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Contains the cochlea and
vestibular apparatus,
including the semicircular
canals, utricle, and
saccule.
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The Peripheral Vestibular
System

By Brian Keith & Habib Rizk, MD, MSc

There are two components of the vestibular system: the central system (
brain and brainstem) and the peripheral system (inner ear and nerves to
brainstem). The inner ear has two primary components: the cochlea and
the vestibular apparatus (semicircular canals, utricle, and saccule).

The cochlea is responsible for hearing and the vestibular apparatus is
responsible for balance and position.
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These structures are housed within a hollowed cavity of the human

skull known as the bony labyrinth. The bony labyrinth contains a fluid
called perilymph (peri-: around or about). Suspended in perilymph is
another set of ducts and chambers called the membranous labyrinth. The
membranous labyrinth is filled with endolymph (endo-: inside or within).
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This system can be thought of as a tube within a
tube.

The two fluids contain similar chemicals including
sodium and potassium, but their compositions are
very different. If the composition of either fluid

is disturbed, as in the case of Méniére disease,
patients may experience vestibular symptoms
(dizziness, vertigo, imbalance) or other ear

symptoms (ringing/humming, fullness, hearing loss).

THE ANATOMY OF THE VESTIBULAR
APPARATUS
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The vestibular apparatus is the most outer part
of the peripheral vestibular system. It consists of
three semicircular ducts responsible for detecting
rotational movement of the head and the otolithic
organs (utricle and saccule) that detect linear
motion of the head.

THE SEMICIRCULAR DUCTS
The semicircular ducts are a part of the

membranous labyrinth within the bony semicircular
canals that detect the rotational movement of the

VESTIBULAR.ORG :: 048 / ANATOMY

head about the axes of motion (X, Y, and Z). There
are three semicircular ducts: superior, lateral, and
posterior. Each semicircular duct detects the motion
of the head around a different axis. The superior
semicircular duct detects rotational movement
around the frontal, or X, axis (e.g. nodding your
head to indicate "yes"). The lateral semicircular
duct detects movement around the vertical, or

Y, axis (e.g. shaking of the head to indicate “no").
The posterior semicircular duct detects movement
around the anterior-posterior, or Z, axis (e.g.
touching your ear to your shoulder).

Located at the base of each semicircular duct is

a widened area called the ampulla. The ampulla
contains the cupula and hair cells. The cupula

is a gelatinous structure that spans the entire

duct, and its motion is coupled to the hair cells.

The hair cells are receptor cells that have hairlike
projections called hair bundles that extend into

the cupula. When the head moves, the endolymph
lags behind due to inertia, which creates a fluid
wave that collides with the cupula. The deflection
of the cupula, and the hair bundles, activates the
hair cells, sending a signal to the brainstem via the
vestibular nerve, a branch of the vestibulocochlear
nerve. This is how the semicircular ducts detect and
transmit rotational movement information to the
central nervous system to maintain balance and
position. In addition, this information is used by our
brain to carry out corresponding eye movements as
our head turns to maintain forward vision. Each ear
has a matching set of semicircular ducts and canals,
and they work in tandem. Vestibular symptoms
may be seen in semicircular duct disturbances such
as benign paroxysmal positional vertigo (BPPV),
superior canal dehiscence syndrome (SCDS), and
alcohol positional nystagmus.
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THE UTRICLE & THE SACCULE

The utricle and the saccule are involved with the
linear motion of the head. These two membranous
structures, referred to as the otolithic organs, are
the sole residents of the vestibule, a hollow cavity
located between the cochlea and the semicircular
canals. The utricle detects linear motion in the
horizontal plane (e.g. accelerating/decelerating in
a car) and the saccule detects linear motion in the
vertical plane (e.g. movement in an elevator).

The otolithic organs each contain a single curved
structure called the macula that contains receptor
cells known as hair cells and additional supporting
cells. Like the mechanism of the semicircular ducts,
these hair cells contain tiny hairlike projections.
These projections extend into a gelatinous
membrane called the otolithic membrane. Resting
on top of this membrane are microscopic crystals
made of calcium carbonate called otoconia. These
are commonly referred to as “ear rocks” or “ear
stones.” Upon linear motions of the head, these
tiny crystals will drag along the otolithic membrane
and deflect the hairlike projections of the hair cell.
This deflection allows the hair cells of the otolithic
membranes to fire off a signal to the vestibular
nerve and communicate with the brain that the
head is moving in the horizontal and/or vertical
plane.

Dysfunctions of the otolithic organs may lead to
vestibular disorders such as BPPV. It can also cause
symptoms of brain fog and imbalance. It is not
uncommon to have a dysfunction of those organs
(or of their central pathways) in vestibular migraine
patients.

THE VESTIBULAR NERVE

The information of the inner ear is relayed to the
brainstem via the vestibulocochlear nerve which

is the eighth cranial nerve (CN VIII). This nerve is
considered part of the peripheral vestibular system
until it enters the brainstem. The vestibulocochlear
nerve is formed by the vestibular nerve and the
cochlear nerve after they leave the inner ear. The
vestibular nerve is divided into a superior and
inferior portion. The superior vestibular nerve
relays information from the anterior semicircular
canal, horizontal semicircular canal, saccule, and
part of the utricle. The inferior vestibular nerve
serves the posterior semicircular canal and most
of the utricle. Vestibular disorders may involve one
portion of the vestibular nerve or both. Vestibular
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neuritis most commonly affects both portions

but is more likely to affect the superior vestibular
nerve when only one is involved. When the superior
branch is affected, it is not uncommon for patients
to develop BPPV a few weeks after their vestibular
neuronitis presentation.

The Vestibular Nerve
Image by Karen llari, © 2019 VeDA
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Each ear has a vestibular nerve, and they work
together. Disruption of the vestibular nerve can lead
to vestibular symptoms such as vertigo, dizziness,
and imbalance. These symptoms can last from
hours to days until the brain adapts or the nerve
heals. Sometimes vestibular rehabilitation may be
needed to restore the function of the peripheral
vestibular system or adapt the way the brain
interprets the information.

OTHER STRUCTURES

The oval window and the round window are
separate membranous structures that lie between
the inner and middle ear. These two structures

are involved in the transmission of sound waves
from the middle ear to the inner ear. Both the oval
window and round window are potential sources of
a perilymphatic fistula. In this condition, fluid from
the inner ear leaks into the middle ear, and the
disturbance of fluid content and volume can lead to
vestibular symptoms.

THE FUNCTION OF THE PERIPHERAL
VESTIBULAR SYSTEM

As previously mentioned, the vestibular system iThe
vestibular system is responsible for maintaining
balance and position. Several involuntary responses
(reflexes) maintain these functions by stabilizing the
body and vision. These include the vestibular ocular
reflex, vestibular colic reflex, and vestibular spinal
reflex.

Vestibular Ocular Reflex (VOR): The
vestibuloocular reflex (VOR) is a reflex involving
the vestibular and visual pathways that stabilizes
the eyes during head motions. This is one of the
fastest reflexes in the human body as the speed

is necessary to maintain clear vision. As the head
moves, the eyes move in equal and opposite
directions through the VOR. When running and
walking, the head is constantly bobbing and swaying
yet we can maintain clear and steady vision.
Without the VOR, objects may appear to jiggle or
vibrate, and this illusion of movement is referred to
as oscillopsia.

There are many methods of testing the VOR
including the head-impulse test (HIT)/head thrust
test. This test may be performed manually or

with the assistance of high-speed cameras. When
assessed manually, the clinician will thrust the
patient’s head in one direction and see if the patient
can maintain a steady, forward gaze. In a video head
impulse test (vHIT), video goggles are placed on
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the patient to track eye stabilization during head
movements. This method provides quantitative,
objective data for the VOR.

Vestibular Collic Reflex (VCR): The vestibulocollic
reflex (VCR) is the activation of neck musculature
in response to vestibular signals which stabilizes
the head. The VCR can be evaluated by vestibular
evoked myogenic potential (VEMP) testing.

VEMP testing involves the stimulation of one ear
with a sound click or pulse while simultaneously
measuring the activity of neck muscles (cervical
VEMP) or eye muscles (ocular VEMP) in response
to stimulation. VEMP testing may be used to assist
with the diagnosis of superior canal dehiscence
syndrome, Méniere's disease, and vestibular
migraine.

Vestibular Spinal Reflex (VSR): The
vestibulospinal reflex (VSR) is an interaction
between vestibular signals from the inner ear and
spinal nerves. This reflex produces skeletal muscle
contractions opposite to the vestibular information
to stabilize the body and maintain posture. For
example, if our torso is pushed forward from behind,
the vestibular system relays information to the
spine, and back muscles are activated to prevent a
forward fall. Without the VSR, humans would have
a much greater risk for falls. The VSR can be tested
through computerized dynamic posturography.

SUMMARY

In this article, we have reviewed the anatomy of

the peripheral vestibular system and its function.
There are several complex reflexes controlled by the
vestibular system, and the status of these reflexes
can assist clinicians with diagnosing or ruling out
certain vestibular disorders. For more information
on vestibular testing please see the VeDA article,
Tests for Diagnosing Vestibular Disorders.
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