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SCALA TYMPANI

SCALA TYMPANI

Primary Disciplinary Field(s): Anatomy, Physiology, Auditory Science

1. Core Definition

The scala tympani is one of the three principal, parallel, fluid-filled compartments or canals found
within the spiral structure of the bony cochlea in the inner ear. Positioned inferiorly, it runs the
length of the cochlear spiral, extending from the round window at the basal turn to the apex, where
it joins the scala vestibuli at the helicotrema. This canal is filled with perilymph, a fluid crucial for
transmitting mechanical pressure waves generated by sound input. Structurally, the scala tympani
is separated from the central compartment, the scala media (or cochlear duct), by the delicate but
functionally essential basilar membrane, which supports the sensory apparatus of hearing.

The organization of the scala tympani is integral to the mechanism of hearing transduction. Its
physical dimensions and the nature of its contained fluid ensure that sound energy entering the
cochlea via the oval window is channeled efficiently to create a traveling wave along the basilar
membrane. The resulting displacement of this membrane into the scala tympani initiates the
mechanical stimulation of hair cells in the Organ of Corti, ultimately leading to neural signal
generation. The scala tympani's terminal point, the round window, acts as a compliant boundary,
allowing the incompressible perilymph to move freely and dissipate hydraulic pressure, thereby
preventing wave reflection and interference.

2. Anatomical Context and Structure

Within the coiled structure of the cochlea, which makes approximately two and three-quarter turns,
the three scalae--vestibuli, media, and tympani--are organized vertically. The scala vestibuli is
positioned superiorly, receiving initial vibrations from the stapes at the oval window. The scala
media lies between the two, bounded by Reissner's membrane superiorly and the basilar
membrane inferiorly. The scala tympani occupies the lowest position, defining the floor of the
functional cochlear partition.

The scala tympani originates near the base of the cochlea, adjacent to the middle ear cavity, where
it is sealed by the secondary tympanic membrane covering the round window. It spirals upwards
toward the apex, remaining consistently distinct from the scala vestibuli until reaching the
helicotrema. This communication point at the apex is critical, as it allows for the hydraulic coupling
of the two perilymphatic compartments, enabling the pressure wave to reverse direction and return
down the scala tympani toward the round window. The osseous spiral lamina forms part of the
bony boundary of the scala tympani, anchoring the basilar membrane along the modiolus.
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3. Key Boundaries and Components

The boundaries of the scala tympani are not merely structural walls but active components in the
mechanics of hearing. The integrity and specific characteristics of these boundaries are critical for
frequency analysis and pressure regulation:

Basilar Membrane: This fibrous membrane forms the roof of the scala tympani and supports the
entire sensory organ. Its mechanical gradient--it is narrower and stiffer near the base (round
window) and wider and more compliant near the apex (helicotrema)--allows different sections of
the membrane to resonate optimally at different frequencies, underpinning the principle of
tonotopy.

Round Window: This membrane-covered opening acts as the pressure release mechanism for
the perilymph within the scala tympani. Its outward displacement accommodates the inward
pressure pulse initiated at the oval window in the scala vestibuli, maintaining the necessary fluid
dynamic equilibrium for wave propagation.

Osseous Labyrinth: The remainder of the boundary consists of the dense temporal bone that
defines the outer perimeter of the cochlear duct, providing structural support and insulation to the
fluid system.

The physical relationship between the scala tympani and the basilar membrane means that any
pressure differential across the membrane (between the scala media and the scala tympani)
results in its deflection. This deflection is the direct mechanical input necessary to activate the
stereocilia of the hair cells within the Organ of Corti, translating hydraulic energy into auditory
sensation.

4. Physiological Role in Traveling Wave Propagation

The primary physiological role of the scala tympani is to complete the hydraulic circuit for sound
transmission. When airborne sound causes the tympanic membrane and ossicles to vibrate, the
stapes transmits this energy to the perilymph of the scala vestibuli through the oval window. This
energy propagates as a pressure wave (the traveling wave) moving up the scala vestibuli.

For hearing to occur, this traveling wave must transfer its energy to the cochlear partition. At the
point of maximum mechanical displacement corresponding to the input frequency, the pressure
difference across the partition forces the basilar membrane to bulge downward into the scala
tympani. The wave then continues its path through the perilymph of the scala tympani, moving
back toward the base. This counter-movement is essential because the cochlear fluids are virtually
incompressible; without the pressure relief provided by the fluid motion within the scala tympani
and the corresponding outward movement of the round window, sound transmission would be
immediately attenuated.
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5. Perilymph Composition and Homeostasis

The fluid contained within the scala tympani, perilymph, is a high-sodium, low-potassium solution
that closely resembles extracellular fluid and cerebrospinal fluid (CSF). This composition stands in
stark contrast to the high-potassium, low-sodium endolymph found in the adjacent scala media.
The perilymph is thought to be primarily formed from blood plasma filtration and partially from CSF
via the cochlear aqueduct.

The chemical distinction between perilymph and endolymph creates a significant electrical
potential--the endocochlear potential--which drives the mechanotransduction process. While the
scala tympani and scala vestibuli both contain perilymph, the scala tympani is critical for
maintaining this equilibrium. Disruptions to the homeostasis of the perilymph, whether through
inflammatory processes, direct physical trauma causing leakage (perilymph fistula), or changes in
ion transport mechanisms, can compromise the electrical balance and the mechanical efficiency of
the traveling wave, leading directly to sensorineural hearing loss.

6. Clinical Significance and Therapeutic Access

The anatomy of the scala tympani makes it a critical target for both diagnostic assessment and
therapeutic intervention in otology. Its position provides a relatively safe route for accessing the
auditory nerve fibers and delivering localized treatments.

Cochlear Implantation: The most significant clinical application involving the scala tympani is the
placement of the electrode array for a cochlear implant. The surgical approach involves threading
the array through the round window or a cochleostomy into the scala tympani. The electrodes then
deliver electrical stimuli directly to the auditory neurons residing in the osseous spiral lamina,
thereby bypassing damaged hair cells located on the basilar membrane. Precise placement within
the scala tympani is vital to minimize trauma to residual hearing structures and maximize functional
effectiveness.

Drug Delivery Systems: The scala tympani is utilized for local, intratympanic drug administration.
By injecting therapeutic agents--such as steroids for sudden sensorineural hearing loss or gene
therapy vectors--into the middle ear, the substance can diffuse across the round window
membrane into the perilymph of the scala tympani, achieving high concentrations within the inner
ear with minimal systemic exposure.

Diagnosis of Fistula: Pathological conditions, such as a perilymph fistula, involve the abnormal

leakage of perilymph from the scala tympani, typically through a tear in the round window
membrane. Diagnosis often relies on identifying the symptoms associated with pressure changes
and fluid mixing, which can severely impact vestibular and auditory function.
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7. Further Reading

Scala tympani (Wikipedia)
Cochlea (Wikipedia)
Basilar Membrane (Wikipedia)

Perilymph (Wikipedia)
Cochlear Implant (Wikipedia)
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