Understanding Vertigo: The
Vestibular System and Vision

Connection

Vertigo is more than just dizziness—it's a complex interaction between our balance
organs and brain processing centers. This presentation explores how our vestibular
system works with vision to maintain stability, and what happens when this delicate

relationship is disrupted.



What is Vertigo?

Vertigo is a specific type of dizziness characterized by the false

sensation that you or your surroundings are spinning or moving,
despite being physically still. Unlike general lightheadedness, vertigo
produces intense disorientation that can be debilitating.

Key symptoms include:

Sensation of rotation or motion when stationary
Nausea and vomiting

Balance problems and unsteadiness

Difficulty focusing eyes

Feeling pulled in one direction

Vertigo stems from dysfunction within the vestibular system or its

neural pathways in the brain, creating a mismatch between actual
movement and perceived movement.



The Peripheral Vestibular System: Semicircular Canals &

Otolith Organs

Semicircular Canals

Three fluid-filled loops that detect rotational
movements in different planes:

e Superior (nodding "yes")
e Horizontal (shaking "no")

e Posterior (tilting head side to side)

Hair Cells

Specialized sensory cells that convert
mechanical movement into electrical signals

Signals travel via the vestibular nerve to the
brain
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Utricle

Detects horizontal linear acceleration and
head position relative to gravity

Contains calcium carbonate crystals
(otoconia) that shift during movement

Saccule

Responds to vertical linear acceleration and
gravitational changes

Works with the utricle to provide information
about head position



Vestibular Nuclei: The Brainstem Hub

The vestibular nuclei form a critical processing center in the brainstem, serving as the
first central relay station for balance information. They act as the command center for
coordinating reflexes essential for stability and clear vision.
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Superior Nucleus

Connects to the cerebellum and coordinates eye movements
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Lateral Nucleus

Controls postural muscles and balance responses
. J

4 \
Medial Nucleus

Manages vestibulo-ocular reflexes and neck muscles
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The vestibular nuclei integrate signals from multiple
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Descending Nucleus sources to maintain equilibrium:

Processes signals from the otoliths and integrates with spinal reflexes * Innerearreceptors
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e Visual systeminput

e Proprioceptive information



The Cerebellum and Basal
Ganglia: Fine-Tuning Balance and
Movement
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Cerebellum
The "little brain” coordinates balance and precision movements by:
(D e Comparingintended vs. actual movement
e Adjusting posture in response to vestibular input
e Fine-tuning motor coordination
e Learning and adapting to vestibular dysfunction
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Basal Ganglia
These deep brain structures contribute to:
@) e Motor planning and execution
e Suppressing unwanted movements
e Integrating balance control during complex movements
e Stabilizing posture during voluntary actions
Ny
Central Vertigo
Damage to these structures causes distinctive symptoms:
O e Persistentimbalance unrelated to position changes
- e Abnormal eye movements (nystagmus)
e Difficulty with visual fixation
e (Often accompanied by other neurological symptoms




The Frontal Cortex: Higher-Level Processing

Key Functions in Balance and Spatial
Orientation:

~
Sensory Integration
Combines vestibular signals with visual and proprioceptive
information to create a coherent sense of position in space

~
Cognitive Map
Maintains internal representation of body position relative to the
environment
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Executive Control
Allocates attention resources to balance tasks and enables
adaptation to challenging conditions
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Frontal cortex dysfunction can manifest as difficulty concentrating
during movement, spatial disorientation, and increased cognitive effort
required for balance.

The frontal cortex, particularly the prefrontal region, engages in

sophisticated processing of vestibular information beyond reflexive
responses.




Vision's Role: The Vestibulo-Ocular Reflex (VOR)

Lightning Fast Balanced Input
Operates within 7-15 milliseconds, = Requires symmetrical signals from
far faster than visual tracking both inner ears
Gaze Stabilization
VOR produces eye movements Adaptable
equal and opposite to head Can be recalibrated through
movements rehabilitation exercises
&

When the VOR is dysfunctional, patients experience oscillopsia—the disturbing sensation that the visual world bounces or jumps during head
movements. This visual instability intensifies vertigo symptoms and creates significant disability in daily activities.



When Vestibular and Visual
Systems Clash

Signal Conflict

In vestibular disorders, the brain receives contradictory information from
different sensory systems. For example, the inner ear may signal
movement while the eyes report stillness, creating a sensory mismatch.

Visual Symptoms

This conflict manifests as visual disturbances:

e Difficulty focusing on moving objects
e Double or jumping vision during head movements
e Increased sensitivity to visual motion (movies, scrolling screens)

e Visual-vestibular overload in busy environments (supermarkets,
crowds)

Compensation Challenges

The brain must work harder to reconcile these conflicts, leading to:

e Visual fatigue and eyestrain
e Headaches after visual tasks
e Difficulty with depth perception

e Compromised spatial orientation




Clinical Insights & Treatment Approaches

Common Vestibular Disorders

-
BPPV
Benign Paroxysmal Positional Vertigo: Displaced calcium
crystals in semicircular canals
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Vestibular Neuritis

Inflammation of vestibular nerve, often viral

Meéniere's Disease

Fluid buildup in inner ear causing vertigo, hearing loss, and
tinnitus

Central Vertigo

Caused by brainstem or cerebellar lesions (stroke, MS,
tumors)

Treatment Approaches

Canalith Repositioning: Specialized maneuvers to move displaced
crystals (Epley, Semont)

Vestibular Rehabilitation Therapy: Exercises to retrain the brain to
process balance information

Vision Therapy: Techniques to improve eye control and visual
processing

Medication: For symptom management during acute episodes

Neuro-optometric Rehabilitation: Integrates visual and vestibular
therapy for improved outcomes




Conclusion: The Balance of Systems for Stability
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Complex Interactions Vision as Partner Integrated Treatment
Vertigo emerges from intricate Visual system is not just a sense but an Most effective therapies address both
relationships between semicircular canals, active participant in maintaining balance vestibular dysfunction and visual
otoliths, vestibular nuclei, cerebellum, through the vestibulo-ocular reflex and processing to restore function and reduce
basal ganglia, frontal cortex, and vision Spatial orientation symptoms
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Understanding the complex interplay between vestibular and visual systems offers hope for those suffering from vertigo. With proper diagnosis and
targeted interventions that address both systems, patients can regain stability, confidence, and quality of life. The future of vertigo treatment lies in

multimodal approaches that respect this intricate neurological dance.



