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INTRODUCTION
Customized vestibular rehabilitation (VR) incorporating 
appropriate movements and sensory exposure is currently 
the standard of care for patients with peripheral vestib-
ular disorders. Approximately 50–80% of individuals 
completing a customized programme achieve significant 
subjective symptom, dynamic visual acuity, gait and pos-
tural stability improvements.1–5 A direct relationship has 
also been demonstrated between VR treatment outcome 
and improvements in psychological state5, 6 and quality of 
life,7–9 while specialized adjuncts to VR, such as exposure 
to visual motion stimuli, have been shown to significantly 
improve symptoms of visually induced dizziness,5,  6,  10 
which refers to symptoms of dizziness, disorientation and/
or unsteadiness provoked or exacerbated in situations 
involving visual– vestibular conflict (e.g.  walking down 
supermarket aisles) or intense visual motion (e.g. watch-
ing wide-screen movies). 

However, despite a strong body of evidence supporting 
the use of VR for the management of peripheral vestibu-
lar disorders, referrals to VR remain low. A qualitative 
study evaluating clinicians’ (neurologists, primary care, 
otolaryngologists) perspectives regarding the factors 
which influenced their management of people with ves-
tibular disorders found that they were often unaware of 
the concept of VR and wanted to learn more to improve 
the healthcare delivery of their patients.11 The main aim 
of this chapter is to provide an overview of VR including: 
(i) the physiologic basis, (ii) customized VR techniques 
including novel and supplementary techniques, (iii) factors 

that may affect outcome, and (iv) its efficacy for peripheral 
and central vestibular disorders.

NEUROPHYSIOLOGICAL BASIS FOR 
VESTIBULAR REHABILITATION
Habituation, adaptation, substitution and/or sensory 
reweighting comprise the neurophysiological basis for 
vestibular compensation and the improvements noted fol-
lowing a VR programme, with recent findings showing 
structural changes in grey matter volume in certain brain 
areas after people with vestibular neuritis have recovered 
functionally.12

Habituation is a decrease in the magnitude of the 
response to repetitive sensory stimuli.13 Initial VR pro-
grammes such as the Cawthorne–Cooksey14, 15 exercises 
are a type of habituation and involve repeating the pro-
voking movement at regular intervals until symptoms are 
no longer experienced. However, although components of 
this exercises programme may still be used today, the evi-
dence advocates customized VR programmes which focus 
on an individual’s deficits and incorporate exercises based 
on multiple neurophysiological components.2, 4, 16–18 

The vestibulo-ocular reflex (VOR) is responsible for our 
ability to maintain fixation on a target during head move-
ment. The VOR functions to stabilize images on the ret-
ina during head movement by producing compensatory 
eye movements, simultaneously and at the same rate, in 
the direction opposite to head movement. Therefore the 

Data in this chapter may be updated by a PubMed search using the keywords: vestibular rehabilitation, balance re-training, adaptation and 
novel techniques. 
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‘gain’ of the VOR (eye velocity/head velocity) should be 
equal to 1.0. In people with a peripheral vestibular dis-
order, the VOR gain can be reduced, resulting in retinal 
image slip with visual blurring during head rotations.19 
Retinal image slip provides an error signal which gener-
ates VOR response changes that decrease (i.e.  improve) 
the gaze error.20–22 Adaptation exercises23 (see ‘Vestibular 
rehabilitation interventions’ below) incorporating gaze 
fixation and head movements are prescribed to simulate 
retinal slip to promote VOR improvement with a reduc-
tion in blurring of the visual image during head movement. 
Recently it has been reported that, in addition to retinal 
slip, saccadic substitution and specifically compensatory 
saccades (the substitution of a saccade in the direction of 
the deficient VOR)24 also contribute to improvements in 
VOR gain with a decrease in gaze instability.25 The use of 
compensatory saccades appears to be related to the sever-
ity of vestibular hypofunction.25 

Sensory reweighting is the central nervous system’s abil-
ity to adapt its relative reliance on a specific sensory modal-
ity for orientation depending on environmental conditions, 
task demands and/or pathology.6 Therefore, if a sensory 
input is reduced, absent or unreliable, other sensory inputs 
are centrally upregulated or weighted-up. For instance, in 
the dark or in the presence of unstable visual surroundings, 
when visuopostural responses are unavailable or unreli-
able respectively, the efficiency of vestibulo-proprioceptive 
responses increases whereas visuopostural responses are 
downregulated.26 Similarly, a patient with uni- or bilateral 
vestibular failure will develop increased postural responses 
to visual motion stimulation.27 It is thought that, by per-
forming exercises in environments with altered sensory 
information, VR is able to affect a person’s use of sensory 
information or sensory reweighting.28 

Optokinetic stimulation can induce adaptation of spe-
cific vestibular parameters including VOR reflex gain in 
primates, healthy individuals and chronic peripheral ves-
tibular patients.16, 20,  29 Regarding patients’ symptoms, 
post-rotational vestibular sensation duration also reduces 
in healthy subjects with exposure to repetitive, vestibular 
or optokinetic stimulation.30 Short-term repeated expo-
sure to visuovestibular exercises has been found to induce 
adaptive changes, decreasing (improving) the magnitude 
of visual dependency in healthy controls.31 It is believed 
that improvements noted in visually induced dizziness 
following a programme of VR incorporating exposure to 
optokinetic stimulation is due to a decreased over-reliance 
on visual input for perceptual and postural responses. The 
underlying mechanism is likely to relate to motion-induced 
changes in neuronal excitability in visual motion corti-
cal areas (V5/MT).32, 33 PET and fMRI studies involving 
small or large-field optokinetic stimulation without addi-
tional vestibular stimulation note activation in cortical 
areas related to visual motion processing and eye movement 
control, and deactivation of parietoinsular vestibular cor-
tices indicating a reciprocally inhibitory visual– vestibular 
interaction.34–36 Similarly, when multisensory vestibular 
cortex areas are stimulated, bilateral deactivation is noted 
in visual and somatosensory cortex areas.34, 37 It is sug-
gested these interactions have a functional significance 

and indicate a sensory reweighting process, with greater 
weight given to the more reliable input thus suppressing 
the possible mismatch between contrasting sensory infor-
mation.36 Recurring exposure to conflicting visual input 
is also believed to promote reduced visual reliance and 
foster a more effective use of vestibulo- proprioceptive 
cues through sensory reweighting.38 Overall, however, the 
mechanisms mediating sensory reweighting in postural 
control remain poorly understood.39

VESTIBULAR REHABILITATION 
INTERVENTIONS

Clinical assessment
A thorough assessment is required prior to the onset of 
VR. Vestibular function tests to assess for accuracy and 
normalcy40 can be evaluated bedside by examination of 
spontaneous, gaze-evoked and positional nystagmus, 
dynamic visual acuity and headthrust tests.41,  42 The 
recently developed Vestibular/Ocular Motor Screening 
test, which includes five domains (smooth pursuit, hori-
zontal and vertical saccades, near point of convergence 
distance, horizontal VOR and visual motion sensitivity), 
is reported as a brief, sensitive vestibular/ocular screen 
for people with sport-related concussions that can be per-
formed by physiotherapists.43, 44

The patient history will provide information regarding 
symptom severity, frequency, duration and triggers as well 
as falls history. Several validated questionnaires can aid in 
quantifying this information including the Vertigo Symptom 
Scale,45 Dizziness Handicap Inventory,46 Situational 
Characteristic Questionnaire27,  47 and Activities-specific 
Balance Confidence Scale.48, 49 A physiotherapist will also 
perform objective and subjective tests to identify functional 
deficits in people with a vestibular disorder, including the 
completion of questionnaires regarding perceived handicap 
due to their symptoms, objective static and dynamic balance 
tests (i.e. the modified Clinical Test of Sensory Integration 
and Balance (CTSIB),50, 51 dynamic computerized posturog-
raphy) and gait measures (i.e.  gait speed, Functional Gait 
Assessment52).40 Muscle strength, range of movement and 
sensation will be assessed and the eye, head and body move-
ments or positions and challenging environments (e.g. visu-
ally ‘busy’ or unstable surroundings, irregular or compliant 
surfaces) which provoke symptoms will be identified in 
order to design an appropriate exercise programme. 

Treatment goals are devised to address each person’s 
individual subjective (i.e. dizziness, giddiness, nausea) and 
objective symptoms (postural and gait instability, falls). 
These goals often include: 

• improve functional balance, gait and ability to perform 
daily activities 

• decrease falls risk
• decrease symptom severity 
• improve VOR function 
• improve sensory integration and reweighting ability 
• patient education. 
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VR should be based on the eye, head and postural exer-
cises that provoke a patient’s symptoms. Adaptation 
exercises (Figure 68.1)23 incorporating gaze fixation and 
head movements and postural exercises are prescribed 
to promote recovery of VOR and vestibulo-spinal reflex 

function. Gaze fixation exercises are practised with vary-
ing target distances (i.e. 2 m, 1 m, 0.5 m) since VOR gain 
varies with target distance (closer targets require higher 
gains).53 Fixation exercises are given to patients with 
oscillopsia and/or decreased VOR gain, most often seen in 
peripheral vestibular disorders. 

Saccades can support higher speed functional eye move-
ments in people with bilateral vestibular hypofunction in 
whom the VOR gain is extremely reduced or absent.40 
Patients are asked to practise saccadic or gaze transfer 
exercises whereby they quickly shift their gaze between 
two horizontal or vertical targets. As the VR programme 
progresses, the complexity and difficulty of exercises 
should increase and therefore exercises will be practised in 
sitting, standing and walking on level ground or compli-
ant surfaces (e.g. foam). Table 68.1 includes examples of 
commonly prescribed exercises, which can also be viewed 
online.42 

Many people with a vestibular disorder will experi-
ence some level of balance and gait dysfunction. Exercises 
which focus on retraining postural alignment and move-
ment strategies may need to be incorporated whereby 
patients learn to maintain an upright posture during 
progressively more difficult tasks including eyes closed 
and standing on compliant surfaces, with progressively 
reduced feedback about position.55 The goal when retrain-
ing movement strategies is to develop those successful in 
moving the centre of gravity relative to a stationary base 
of support (ankle or hip strategy) and changing the base of 
support relative to the centre of gravity (stepping strategy). 
Retraining a coordinated ankle or hip strategy involves 
practising voluntary anterioposterior and lateral sway, 
without taking a step. Facilitating a hip strategy involves 
faster and larger displacements than an ankle strategy and 
may include activities such as tandem or single leg stance. 

TABLE 69.1 Examples of commonly prescribed exercises in vestibular rehabilitation

Type of exercise Examples

Head exercises (performed with eyes 
open and eyes closed)

Bend head backwards and forwards

Turn head from side to side

Eye movement exercises Head stationary follow movement of finger left and right/up and down 

Head movement to look back and forth between two vertical or horizontal targets 

Visual fixation exercises Perform head exercises while fixating stationary target

Perform head exercises while fixating moving target

Positioning exercises (performed with 
eyes open and closed)

While seated, bend down to touch the floor

While seated, turn to look over shoulder to left and then right

Bend down with head turned first to one side and then the other

Lying down, roll from one side to the other

Sit up from lying supine and on each side

Postural exercises (performed with eyes 
open; eyes closed under supervision)

Practise static stance with feet as close together as possible

Practise standing on one leg, and heel-to-toe

Repeat head and fixation exercises while standing and then walking 

Practise walking in circles, pivot turns, up slopes, up stairs, around obstacles

Stand and walk in environments with altered surface and/or visual conditions with and 
without head and fixation exercises

Aerobic exercises, e.g. alternate touching the fingers to the toes, trunk bends and rotation

Gaze transfer

Gaze stability (VOR)

(a)

(b)

Figure 68.1 Gaze transfer and adaptation exercises54 included within 
a vestibular rehabilitation programme. During ‘gaze transfer’ 
(a) the normal head and eye movement required for transfer-
ring gaze from one object to another is practised. The exercise 
can initially be practised without head movements with objects 
placed approximately 40  cm apart at eye level. During adap-
tation exercises (b) the vestibulo-ocular reflex (VOR) is being 
stimulated. This is responsible for maintaining a steady gaze on 
a fixated object with progressively faster head movements.
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Retraining externally induced postural responses involves 
pushes or pulls of various amplitudes, speed and direc-
tion applied at the hips or shoulders, or the use of mov-
ing surfaces. Stepping can be practised by shifting the 
patient’s weight to one side and then quickly bringing the 
centre of gravity back towards the unweighted leg, or in 
response to large anterioposterior or lateral perturbations. 
Multidirectional stepping, and stepping over a visual tar-
get or obstacle can also be practised.55 

When the ability to select appropriate sensory input 
for postural stability is disrupted, exercises focus on ask-
ing patients to maintain balance in situations where the 
availability and accuracy of one or more sensory inputs is 
 varied.56 Sensory strategy retraining aims to help people 
with a vestibular disorder learn to effectively select appro-
priate sensory information for balance in various environ-
ments. Treatment focuses on maintaining balance during 
progressively more difficult static and dynamic balance 
and gait exercises while the availability and accuracy of 
sensory input are systematically varied. People who over-
rely on somatosensory cues for orientation (i.e. difficulty 
when walking on uneven surfaces, changing between dif-
ferent types of floor surface) practise tasks while sitting, 
standing or walking on surfaces with disrupted somato-
sensory cues such as compliant foam, moving platforms 
or tilt boards. For people with a visual dependency this 
involves exercises where visual input is incorrect, conflict-
ing or absent, in order to learn to rely more on proprio-
ceptive and available vestibular cues.38 Guerraz et  al.27 

suggested that rehabilitation programmes promoting 
desensitization and increased tolerance to visual stimuli 
through exposure to visual motion (i.e. optokinetic stim-
ulation) would be specifically beneficial for patients with 
visual vertigo (VV). Advanced techniques in VR incor-
porate exposure to optokinetic stimuli5 (Figure 68.2) 
or virtual reality57 (Figure 68.3) environments. When 
the optokinetic stimulation has been incorporated into 
both the treatment  session and the home programme, 
improvements have been noted in postural and gait 

stability, visually induced dizziness and psychological 
state, including depression and anxiety.5 Easily acces-
sible and economical computer games, YouTube videos 
or a DVD including visual stimulation recorded from the 
clinical equipment (i.e. optokinetic test in neuro-otology 
departments)58 can also be used. Regardless of the type 
of optokinetic or virtual reality stimulus employed, expo-
sure should be gradual and progressive. 

People with a vestibular disorder may complain of poor 
concentration and memory impairment and a cognitive–
vestibular function interaction has been highlighted in this 
population.59 People with a vestibular disorder appear to 
have decreased attentional resources available when simul-
taneously performing a cognitive and posture or gait task 
(i.e. dual tasking) with priority given to maintaining the 
motor task to the detriment of performance on the cogni-
tive task.60, 61 Postural studies in standing, though, show 
varying results with regards to the effect of an additional 
cognitive task on postural sway, with some reporting that 

(a)   (b)

Figure 68.2 Apparatus used for full-field optokinetic stimulation-based intervention.5 (a) A photo of the visual environment rotator 
apparatus (Stimulopt, Framiral, France). (b) Participants are asked to stare ahead while the apparatus rotates in different directions 
and at differing speeds. Participants practise exercises in sitting, standing and walking either towards and away from the stimulus 
or alongside it with or without vertical or horizontal head movements.

Figure 68.3 Four aisles from a virtual reality supermarket,57 

showing a progression in visual complexity.
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sway increases (i.e.  worse),62 decreases (i.e.  improved)63 
or no change.61 The disparate findings may be due to 
variations in task difficulty as well as the ability to iso-
late obvious sensory mismatches so they do not draw on 
attentional resources.64 More recent studies investigating 
gait performance while performing a simultaneous cog-
nitive task (dual-task) consistently show a significantly 
decreased gait speed65,  66 and greater ataxia and devia-
tion from a linear path65 in this population when dual-
tasking. Although no studies have specifically assessed the 
impact of incorporating dual task training within a VR 
programme, findings in older adults with increased falls 
risk show an increase in dual-task gait speed after train-
ing67 and clinicians often include dual-task training into 
VR programmes when a functional deficit is noted in this 
area. Dual-task training involves practising progressive 
balance exercises (e.g.  tandem standing or walking with 
or without upper limb activities) while simultaneously per-
forming a secondary task such as counting backwards by 
3s, recounting daily activities.68 During training patients 
are asked either to constantly maintain attention on both 
tasks or to focus attention on one of them.69 

Motor, sensory and cognitive strategy retraining 
should occur in parallel rather than sequentially. General 
characteristics of VR include specificity, repetition, pro-
gression, and patient education, for example explaining 
that initially symptoms may worsen, and improvement 
may be uneven. Patients should be aware that, even after 
symptoms have largely resolved,  a temporary reoccur-
rence may occur during periods of stress, fatigue or ill-
ness. Patients should be advised to stop  exercising and 
seek advice if they experience neck pain, loss of con-
sciousness or vision, sensations of numbness, weakness 
or tingling in the face or limbs, or increased migraine 
frequency.

Novel and supplementary techniques 
Various authors have discussed the potential benefit of vir-
tual reality as a therapeutic protocol to improve postural and 
gait stability, VOR gain and subjective symptoms.68–70 Two 
studies using a limited field-of-view head-mounted device 
noted improvements in VOR gain and symptoms in patients 
with a peripheral vestibular disorder.69, 71 Two randomized 
controlled trials comparing customized VR versus virtual 
reality-based VR reported no significant pre–post treat-
ment between-group differences in gait speed, functional 
gait performance, computerized dynamic posturography 
or subjective symptoms despite one study using a full-field 
immersive virtual environment consisting of a grocery store 
model56 while in the other the low-cost Nintendo Wii Fit 
Plus® was employed (Figure 68.4).72 The lack of difference 
in findings between the customized vestibular rehabilitation 
exercises versus virtual reality based rehabilitation in the 
two aforementioned studies56, 72 may be due to the fact that 
both small- and large-field optokinetic stimulation shows 
similar reciprocally inhibitory visual–vestibular interactions, 
indicating that sensory reweighting occurs independently 
of visual field size and other factors including frequency, 

velocity, texture, stimulus area and  position within the visual 
field.34–36, 73 Pavlou et al.5 reported that this may explain why 
significant improvements were noted for both full and lim-
ited field-of-view optokinetic stimulation without significant 
between-group differences in their study. However, it should 
be noted that virtual reality systems may provide a more 
enjoyable rehabilitation method to re-train balance.72

Sessoms et al.,74 however, reported that 12 sessions 
virtual reality exposure without additional VR provided 
greater benefit in gait speed and weight shift in people 
with traumatic brain injury (TBI) and vestibular dys-
function compared to virtual reality (6 sessions) plus VR 
(6 sessions). It is important to note that balance and ves-
tibular exercises were practised during exposure to the 
virtual reality environment, thus providing multidimen-
sional tasking. This provides a form of VR that is more 
demanding and may possibly be more appropriate than 
traditional techniques for people requiring more chal-
lenging tasks and who are required to operate at a higher 
level of performance in their profession (athletes, military 
servicemen).75 

Current literature therefore suggests that virtual real-
ity is beneficial and may offer a more enjoyable exercise 
method, particularly with regards to the Nintendo Wii® 
system.73 Further work is needed, however, to identify the 
specific role of virtual reality within VR, particularly with 
regard to the patient groups for whom it is most suitable 
and to the optimal virtual reality format. 

Figure 68.4 A patient practising a balance exercise using the 
Nintendo Wii Fit Plus® system.73
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FACTORS AFFECTING OUTCOME
The relationship between psychological and dizziness 
symptoms is well documented as is the significant cor-
relation between depression and anxiety in people with 
vestibular dysfunction.82,  83 People who experience 
higher levels of somatic anxiety report greater handi-
cap84 and show a delay in recovery.85 Every effort should 
be made to identify and act on these negative factors, 
referring the patient for counselling and/or adding psy-
chopharmacological medication as appropriate. Studies 
combining VR with explicit cognitive behavioural ther-
apy demonstrate improvements in patients’ ability to 
cope, function, subjective symptoms and satisfaction 
with care.86, 87 However, the clear additional effect of 
combining cognitive behaviour therapy with VR remains 
unknown. 

People with peripheral or central vestibular disorders 
may experience visuomotor symptoms, such as oscillop-
sia or diplopia, which are capable of disrupting recov-
ery and rehabilitation. Rehabilitation specialists should 
enquire directly about such symptoms. It has recently been 
reported that binocular vision abnormalities may affect 
the improvement of visually induced dizziness symptom 
improvement and these findings may have important 
implications for the management of subjects with refrac-
tory vestibular symptoms.88 Clinicians need to be aware of 
the possible negative effect of this type of binocular abnor-
mality on visually induced dizziness treatment outcome in 
order to manage their own and the patient’s expectations 
from treatment. 

Patients with vestibular migraine can adhere to and 
benefit from VR.5, 89, 90 However, Bronstein and Pavlou55 
reported that, in their experience of treating patients with 
migraine-associated dizziness, an initial exercise pro-
gramme including fewer exercises (i.e. three maximum) is 
better tolerated and adhered to. The exercises should be 
practised only once daily initially and gradually increased 
to twice daily. As symptoms and tolerance improve the 
number and total duration of daily exercises progressively 
increases. It is important for improvement to be noted 
with exercises such as those in Table 68.1 before progress-
ing to the inclusion of optokinetic stimuli. 

Other factors that may impact on VR treatment out-
come are listed in Box 68.1.

EFFICACY OF VESTIBULAR 
REHABILITATION
VR, in the form of appropriate movements and sensory 
exposure, is currently the standard of care for patients 
with peripheral vestibular disorders regardless of age and 
symptom duration.2,  4,  5,  91 Customized VR programmes 
provide greater benefit than generic ones (Cawthorne–
Cooksey).2, 4, 5, 91, 92 A recent Cochrane review and other 
systematic reviews have validated the safety and effective-
ness of VR for the management of unilateral vestibular 
dysfunction.93, 94

People with bilateral vestibular hypofunction have an 
increased falls risk95 and in one study a significant per-
centage of participants reported that they had to alter or 
change their professional activities and/or required the 
presence of another person due to the level of disability 
they experienced.96 However, a number of studies have 
reported significant improvements in gaze, postural and 
gait stability, balance confidence, subjective symptoms 
and perceived handicap from dizziness in people with 
bilateral vestibular hypofunction,1, 4, 97 with a systematic 
review stating that there is moderate strength evidence to 
support VR for improvements in gaze and postural sta-
bility but further work is need to identify its benefit for 
International Classification of Functioning, Disability and 
Health (ICF)–Participation outcome measures.98

In people with Ménierè’s disease, management has 
been challenging due to recurring vertigo episodes. Long-
term  management  may include dietary changes (low 
salt), medications (betahistine, steroids) and/or ablative 
therapy (e.g.  intratympanic gentamicin administered to 
the affected ear).99 Specifally for VR, significant improve-
ments in postural stability, subjective symptoms and qual-
ity of life have been noted with customized VR physical 
exercises2 or incorporating balance exercises with expo-
sure to a virtual reality platform.100 In the study by Garcia 
et al.,100 participants in both the control and treatment 
groups had been given dietary recommendations and pre-
scribed 48 mg/day of betahistine, however improvements 
were only noted in the treatment group.100 

Some studies report similar responses for patients with 
peripheral, central and mixed pathology, but others claim 
poorer outcomes for the latter two groups. Differing 
results may be due to individual study variations regard-
ing treatment duration (patients with  central deficits are 
expected to require a longer duration for improvement), 
extent and location of central deficit (cerebellar dysfunc-
tion appears to reduce the effect of rehabilitation) and 
any additional cognitive or neuromuscular deficits.101 
Cerebellar and vascular disease, migraine and traumatic 
brain injuries (including  concussion) are examples of cen-
tral vestibular disorders associated with dizziness. 

BOX 68.1 Factors that may delay vestibular 
compensation (adapted from Bronstein and Pavlou)56

• Fluctuating vestibular disorder (i.e. Ménière’s disease)
• Migraine
• Additional disorder:

• CNS 
• Peripheral nerve
• Cervical spine
• Visual (reduced visual acuity, modified optics (e.g. cata-

ract operation), strabismus, diplopia)
• Age
• Lack of mobility (orthopaedic problem, forced bedrest, 

psychological/fear)
• Medication (antivertiginous drugs)
• Psychosocial
• Visually induced dizziness
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Current evidence suggests that VR can improve diz-

ziness, gait and postural stability after mild traumatic 
brain injury (or concussion).102, 103 In people with per-
sistent neck pain, headaches and/or dizziness following 
a sports-related concussion, the time to return to sport 
is reduced following a programme of VR combined 
with cervical exercises.104 McCulloch et al.105 published 
clinical guidelines for rehabilitation providers regard-
ing progressive return to activity after military mild 
traumatic brain injury and VR was recommended for 
those experiencing persistent dizziness and/or balance 
symptoms. 

As stated above, people with vestibular migraine 
benefit significantly from a VR programme.88,  106,  107 
Patients with vestibular migraine or migraine history 

and a  peripheral vestibular disorder can also tolerate 
and benefit from customized VR incorporating opto-
kinetic exposure; surprisingly, migraineurs report sig-
nificantly greater improvements for visually induced 
dizziness compared to non-migraineurs.5 It has been 
suggested medication may help control visually induced 
dizziness symptoms in migraineurs, enabling them to 
better tolerate the exercises and thus leading to greater 
improvement.89 However, Vitkovic et al.107 reported that 
a 6-month VR programme without optokinetic exposure 
showed similar improvements in both participants with 
vestibular migraine and those with vestibular symptoms 
without migraine and, for the former, improvements were 
noted regardless of medication regime, although medica-
tion was not controlled for.

FUTURE RESEARCH

Further work is needed regarding: 
 ➤ optimum interventions
 ➤  treatment duration

 ➤ long-term outcome 
 ➤ the efficacy and potential benefit of novel techniques, i.e. 

virtual reality.

• VR is the mainstay of treatment for people with peripheral 
vestibular disorder.

• Evidence is emerging for its benefit in people with central 
vestibular disorders, particularly mild traumatic brain injury. 

• VR should be informed by assessment and individually 
designed based on each person’s impairments.

KEY POINTS
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