Lecture 3

· Inner Ear 

· Inner ear consists of the vestibular system and the cochlea, which is totally enclosed in one of the strongest bones the temporal bone.

· The cochlea is the sensory organ of hearing. It is a snail shaped organ with  2 ½  turns and has a bony shell called the labyrinth.

· The bony labyrinth encloses a membranous labyrinth inside.  The cochlea is a tube like structure with three chambers.  The uppermost part is called the scala vestibuli, the middle is the scala media, and the lower most is the scala tympani. 

· The scala vestibuli opens through the oval window, which is covered by the footplate of the stapes.
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· Inner Ear 

· The scala tympani opens through the round window, which is covered by the round window membrane. 

· The scala vestibuli and the scala tympani are separated by a thin bony shelf called the osseous spiral lamina.

· The division is further completed by the scala media.

· The fibers of the cochlear nerve are encased inside the two thin sheets of the osseous spiral lamina.

· Scala vestibuli and scala media are separated by the reisners membrane. 
· [image: image2.png]scala
tympani

auricle

scala
vestibuli

oval

window

malleus

external auditory canal

sound waves Sl
oundi it basilar membrane

[~ I T T—

©1997 Enoyolopasdia Britannica, Inc.




· Cochlea 

· Scala media and scala tympani are seperated by the basilar membrane.

· Scala tympani and scala vestibuli communicate through the helicotrema a small opening at the apical end.

· The end towards the middle ear where the two windows are present is termed as the basal end of the cochlea and the other end is termed the apical end.

· Scala tympani and scala vestibuli are filled with a fluid called the perilymph and the scala media is filled with a fluid called endolymph.

· Perilymph is similar to extracellular fluid in composition with rich sodium.

· Endolymph is similar to intracellular fluid in composition with rich potassium. 
· Inner Ear 

· Both the oval window and the round window are at the basal end of this tube. The cochlea is bisected by the cochlear partition, which is a flexible structure that supports the basilar membrane and the tectorial membrane 

·  There is an opening, known as the helicotrema, that joins the scala vestibuli to the scala tympani.  As a result of this structural arrangement, inward movement of the oval window displaces the fluid of the inner ear, which causes the round window to bulge out slightly and deforms the basilar membrane.

The following diagram is a longitudinal cross-section of a cochlear showing the three major canals or ducts and the associated fluids they contain.
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Organ of Corti
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· Organ of Corti 

· The organ of Corti is the organ in the inner ear that contains auditory sensory cells, or "hair cells.

· The organ of Corti has highly specialized structures that respond to fluid-borne vibrations in the cochlea with a shearing vector in the hairs of some cochlear hair cells. 

· It contains between 15,000-20,000 auditory nerve receptors. Each receptor has its own hair cell. The shear on the hairs opens ion channels, leading to neural, electrical signaling to the auditory cortex. 
· Hair Cells 

· Hair cells are the sensory receptors of the auditory system. The auditory hair cells are located within the organ of Corti on a thin basilar membrane in the cochlea of the inner ear. 

· They derive their name from the tufts of stereocilia that protrude from the apical surface of the cell, a structure known as the hair bundle, into the scala media, a fluid-filled tube within the cochlea. 

· Cochlear hair cells come in two anatomically and functionally distinct types: the outer and inner hair cells. 
· Electron Microscope view of hair cells embedded in the basilar membrane 
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· Hair Cells

· The cochlear hair cells in humans consist of one row of inner hair cells and three rows of outer hair cells. Connected to the bottom (or base) of each hair cell are nerve fibers from the auditory nerve.  

· The inner hair cells are the actual sensory receptors, and 95% of the fibers of the auditory nerve that project to the brain arise from this subpopulation. The terminations on the outer hair cells are almost all from efferent axons that arise from cells in the brain.

· The human cochlea has about 30,000 outer hair cells and 10,000 inner hair cells.

· The outer hair cells are cylindrical in shape, while the inner hair cells are flask shaped.

· There are also supporting cells for the outer hair cells called Dieter’s cells and Henson’s cells in the organ of Corti.

· The supporting cells for the inner hair cells are called Inner Phalangeal cells. 
· Research of the past decades has shown that outer hair cells do not send neural signals to the brain, but that they mechanically amplify low-level sound that enters the cochlea.

·  The amplification may be powered by movement of their hair bundles, or by an electrically driven motility of their cell bodies. 

· The inner hair cells transform the sound vibrations in the fluids of the cochlea into electrical signals that are then relayed via the auditory nerve to the auditory brainstem and to the auditory cortex.
· When the basilar membrane is displaced, the tectorial membrane moves across the tops of the hair cells, bending the stereocilia. Bending of the cilia releases neurotransmitter which passes into the synapses of one or more nerve cells which fire to indicate vibration. 
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· The  inner hair cell translates the outer world vibrations by way of the eardrum, ossicles, and inner ear fluids, into a chemical/electrical signal that the brain can interpret. 
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· Inner Ear 

· The pinna and middle ear act as mechanical transformers, so that by the time sound waves reach the Organ of Corti, their pressure amplitude is 20 times that of the air impinging on the pinna. The Organ of Corti can be damaged by excessive sound levels, leading to noise induced health effects.

· The most common kind of hearing impairment, sensorineural hearing loss, includes as one major cause the reduction of function in the organ of Corti. Specifically, the active amplification function of the outer hair cells is very sensitive to damage from exposure to trauma from overly-loud sounds or to certain "ototoxic" drugs. Once outer hair cells are damaged, they do not regenerate.
· Damaged Hair Cell 
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Inner Ear

[image: image11.jpg]



Defintions:

Scala media: The middle compartment of the cochlea. Contains the endolymph which surrounds the cilia of the hair cells.

Scala tympani: One of the compartments of the cochlea. Contains perilymph. One end is the round window, the other end is continuous with the scala vestibuli through the helicotrema.

Scala vestibuli: One of the compartments of the cochlea. Contains perilymph. One end is the oval window, the other end is continuous with the scala tympani through the helicotrema.

Cochlea: The inner ear. The location where the mechanical energy of sound is transduced into electrical signals that can be carried by the nervous system. 
Cochlear Nerve: The part of the VIIIth Cranial Nerve (auditory-vestibular or vestibulocochlear nerve) that carries information about hearing from the cochlea to the brainstem.

Eardrum: Also referred to as the tympanic membrane. The membrane separating the external ear canal from the middle ear.

Basilar Membrane: A membrane inside the cochlea on which the hair cells rest. It is between the scala tympani and the scala media.

Reissner's membrane: Membrane separating the scala vestibuli from the scala media.

Pinna: The cartilage that guides sound into the ear canal.

Oval Window: An opening into the scala vestibuli of the cochlea, the oval window is covered by a membrane. The stapes fits into the oval window.

Round window: A membrane covered opening at the base of the cochlea opening into the scala tympani.

Helicotrema: The channel at the tip of the cochlea where the scala vestibuli and the scala tympani are continuous.
[image: image12.png]Label the Diagram





11

