
Vestibular System 

The vestibular system, which contributes to our balance and our sense of spatial orientation, is 

the sensory system that provides the dominant input about movement and equilibrioception. 

Together with the cochlea, a part of the auditory system, it constitutes the labyrinth of the 

inner ear, situated in the vestibulum in the inner ear (Figure 1). As our movements consist of 

rotations and translations, the vestibular system comprises two components: the semicircular 

canal system, which indicate rotational movements; and the otoliths, which indicate linear 

accelerations. The vestibular system sends signals primarily to the neural structures that control 

our eye movements, and to the muscles that keep us upright. The projections to the former 

provide the anatomical basis of the vestibulo-ocular reflex, which is required for clear vision; 

and the projections to the muscles that control our posture are necessary to keep us upright. 

 

Figure 1 The labyrinth of the inner ear, from the left ear. It contains i) the cochlea (yellow), which is the peripheral organ of our 

auditory system; ii) the semicircular canals (brown), which transduce rotational movements; and iii) the otolithic organs (in the 

blue/purple pouches), which transduce linear accelerations. The light blue pouch is the endolymphatic sac, and contains only 

fluid. 

Semicircular canal system 

The semicircular canal system detects rotational movements. The semicircular canals are its 

main tools to achieve this detection. 

Structure 

As the basis of our perception of a three-dimensional world, our vestibular system contains 

three semicircular canals in each labyrinth. They are approximately orthogonal to each other, 

and are called the horizontal (or lateral), the anterior semicircular canal (or superior) and the 

posterior (or inferior) semicircular canal. Anterior and posterior canals may be collectively called 

vertical semicircular canals. 
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Figure 2: Push-pull system of the semicircular canals, for a horizontal head
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Vestibulo-ocular reflex (VOR)
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Central processing 

Signals from the vestibular system also project to the cerebellum (where they are used to keep 

the VOR effective, a task usually referred to as learning or adaptation) and to different areas in 

the cortex. The projections to the cortex are spread out over different areas, and their 

implications are currently not clearly understood. 

Otolithic organs 

While the semicircular canals respond to rotations, the otolithic organs sense linear 

accelerations. We have two on each side, one called utricle, the other saccule. The otoconia 

crystals in the otoconia layer rest on a viscous gel layer, and are heavier than their 

surroundings. Therefore they get displaced during linear acceleration, which in turn deflects the 

ciliary bundles of the hair cells and thus produces a sensory signal. Most of the utricular signals 

elicit eye movements, while the majority of the saccular signals projects to muscles that control 

our posture. While the interpretation of the rotation signals from the semicircular canals is 

straightforward, the interpretation of otolith signals is more difficult: since gravity is equivalent 

to a constant linear acceleration, we somehow have to distinguish otolith signals that are 

caused by linear movements from such that are caused by gravity. We can do that quite well, 

but the neural mechanisms underlying this separation are not yet fully understood. 

Experience from the vestibular system 

Experience from the vestibular system is called equilibrioception. It is mainly used for the sense 

of balance and for spatial orientation. When the vestibular system is stimulated without any 

other inputs, one experiences a sense of self motion. For example, a person in complete 

darkness and sitting in a chair will feel that he or she has turned to the left if the chair is turned 

to the left. A person in an elevator, with essentially constant visual input, will feel she is 

descending as the elevator starts to descend.  
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