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• Review the anatomy and physiology of the vestibular system 
• Review the clinical signs and symptoms of vestibular dysfunction
• Review the incidence and clinical signs/symptoms of vestibular 

dysfunction post-stroke
• Understand the general principles of vestibular rehabilitation 

therapy (VRT)
• Review the current evidence and guidelines supporting VRT use 

post-stroke
• Explore the mechanisms, protocols, and outcomes of VRT in 

subacute and chronic stroke populations
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Objectives



Anatomy and Physiology of the Vestibular System



• Maintains balance, gaze stability, 
and spatial orientation

• Input from peripheral vestibular 
organs, visual and somatosensory 
feedback

• Output to postural control, eye 
movements, and perception of 
movement
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Vestibular System
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Sensory Inputs to the Vestibular System



Central Vestibular System 

o Brainstem vestibular nuclei 

o Cortical and Cerebellar  tracts
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Anatomy of the Vestibular System

Peripheral Vestibular 

System
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Peripheral Vestibular System

https://soents.com/what-is-the-vestibular-system/



• Superior, Inferior, Medial, 
and Lateral vestibular 
nuclei in the brainstem
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Central Vestibular System—Brainstem Nuclei
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Central Vestibular System—Brainstem Nuclei
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Central Vestibular System—VOR

https://en.wikipedia.org/wiki/Vestibulo-ocular_reflex



• Vestibulospinal Tract 
adjusts posture

• Cerebellum fine-tunes 
motor responses
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Central Vestibular System



• Parieto-insular vestibular cortex 

(PIVC) 

• Temporo-parietal junction, 

hippocampus, somatosensory cortex 

involvement

• Multisensory integration for spatial 

awareness, navigation, and motion 

perception
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Cortical and High-Level Processing of the Vestibular System



Disorders of the Vestibular System



• About 35% of individuals over 40 years old in the US have had a 

vestibular disorder (69 million Americans)

• 3% of all ED visits have a chief complaint of dizziness or 

lightheadedness

• Peripheral vestibular disorders account for about 50% of these 

disorders (BPPV being the most common)
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Disorders of the Vestibular System
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Differentiating Central and Peripheral Vestibular Disorders

https://www.maimonidesem.org/blog/hints-exam



• Strokes may impact vestibular 
nuclei, brainstem pathways, 
cerebellar processing, and 
cortical integration

• Most significant being posterior 
circulation strokes

• Presenting symptoms can 
include dizziness, 
lightheadedness, poor 
balance, falls, spatial 
disorientation
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Vestibular System in Stroke 



• In one study, those that presented with acute vestibular 
syndromes ,  25% were attributed to stroke

• In all those with chief complaint of dizziness (acute, chronic, and 
episodic), 10% were stroke
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Incidence of Vestibular Impairments in Stroke



Principles of Vestibular Rehabilitation



• Individualized rehabilitation 
program addressing
oGait stability
oBalance
oVisual gaze
oPostural stability

• Targets disorders of the 
peripheral and central vestibular 
system
oMore traditionally used in mild to 

severe traumatic brain injury
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Vestibular Rehabilitation Therapy



Vestibular Ocular Reflex 
(Single Target)
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Gaze Stabilization Therapy Techniques
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Gaze Stabilization Therapy Techniques

Vestibular Ocular 
Reflex (Two Target)



• Balance Retraining 
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Vestibular Rehabilitation Therapy Techniques



• Sensory re-weighting

oExercises with little to no 

light/blindfolded

oTraining on uneven surfaces

oMusic therapy/metronome
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Vestibular Rehabilitation Therapy Techniques



• Dual-task 
training
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Vestibular Rehabilitation Therapy Techniques



• Gait training with obstacle 
navigation
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Vestibular Rehabilitation Therapy Techniques



Vestibular Rehabilitation in Stroke



• Vestibular therapy has been shown to have 

positive effects on multiple different stroke 

symptoms including

 Impaired balance

 Gait dysfunction

 Fatigue

30

Functional Deficits targeted by VRT in Stroke



• Systematic Review in 2023 reviewed the effects of vestibular rehabilitation 
therapy (VRT) vs usual rehabilitation (UR) on both gait and balance after 
stroke

• 15 RCTs were included which individuals with stroke were evaluated and 
treated with varying VRT programs

• Assessed gait function and balance via pooled data sets of over 700 
participants
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Vestibular Therapy in Stroke
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VRT and Improvement in Balance
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VRT and Improvement in Balance
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VRT and Improvement in Balance
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VRT and Improvement in Gait
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VRT and Improvement in Gait
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Vestibular Therapy and Gait
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VRT and Fatigue after Stroke



• Poorly defined stroke characteristics included in inclusion 

criteria

• Lack of standardization amongst VRT protocols in studies

 Dosing, duration, and delivery mode

• Too few high-quality studies
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Study Limitations on Vestibular Therapy in Stroke
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Virtual Reality and Vestibular Therapy
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Virtual Reality and Vestibular Therapy
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