The Ear
I. External Ear

a. Auricle (Pinna)

i. Function—act as collecting device for sound wave; localize source 

ii. Anatomical Features: Helix, antihelix, tragus, antitragus, concha, lobule

b. External Acoustic Meatus (from concha to tympanic membrane)

i. Function—channels waves to TM; protects middle ear; acoustic resonator

ii. Anatomical Features

1. lateral 1/3==cartilaginous

2. medial 2/3==bony

c. Innervation

i. Spinal nerves (cervical plexus): greater auricular (C2,3) & lesser occipital (C2)

ii. Cranial Nerves: CN V3, CN VII, CN X
II. Middle Ear (tympanic cavity)
a. Function

i. Transfer of sound waves from gas to liquid medium (b/c sound waves don’t have sufficient energy alone)

ii. Protective response to loud sounds (via tensor tympani & stapedius mm)

iii. Maintenance of similar pressures on both sides of TM

b. Bones (ossicles)
i. From lateral to medial: malleus, incus, stapes (from 2nd brachial arch)

ii. Held in place by small ligaments

iii. Since malleus is longer than incus => acts like lever arm => amplifies pressure waves

iv. Large pressure waves => oscillation & stapes “kicks” oval window

c. Muscles

i. Tensor tympani—associated w/ Malleus, inn by CN V3
ii. Stapedius—associated w/ stapes; inn by CN VII
d. Innervation running through
i. Trigeminal (CN V), Facial (CN VII), Corda Tympani (CN VII), Tympanic Plexus (mostly CN IX)

e. Other Structures

i. Tympanic Membrane (TM)—eardrum; separates middle ear from EAM

ii. Auditory tube—thin cartilaginous tube running from middle ear to nasal cavity; normally closed but opens when yawning, etc

iii. Promontory—covered by tympanic nerve (CN IX)

iv. Oval window—fenestra vestibule; where stapes touches inner ear; opens to scala vestibuli
v. Round window—fenestra cochleae; opens to scala tympani
III. Inner Ear (labyrinth)
a. Bony (osseous) labyrinth

i. Semicircular canals (3)—superior, lateral, posterior; used for balance (vestibular system)

ii. Vestibule—connection between vestibular system and cochlea

1. oval window (fenestra vestibule)—closed by footplate of stapes

2. round window (fenestra cochleae)—closed by secondary TM

iii. Perilymph—fluid contained in bony labyrinth but surrounding membranous laybrinth

b. Membranous Labyrinth—suspended in perilymph

i. 3 semicircular ducts with ampullae (vestibular system)

ii. 2 sacs within vestibule (utricle and saccule

iii. cochlear duct

iv. endolymph—fluid contained within membranous labyrinth

c. Cochlear Duct (scala media)

i. Key Components

1. Basilar membrane—location of hair cells; top of scala tympani

2. Vestibular Membrane—forms top of cochlear duct

3. CN VIII—(Cochlear portion) innervates hair cells thru osseous spiral lamina; 

4. Hair Cells—with cilia; brush against tectoral membrane => nerve activation

5. Limbus—thickening of periosteum
6. Tectoral membrane—covers hairs & provides “heavy” covering causing them to move when pressure waves enter cochlear duct

7. Organ of Corti—name given to inner & outer hair cells covered by tectoral membrane
IV. Sound transmission
a. Footplate of stapes “kicks” oval window => pressure waves in scala vestibule which travel around cochlea to scala tympani causing cochlear duct to oscillate back and forth (exits out round window) => tectoral membrane presses on hair cells => nerve firing => hearing! (

* in summary: ROCKING => PRESSURE WAVES => MEMBRANE MOVEMENT
i. Modiolus—bony core of cochlea (supports it)

ii. Osseous spiral lamina—bony shelf along modiolus; acts as entry point for nerves (CN VIII) going to cochlear duct

iii. Spiral ligament—supports cochlear duct on outside wall

iv. Scala vestibuli; scala tympani; scala media (cochlear duct)
v. Helicotrema—deepest part of cochlear duct; connects scala vestibuli & tympani

b. Steps
i. External ear—sound waves move tympanic membrane

ii. Middle Ear—which moves the ossicles => amplification and rocking of stapes

iii. Inner Ear—producing pressure waves in the perilymph => movement of cochlear duct & shearing motion of cilia (=> nerve activiation)

c. Interpretation

i. Sound intensity (loudness) ~ rate of nerve cell discharge for inner vs. outer hair cells

ii. Sound frequency (pitch)~ patterns of vibration along the basilar membrane

