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Hearing, I: The Cochlea

David L. Daniels, Joel D. Swartz, H. Ric Harnsberger, John L. Ulmer, Katherine A. Shaffer, and Leighton Mark

Anatomic Moment
The purpose of the ear is to transform me-
chanical energy (sound) into electric energy.
The external ear collects and directs the sound.
The middle ear converts the sound to fluid mo-
tion. The inner ear, specifically the cochlea,
transforms fluid motion into electric energy.
The cochlea is a coiled structure consisting of

two and three quarter turns (Figs 1 and 2). If it
were elongated, the cochlea would be approxi-
mately 30 mm in length. The fluid-filled spaces
of the cochlea are comprised of three parallel
canals: an outer scala vestibuli (ascending spi-
ral), an inner scala tympani (descending spi-
ral), and the central cochlear duct (scala media)
(1–7). The scala vestibuli and scala tympani
contain perilymph, a substance similar in com-
position to cerebrospinal fluid. Indeed, there is
perilymphatic communication from the scala
tympani to the subarachnoid space via the co-
chlear aqueduct, which lies inferior to the inter-
nal auditory canal.
The cochlear duct contains endolymph,

which has a significantly higher potassium con-
tent and lower sodium content than cerebrospi-
nal fluid. The cochlear duct is separated from
the scala vestibuli by the vestibular (Reissner’s)
membrane and from the scala tympani by the
basilar membrane. The organ of Corti resides
within the cochlear duct on the basilar mem-
brane. The tectorial membrane is adherent to
the roof of the organ of Corti, interposed be-
tween this structure and the endolymph. The
ductus reuniens allows for endolymphatic com-
munications between the cochlear duct and
saccule.
Movement of the stapes results in transmis-

sion of fluid waves into the scala vestibuli via the
cochlear recess, which lies on the medial wall of
the vestibule (Fig 3). As these sound waves
enter the perilymph of the scala vestibuli, they
are transmitted through the vestibular mem-
brane into the endolymph of the cochlear duct,
causing displacement of the basilar membrane,
which stimulates the hair cell receptors of the
organ of Corti (Figs 4–7) (4, 5). It is the move-
ment of hair cells that generates the electric
potentials that are converted into action poten-
tials in the auditory nerve fibers. The basilar
membrane varies in width and tension from
base to apex. As a result, different portions of
the membrane respond to different auditory fre-
quencies (2, 5). These perilymphatic waves are
transmitted via the apex of the cochlea (helico-
trema) to the scala tympani and eventually dis-
sipated at the round window (Figs 3 and 4). The
flexible nature of the round window diaphragm
is necessary for fluid propagation. Occlusion of
the round window by otosclerotic plaques may
render prosthetic stapedectomy ineffective be-
cause of the incompressible nature of the laby-
rinthine fluid. It is interesting that the entire fluid
volume of the perilymphatic spaces of the inner
ear is only 0.2 mL, yet without it hearing would
not be possible.
The cochlea contains a central bony axis

(modiolus) through which the cochlear nerve
travels (Figs 5, 6, 8–10). Projecting outward
from the modiolus throughout its length, similar
to the head of a screw, is a thin bony plate
referred to as the osseous spiral lamina (5).
These structures provide an important support-
ive function and allow for organized transmis-
sion of fibers of the cochlear nerve to each seg-
ment of the cochlea.
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Fig 1. Coronal computed tomography
(CT) image of anterior (A) and middle (M)
turns of the cochlea. C indicates carotid
canal.

Fig 2. Coronal CT image (4 mm pos-
terior to Figure 1). B indicates basal turn of
the cochlea (bony covering is called the
promontory).

Fig 3. Lateral view of the osseous labyrinth with a transparent part of its wall. Demonstrated is the oval window at the vestibule,
positioned above the round window at the posterior-inferior part of the basal turn of the cochlea. Illustrated through the oval window is
the cochlear recess, which contains the posterior part of the cochlear duct (not shown) (modified from Williams et al [9], Ferner [10],
Proctor [11], and Netter and Colacino [12]).
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The cochlea diminishes in size from base to
apex. The cochlear duct (scala media) appears
triangular in cross section (5). The endosteum at
the level of the cochlear duct is greatly thickened
to form the spiral ligament of the cochlea. Subja-
cent to the ligament, in direct apposition to the
endolymph of the cochlear duct, lies the stria vas-
cularis, which contains stratified epithelium carry-
ing a rich plexus of capillaries. Note that the basi-
lar membrane receives it support from the
osseous spiral lamina as it extends to the en-
dosteum (spiral ligament). Sensorineural hearing
loss may be categorized audiometrically into sen-
sory (cochlear) loss and neural (retrocochlear)
loss (8). Retrocochlear hearing loss implies in-
volvement of the cochlear nerve or cochlear nu-
clei, as will be discussed in an upcoming Ana-
tomic Moment. Defective function of the cochlea
results in sensory (cochlear) loss. Lesions in this
vicinity can be congenital, developmental (oto-
sclerosis), inflammatory (labyrinthitis), traumatic,
or erosive/destructive (cholesteatoma).



Fig 4. Frontal schematic of the tympanic cavity and cochlea. Sound waves cause tympanic membrane vibrations and ossicular
movements. Movement of the stapes in the oval window produces pressure waves that travel in the perilymph from the oval window to
the round window, where they are dissipated by the flexible round window diaphragm (modified from Netter and Colacino [12] and Krstic
[13]).

Fig 5. Dissected view of the cochlea showing its central osseous axis (modiolus) through which the cochlear nerve extends to reach
the internal auditory canal. Shown is the spiraling cochlear duct within the turns of the cochlea (modified from Ferner [10] and Krstic
[13]).
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Fig 6. Magnified view of a portion of the cochlea from Figure 5 shows the cochlear duct between the scala vestibuli and the scala
tympani, containing the organ of Corti positioned on the basilar membrane. The spiral ganglion is formed by bipolar neurons, whose
dendrites synapse with hair cells in the organ of Corti and extend through the osseous spiral lamina. Axons of the bipolar neurons form
the cochlear nerve (modified from Ferner [10], Krstic [13], and Netter [14]).

Fig 7. Magnified schematic of the organ of Corti from Figure 6. Pressure waves in the perilymph cause the vestibular membrane and,
in turn, cochlear duct endolymph and then basilar membrane, to vibrate. Specific areas of the basilar membrane are displaced in
response to specific sound frequencies (ie, high-frequency sounds at the basal region and low-frequency sounds toward the apex of the
cochlea). When the specific part of the basilar membrane is displaced upward, the immobile tectorial membrane slides across the surface
of hair cells, deflecting hairs embedded in the tectorial membrane. The resulting hair cell excitation causes cochlear nerve fiber excitation
(modified from Krstic [13] and Netter [14]).
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Fig 8. Axial CT image at level of oval
window. C arrow indicates modiolus/osse-
ous spiral lamina within apex of the co-
chlea; CN arrow, foramen for cochlear
nerve (at fundus of internal auditory canal).
Compare with Figure 5.

Fig 9. Axial thin-section T2-weighted
fast spin-echo magnetic resonance image
obtained with phased-array coil. Single ar-
row indicates modiolus/osseous spiral
lamina; double arrows, cochlear nerve
within internal auditory canal; and triple
arrows, inferior vestibular nerve within in-
ternal auditory canal. Note that this image
is obtained within the inferior half of the
internal auditory canal.

Fig 10. Coronal maximum intensity
projection reconstruction of T2-weighted
thin-section fast spin-echo magnetic reso-
nance images obtained with phased-array
coil reveals the entirety of the normally
coiled cochlea (arrow indicates basal turn)
as well as the three semicircular canals.
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