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Head Injury and
Blast Exposure:
Vestibular
Consequences

Faith W. Akin, PhDa,b,*, Owen D. Murnane, PhDa,b

It is well established that head injury can result in symptoms of vertigo, dizziness, and
imbalance, and the symptoms are often related to vestibular dysfunction. Robert
Bárány1 observed vestibular symptoms from head injuries in soldiers in a Russian
prisoner-of-war camp during the World War I. Caveness and Nielson2 evaluated
407 Korean conflict veterans with head injury and found that 56% complained of giddi-
ness (dizziness) and vertigo. In recent wars, many soldiers have been exposed to
blasts from improvised explosive devices (IEDs) or roadside bombs, and traumatic
brain injury (TBI) has been called the signature condition of combat veterans returning
from Iraq and Afghanistan. Postconcussive symptoms related to vestibular dysfunc-
tion include vertigo, dizziness, and imbalance, and reports indicate that the incidence
of dizziness or imbalance secondary to mild TBI (mTBI) ranges from 24% to 83%.3–5

Numerous studies have demonstrated that vestibular symptoms often last for 6
months or longer after the head trauma.6,7 In fact, the presence of dizziness 6 months
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after injury is an adverse prognostic indicator and may be the most persistent
symptom of mTBI that adversely affects clinical outcome as well as disease course.8,9

The definition of TBI has not been consistent and tends to vary according to medical
specialties and circumstances. The terms brain injury and head injury have been used
synonymously, although not all injuries to the head result in TBI, and previously the
term concussion has been used synonymously with mTBI. In an effort to develop
a common definition of TBI, the Department of Defense/Veterans Affairs (DoD/VA)
Definition and Symptomatic Taxonomy Working Group10 and other joint consensus
panels recently defined TBI as “a traumatically induced structural injury and/or phys-
iologic disruption of brain function as a result of an external force that is indicated by
new onset or worsening of at least one of the following clinical signs immediately
following the event:

1. Any period of loss of or a decreased level of consciousness
2. Any loss of memory for events immediately before or after the injury
3. Any alteration in mental state at the time of the injury (confusion, disorientation,

slowed thinking, etc.)
4. Neurologic deficits (weakness, loss of balance, change in vision, praxis, paresis/

plegia, sensory loss, aphasia, etc.) that may or may not be transient
5. Intracranial lesion.”

The DoD/VA definition of mTBI is

1. Normal structural imaging
2. Loss of consciousness for 0 to 30 minutes
3. Alteration of consciousness/mental state for a moment to 24 hours
4. Posttraumatic amnesia for 0 to 1 day
5. Glasgow Coma scale, 13 to 15.

mTBI in combat veterans is often related to blast exposure; thus, the same insult
that produces TBI can cause trauma to the inner ear. A blast is caused by the detona-
tion of an explosive (eg, IED) that causes a peak positive pressurization (shock wave)
followed in time by a negative pressurization. In a typical blast, the positive pressure
phase is initially faster than the speed of sound (5 m/s and very brief) with pressure
ranging from hundreds to thousands of lb/in2. The negative pressure phase occurs
immediately after the peak pressure wave and is longer in duration and slower in
velocity (30 m/s).11 Primary blast injuries resulting from the impact of the shock
wave affect air- and fluid-filled organs such as the lungs and sensory structures of
the middle and inner portions of the ears. Secondary blast injuries can result from
flying debris and bomb fragments, and tertiary blast injuries can result from the impact
with another object when thrown by a blast wind. In general, the severity of blast injury
is reduced the farther away the victim is from the blast.
Otologic injuries caused by blast exposure include tympanic membrane perfora-

tions, hearing loss, tinnitus, and otalgia. Dizziness and imbalance also can occur after
blast exposure,12,13 and damage to the vestibular sensory organs has been described
in blast survivors.14 With the exception of benign paroxysmal positional vertigo
(BPPV), which is attributed directly to the effects of the blast, some investigators
have presumed that dizziness and balance disorders following blast exposure are
related to central nervous system (CNS) damage caused by the TBI rather than periph-
eral vestibular system damage from the blast pressure wave.11,15 Consequently, most
studies have focused on the effect of head trauma or TBI, and there has been little
investigation on the effect of blast exposure on peripheral vestibular function.
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HORIZONTAL SEMICIRCULAR CANAL FUNCTION

The vestibular system is composed of 2 types of sensory organs (the semicircular
canals and the otolith organs) that contribute to gaze and postural stability. Three
semicircular canals (superior, posterior, and horizontal) are positioned orthogonally
to each other to sense rotational head movement or angular acceleration in the
yaw, pitch, and roll planes. For example, the purpose of the horizontal semicircular
canals is to provide sensory input to the vestibuloocular reflex (VOR) regarding head
rotation in the yaw (horizontal) plane. The primary goal of the semicircular canals is
to provide input via the VOR for gaze stability when the head is in motion. The hori-
zontal VOR, therefore, contributes to gaze stability when the head is rotated laterally.
Clinical tests of horizontal semicircular canal function have been widely available for
many years and include the bithermal binaural caloric test and rotational tests. These
tests have been the predominant measure of vestibular function in studies examining
the effects of head injury on the vestibular system.
It is well established that head injury can result in peripheral vestibular hypofunction

(or unilateral weakness on the caloric test),16 and it is reasonable to presume that
peripheral vestibular system abnormalities associated with TBI are likely due to the
head injury rather than the resulting brain injury. Reports reveal that the incidence of
horizontal semicircular canal (VOR) dysfunction ranges from 32% to 71% in patients
with dizziness after head injury. Davies and Luxon17 performed electronystagmogra-
phy testing on 100 consecutive patients who experienced dizziness after head injury
and reported that 71% had positive vestibular test findings that included abnormal
calorics, the presence of spontaneous nystagmus, or both. Similarly, Toglia and
colleagues18 reported a high incidence of abnormal calorics (63%) and spontaneous
nystagmus in patients with head injury. In contrast, Gannon and colleagues19 reported
abnormal vestibular findings in 32% of patients with head injury.
A few studies have examined the effect of blast exposure on horizontal semicircular

canal function, and the findings have been inconclusive. Shupak and colleagues12

examined 5 patrol boat crew members who were injured by close-range explosion
of a trinitrotoluene device. The investigators reported that 2 crewmembers had vestib-
ular abnormalities on tests of horizontal canal function (caloric weakness and/or phase
lead on rotary chair) and 1 crew member had BPPV and spontaneous nystagmus. In
contrast, Cohen and colleagues6 reported no caloric abnormalities in 7 survivors who
complained of dizziness after a suicide terrorist attack on amunicipal bus in Israel. Van
Campen and colleagues13 measured vestibular function using the caloric test in 30
survivors of the Oklahoma City Federal Building bombing who had complaints of dizzi-
ness or imbalance. Only 2 survivors demonstrated abnormal caloric findings, and 8
had positional/spontaneous nystagmus.

OTOLITH ORGAN FUNCTION

Two otolith organs sense linear acceleration, head tilt, and gravity, with the primary
function to provide input for postural stability via the vestibulospinal tract. The otolith
organs are composed of the saccule and the utricle that contribute to postural stability
by providing sensory input regarding linear acceleration and changes in gravity. In an
upright position, the saccule is positioned vertically and senses linear acceleration in
the vertical plane. In contrast, the utricle is positioned horizontally (3.5–4 cm from
midline) and senses linear acceleration in the lateral plane. Both the utricle and the
saccule respond to acceleration in the anterior-posterior plane.
Until recently, tests tomeasure otolith function have been used experimentally rather

than clinically. Experimental methods include the measurement of the otolith-ocular
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response during stimulation of the otolith organs with linear acceleration using parallel
sleds and swings. However, thesemethods of otolith stimulation are cumbersome and
not sensitive to unilateral otolith hypofunction; therefore, their use has been limited to
experimental purposes. More recently, research has focused on the development of
clinical tests of otolith function. The cervical vestibular evoked myogenic potential
(cVEMP) has been established as a clinical test of saccular and/or inferior vestibular
nerve function.20 cVEMPs are short latency electrical potentials evoked by high-level
acoustic stimuli recorded from surface electrodes over the tonically contracted sterno-
cleidomastoid (SCM) muscle. The cVEMP waveform consists of an early positive-
negative component that depends on the integrity of vestibular afferents because it is
abolished after vestibular nerve section but preserved in subjects with severe to
profound sensorineural hearing loss.21 The neurophysiological and clinical data indi-
cate that cVEMPs are mediated by an ipsilateral pathway that includes the saccular
macula, inferior vestibular nerve, vestibular nucleus, medial vestibulospinal tract, and
motoneurons of the SCM muscle.22

The subjective visual vertical (SVV) test has been used as a clinical test of utricular
function. The SVV angle is the angle between the gravitational axis (true earth vertical)
and the position of a visual linear marker adjusted vertically by a subject. The otolith
organs contribute to the estimation of the physical vertical orientation, and normal
subjects align the SVV angle within 2� of true vertical (0�). Impaired SVV test results
have been documented in patients with unilateral vestibular disorders and in patients
with central vestibular disorders, such as brainstem and thalamic infarctions.23 The
SVV angle can also be measured during off-axis yaw rotation to the right or left (unilat-
eral centrifugation) to measure ear-specific utricular function and determine chronic
(compensated) vestibular dysfunction.24,25 In individuals with normal vestibular func-
tion, the SVV angle tilts symmetrically during unilateral centrifugation. That is, when
the subject is positioned to the right side of the axis of rotation, the SVV is tilted
toward the left, and when the subject is positioned to the left side of the axis of rota-
tion, the SVV is tilted in a similar magnitude to the right. Patients with chronic unilat-
eral vestibular loss exhibit an SVV asymmetry when measured during off-axis
(eccentric) yaw rotation.25,26 Specifically, when the lesioned ear is centrifuged, the
SVV angle does not shift because the utricle does not respond to the gravitoinertial
force vector (linear acceleration).24

Both circumstantial and direct evidence suggest that otolith function may be
compromised by head trauma.
First, Schuknecht and Davison27 reported damage to the membranous walls of the

utricle and saccule and degenerative changes in the saccular macula in a cat after
multiple blows to an unrestrained head. The investigators theorized that the linear
acceleration and deceleration of the head blow damaged the otolith organs that sense
linear acceleration. Similarly, a histologic study of 10 human victims of a bomb blast
demonstrated rupture of the saccule and utricle.11

Second, numerous studies have determined that BPPV occurs in 10% to 25% of
head trauma patients,17,28,29 and it is presumed that a blow to the head dislodges oto-
conia from the utricular otolithic membrane, resulting in free-floating particles (otoco-
nia) that produce endolymphatic fluid flow in the semicircular canals (canalithiasis).
Davies and Luxon17 performed audiovestibular testing on 100 consecutive patients
with a history of head injury and determined that audiovestibular organs are interde-
pendently vulnerable to trauma, but the otolith organs are the most vulnerable
because of the high incidence of BPPV.
Third, some patients with head injury experience dizziness and imbalance yet have

normal horizontal semicircular canal test findings.7
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Finally, postural instability or imbalance is a common symptom in patients with head
trauma, and the otolith organs contribute to postural stability by serving as gravity
sensors to the vestibulospinal pathways.
Ernst and colleagues30 provided the most direct and compelling evidence that

otolithic involvement is a common sequela of head trauma by demonstrating a high
incidence of cVEMP and SVV abnormalities, in patients with head injury. Furthermore,
Basta and colleagues31 determined that postural stability was correlated with otolith
disturbances in patients with mild blunt head injury. Because the vestibulospinal reflex
(VSR) uses otolith input to a greater extent than the VOR, this finding is not surprising
and suggests that otolith disorders are a likely source of posttraumatic imbalance.

CENTRAL VESTIBULAR SYSTEM/CNS FUNCTION

Sensory input to the vestibular sensory organs and nerves is processed by the central
vestibular system, and the origin for dizziness can occur anywhere along these path-
ways. The central vestibular system includes the brainstem and cerebellum, but
pathways also project to higher centers in the midbrain and cerebral cortex. Ocular
motor testing can be used as a screening measure for determining CNS function
independent from peripheral vestibular system function. In addition, fixation suppres-
sion of vestibular nystagmus requires intact connections between the cerebellum and
vestibular nuclei and thus has been used as a clinical test for central vestibular involve-
ment. Many CNS disorders cause gaze-evoked nystagmus that can be observed
during clinical assessment.
It has been proposed that unsteadiness or imbalance related to head injury is due to

central involvement when tests of horizontal semicircular canal (eg, caloric test) or
auditory function are within normal limits.32–34 There is evidence, however, that
suggests central vestibular involvement is less common than peripheral involvement
in patients after head injury. Davies and Luxon17 found that only 8 of 100 patients
had central findings that included either abnormal ocular motor tests and/or incom-
plete vestibular suppression. In contrast, Tuohimaa35 reported a high incidence of
central disturbances in patients shortly after head trauma (60%), although the patients
with central findings were older than the patients without central findings and the inci-
dence of central involvement decreased to 12% at 6 months after the head trauma.
To the authors’ knowledge, central vestibular pathology has not been investigated in

victims of blast exposure. Animal studies have determined enlarged ventricles, minor
bleeding, and diffuse axonal injury resulting from primary blast injury,36,37 although few
clinical studies have examined the effects of blast on the human brain.38 Recent devel-
opments in neuroimaging techniques may lead to the development of biomarkers for
blast-related TBI.39–41

POSTURAL STABILITY

Although postural stability is a multisensory task that depends on reliable input from
the vestibular, somatosensory, and visual systems, the vestibular system, particularly
the otolith organs, provides important information about gravity. Postural control is
modulated via the VSRs, and the lateral vestibulospinal tract receives most of its input
from the otolith organs and cerebellum and aids in tonic contractions of the antigravity
muscles in the upper and lower extremities. Because the otolith organs play an impor-
tant role in postural control, a decrease in otolith function affects postural stability.
Paloski and colleagues42 reported changes in postural control related to gravitational
input to the otolith organs in astronauts returning from space (microgravity

Head Injury and Blast Exposure 327



Author's personal copy

environments). Similarly, reduced postural control has been demonstrated in patients
with otolithic disturbances.31,43

Postural instability/unsteadiness is a common sequela of head injury. Kaufman and
colleagues44 demonstrated that patients with TBI had poorer performance on subjec-
tive and objective measurements of balance than normal controls. Posturography has
been used extensively to measure postural stability in head-injured patients and the
key findings are the following:

Patients with mTBI have higher magnitudes of anterior-posterior movement when
deprived of accurate visual cues.45–47

Postural stability can remain abnormal after other neurologic symptoms are
resolved.48

Because of the multisensory nature of postural stability, some investigators
concluded that abnormal postural stability suggests a multisensory or central cause
of imbalance.45 In contrast, Basta and colleagues31 demonstrated that otolith
disorders may be the cause of postural instability in some patients with head injury.
Few studies have examined the effect of blast exposure on postural stability. Cohen

and colleagues6 measured posturography in blast survivors of a terrorist bombing on
a bus in Israel. Of the 7 survivors who complained of imbalance, 6 had abnormal
posturography. Similarly, Van Campen and colleagues13 found that 10 of 25 blast
survivors had abnormal posturography shortly after the blast exposure, and 5 had
abnormal posturography 1 year after blast.

PRELIMINARY DATA

Table 1 summarizes clinical vestibular test results for 31 consecutive veterans with
a history of blast and/or mTBI who were referred to the Mountain Home VAMC Vestib-
ular/Balance Laboratory for complaints of dizziness and/or imbalance. The patients
ranged in age from 23 to 76 years (mean, 37 years), and most were veterans of the
wars in Iraq and/or Afghanistan (n5 25). Twenty-two veterans (71%) had experienced
single or multiple blast exposures (typically from IEDs), 18 (58%) had a diagnosis of
mTBI, and 9 (29%) veterans had a history of blast exposure and a diagnosis of
mTBI. No radiological evaluations were available because imaging is not a local stan-
dard clinical protocol for veterans diagnosed with mTBI.
Vestibular and balance assessment included tests of horizontal semicircular canal

function (rotary chair and videonystagmography) and otolith function (cVEMPs and
SVV tests during unilateral centrifugation); tests for BPPV (Dix-Hallpike and roll tests),
central vestibular function (ocular motor and fixation tests), and postural stability
(sensory organization test [SOT]); and self-percieved handicap (the Dizziness Hand-
icap Inventory).
Abnormal vestibular testing findings were defined as: (1) the presence of gaze-

evoked nystagmus or saccadic pursuit, a consistent abnormal saccadic accuracy,
velocity, or latency, or asymmetrical optokinetic nystagmus on ocular motor tests,
(2) failure of fixation suppression >50% for caloric testing, (3) the presence of sponta-
neous/positional nystagmus, (4) a unilateral weakness of >20% on bithermal caloric
testing, (5) phase, gain, and asymmetry data on rotary chair testing outside the normal
threshold values at 0.01 through 0.64 Hz, (6) absent or asymmetrical cVEMPs (asym-
metry ratio of >40%), (7) off-axis SVV angle – on-axis SVV angle <4�, or (8) consistent
abnormal equilibrium score in a given condition and an abnormal composite equilib-
rium score on the sensory organization test.
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The preliminary data are shown in Table 1 and reveal horizontal semicircular canal
dysfunction (caloric weakness and/or abnormal rotational testing) in 9 (29%) patients
and otolith dysfunction (abnormal cVEMP and/or SVV in static and/or dynamic condi-
tions) in 26 (84%) patients. These data are consistent with the work of Basta and
colleagues31 who showed a higher incidence of otolith disturbance than horizontal

Table 1
Summary of vestibular test findings in 31 consecutive veterans with a history of blast
exposure and/or TBI

Pt Hx Age (y) OM Fix Nyst Caloric Rot cVEMP SVVa SOT DHI

1 Blast 37 � � � 1 1 � 1 DNT 54

2 Both 60 � � � � � 1 1 1 74

3 Blast 33 � � � � � 1 1 � 44

4 Blast 23 � DNT � � � � DNT � 84

5 Blast 59 � � � � � � DNT 1 56

6 mTBI 76 � � � � � 1 1 1 52

7 Blast 26 � � � 1 � � 1 1 58

8 Blast 24 � � � � � DNT 1 � 20

9 Both 33 � � � � � � 1 1 32

10 Both 28 � � � � 1 � 1 1 62

11 Both 24 � � 1 DNT � 1 1 1 96

12 Blast 24 � � � DNT � 1 1 � 56

13 Blast 34 � � � � � � 1 � 48

14 mTBI 36 � � � � � � 1 1 62

15 Blast 39 � � � 1 � 1 1 � 68

16 mTBI 54 � � � � 1 1 1 1 68

17 mTBI 42 � � � � DNT � 1 1 30

18 Both 36 � � � � � 1 1 1 94

19 Both 42 � � � 1 � 1 1 � 16

20 Blast 38 � � � � � 1 1 DNT 34

21 Blast 25 � � � DNT � 1 1 DNT 24

22 Blast 55 1 � � 1 � 1 1 1 54

23 Both 39 � � � � � 1 1 1 32

24 Both 25 � � � � � � 1 1 44

25 Both 42 � � � � � 1 1 1 80

26 mTBI 63 � � � � � � 1 � 36

27 mTBI 34 � � � 1 1 � 1 DNT 20

28 mTBI 31 � � � � DNT 1 DNT 1 28

29 mTBI 45 � � � 1 1 � 1 DNT 54

30 mTBI 44 � � � � DNT 1 � � 26

31 Blast 31 � � � � � � DNT DNT 54

Negative test findings are indicated by �, and positive test findings are indicated by 1. In the Hx
column, both indicates a history of blast exposure and mTBI.

Abbreviations: caloric, caloric test; DHI, Dizziness Handicap Inventory; DNT, did not perform test
on a patient; Fix, failure of fixation tests; Hx, history; Nyst, spontaneous/positional nystagmus; OM,
ocular motor tests; Pt, patient; Rot, rotary chair; SOT, sensory organization test (computerized
dynamic posturography).

a SVV static and/or dynamic conditions.
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semicircular canal involvement in patients with head injury. The DHI scores ranged
from 16 to 96 (mean, 50), suggesting mild to severe self-perceived balance handicap.
All patients had negative test results for BPPV with the exception of 1 patient who had
anterior and horizontal canalithiasis. The composite equilibrium score on the SOT was
abnormal in 16 patients (52%), suggesting postural instability and were consistent with
symptoms of imbalance. Of 16 patients, 10 with abnormal SOT findings had abnormal
otolith findings (63%) and 4 with abnormal SOT findings had both horizontal canal and
otolith involvement (25%). In contrast, none of the patients with horizontal canal find-
ings alone had abnormal SOT results. These results are consistent with the findings of
Basta and colleagues31 who demonstrated that postural instability may be related to
otolith disorders, and not necessarily horizontal canal dysfunction, in some patients
with head injury. Only 1 patient (3%) had positive central vestibular findings, and these
results are consistent with those of Davies and Luxon17 who observed a low incidence
of central vestibular findings in patients after head injury.
Fig. 1 shows vestibular test results from a patient who complained of imbalance

after a concussion from an IED blast exposure during deployment in Afghanistan. After
the blast exposure, the patient noted unsteadiness and imbalance when standing on
a ladder or rooftop at his place of employment. The DHI yielded a score of 32 out of
100, suggesting moderate self-perceived balance handicap. The Dix-Hallpike and
roll test results were negative for BPPV. The ocular motor test and the failure of fixation

Fig. 1. Otolith test findings from a patient who complained of imbalance after a concussion
from an IED blast exposure during deployment in Afghanistan. (Top) cVEMPs were recorded
from the left side (AS) at 85 dBnHL (P1/N1 5 58 mV); however, cVEMPs were absent from the
right side (AD). (Bottom) The static SVV was �2�, and SVV (difference angle: offset SVV
angle � on-axis SVV angle) during centrifugation to the left was 6� and �2� during centri-
fugation to the right. The results of the cVEMP and centrifugation SVV tests suggest otolith
dysfunction on the right side and normal otolith function on the left side.
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test (rotary chair and caloric stimulation) results were negative, suggesting normal
central vestibular function. The monothermal warm caloric test revealed normal and
symmetric nystagmic responses. Phase, gain, and asymmetry were essentially within
normal limits for the sinusoidal harmonic acceleration test on the rotary chair (Micro-
medical System 2000 rotational chair; Micromedical Technologies, Inc, Chatham, IL,
USA). No spontaneous nystagmus or positional nystagmus was present. These results
suggest normal horizontal semicircular canal function for this individual.
Otolith function was assessed using cVEMP and SVV during static and dynamic

conditions, and the results are shown in Fig. 1. cVEMPs were recorded from the left
side at 85 dBnHL (amplitude, P1/N1 5 58 mV); however, cVEMPs were absent from
the right side. The static SVV was �2�, and SVV during centrifugation to the left and
right was 6� and �2�, respectively. The results of the cVEMP and centrifugation
SVV tests suggest otolith dysfunction on the right side and normal otolith function
on the left side. Computerized dynamic posturography was consistent with a visual/
vestibular pattern of dysfunction.

SPECIAL CONSIDERATIONS FOR TESTING BLAST VICTIMS

Posttraumatic stress disorder (PTSD) is an anxiety disorder that develops in reaction
to traumatic events. For veterans of recent wars, a history of TBI is often associated
with exposure to a traumatic event (eg, blast exposure) that increases the risk of
PTSD. According to a Rand Corporation study,49 nearly 20% of military service
members who have returned from Iraq and Afghanistan (approximately 300,000
soldiers) report symptoms of PTSD or major depression. In the authors’ preliminary
data shown in Table 1, 23 of the 31 veterans (74%) who complained of dizziness
and/or imbalance also suffered from PTSD. Three veterans were unable to complete
testing because of anxiety related to PTSD during the vestibular testing session, and
their test results were not included in Table 1. Common triggers for anxiety during
vestibular and balance assessment included answering questions regarding history
of blast exposure, placement in the rotational chair enclosure, restraint of the head
for rotational testing, darkening of the test environment, tracking a light bar target
during ocular motor testing, and undergoing caloric testing. An awareness of these
potential triggers by clinicians working with patients who have experienced blast
exposure is important.
Hoge and colleagues50 suggested that many symptoms associated with TBI,

including dizziness and imbalance, were mediated by PTSD or depression. However,
some recent studies examining the relationship between blast exposure and/or TBI
and vestibular disorders have used subjective measurements such as questionnaires,
the presence of symptoms, or screening tests to assess vestibular function.4,5,7 It
seems likely that subjective measurements of dizziness are more influenced by the
effects of PTSD than objective measurements of vestibular function. To avoid the
potential confounding effects of PTSD, quantitative laboratory tests to determine
vestibular involvement are recommended for this patient population.

SUMMARY

Dizziness and imbalance are frequent complaints in patients who have experienced
head injury and/or blast exposure. Preliminary results in the authors’ laboratory
suggest that otolith testing may be an important component of the vestibular test
battery in patients with mTBI and/or blast exposure. Vestibular symptoms often last
for 6 months or longer after the head trauma, and these findings are inconsistent
with vestibular adaptation processes that occur within several months after damage
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to the semicircular canals and thus suggest a different mechanism causing dizziness
in patients with TBI. There is less known about the adaptation process that occurs
after damage to the otolith organs; however, Basta and colleagues51 have shown
that traditional vestibular rehabilitation therapy (VRT) is not effective for many patients
with otolith disorders. Because there is direct and circumstantial evidence that otolith
damage is a common sequela of head trauma, it is important to determine the specific
vestibular organ damage associated with blast exposure and/or TBI to optimize treat-
ment outcomes. Further evidence is needed to determine whether or not alternative
methods of vestibular rehabilitation would be more effective than traditional VRT in
patients with otolith disorders.
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