nervous system and/or peripheral vestibular structures, particu-
larly the otoliths.*

Concussions are more common among adolescents than in other age
groups, particularly because sports participation is more common in
this age group.” It is necessary to recognize acute emergencies for the
sportsman and the possibility of acute trauma to the labyrinth. This is
important because it may be necessary to stop competition and training.

The danger of concussions may be linked to their repetition. The
treatment, depending on the etiology, is physiotherapy (stabilization
of the gaze, adaptation, habituation, liberatory maneuvres, postural

and walking exercises), pharmacological and/or surgical. Prevention
(helmet protection, dodging, strengthening of the cervical muscu-
lature) should be adapted according to the type of sport.

Management guidelines concerning return to play issues have
been published, in particular with regard to the type of trauma, age
(school-aged children through adulthood), and type of sport.*

CONCLUSION

Diagnosis of peripheral vestibular involvement in head trauma
should always be explored so that the patient can be managed and
treated appropriately. Vestibular assessment is sometimes, but not
always helpful, and unfortunately, a definitive diagnosis cannot be
pinpointed in up to 25% of patients. History taking is the mostimpor-
tant aspect of investigating these patients. Identifying a patient who
has suffered vestibular trauma is important from the management
point of view. This is because rest and inactivity is often advised
for post-traumatic injury patients, but this is contraindicated in the
patient who has suffered a vestibular insult, as they may be required
to compensate for a persistent vestibular deficit. An inappropriate
diagnosis (or “label”) could possibly impede a rehabilitative plan.

Vestibular assessments are occasionally but not frequently helpful in
documenting peripheral damage in the acute setting, but it must be
emphasized that negative tests do not rule out pathology. A cervi-
cal or central origin can sometimes be documented by ocular motor
abnormalities. Posturography and virtual reality are often helpful not
only in documenting but also in reproducing a patient’s symptoms,
which can also aid the clinician at furthering the understanding of
the presenting complaints.
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