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REISSNER'S MEMBRANE

Primary Disciplinary Field(s): Anatomy, Physiology, Otolaryngology

1. Core Definition

Reissner's Membrane, also formally recognized as the vestibular membrane, is a delicate and

essential anatomical structure located within the complex auditory apparatus of the inner ear. It

serves as a crucial partition within the cochlea, the spiraled, fluid-filled bony cavity responsible for

converting mechanical sound waves into neural signals. Specifically, the membrane separates the

upper compartment, known as the scala vestibuli, from the central compartment, the scala media

(or cochlear duct). This seemingly simple boundary performs a function fundamental to auditory

transduction: maintaining two distinct, electrochemically disparate fluid environments necessary for

the proper functioning of the sensory hair cells.

The position of Reissner's membrane is critical. It originates from the spiral limbus on the inner wall

of the cochlea, extending obliquely across the cochlear duct before inserting onto the spiral

ligament on the outer wall. This oblique orientation effectively divides the cochlear duct into two

chambers that contain different types of lymphatic fluid. The scala vestibuli, which lies above the

membrane, is continuous with the perilymphatic space and contains perilymph, a fluid chemically

similar to cerebrospinal fluid, characterized by a high concentration of sodium ions (Na+).

Conversely, the scala media, which lies below the membrane and contains the Organ of Corti, is

filled with endolymph, a unique extracellular fluid marked by an extremely high concentration of

potassium ions (K+).

The integrity of Reissner's membrane is paramount because the ionic gradients it preserves are

the biophysical foundation of hearing. The presence of endolymph, high in K+, and its separation

from the Na+-rich perilymph creates a significant electrical potential difference across the

membrane. This difference, known as the Endocochlear Potential (EP), is approximately +80

millivolts within the scala media relative to the perilymph. This large potential difference provides

the necessary driving force for the rapid influx of potassium ions into the mechanoreceptive hair

cells when stimulated by sound, thereby initiating the process of depolarization and subsequent

neurotransmission to the auditory nerve. Thus, Reissner's membrane is not merely a passive

divider but an integral part of the cochlear battery system.

2. Etymology and Historical Development

The naming of Reissner's membrane is a direct attribution to its discoverer, the German anatomist

Ernst Reissner (1824-1878). Reissner, a prominent figure in microscopic anatomy during the

mid-19th century, made significant contributions to the understanding of the inner ear structure. His
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meticulous dissection and detailed observations of the membranous labyrinth allowed him to

precisely identify this thin, separating structure within the cochlea, which he documented in his

seminal works on the subject. The subsequent recognition and adoption of his findings by the

broader scientific community led to the formal designation of the structure in his honor, a practice

common in 19th-century anatomical nomenclature.

Prior to Reissner's detailed work, the internal organization of the cochlea was poorly understood,

often viewed through the lens of gross anatomy rather than cellular structure. Reissner's

application of improved histological techniques provided the first clear demarcation between the

fluid compartments, fundamentally changing how researchers conceptualized the mechanism of

sound processing. Initially, the membrane was primarily viewed as a simple physical barrier,

structurally supporting the spiral shape of the cochlear duct. Early functional hypotheses focused

merely on fluid containment, overlooking the sophisticated permeability and transport

characteristics it actually possesses.

The functional understanding of Reissner's membrane evolved significantly throughout the 20th

century, particularly after the development of electrophysiological techniques capable of measuring

the specific ionic concentrations and electrical potentials within the cochlear chambers.

Researchers confirmed that the membrane was not passively leaky but actively contributed to the

maintenance of the ionic environment. Studies utilizing tracers and microelectrodes revealed its

role in regulating osmotic balance and demonstrated that while it is highly impermeable to large

molecules, it exhibits selective permeability to water and certain small ions. This functional

refinement transformed the perception of the vestibular membrane from a static divider to a

dynamic regulator essential for cochlear homeostasis.

3. Microscopic Structure and Cellular Composition

Despite its critical function, Reissner's membrane is remarkably thin, typically measuring only a few

micrometers in thickness. Its architecture is characterized by a bilayer of cells, forming one of the

most delicate epithelial barriers in the human body. The membrane consists of two primary cellular

layers and an intervening basal lamina. These layers are distinct based on the fluid environment

they face and their developmental origin, yet they function synergistically to maintain the barrier.

The first layer, facing the endolymph within the scala media, consists of a flat sheet of epithelial

cells. These cells are highly specialized and characterized by numerous microvilli and extensive

intercellular junctions. The defining feature of this layer is the presence of elaborate tight

junctions (zonulae occludentes) that encircle the apical surface of the cells. These tight junctions

form the primary seal, ensuring that the critical difference in ionic concentration between the

endolymph (K+-rich) and the underlying tissue is maintained. Any compromise to the integrity of

these tight junctions, whether due to trauma, inflammation, or disease, immediately results in the
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catastrophic breakdown of the electrochemical gradient, leading to auditory dysfunction.

The second layer, facing the perilymph within the scala vestibuli, is composed of a layer of

flattened mesothelial cells, which are structurally similar to endothelial cells found lining blood

vessels. This mesothelial layer is less specialized in terms of barrier function compared to the

epithelial layer, focusing more on structural support and possibly limited transport or exchange with

the perilymph. Sandwiched between these two cellular sheets is a thin, acellular basal lamina

(basement membrane). The complete structure is highly resistant to mechanical stress from fluid

pressure changes, yet its overall thinness maximizes the efficiency of limited metabolic exchanges

necessary for cellular maintenance.

4. Role in Cochlear Fluid Dynamics and Ionic Homeostasis

The most important physiological role of Reissner's membrane is its contribution to the

maintenance of the extraordinary electrochemical gradient within the cochlea. This gradient is

fundamentally dependent on the strict separation of perilymph and endolymph. Perilymph, found in

the scala vestibuli and scala tympani, operates at a potential near zero millivolts and is chemically

analogous to extracellular fluid, primarily relying on sodium ions for osmotic balance. Endolymph,

confined to the scala media, is unique in mammalian physiology, possessing potassium

concentrations (around 150 mM) far exceeding those found in typical extracellular fluid, resembling

intracellular fluid composition.

Reissner's membrane, in conjunction with the stria vascularis (the primary source of K+ secretion

into the endolymph), creates and maintains the Endocochlear Potential (EP). The barrier function

prevents the high concentration of K+ ions in the scala media from diffusing freely into the scala

vestibuli. The EP, which averages between +70 mV and +90 mV, represents the positive electrical

charge relative to the perilymph. This potential is indispensable because it maximizes the

electrochemical driving force acting on the hair cells. When stereocilia bend due to sound

pressure, potassium channels open, allowing K+ ions to rush into the hair cell down this steep

gradient, causing rapid depolarization and signal initiation.

While often described as a perfect seal, Reissner's membrane is also crucial for regulatory

transport, particularly concerning water and small solutes. Research indicates that the membrane

plays a role in regulating the volume of endolymph, although the primary site of endolymphatic

absorption is generally considered to be the endolymphatic sac. However, the membrane's

selective permeability allows for limited movement of fluid and nutrients essential for the basal

metabolism of the epithelial cells facing the endolymph. This carefully controlled balance ensures

that the physical volume of the scala media remains stable, preventing conditions such as hydrops,

where excessive fluid accumulation can compromise hearing function.
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5. Pathology and Associated Disorders

Pathological compromise of Reissner's membrane integrity is directly linked to several significant

hearing and balance disorders. The most recognized condition associated with the dysfunction of

this membrane is Endolymphatic Hydrops, a state characterized by the pathological

accumulation of endolymph within the scala media, often symptomatic of Ménière's disease. In

hydrops, the excess fluid pressure causes the delicate Reissner's membrane to balloon outward,

stretching its cellular structure. This physical stretching can disrupt the tight junctions, leading to

temporary or permanent breaches in the barrier.

When Reissner's membrane ruptures, the high-potassium endolymph rapidly mixes with the low-

potassium perilymph. This mixing results in the immediate collapse of the Endocochlear Potential

and the depolarization of surrounding tissues, including the delicate sensory hair cells and nerve

fibers. This catastrophic ionic shift is believed to be the underlying mechanism responsible for the

acute, severe symptoms characteristic of a Ménière's attack: sudden, fluctuating sensorineural

hearing loss, profound vertigo, and tinnitus. While the membrane often heals and reseals, the

repeated cycle of rupture and repair contributes to progressive, permanent hearing damage over

time.

Beyond idiopathic diseases like Ménière's, Reissner's membrane integrity can be compromised by

acoustic trauma or inflammatory conditions. Exposure to extremely loud noise or certain ototoxic

drugs can induce cellular stress that weakens the tight junctions, increasing the membrane's

permeability to substances that should remain confined. Furthermore, conditions such as

labyrinthitis (inflammation of the inner ear structures) can directly impact the epithelial cells of the

membrane, leading to inflammation-mediated changes in fluid dynamics and ionic leakage.

Understanding the pathology of Reissner's membrane is thus central to diagnosing and managing

disorders where inner ear fluid balance is disturbed.

6. Functional Interdependence with the Organ of Corti

While the Basilar Membrane is the primary structure involved in the mechanical frequency analysis

of sound and the Organ of Corti houses the sensory hair cells, Reissner's membrane establishes

the necessary energetic environment in which the Organ of Corti must operate. The hair cells are

bathed in the endolymph of the scala media, and their mechanotransduction process is entirely

dependent on the electrical and chemical properties maintained by the surrounding fluid and the

electrical potential provided by the separation barrier.

The efficiency of sound transduction is directly proportional to the magnitude of the Endocochlear

Potential (EP). The +80 mV EP, stabilized by the tight barrier function of Reissner's membrane,

creates a massive 150 mV electrical gradient (from +80 mV in the endolymph to -70 mV inside the

resting hair cell). This extraordinary potential difference is one of the largest biological potentials
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found in the human body. When sound vibrates the Basilar Membrane, the stereocilia of the hair

cells shear, opening mechanoelectrical transduction channels. Due to the huge driving force

maintained by the EP, K+ ions flow instantaneously into the hair cell, enabling extremely rapid and

sensitive signal conversion.

Therefore, any failure in the membrane's barrier function results in immediate hearing impairment,

even if the hair cells themselves are physically intact. If the EP collapses due to ionic mixing across

a leaky or ruptured Reissner's membrane, the electrochemical gradient drops significantly. Even if

sound continues to stimulate the hair cells mechanically, the reduced potential means that the

necessary influx of K+ to generate a powerful receptor potential is diminished, leading to a

profound reduction in auditory sensitivity. This physiological interdependence highlights Reissner's

membrane as a critical, though indirectly involved, component of the sensory transduction

mechanism.
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