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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.

Where the parent topic (Topic 01: VRT Principles) sets the broader rehabilitation framework, this topic
narrows the lens to gaze stabilisation training (GST) — the VOR-targeted subset of VRT that drives
retinal-image stability during head movement. The review is designed to be read in a single 20-25
minute sitting and combines neurophysiology, an exercise library, dosing rules, and outcome
measurement. Use it both as a learning resource and as a quick reference at the clinic-floor level.

Callout Box Guide

[0 Key Point: Foundational concepts and summary statements that anchor the section's clinical
content.

O Clinical Insight: Clinically relevant observations derived directly from the evidence base or
expert consensus.

O Clinical Pearl: High-yield, memorable clinical points — the take-home message for the busy
physiotherapist.

A Important: Red-flag information, contraindications, or safety considerations that change
management.
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l. Introduction and Clinical Scope

Gaze stabilisation training (GST) is the VOR-targeted subset of vestibular rehabilitation. Its goal is to
restore — or, when restoration is not possible, substitute for — retinal-image stability during active head
movement. GST sits inside the broader vestibular rehabilitation framework but is distinct from
habituation, balance retraining, and graded visual exposure: it specifically targets the vestibulo-ocular
reflex through error-signal-driven cerebellar plasticity [1,2,4].

Clinically, GST is indicated whenever the patient demonstrates a measurable gaze-stability deficit. The
clinical signposts are: a positive bedside head impulse test, an abnormal video head impulse test (VHIT)
gain (typically less than 0.79 in the affected canal), a dynamic visual acuity (DVA) loss of two or more
Snellen lines compared with static acuity, or symptomatic visual blurring during head turns. Patients
with predominantly positional or non-VOR-driven symptoms (uncomplicated BPPV, primary PPPD)
derive less benefit from GST and are managed with topic-specific exercise sets covered in other
reviews in this series [3,5,7].

[0 Key Point: Gaze stabilisation training is mechanism-specific: it drives VOR adaptation and
substitution. Patients without measurable gaze instability rarely need it. Always confirm the deficit
before prescribing.

Il. Neurophysiology of VOR Adaptation

The Three-Neuron Arc and Resting Discharge

The angular VOR is the fastest reflex in the human brain — latency 6—-10 ms — and is mediated by a
three-neuron arc spanning the vestibular nerve, vestibular nuclei, and oculomotor nuclei. At rest,
primary vestibular afferents discharge at 70—100 spikes per second on each side. A head turn drives an
ipsilateral increase and contralateral decrease of afferent firing; the brainstem decodes the difference
and commands a compensatory eye movement equal in amplitude and opposite in direction to head
motion [4,15].

Retinal Slip as the Error Signal

When VOR gain is mismatched to head velocity — typically too low after acute peripheral hypofunction
— the image of the world slips across the retina. This retinal slip is the error signal that drives plasticity.
Climbing fibre input from the inferior olive carries the slip signal to Purkinje cells of the cerebellar
flocculus and paraflocculus, which then modulate the gain of brainstem vestibular nucleus neurons via
long-term depression and potentiation [2,4].

Frequency Specificity of Adaptation

VOR adaptation is frequency-tuned: training at one head-velocity frequency does not transfer fully to
other frequencies. Low-frequency training (1-2 Hz, predictable, sinusoidal) drives change at low
frequencies but leaves high-frequency gain largely unchanged. High-frequency training (4-6 Hz,
unpredictable, head-thrust-like) drives change at the higher band that matters for real-world locomotion.
A well-designed GST programme covers both bands deliberately [6,15].

Active vs Passive Movement

Active head movement — head turn generated by the patient — drives more adaptation than passive
head movement of the same amplitude and velocity. Efference-copy signals from the neck and motor
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cortex augment the cerebellar error-signal pathway. This is why GST is performed actively, with the
patient generating their own head movement against a visible target [6].

. VOR output

Retinal slip
(gain mismatch)

VOR x1 / x2 Cerebellar flocculus
- - C— - -

prescription (error signal monitor)

Modified VOR gain — re-tested via DVA / fHIT at 4-6 weeks

Figure 1. The VOR adaptation pathway — head turn drives VOR output; residual retinal slip is monitored by the
cerebellar flocculus and converted into x1/x2 prescription, with re-test via DVA or fHIT at 4—6 weeks.
Source: Australian Dizziness Clinics — clinical algorithm.

0 Clinical Insight: Adaptation requires a clear, focused target and a controlled head velocity that

produces some retinal slip — but not so much that the target becomes unreadable. The 'sweet spot'
is the head velocity at which the patient can just maintain target clarity.
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lll. The Gaze Stabilisation Exercise Library

Adaptation Exercises (Residual VOR Function Present)

The classic adaptation paradigms are x1 and x2 viewing. In x1 viewing, the patient fixates a stationary
target while turning the head left-right (yaw) or up-down (pitch); the target is held perfectly steady and
the head must oscillate through approximately +20° at the prescribed frequency. In x2 viewing, the
target moves in the opposite direction to the head — doubling the demand on the VOR and increasing
the retinal-slip signal that drives adaptation [4,6].

Substitution Exercises (Minimal Residual VOR Function)

When residual gain is severely reduced (VHIT gain typically less than 0.3 bilaterally, or absent on one
side after complete labyrinthectomy), pure adaptation is no longer possible. The brain is taught to
substitute non-vestibular cues. Anticipatory saccades — patient deliberately saccades to the target
before head movement reaches it — are the dominant substitution strategy. Cervico-ocular reflex
training (slow head movement during target fixation) and proprioceptive cueing exercises augment the
saccadic strategy [10,11].

Layered Variants

Once basic x1 / x2 yaw and pitch are mastered, the prescription escalates through layered variants:
near-far target switching (alternating fixation between two targets at different depths during head
movement); reading text aloud during head turn (functional integration); diagonal axes; busy
backgrounds (textured walls, traffic, supermarket aisles); and finally standing and walking layers that
combine GST with postural control [6,12].

Gaze Stabilisation Exercise Library

VOR x1 VOR x2 Near-far Standing /
(target steady) (opposite) switching walking layer
Busy background Reading text Vertical / diagonal Dual-task
(textures, traffic) during head turn axes (cognitive load)

Dose: 1-2 min/axis, 3-5x/day; progress on clarity (no slip = under-dosed)

Figure 2. The GST exercise library — four progressive families with dosing rule.
Source: Australian Dizziness Clinics — clinical algorithm.
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Exercise Target | setup Head amplitude Head frequency Starting dose

VOR x1 yaw (near) itatlonary el El el +20° 1-2 Hz 1-2 min x 3-5/day

VOR x1 yaw (far) Wall target at 3 m +20° 1-2 Hz 1-2 min x 3-5/day

VOR x2 yaw Gl TEEs +20° 1-2 Hz 1-2 min x 3-5/day
opposite

VOR x1 pitch Stationary target +20° 1-2 Hz 1-2 min x 3-5/day

o Two targets, o .

Near-far switching different depths +15 1Hz 1-2 min x 3/day

Standing layer Add foam /tandem +20° 1-2 Hz 1-2 min x 3/day
stance

. Walk + horizontal o .
Walking layer head turn +20 0.5-1 Hz 2 min x 2—-3/day
Reading-during-turn théi\{vspaper—5|zed +15° 0.5-1 Hz 1-2 min x 2/day

0 Clinical Pearl: If the patient reports the target stays perfectly clear at every velocity, the dose is
too low — there is no retinal slip and therefore no adaptation signal. Increase head velocity until the
target just begins to blur. That is the therapeutic dose.

IV. Progression Principles

Progression is multi-axis. At each re-assessment the clinician advances the patient along whichever
dimension is most lagging functionally, rather than moving every dimension at once. The standard

progression dimensions, in approximate order of introduction, are:

. Target size — large card to standard print to smaller print to a single Snellen line.
. Head velocity — slow predictable to faster predictable to unpredictable (random direction).

. Visual background — plain wall to patterned wall to moving background (foot traffic, screen).

1
2
3. Head amplitude — small +15° to standard +20° to large £30°.
4
5

Postural condition — sitting to standing on firm to standing on foam to tandem to single-leg to

walking.

6. Cognitive load — single-task to counting backwards to naming categories during the drill.
7. Axis variety — yaw alone to yaw + pitch to yaw + pitch + diagonal.
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Residual VOR gain
on affected side?

~ N

Yes (0.3-0.7) No / minimal

i N

ADAPTATION SUBSTITUTION

x1 / x2 viewing, Cervico-ocular,
near-far, busy bg ant. saccades, proprio.

Document baseline DVA, DHI, ABC at session 1; re-test at 4-6 weeks

Figure 3. Patient selection algorithm — residual VOR gain decides whether the dominant exercise track is
adaptation (x1/x2 viewing, near-far, busy background) or substitution (cervico-ocular, anticipatory saccades,
proprioceptive).

Source: Australian Dizziness Clinics — clinical algorithm.

O Clinical Insight: Plateau is identified when DVA and DHI fail to change across two consecutive
4-week reviews. The response is not ‘more of the same' — it is to escalate one dimension (typically
velocity, busy background, or postural challenge) and re-test in a further 4 weeks.
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V. Dosage, Frequency and Compliance

Standard Dose

The evidence-based starting dose is 1-2 minutes per axis, performed three to five times per day, for a
total practice volume of 12—-20 minutes per day across all axes [6,9,12]. Doses above 30 minutes per
day do not improve outcomes and are associated with reduced adherence. The Hall et al. APTA clinical
practice guideline supports this dosing range as the minimum effective threshold for unilateral
hypofunction [9].

Symptom Rule and Tolerance

Mild dizziness during and immediately after each session is expected and reflects active retinal-slip
processing. Symptoms should settle within 15-20 minutes. Severe nausea, vegetative symptoms, or
symptoms lasting beyond an hour indicate the dose has been escalated too quickly — drop head
velocity or amplitude by approximately 20% and reintroduce gradually. Persistent provocation despite
reduction warrants screening for vestibular migraine, decompensated central pathology, or undisclosed
PPPD overlap [3,7].

Time Course and Plateau

Measurable VOR gain change can be detected within 1-2 weeks of consistent practice. Subjective
benefit (reduction in DHI, gains in ABC and FGA) usually emerges between weeks 3 and 6. Functional
plateau typically occurs at 6—8 weeks for unilateral hypofunction; bilateral hypofunction may continue to
gain for 12-16 weeks because substitution development is slower [9,11]. After plateau, most patients
should be transitioned to a maintenance program of three sessions per week.

Compliance Levers

Adherence rates in supervised programs are reported at 60-75% [6,12]. The four levers that move
adherence in real-world practice are: (a) a one-page mechanism explanation given at session 1 —
patients who understand the retinal-slip rationale practise more reliably than those who are simply told
to 'do the exercises'’; (b) a daily symptom diary; (c) an early functional win demonstrated within the first
two weeks (turning the head safely while crossing the road, for example); and (d) regular review every
2-3 weeks, in person or by telehealth.

A Important: Under-dosing (no retinal slip during the drill) is just as common as over-dosing —
and produces no plasticity. If a patient reports zero symptoms across a fortnight of consistent
practice, escalate head velocity or visual demand before concluding the program has failed.

VI. Outcome Measurement

The Recommended Outcome Battery

The minimum recommended battery for tracking response to gaze stabilisation training combines an
objective gaze-stability measure (DVA), a patient-reported handicap measure (DHI), a balance-
confidence measure (ABC), and where available a vHIT or functional head impulse test (fHIT) for direct
adaptation evidence [8,9,12,13]. Re-measurement every 4—-6 weeks identifies plateau and informs the
decision to progress, modify, or transition to maintenance.

Measure What it captures Clinically meaningful change
Clinical DVA Snellen difference, static vs 2 Hz Two-line loss = abnormal; one-line
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active head shake

gain at re-test = response

Computerised DVA

Optotype during random head
impulses

More sensitive; preferred when
available

Gaze Stabilisation Test (GST)

Head velocity at which DVA
degrades

Head velocity gain of 20°/s =
clinically meaningful

VHIT / fHIT gain

Video / functional head impulse —
gold standard

Affected-side gain of 0.79 or above
= within normal range

DHI

25-item self-report

18-point drop or more = MCID

ABC scale

16-item balance confidence

10-point gain = meaningful change

Re-test every 4-6 weeks

1-line gain at re-test

fHIT

I >=
o]
0

=18-pt drop = MCID

10-pt gain meaningful

Gold standard if available

Plateau - shift category (velocity, x2, busy bg). 8 wks flat - VHIT + central testing

Figure 4. Outcome battery and progression rule — re-test cadence is 4—6 weeks; plateau triggers a category shift
(velocity, x2, busy background); 8 weeks flat triggers vHIT and central testing.

Source: Australian Dizziness Clinics — clinical algorithm.

0 Clinical Insight: Document baseline DVA, DHI, and ABC at session 1, then again at every 4—6
weeks. A patient who shows objective DVA improvement but no DHI improvement is responding
biomechanically without a perceived functional benefit — this is the trigger to escalate the
standing / walking layer rather than the VOR drill itself.
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VIl. Evidence Base Specific to Gaze Stabilisation
Training

Gaze stabilisation training has the strongest evidence base of any single VRT exercise category. The
Hall et al. APTA clinical practice guideline (2022) gives GST a Grade A recommendation for unilateral
and bilateral peripheral vestibular hypofunction, based on consistent moderate-to-large effect sizes in
controlled trials [9]. The Cochrane review subset of GST-only protocols echoes this conclusion [1].

Trial Population Intervention Outcome Effect
. DGI +4.0; DVA
Hall et al. 2010 39 chronic UVH GST x1/x2 vs sham | DGI, DVA ~0.18 logMAR
Herdman et al. . GST + balance vs DVA gain 1.2 lines;
2003 53 chronic UVH balance alone DVA, DHI DHI -20
Schubert et al. 2008 | 11 UVH Incremental VOR |y oaiy Gain +0.15 within
adaptation 15 min
Chiarovano et al. 26 BVH Individualised GST ABC, FGA ABC +18: FGA +3.5
2018 + sub.
Migliaccio & 10 health Unilateral VHIT gain +15% gain
Schubert 2014 Y incremental VOR asymmetry ipsilateral
Whitney et al. 2009 | Mixed UvH/BvH | GST * multimodal - by "o p Larger effect when
vs control combined

Subgroup evidence is most consistent for chronic UVH. Acute UVH benefits if GST starts within 7-14
days of symptom onset; delay beyond 8 weeks halves the rate of recovery [11,16]. In bilateral vestibular
hypofunction, GST yields meaningful but smaller gains and is best paired with explicit substitution
training and balance work [10]. Central vestibular dysfunction has weaker evidence for pure VOR
adaptation; outcomes improve when GST is integrated with broader vestibular and oculomotor
rehabilitation [13].

VIIl. Special Populations

Unilateral Vestibular Hypofunction (UVH)

UVH is the prototypical indication. Expect adaptation-dominant response, full functional recovery in 70—
85% of patients by 6-8 weeks, and best outcomes when GST starts within two weeks of symptom
onset [11,16].

Bilateral Vestibular Hypofunction (BVH)

BVH requires a substitution-dominant programme. x2 paradigms have limited efficacy because the
residual afferent signal is too small to drive adaptation. Anticipatory saccades, head-on-body coupling,
and explicit somatosensory cueing are the workhorses. Functional gains are slower (12—-16 weeks) and
partial; clear patient expectation-setting at session 1 is essential [10].

Central Vestibular Pathology

Cerebellar lesions impair the floccular learning circuit itself and limit adaptation. GST is still indicated for
the substitution component but should be paired with smooth-pursuit and saccadic retraining. Progress
is slower and ceilings are lower; benchmark gains against the patient's own baseline rather than against
UVH norms [13].
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Vestibular Migraine and PPPD Overlap

Vestibular migraine patients tolerate GST poorly when scheduled during attacks; defer escalation until
the migraine is controlled. PPPD patients require a low-dose, slow-ramp protocol — busy backgrounds
and high velocities are deferred until the patient has tolerated 2—3 weeks of low-velocity work without
symptom flare. CBT and mindfulness adjuncts reliably improve outcomes in this group [3,7,18].

Older Adults and Post-Concussion

In adults aged over 70, adaptation is slower and substitution reliance is greater. Progression should
advance the postural challenge layer earlier than the velocity layer to leverage fall-risk gains. Post-
concussion patients often need integrated cervical, oculomotor, and vestibular work; isolated GST
without cervical assessment risks symptom flare in cervicogenic dizziness [14,17].
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IX. Common Pitfalls and Clinical Pearls

1. Eye movement leading head movement. The patient saccades to the target before the head arrives
— this defeats the VOR demand. Watch for it; cue 'eyes locked on target the whole time'.

2. Target too small from week 1. A small target with no slip yields no plasticity. Start with a target the
patient can read at full velocity, then shrink as gain improves.

3. Skipping x1 progression. Jumping straight to x2 in the first week is the single most common cause of
program drop-out from symptom flare.

4. Breath-holding. Sympathetic over-arousal during drills exaggerates symptoms. Cue normal nasal
breathing throughout each set.

5. Practising in front of a mirror. Most patients will track their own face rather than the primary target.
Use a wall card or laser dot, not a mirror.

6. No symptoms at any velocity. Likely under-dosed — increase velocity until the target just blurs.

A Important: If a patient reports new spontaneous vertigo, new neurological symptoms, or a
sudden change in hearing during a GST programme, stop the programme and refer for medical
review. Acute decompensation, new central pathology, and sudden sensorineural hearing loss must
be excluded before resuming.

X. Conclusions and Future Directions

Gaze stabilisation training is the most strongly evidenced single component of vestibular rehabilitation.
When prescribed mechanism-specifically — adaptation for residual VOR function, substitution when
residual function is minimal — and dosed to produce controlled retinal slip, GST delivers large objective
and patient-reported gains across most peripheral vestibular populations. Future directions include
incremental VOR adaptation paradigms (controlled retinal-slip training using video-oculography
feedback), wearable-sensor-driven dose monitoring, virtual-reality background variants, and biomarker-
guided individualisation. None of these displace the central principle: focused target, controlled head
velocity, sustained retinal slip, repeated daily.
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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 clinical practice
guidelines and primary literature when making clinical decisions.
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