Vil VESTIBULOCOCHLEAR NERVE

The vestibulocochlear nerve carries two kinds of special sensation,
vestibular (balance) and audition (hearing), from special sensory receptors in
the inner ear.

TABLE VIll-1 Components of the Vestibulocochlear Nerve

Component Function

The scholar may wonder at the reason for including two groups of sensory fibers
carrying distinctly different kinds of information in a single named nerve. One basis
for this is that they run together for most of their length, enter the skull through
the same opening and join the brain stem at approximately the same point (in fact,
early anatomists grouped the seventh nerve with the eighth for these same rea-
sons). The major reason, however, is that impulses conveyed by the vestibular por-
tion of the nerve are consciously perceived only to a limited extent, therefore, this
function of the nerve was not recognized initially. A better reason for grouping the
two components of VIII is that both the cochlear (auditory) and vestibular (balance)
systems evolved from the lateral line system present in fish, that detects the move-
ment of fluid, as do both the cochlea and the semicircular canals. However, a good
argument could be made to re-name the vestibular and cochlear portions of the
eighth nerve as individual nerves. Accordingly, we have chosen to present a brief
overview of the eighth nerve and then separate it into two distinct components.

The Course of the Vestibulocochlear Nerve

The sensory receptors of this nerve are situated in specialized areas on the
inner walls of the membranous labyrinth. The membranous labyrinth is a delicate
tubular structure filled with fluid (endolymph) lying inside a series of intercon-
nected tunnels within the petrous temporal bone. The walls of the tunnels are
referred to as the bony labyrinth. The view of the bony labyrinth presented in
Figures VIII-1, VIII-3A, and VIII-6 is what would be seen if part or all of the
petrous temporal bone were dissected away leaving only the compact bone
of the walls of the canals.

The bony labyrinth communicates with the cavity of the middle ear via two
openings in the bone: the oval window (fenestra vestibuli), filled by the foot
plate of the stapes, and the round window (fenestra cochlea), covered by a thin
flexible diaphragm. Vibrations of the stapes set up pressure waves within the
labyrinths (bony and membranous) that travel through the canals and cause
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the round window diaphragm to vibrate. If the round window and diaphragm
were not present, vibrations set up by the stapes would be dampened by the
incompressible nature of the fluid in the labyrinths. The round window with
its flexible diaphragm allows the fluid to move slightly and, thereby allows propa-
gation of the sound waves through the labyrinths.

Course of the Nerve From the Receptors to the Brain Stem

The peripheral processes of the primary sensory neurons in the eighth nerve
are short and extend for only a short distance from the sensory receptors in
the cochlea and vestibular apparatus to the nerve cell bodies in the cochlea
and base of the semicircular canals, which form the spiral and vestibular ganglia
respectively. The central processes of these neurons form the eighth nerve,
which travels through the internal auditory meatus in company with the seventh
nerve and enters the medulla at its junction with the pons, just lateral to the
seventh nerve. See Functional Combinations for information on acoustic
neuromas.

COCHLEAR COMPONENT

Sound entering the external acoustic meatus causes the tympanic membrane
to vibrate. The vibrations are transmitted to an opening in the wall of the cochlea
(the round window) via three small ossicles—the malleus, incus, and stapes.
Vibrations of the footplate of the stapes in the oval window set up waves in
the fluid within the cochlea.

The cochlear duct, part of the membranous labyrinth, divides the canal in which
it sits into three compartments (Fig. VIII-3A and B): the scala vestibuli, the scala
tympani, and the cochlear duct itself. The part of the cochlear duct that is adja-
cent to the scala vestibuli is called the vestibular membrane, and the part that is
adjacent to the scala tympani is called the basilar membrane.

The sensory receptors, the hair cells, sit in the cochlear duct with their basal
surfaces on the basilar membrane (Fig. VIII-3C). The apical ends of the sensory
receptors have projecting cilia that are embedded in the gel-like overlying tec-
torial membrane. The hair cells synapse with the short peripheral processes
of the primary sensory neurons; this entire sensory structure is called the (spiral)
organ of Corti. Vibrations within the labyrinth cause the hair cells to move and
the apical cilia (embedded in the tectorial membrane) to bend. This mechani-
cal deformation is transduced into an electrical signal in the hair cells
by an as yet poorly understood process.
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The cell bodies of the primary sensory neurons are located around the modi-
olus (center) of the cochlea, where they collectively constitute the cochlear (spiral)
ganglion (Fig. VIII-3D). The central processes of these neurons form the audito-
ry component of the vestibulocochlear nerve. These axons leave the base of
the cochlea, join with the vestibular fibers, and enter the posterior cranial fos-
sa via the internal acoustic meatus (the seventh nerve accompanies the eighth).
The primary sensory neurons terminate in the dorsal (high frequencies) and ven-
tral (low frequencies) cochlear nuclei at the junction of the pons and the medulla.
The dorsal nucleus forms a small bump in the brain stem called the acoustic
tubercle.

From the cochlear nuclei the pathway to the auditory cortex is complex and
not well understood. The outline that follows represents a simplified pathway
detailing only the major well-known synapse points.

Secondary auditory neurons, whose cell bodies form the cochlear nuclei,
send most of their axons across the midline to ascend in the contralateral later-
al lemniscus. Fibers crossing the midline from the ventral cochlear nucleus form
the trapezoid body. Some crossing fibers synapse in cells embedded within the
trapezoid body (nucleus of the trapezoid body), and still others synapse in the
contralateral superior olivary nucleus before joining the lateral lemniscus. A
small number of uncrossed fibers synapse in the ipsilateral superior olivary nucleus
from where they ascend in the ipsilateral lateral lemniscus.

The lateral lemniscus ascends in the tegmentum of the pons and midbrain
to terminate in the inferior colliculus. From here, axons of inferior colliculus neu-
rons travel through the inferior brachium to the medial geniculate body of the thala-
mus. These thalamic neurons send their axons through the internal capsule to
terminate in the transverse temporal gyrus, where conscious perception of the sound
occurs (see Fig. VIII-2).

Note: A small number of fibers from the superior olivary complex project
bilaterally to the facial nucleus to provide for reflex contractions of the stapedius
muscle which dampen loud sounds by putting tension on the stapes.



