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How to Use This Review
This literature review is  part  of  the Vestibular  Medicine for  Physiotherapists series.  It  is  written for 
physiotherapists with a special interest in vestibular rehabilitation who assess and manage patients with 
dizziness, imbalance, and gaze-stabilisation deficits.

The review is designed to be read in a single 20-30 minute sitting. It distils current evidence into a 
structured clinical format with numbered sections, tinted callout boxes for rapid reference, summary 
tables and figures, and a Vancouver-style references list. Use it  as both a learning resource and a 
quick-reference tool in clinical practice.

Callout Box Guide

📖 Key Point:  Foundational concepts and summary statements that anchor the core scientific content 
of each section.

🔵 Clinical Insight:  Clinically relevant observations derived directly from the evidence - for direct 
application in assessment and rehabilitation.

💎 Clinical Pearl:  High-yield, memorable clinical points - the take-home messages most likely to 
influence prescription or progression decisions.

 Important:   ⚠ Red-flag  information,  contraindications,  or  safety  considerations  that  change 
management.
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I. Introduction and Scope of VRT
Vestibular  rehabilitation  therapy  (VRT)  is  the  gold-standard  non-pharmacological  intervention  for 
persistent dizziness, imbalance, and gaze-stabilisation deficits arising from vestibular dysfunction. Its 
scope extends well  beyond benign paroxysmal  positional  vertigo (BPPV) to  encompass acute and 
chronic  unilateral  vestibular  hypofunction,  bilateral  vestibular  hypofunction,  vestibular  migraine, 
persistent  postural-perceptual  dizziness  (PPPD),  post-concussive  dizziness,  and  the  central 
compensatory  deficits  seen  after  vestibular  schwannoma  surgery  and  posterior-circulation  stroke 
[1,2,15].

Approximately 30-40% of adults aged over 40 experience some form of vestibular symptom, and 1 in 3 
adults  over  the  age  of  60  has  measurable  balance  impairment  [11].  In  primary  care,  10-15%  of 
dizziness presentations have a vestibular aetiology amenable to physiotherapy-led rehabilitation. The 
clinical task for the vestibular physiotherapist is therefore twofold: (1) confirm a vestibular substrate to 
the patient's symptoms through structured assessment, and (2) deliver an individualised, mechanism-
based exercise program calibrated to the dominant deficit.

📖 Key Point: VRT works by harnessing intrinsic vestibular neuroplasticity. Successful programs are 
individualised  to  the  dominant  deficit  (adaptation,  substitution,  or  habituation)  and  titrated  for 
symptom provocation, frequency, and duration.

II. Historical Development and Evolution

Cawthorne-Cooksey Era (1940s-1960s)

Modern  vestibular  rehabilitation  has  its  origins  in  the  work  of  Sir  Terence  Cawthorne  and  Harry 
Cooksey, who treated Royal Air Force pilots with post-traumatic vestibular injury during the Second 
World  War  [3].  Their  protocol  consisted  of  graded,  symptom-triggered  head  and  eye  movements 
performed multiple times daily, combined with balance and gait re-education. Outcomes were striking -  
70-90% of pilots returned to flying duty - and established the central principle that controlled symptom 
provocation, rather than avoidance, drives recovery.

Evolution to Individualised VRT

From the 1980s, the field shifted from prescriptive Cawthorne-Cooksey protocols toward individualised 
programs informed by  deficit-specific  assessment  [4,15].  Pioneers  including Susan Herdman,  Lucy 
Yardley, and Marsha Dutton developed and validated graded exercise sequences that exploit the four 
core mechanisms of vestibular plasticity. Parallel developments included standardisation of vestibular 
outcome  measures  (Dizziness  Handicap  Inventory,  Activities-Specific  Balance  Confidence  scale, 
Functional Gait Assessment), integration of cognitive-behavioural principles for vestibular anxiety, and 
recognition that early initiation accelerates compensation.

🔵 Clinical Insight: Avoidance behaviour is the single strongest negative predictor of VRT outcome. 
Patients who restrict head movement to minimise dizziness deprive the central nervous system of the 
error signal that drives adaptation.
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III. Neuroplasticity Mechanisms
Four neuroplasticity mechanisms underpin recovery during VRT. Selecting the dominant mechanism for 
a given patient is the single most important decision in exercise prescription.

1. Vestibular Compensation

Following  acute  unilateral  vestibular  injury,  spontaneous  compensation  occurs  through  activity-
dependent plasticity within the central vestibular nuclei, cerebellum, and brainstem [2]. At the cellular 
level,  ipsilateral  brainstem neurons  increase  their  resting  discharge,  and  visual  and  proprioceptive 
pathways are recruited to substitute for lost vestibular input. Compensation is incomplete and easily 
disrupted by sedative vestibular suppressants, prolonged bed rest, or visual/somatosensory restriction.

2. VOR Adaptation and Frequency Specificity

The vestibulo-ocular reflex (VOR) adapts to chronic changes in gaze demand through error-signal-
driven  cerebellar  learning,  principally  within  the  flocculus  [2,15].  Adaptation  is  frequency-specific: 
training at one head-velocity frequency does not transfer fully to other frequencies. This is the rationale 
for prescribing both low-frequency (1-2 Hz) and high-frequency (4-6 Hz) gaze-stabilisation drills.

💎 Clinical Pearl: VOR adaptation requires retinal slip. If the patient can comfortably keep the target 
perfectly clear,  the exercise is  too easy -  increase head velocity,  target  distance, or  background 
complexity until a small amount of blur is felt.

3. Sensory Substitution

When vestibular input cannot be restored - as in bilateral vestibular hypofunction, ototoxicity, or after 
bilateral  vestibular  schwannoma  surgery  -  the  central  nervous  system  substitutes  visual  and 
proprioceptive cues for missing vestibular signals [10].  Substitution is exploited deliberately through 
cervico-ocular reflex training, anticipatory saccades, and tactile cueing strategies.

4. Habituation

Repeated exposure to a provocative stimulus reduces the central response to that stimulus over time. 
Habituation is the dominant mechanism in motion sensitivity, visual vertigo, and PPPD, and underlies 
the Brandt-Daroff exercises and graded visual-motion exposure programs.

Figure 1. Four Plasticity Mechanisms — decision tree linking the dominant deficit to its lead exercise.
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Source: Australian Dizziness Clinics — clinical algorithm.

IV. Evidence Base and Efficacy

Cochrane Reviews and Meta-Analyses

McDonnell  and Hillier's  Cochrane review [1]  of  VRT for  unilateral  peripheral  vestibular  dysfunction 
analysed  39  randomised  controlled  trials  and  concluded  that  VRT  produces  moderate-to-large 
improvements  in  subjective  dizziness,  objective  postural  control,  and  gaze  stability  compared  with 
sham, no treatment, or pharmacological control. Standardised mean differences ranged from 0.4 to 1.2 
across outcome measures, with the largest effects seen for individualised over generic protocols.

Population Outcome Measure Effect Size (SMD) NNT

Acute unilateral 
hypofunction

DHI total 0.9 3

Chronic unilateral 
hypofunction

Functional Gait 
Assessment

0.7 4

Bilateral vestibulopathy Dynamic Visual Acuity 0.6 5

BPPV (post-manoeuvre 
habituation)

Residual dizziness 0.5 6

Vestibular migraine DHI + headache 
frequency

0.5 5

PPPD (with CBT) NPQ / DHI 0.4-0.7 5-6

Source: pooled estimates from McDonnell  & Hillier (2015) [1] and subsequent meta-analyses [10,17]. NNT = 
number needed to treat for one additional favourable outcome.
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RCT Data and Effect Sizes

More  recent  RCTs  have  refined  understanding  of  subgroup  response.  Chiarovano  et  al.  [10] 
demonstrated  that  individualised  VRT for  bilateral  vestibular  loss  yields  a  30-50% improvement  in 
balance confidence over six months. For acute unilateral hypofunction, structured VRT initiated within 
seven days of symptom onset achieves age-normal balance and gait by 4-6 weeks in approximately 
80% of patients; delayed initiation beyond eight weeks halves the rate of recovery [16].

📖 Key Point:  Earlier  is  better.  Initiating  VRT within  the  first  week  of  acute  unilateral  vestibular 
hypofunction approximately doubles the rate of complete functional recovery at 12 weeks compared 
with delayed referral.

V. Indications and Contraindications

Strong Indications

 Acute or chronic unilateral peripheral vestibular hypofunction (vestibular neuritis, post-labyrinthitis, 
post-surgical).

 Bilateral vestibular hypofunction, including ototoxic injury.
 Benign  paroxysmal  positional  vertigo  -  for  residual  symptom  habituation  following  definitive 

repositioning.
 Vestibular migraine with secondary balance dysfunction or visual vertigo.
 Persistent  postural-perceptual  dizziness  (PPPD),  ideally  combined  with  cognitive-behavioural 

therapy.
 Post-concussive vestibular and oculomotor dysfunction.
 Central  compensation  deficits  following  vestibular  schwannoma  surgery  or  posterior-circulation 

stroke.

Relative Contraindications and Timing Considerations

VRT should be deferred or substantially modified in unstable central vestibular lesions. Active rotational 
nystagmus in the acute phase, particularly with brainstem signs, mandates urgent neuro-imaging and 
neurology input before exercise is initiated [13].  Recent posterior-circulation stroke, decompensated 
cardiovascular disease, severe orthostatic hypotension, and uncontrolled migraine each require medical 
optimisation before progression.

 Important:  ⚠️ Active vertical or direction-changing nystagmus, severe truncal ataxia, or new focal 
neurology in a patient referred for VRT should prompt the physiotherapist to pause exercise and seek 
urgent medical review. Do NOT proceed with gaze-stabilisation or balance training in undifferentiated 
central syndromes.

Figure 2. VRT Indications and Contraindications — categorising lesion type to entry decision.
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Source: Australian Dizziness Clinics — clinical algorithm.

VI. Assessment Framework

Subjective Assessment

A structured  subjective  assessment  is  the  foundation  of  individualised VRT.  Key elements  include 
symptom timing (acute versus episodic versus chronic), provocative versus spontaneous nature, head-
movement  and  visual  triggers,  associated  auditory  features  (hearing  loss,  tinnitus,  aural  fullness), 
neurological symptoms, vascular risk profile, and the impact on activities of daily living [9]. The clinician 
differentiates  peripheral  from central  aetiology  through  targeted  history  and  watches  for  red  flags 
including new severe headache with  vertigo,  progressive neurological  deterioration,  and new-onset 
hearing loss in the affected ear.

Objective Assessment

Core objective tests include the head impulse test, head-shaking nystagmus, dynamic visual acuity, the 
Dix-Hallpike and supine roll tests for BPPV, smooth pursuit and saccadic eye movements, the Romberg 
and tandem Romberg, the Functional Gait Assessment, the Dynamic Gait Index, and the Berg Balance 
Scale [9]. Where available, video-oculography and posturography refine the assessment.

🔵 Clinical Insight:  The head impulse test, dynamic visual acuity, and Functional Gait Assessment 
together  cover  the  three  rehabilitation-relevant  domains  -  VOR gain,  gaze  stability  during  head 
movement, and dynamic postural control - in under ten minutes.

Figure 3. VRT Assessment Battery — sequential 10-minute clinic-floor pipeline.
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Source: Australian Dizziness Clinics — clinical algorithm.

VII. Exercise Categories and Prescription Principles

Adaptation: VOR Training

Gaze-stabilisation exercises drive frequency-specific VOR adaptation. The classic x1 paradigm fixates 
the eyes on a stationary target while the head moves; x2 paradigms move target and head in opposite 
directions to double the demand. Both are initiated at low frequency (1-2 Hz) with a near target, then 
progressed to higher frequencies, greater amplitudes, busier visual backgrounds, and standing then 
walking postures [2,15].
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Substitution Strategies

Anticipatory saccades, cervico-ocular reflex training, and proprioceptive cueing exercises deliberately 
recruit  non-vestibular  sensory  channels.  These  strategies  dominate  management  of  bilateral 
vestibulopathy and severe incomplete unilateral compensation.

Habituation Exercises

Brandt-Daroff exercises, graded visual-motion exposure, and motion-sensitivity quotient drills reduce 
central responsiveness to provocative stimuli through repeated, controlled exposure. Habituation is the 
dominant mechanism in motion sensitivity, visual vertigo, and PPPD.

Balance and Gait Retraining

Static and dynamic balance work progresses through reducing base of support,  removing visual or 
somatosensory  cues,  adding  head  movement,  dual-tasking,  and  graduating  from  supported  to 
unsupported gait under varied conditions. Functional integration with patient-specific tasks (carrying, 
turning, stairs, busy environments) supports transfer to daily life.

💎  Clinical  Pearl:  Every  exercise  should  provoke  mild-to-moderate  symptoms  and  settle  within 
minutes of stopping. No symptoms = no adaptation signal. Severe symptoms persisting beyond 30 
minutes = the dose is too high - back off, do not stop.

Figure 4. Exercise Prescription Algorithm — deficit-matched track with frequency, duration and progression 
criteria.

Source: Australian Dizziness Clinics — clinical algorithm.



www.australiandizzinessclinics.com

Page 11 of 14

VIII. Dosage, Compliance and Home Programs

Evidence-Based Dosage Parameters

Clinical  trial  evidence  supports  a  typical  VRT  dose  of  3-5  supervised  sessions  over  6-8  weeks 
combined with a daily home program of 20-30 minutes [1,15]. Gaze-stabilisation drills are performed 3-
5 times daily for 1-2 minutes each; habituation exercises 2-3 times daily until symptoms reduce by 50%; 
and balance and gait work daily.

Exercise Category Frequency Duration Progression Cue

VOR x1 / x2 (gaze stab.) 3-5x daily 1-2 min per direction When target stays clear, 
increase head velocity / 
amplitude / context

Habituation (motion 
sens.)

2-3x daily Until 50% symptom 
reduction

Reduce as symptoms 
normalise

Balance - static Daily 5-10 min Reduce base of support, 
eyes closed, foam

Balance - dynamic / gait Daily 10-15 min Add head turns, dual-
task, varied terrain

Brandt-Daroff (post-
BPPV)

3x daily 5 reps each side Until residual dizziness 
gone

Evidence-based starting dose; significant individual titration is required.

Compliance Barriers and Solutions

Adherence rates in structured VRT programs are reported at 60-75% [15]. Common barriers include 
exercise-triggered symptom fatigue, time constraints, low expectation of benefit, and vestibular anxiety. 
Strategies that improve compliance include: a clear neuroplasticity-based rationale at the first session, 
written and video-supported home exercise instructions, symptom diaries, early demonstration of small 
functional wins, and graded telehealth review when in-person sessions are not feasible.

IX. Outcome Measurement and Progression
Outcome  measurement  guides  progression  and  provides  objective  evidence  of  response.  The 
recommended core set for vestibular physiotherapy combines a patient-reported measure of dizziness 
handicap (DHI),  an objective gait  measure (Functional Gait  Assessment or Dynamic Gait  Index),  a 
balance confidence measure  (ABC scale),  and where  indicated  a  fall-risk  measure  (Berg  Balance 
Scale,  Mini-BESTest)  [5-9].  Re-measurement  every  4-6  weeks  identifies  plateau  and  informs  the 
decision to progress, modify, or transition to maintenance.

📖 Key Point:  Objective  measures detect  plateau before patients  do.  A static  FGA or  DHI  over 
consecutive  reviews  signals  the  need  to  change  the  dominant  exercise  category  or  to  escalate 
context complexity.
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Figure 5. Outcome-Based Progression and Referral Pathway — reassess at 4-6 weeks; refer when red flags or 
deterioration.

Source: Australian Dizziness Clinics — clinical algorithm.

X. Multidisciplinary Integration
Optimal vestibular care integrates physiotherapy with medical assessment (general practice, neurology, 
ENT,  vestibular  physician),  audiology,  psychology,  and  occupational  therapy.  The  vestibular 
physiotherapist  contributes  movement-based  assessment  and  rehabilitation,  functional  outcome 
tracking, patient education, exercise progression, and coordination of return to work or sport.

🔵 Clinical Insight: Co-management with a vestibular physician or neurologist is particularly valuable 
in PPPD, vestibular migraine, and central compensation deficits, where pharmacological optimisation 
and structured VRT operate synergistically.

XI. Conclusions and Future Directions
Vestibular  rehabilitation  therapy  is  one  of  the  most  evidence-based,  effective  non-pharmacological 
interventions in neuro-rehabilitation. A mechanism-based approach - pairing the dominant deficit to the 
dominant plasticity mechanism and titrating dose for symptom provocation - yields large, durable gains 
across a broad range of vestibular populations. Future directions include refined phenotyping to predict  
optimal  exercise type,  expanded use of  portable and virtual-reality-based assessment  and training, 
biomarker-guided dosing, and embedded telehealth support to improve adherence in remote and lower-
resource settings.
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Disclaimer and Copyright
Educational Use Only

This review is produced solely for the continuing professional development of healthcare clinicians and 
educators working in  vestibular  medicine.  It  is  not  intended for  distribution to  patients,  nor  does it 
substitute for individual clinical assessment by a qualified physiotherapist or medical practitioner.

Accuracy and Currency

Every effort has been made to ensure accuracy and completeness at the time of publication; however, 
the field of vestibular medicine evolves rapidly. Readers should consult current guidelines and primary 
literature when making clinical decisions.
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