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Lecture Notes
Introduction to the Head

Functions of head

· Housing and protection of brain and meninges

· Housing and protection of special sense organs: vision, olfaction, taste hearing and balance

· Respiration

· Mastication, deglutition (swallowing)

· Vocalization

SCALP

Skin—tough, thick

Connective tissue (dense)

Aponeurosis epicranialis—aka galea aponeurosis; fibrous layer that joins frontal and occipital mm.

Loose connective tissue—where scalp moves w.r.t to skull

Pericranium/osteum=calvarian

Diploë of parietal bone

· Lies b/w two layers of compact bone

· Spongy bone containing red marrow

· Contains diploic veins

· Pathway for infection from outside to inside of brain

Skull bones

· 26 bones: 22 bones + hyoid (small bone in neck for swallowing) + 3 auditory ossicles (middle ear: incus, malleus, stapes)

· 21 bones: tightly connected; mandible is freely mobile @ temperomandibular joint (synovial)

· connective-tissue interface b/w bones = suture

· bones – mandible = cranium

· cranium

· neurocranium: covers brain anteriorly, laterally and posteriorly

· brain supported by bones of basicranium

· also contributes to interorbital region; b/w eyes and superior to nasal passages

· viscerocranium/splanchnocranium: bones of face

· sutures

· coronal: separates frontal from parietals

· sagittal: separates two parietal bones

· lambdoidal: separates parietal form occipital

· squamosal: b/w temporal and parietal; overlapping sutures

· @ birth: 2 frontal bones which eventually fuse; metopic suture disappears

	Neurocranium
	Basicranium
	Viscerocranium

	Frontal
	Occipital (basilar portion)
	Maxilla

	Parietal
	Temporal (petrous portion)
	Palatine

	Occipital (squamous portion)
	Ethmoid
	Zygomatic

	Temporal (squamous portion)
	Sphenoid (lesser wing)
	Lacrimal

	Sphenoid (greater wing)
	Sphenoid (pterygoid plate)
	Nasal, vomer, mandible, inferior nasal concha, the 3 auditory ossicles, hyoid


(Raymond has replaced a table image with equivalent text)
Cranial Cavities: 5 major cavities


Endocranial, left and right orbits, nasal cavities, oral cavity, middle ear cavities

Endocranial cavity

· contains brain, meninges, cerebrospinal fluid, brain’s vascular supply and most proximal portion of cranial nerves

· enclosed by neurocranium and basicranium

· basicranium: foramina for neurovascular bundles

· foramen magnum: spinal cord exit

· floor of endocranial cavity divide into fossae

· anterior: frontal lobes of brain

· middle: pair temporal lobes

· posterior: cerebellum and brainstem

Gross anatomy of brain

· six main parts

· telencephalon, diencephalon, mesencephalon (midbrain), pons, medulla oblongata, cerebellum

· telencephalon + diencephalon = forebrain

· pons + medulla + cerebellum = hindbrain

· diencephalons + midbrain + pons + medulla = brain stem

· telencephalon

· right and left cerebral hemispheres, separated by longitudinal fissure

· basal ganglia: nuclei in ventral telencephalon that controls various fxns

· each cerebral hemisphere: divided by fissures into series of 4 lobes: frontal, parietal, temporal and occipital

· external surface covered with folds of brain tissue (gyri), separated by shallow grooves (sulci)

· diencephalon

· central core of brain b/w cerebral hemispheres

· paired structure

· surrounds 3rd ventricle and continuous with midbrain

· only visible from inferior view at infundibulum (where pituit. Gland located)

· optic tracts emanate from diencephalons at infundibulum

· four parts: thalamus, hypothalamus, epithalamus, subthalamus

· mesencephalon

· b/w diencephalon and pons, jxn between middle and posterior cranial fossae

· contains inferior and superior colliculi for vision and hearing

· contains, cerebral aqueduct—ventricular system

· not visible from outside

· pons

· b/w midbrain and medulla

· transverse fibers connecting two cerebellar hemispheres

· trigeminal nerves originate from lateral margins

· medulla oblongata

· caudal part of brain stem

· continuous with spinal cord

· jxn b/w medulla and pons

· abducens, facial and vestibulocochlear
· lateral aspect of medulla

· glossopharyngeal, vagus, accessory (cranial), hypoglossal

· cerebellum

· two hemispheres

· most posteroinferior portion of brain

· b/w medulla oblongata and occipital lobes of cerebrum

Ventricular System and Meninges
· ventricular system: series of cavities and passages filled with cerebrospinal fluid
· CSF made by choroids plexuses; cushions, bathes, nourishes brain

· Lateral ventricles

· Pair of large cavities within cerebral hemispheres

· Communicates with third ventricle thru interventricular foramen

· Third ventricle

· Located b/w right and left parts of diencephalon

· Connected to fourth ventricle thru cerebral aqueduct

· Fourth ventricle

· In pons and medulla oblongata

· Continuous with central canal in spinal cord

· CSF enters subarachnoid space through median aperture and paired lateral apertures in fourth ventricle

· 4-5 fold turnover of CSF each day

· if buildup of CSF occurs(pressure on brain = hydrocephalos

· meninges: layers of connective tissue that provide support, protection and nourishment for brain

· continuous with meninges of spinal cord

· three meningeal layers

· pia mater: transparent, highly vascularized innermost layer

· adheres to surface of brain

· holds vessels supply brain

· choroids plexuses: type of pia mater lining ventricles

· arachnoid mater: thin layer superficial to pia mater

· brownish-red transparent film

· bridges sulci

· fluid-filled subarachnoid spaces, mainly at base of brain = cisterns

· arachnoid granulations = projections

· one way valves to get CSF out of subarachnoid matter into venous channel

· help in pressure buildup

· dura mater

· tough, two-layered membrane
· tightly adheres to inside of skull

· outer layer = periosteum, lines inside of calvaria

· inner layer = continuous with dura mater of spinal cord

· fibrous layers separate to form venous sinuses or to enclose meningeal vessels

· venous sinuses; endothelium-lined spaces b/w two layers of dura mater

· three major dural folds that separate and support different parts of brain

· limit excessive mobility of brain—prevent concussion
· dural folds = double folds of inner layer of dura (no periosteum)

· falx cerebri

· crescent-shaped, vertically oriented, midsagittal

· separates two cerebral hemispheres

· houses superior and inferior sagittal sinuses

· tentorium cerebelli

· horizontal fold

· separates occipital lobes of cerebrum from cerebellum

· connected to falx cerebri
· houses straight sinus in midline and transverse sinuses laterally

· falx cerebelli

· vertically-oriented midsagittal fold

· separates two hemispheres of cerebellum

· houses occipital sinus

· attached to both falx cerebri and tentorium cerebelli

· diaphragma sellae

· covers pituitary gland

· circulation of CSF
· cushions and bathes the brain in subarachnoid space: b/w arachnoid mater and pia mater

· CSF pathway:

· Lateral ventricles and third ventricle( cerebral aqueduct(fourth ventricle(median and lateral apertures(subarachnoid space(arachnoid granulations(venous bloodstream

· Arachnoid granulations

· Pressure sensitive, one-way valves

· Concentrated in lateral lacunae of superior sagittal sinus

· Allow passage of CSF into blood but no backflow into subarachnoid space

Cranial Circulation
· Deep venous drainage

· Superior sagittal sinus

· Attached to convex border of falx cerebri

· Receives blood from cerebrum thru superior cerebral veins

· Receives blood from meningeal veins thru lateral lacunae—lateral expansions of superior sagittal sinus

· Drains posteriorly into confluence of sinuses

· Inferior sagittal sinus

· Lower free border of falx cerebri

· Drains the falx

· Joins great cerebral vein posteriorly to form straight sinus

· Straight sinus

· Runs posteroinferiorly to where falx cerebri meets tentorium cerebelli

· Drains into confluence of sinuses, which receives small occipital sinus

· Pathway of blood from confluence of sinus

· Confluence(anteriorly via transverse sinuses(inferiorly thru sigmoid sinuses(passes thru basicranium via jugular foramina(internal jugular veins

· Cavernous sinuses

· Located at base of brain; lateral to pituitary fossa

· Rains to internal jugular vein: 3 pathways

· Directly thru inferior petrosal sinus

· Thru superior petrosal sinus(sigmoid sinus

· Empty into pterygoid plexus(external jugular vein via communicating branches

· Superficial venous drainage (= forms; (empties)

· Superficial temporal + maxillary veins = retromandibular vein

· Retromandibular = anterior + posterior divisions

· Posterior division + posterior auricular vein = external jugular vein

· Anterior division + facial vein ( internal jugular vein (major vein of deep venous drainage)

· Small anterior jugular vein drains skin and superficial tissues of anterior neck

· Addt’l venous drainage

· Lower part of deep face drained by deep facial vein and superior and inferior ophthalmic veins

· Ophthalmic veins ( cavernous sinus

· Deep facial veins ( pterygoid plexus of veins

· Superficial arterial supply

· Done by external carotid artery from common carotid artery

· Branches of ECA from inferior to superior

· Superior thyroid artery

· Ascending pharyngeal artery—pharynx, middle ear, part of dura
· Lingual artery: floor of mouth to tongue

· Facial artery—large, same distribution as vein

· Occipital artery

· Posterior auricular artery(behind ear, feeds back of scalp

· Maxillary artery (branches incl. middle meningeal artery)(face, nasal cavity, deep face, endocranial cavity

· Superficial temporal artery

· Deep arterial supply

· Internal carotid artery

·  no branches in neck, first branch in skull

· enters cranial cavity thru carotid canal
· skull: gives off middle and anterior cerebral arteries and ophthalmic artery

· small posterior communicating artery + internal carotid ( posterior cerebral artery

· two vertebral arteries

· branches of subclavian arteries

· ascend thru neck through transverse foramina of cervical vertebrae

· enter endocranial cavity thru foramen magnum

· give off small cerebellar branches 

· vertebral a. join to form basilar artery

· basilar terminates in posterior cerebral arteries

· Cerebral arterial circle = Circle of Willis

· Anastomosis between internal carotid arteries and vertebral arteries @ base of brain

· Components

· Posterior cerebral

· Posterior communicating

· Internal carotid

· Anterior cerebral

· Anterior communicating

· Principal blood supply of brain

Muscles of Head

· 2 major groups: muscles facial expression and mastication

· facial expression mm.

· thin and superficial

· origins on bone or fascia

· insertion in dermis

· no deep fascia

· motor innervation: facial nerve (CN VII)

· mastication mm

· for chewing

· innervated by mandibular division of trigeminal nerve (CN V3)

· include temporalis, masseter, medial pterygoid, lateral pterygoid, digastric

Introduction to Cranial Nerves

Cranial nerves: part of peripheral nervous system

Abbrev: CN (Roman Numeral)

12 pairs of CN’s: numbered consecutively from front to back (anterior to posterior)

Contain general sensory, special sensory, motor, and/or parasympathetic components

· May carry sympathetic (CN V), but sympathetics are not part of the actual nerve

· Sympathetics originate in thoracolumbar spinal cord (T1-L2), travel through sympathetic trunk and synapse in superior cervical ganglion

Sensory: CN’s allow sensations of touch, pain, temp, stretch

· Cell bodies are outside of CNS: ganglion, sense organs

General Sensory

· General somatic afferent (general sensory): sensation from skin and some mucus membranes (nasal cavities and paranasal sinuses

· Special structures: 

· lacrimal and salivary glands: general somatic sensory innervation from CN V

· General visceral afferent (visceral sensory): sensation from glands and viscera

· Special structures:

· Carotid body: chemoreceptor for hydrogen and oxygen

· carotid sinus: baroreceptors for pressure
Special sensory
· special somatic afferent: vision, hearing and balance

· special visceral afferent: taste and smell

Motor:

· general somatic efferent: striated muscles of eye (extraocular) and tongue

· CN III, IV, VI, XII

· Special visceral efferent: muscles from embryonic branchial (pharyngeal) arches

· Branchiomotor components of CN V, VII, IX, X and XI

· Movements: facial expression, chewing, vocalization, swallowing

· Parasympathetic

· General visceral efferent or visceral motor components: smooth muscles of eyes, viscera

· Secretomotor to lacrimal, salivary and mucus glands

· Parasymp ganglia

· Cilia: CN III

· Pterygopalatine and submandibular: CN VII

· Otic: CN IX

· Vagus: CN X

· No separate parasymp ganglia: in walls of organs

	
	General
	Special

	Visceral efferent
	Parasymp: smooth mm. motor, gland & mucosa secretomotor
	Branchiomotor: motor to pharyngeal arch mm 

	Somatic efferent
	Motor to non-pharyngeal eye & tongue striated mm
	None

	Visceral sensory
	Sensory from viscera, and some glands/mucous membranes
	CN I, CN VII

	Somatic sensory
	Sensory from skin and some glands/mucous membranes
	CN II, CN VIII


(Raymond has replaced a table image with equivalent text)
Cranial Nerves Lectures I and II

CN I = olfactory

· Special sensory nerve of smell

· Olfactory nerve = bundle of nerves, located in upper nasal mucosa

· 25 million olfactory cells on each side of mucosa

· bipolar neuron cells: their deep processes merge to make plexiform network

· plexiform network then recombine to give bundles of nerve that give olfactory nerve, proper

· Nerves come through cribriform (=sieve like)  plate: piece of ethmoid bone

· Ethmoid bone: thin, complex bone between orbits

· In middle of cribriform plate: cristae galae: where falx cerebri attaches in front

· Holes in cribriform plate: where nerves are transmitted into end of anterior portion of  endocranial fossa

· Nerves are attached to olfactory bulbs, which are then joined to olfactory tracts

· Bundles of nerve travel through cribriform to olfactory bulbs where they synapse @ mitral cells(olfactory tracts

· Olfactory tracts connected to telencephalon

· Olfactory bulbs can break ( lost of smell (anosmia)

· Olfactory cells: degenerate at 1% a year; regenerate

CN II: optic

· Special sensory nerve of vision

· Nerve begins in retina in back of eyeball

· Retina: developmentally is an outgrowth of brain

· Retina converges at optic disk to become continuous with optic nerve

· Optic nerve is surrounded by meninges because of connexn with retina

· Each optic nerve: million of ganglion cells

· Ganglion cells synapse at bipolar cells

· Bipolar cells lengthen to form rods and cones

· Nerve travels through optic canals: oblique openings

· Optic canals open at junction between anterior middle cranial fossae

· Two optic nerves meet to form optic chiasma: in front of pituitary

· Nerve fibers from medial half of retina cross in optic chiasma

· Lateral fibers stay on the same side

· Effect: carry neurons in related visual field end up in same optic tract

· The fibers go back to the thalamus or midbrain (lateral geniculate ganglion or superior colliculi ganglion)

CN III: oculomotor

· Comes off of midbrain and goes under the lesser wing of sphenoid

· Goes through superior orbital fissure: opens into back of orbit

· Nerve is lateral to optic nerve

· Associated with all muscles of the eye: both smooth and striated

· General somatic motor and parasympathetic component

· General somatic motor

· Supply most (5 out of 7) of the muscles around eyeball that move it

· Nerve splits immediately after exit

· Superior division:

· Superior rectus: moves eyeball

· Levator palpebrae superioris: elevator of upper eyelid

· Inferior division

· Medial and inferior rectus

· Inferior oblique

· Three extraocular muscles move eyeball

· Parasympathetic: third division of CN III

· Synapse in ciliary ganglion on way to eye
· Postganglion parasympathetics carried in short ciliary nerves

· Ciliary nerves fibers pierce eyeball and travel to front to supply two smooth muscles

· Pierce sclera and travel between outer and middle coat

· Sphincter pupillae: in the iris, controls size of pupil (amount of light)
· Ciliary muscle: surrounds the lens, allows up-close focus
· Nasociliary nerve from trigeminal suspends ciliary ganglion but does not synapse
· All 4 parasymp ganglion suspended by a fiber from trigeminal nerve
CN IV: trochlear

· Smallest CN
· Comes off back of back of midbrain
· Passes on side of middle cranial fossa
· Exits through superior orbital fissure to travel in medial roof of orbit
· Somatic motor nerve to superior oblique muscle that moves the eye
· Superior oblique muscle:
· Changes direction of pull within the orbit by passing through a fibrocartilage loop in superomedial angle of orbit= trochlea
· Origin: apex of orbit
· Insertion: above eyeball
· Muscles courses along upper medial angle of orbit
CN V: trigeminal 

· Largest cranial nerve
· Emerges from pons and goes thru middle cranial fossa
· Forms huge semilunar/trigeminal sensory ganglion (medial side of middle cranial fossa) and divides into 3 pieces
· Primary somatic sensory nerve of head; also a motor nerve of first pharyngeal arch
· Labeling scheme: CN V1, 2, 3
· CN V1 = ophthalmic, entirely sensory
· Goes to superior orbital fissure to join CN III and IV to go to back of orbit

· Supplies cornea, conjunctiva, eyeball, lacrimal gland, forehead, nose, upper eyelid, frontal and ethmoid sinuses

· Emerges in forehead from frontalis

· Branches

· Lacrimal: small, lateral

· provides somatic sensory to lacrimal gland, adjacent eyelid and conjuncitva (doesn’t control secretions)

· Frontal (supraorbital, supratrochlear): both travel to upper medial corner of eye through foramen

· Terminal branches on forehead: sensory

· Nasociliary

· Under levator palpebrae superioris and superior rectus

· Four branches

· Suspends ciliary ganglion with sensory root: see above

· Fibers are considered part of short ciliary nerves

· Short ciliary

· Parasympathetic

· To back of eyeball, pierce sclera and travel on eyeball

· May contain some sympathetic fibers

· Long ciliary nerves: 

· Follows same course as short ciliary

· Sensory to eye

· Primary carrier of sympathetics to ciliary body, iris

· dilate muscles

Side note: sympathetics travel in sympathetic trunk into neck where there are 3 cervical ganglion

· superior cerv. Ganglion

· base of skull, above of carotids

· where sympathetics of head will synapse

· fibers form plexuses around internal and external carotid

· fibers can come up with internal carotid and contribute to CNs

· Ethmoidal and nasal: from ethmoidal and sphenoidal sinuses, nasal cavity and front and tip of nose

· pierces medial wall of orbit

· Supplies mucosa

· Pierces forward to supply nasal cavity: nasal nerves

· Infratrochlear: from superomedial corner of orbit below trochlea

· Just sensory

· CN V2 =maxillary, entirely sensory
· Goes thru foramen rotundum (a round hole behind the medial angle of the superior orbital fissure, that goes forward in skull)
· Takes a bent course to go to floor of orbit; travels the infraorbital fissure and thru infraorbital canal and out the infraorbital foramen
· Sensory innervation of cheek; sensory for everything from floor of orbit to roof of mouth
· Upper jaw, maxillary sinus, nasal cavity, middle of face, middle ear cavity, auditory tube and dura
· Branches
· Supends pteryogopalantine ganglion (CN VII)
· To reach ganglion, travels vertically along pteryogomaxillary canal
· Fibers pass thru then go medially along nasal cavity to palate
· Zygomatic: from cheek
· Sends sensory thru lateral wall of orbit onto cheek
· Nasal branches: from mucous membranes of nasal sinuses
· Palatine branches (lesser, greater, nasopalatine)
· Fibers pass through pteryogpalatine ganglion
· Descend through palatine canal and exit respective foramen
· Sensory nerves to palate
· nasopalatine nerve

· supplies nasal septum

· goes to front of palate and exits out opening behind upper incisors (incisor foramen)

· sensory to front of palate

· Superior alveolar branches from upper teeth, gums, maxillary sinus
· Maxillary sinus: hollow cavity from floor of orbit to roof of mouth; lined with mucosa
· infraorbital: terminal branch
· sensory between orbit and mouth
· meningeal: from middle and anterior cranial fossae
· given off before exiting foramen rotundum
· supplies dura around area
· pharyngeal: passes thru ganglion

·  from middle ear cavity and auditory tube

· upper part of pharynx (back of throat)

· connection to middle ear

· CN V3= mandibular, sensory and motor

· Largest division

· Exits skull thru foramen ovale (postero lateral from foramen rotundum; oval opening); exits at lower jaw

· Supplies sensory to lower jaw (tongue, lower teeth, chin, cheek, floor of mouth, anterior 2/3 of tongue, tympanic membrane, salivary glands)

· Also supplies motor innervation for mastication

· Branchiomotor: associated with first branchial/pharyngeal arch

· Striated muscles are supplied

· Branches to muscles of mastication 

· Temporalis, masseter, medial and lateral pterygoids

· Branches to floor of mouth:  mylohyoid, digastric (anterior belly), tensor veli palatini (tenses roof of palate) and tensor tympani (tenses ear drum)

· Branches after motor branches

· Buccal

· Sensory from cheek, internal and external

· Pierces buccinator to mucus membranes and skin

· Auriculotemporal

· Sensory from external acoustic meatus and tympanic membrane, temporal region and temperomandibular junction

· Suspends otic ganglion (CN IX)

· Lingual

· Sensory for anterior 2/3 of tongue, floor mouth, mandibular gums

· Joined by piece of chorda tympani of facial nerve

· Suspends submandibular ganglion (CN VII)

· Inferior alveolar

· Sensory from lower jaw, gums, lips and teeth

· Dental, mental nerves

· Meningeal

· Accompanies middle meningeal artery (enters back into skull thru foramen spinosum: immediately adjacent to foramen ovale)

· Sensory for dura mater of middle cranial fossa

· Overview of structures whose sensory innervation is provided by trigeminal

· Face

· Teeth

· Gums

· Mucosa of mouse, nasal cavities and perinasal sinuses

· Dura 

· Front anterior 2/3 of tongue

· Scalp

· Eye including conjuctiva and cornea

· Lacrimal glands and maybe other glands

CN VI: abducent
· Pierces dura where pons and medulla meet

· Travels to superior orbital fissure; enters orbit

· General somatic motor nerve

· Supplies lateral rectus muscle: abducts (turn out) eye from midline

CN VII: facial

· First complicated nerve: general sensory, special sensory, branchiomotor, parasympathetic
· Comes off junction of pons and medulla
· Goes laterally into opening of petrous temporal: division of middle and posterior fossa

· Opening: interior acoustic meatus: large hole that goes laterally

· Lies on top of CN VIII

· In the petrous temporal:

· gives off many branches

· sensory cell bodies in the geniculate ganglion

· Part of nerve turns out of petrous temporal and exits out stylomastoid foramen, behind parotid gland (anteromedial from mastoid process; in between the mastoid process and skinny styloid process (may be broken in skull))

· Passes through parotid gland and then branches (major branchiomotor component; small, inconsequential general sensory component)

· Associated with 2nd pharyngeal arch

· Goes to all muscles of facial expression: branchiomotor (see more below)

· General sensory component: goes to part of external ear (auricle) and external auditory meatus

· Branches of facial nerve

· Nervus intermedius: sensory root of VII, includes parasymp

· Geniculate ganglion: site of sensory cell bodies

· Within petrous bone

· After exiting ganglion, nerve bends at genu and makes tortuous path, gives off more branches, motor branches goes out of stylomastoid foramen

· Chorda tympani

· Small filament passes thru tympanic cavity b/w malleus and incus, across tympanic membrane

· Special sensory and parasympathetic components

· goes to tongue and joins up with the trigeminal nerve (lingual nerve) to anterior 2/3 of tongue 

· Provides taste

· One branch of parasymmpathetics synapse in submandiublar ganglion

· Controls secretomotor function of submandibular (large) and sublingual (small) salivary glands

· Great petrosal

· Joins with sympathetic deep petrosal nerve, becomes nerve of pterygoid canal towards foramen lacerum (merges with internal carotid)

· Nerve of pteryogoid canal carries parasympathetics, sympathetics and taste fibers

· parasympathetics synapse in pteryopalatine ganglion

· Relayed to lacrimal gland to create tearing, mucus glands of nasal cavity and perinasal sinuses (hitches ride with trigeminal)

· Also provides taste for palate: “fine palate”

· Branchiomotor branches: stylomastoid foramen

· 2nd pharyngeal arch

· To facial muscles of expression

· Occipitofrontalis

· Posterior belly digastric, stylohyoid, stapedius muscles

CN VIII: vestibulocochlear

· Originates from pons and medulla

· Goes out posterior cranial fossa through internal acoustic meatus but never exits skull (unique); stays in petrous temporal

· Goes to 2 sensory ganglion in ear/cochlea (spiral ganglion) and semicircular canals (vestibular ganglion)

· Special sensory nerve of hearing and balance (equilibrium)

CN IX: glossopharyngeal

· Originates from medulla oblongata

· Exits large jugular foramen (inferior to internal acoustic meatus; huge irregular opening at end of the sigmoid sinus; out this opening also find drainage of sigmoid sinus (posterior) and inferior petrosal sinus (anterior))

· After exit, forms superior and inferior sensory ganglia

· Base of skull inferior to jugular foramen

· Complicated: : general sensory, special sensory, branchiomotor, parasympathetic
· Most important component: sensory
· Associated with tongue and pharynx

· Branches

· Provides sensory (gen’l and special) to posterior 1/3 of tongue, soft palate, middle ear, upper pharynx

· Makes contribution to pharyngeal plexus; joins with branches from CN X and sympathetics

· Provides taste

· Carotid sinus nerve: visceral sensory

· supplies carotid body (blood pressure receptor) and carotid sinus (chemoreceptor)

· tympanic nerve: off of inferior ganglion

· turns and goes back up floor of tympanic cavity; goes into middle ear and spreads out over promontorium (bony swelling on medial wall of middle ear cavity overlying cochlea; covered with mucus)

· visceral sensory from mucus membranes of tympanic cavity, auditory tube and mastoid air cells

· carries parasympathetics

· Reenters skull

· Travels with lesser petrosal nerve

· goes to otic ganglion and synapses (deep to ear, behind jaw joint; medial side of auriculotemporal nerve, branch of mandibular nerve)

· Controls secretomotor function of parotid gland

· Possible connection with facial nerve

· Small branchiomotor component: third pharyngeal arch

· Goes to stylopharyngeus muscle of pharynx

CN X: vagus

· Originates from medulla oblongata

· Exits large jugular foramen

· Complicated: : general and visceral sensory, special sensory, branchiomotor, parasympathetic
· Most extensively distributed
· Forms two sensory ganglia under jugular foramen

· Superior and inferior ganglia

· Sites of sensory cells

· Superior (Jugular)

· General somatic

· Inferior (Nodos)

· Special sense: taste for epiglottis (inconseq. in adults)

· Visceral sense (abdomen and thoracic viscera)

· Branches

· Sends a general visceral branch to carotid nerve

· Pharyngeal plexus with CN IX

· Sends out branchiomotor branches to most muscles pharynx and soft palate (except tensor veli palatini [CN V])

· Very large parasympathetic component

· Everything in thorax, much of abdomen (as far as left colic flexure)

· Motor component and sensory component: smooth muscles, glands in lining

· Afferent from mucosa in lower pharynx, larynx, trachea, bronchi, lungs and GI tract to left colic flexure

· Auricular

· From superior ganglion

· Small general sensory component 

· To external ear and external auditory meatus, auricle 

· Complicated structures with multiple innervation from different nerves

· Inconsequential special sensory component

· To the region of epiglottis

· Superior laryngeal: nerve of 4th pharyngeal arch

· External laryngeal 

· Branchiomotor to inferior constrictor and cricothyroid muscle

· Internal laryngeal

· Pierces thyrohyoid membrane

· Visceral sensory from mucus membrane of larynx (except cricothyroid)

· Visceral sensory from upper larynx

· Parasymp innerv

· Recurrent layrngeal: sixth pharyngeal arch

· Left (under ligamentum arteriosum), right (under subclavian art)

· Ascends along trachea and enters larynx from below

· Branchiomotor to all laryngeal muscles except cricothyroid

· Visceral sensory and parasymp to lower larynx (inferior to vocal folds)

· General overview

· Sensory

· Mucus linings

· Secretory to all glands of pharynx, larynx, trachea, bronchii, lungs, esophagus and abdominal viscera up to middle of transverse colon

CN XI: accessory

· Originates from medulla oblongata

· Exits large jugular foramen

· Cranial part and spinal part

· Cranial part: closely associated with vagus and often considered as vagus

· Cannot just call as accessory, must qualify as “cranial accessory”

· Spinal part is what we will consider in gross anatomy as accessory nerve

· Originates from upper cervical roots

· Renters skull foramen magnum

· Exits out jugular foramen

· Supplies sternomastoid and trapezius muscle

· Controversial if branchiomotor or somatic motor
CN XII: hypoglossal

· Originates from medulla oblongata

· Exits through canals that are developed in front of foramen magnum (2 and 10 o’clock of foramen magnum)

· Somatic motor

· Goes under tongue
· Controls nearly all tongue muscles except palatoglossus (CN X)

· Related Branches, but not really part of hypoglossal nerve; not separable from CN

· Ansa cervicalis

· Loop formed by roots of C1-C3

· Supplies infrahyoid muscles (omohyoid, sternohyoid, sternothyroid—muscles of swallowing (other muscles by CN)) except thyrohyoid

· Contains only cervical nerves

· Nerves to thyrohyoid, geniohyoid

· Originate from C1

Parasympathetics

· Ciliary ganglion: CN III

· Pupil contraction, lens accommodation (focusing)

· Pterygopalatine ganglion: CN VII

· Lacrimal gland, nasal and palatal mucous glands

· Submandibular ganglion: CN VII

· Submandibular, sublingual salivary glands

· Otic ganglion: CN IX

· Parotid salivary gland

Cavernous sinus

· Lateral to pituitary

· Internal carotid, oculomotor, trochlear, abducent, trigeminal (I and II) pass thru (either inside or on wall)

· Major artery passing thru venous sinus!

Nerves that exit superior orbital fissure



CN III, IV, V1, VI

The Eye 

Walls of orbit

· Pyramidal shaped

· Twice as deep as wide

· 45 degree angle between orbits

· eyeball occupies only anterior half

· lots of blood vessels and fat

· fxn of fat

· shock absorber, cushion

· lubrication, fluid mvmt

· protect nerves, vessels

· last place that fat pads will disappear in body

· when fat pads disappear(sunken cheek and eyes

· walls of orbit (7 elements): not smooth, full of holes and grooves

· floor: maxilla, zygomatic, palatine

· medial: ethmoid, lacrimal, frontal

· fragile bone, paper thin

· roof: frontal, sphenoid

· lateral: zygomatic, sphenoid

· zygomatic foramen: branch of maxillary

Orbital foramina

· optic canal holds optic nerve and ophthalmic artery

· superior orbital fissure: CN III, IV, V1, VI, ophthalmic veins

· ophthalmic veins communicate w/ cavernous sinus and facial vein

· inferior orbital fissure: CN V2 from foramen rotundum

· fissures make V shape lateral to optic canal

· ethmoidal nerves pass thru medial wall(nasal nerves

· fossa for lacrimal sac and nasolacrimal canal (inferomedial)

· canal contains duct(lacrimal fluid from surface of eye into nasal cavity

· communication between orbit and nasal cavities

lacrimal gland

· superolateral part of orbit

· sensory: V1
· motor: pteryogoid ganglion of facial nerve

· produces tears: blinking of eyes causes movement to keep eyes moist

· brings fluid from lateral corner to medial corner

drainage of tears

· lacrimal gland(canals(conjunctival sac on surface of eyeball(surface of eye(lacrimal papillae with puncta (holes)(canaliculae(lacrimal sac(nasolacrimal duct

· conjunctiva: mucosa that covers eyelid and goes onto sclera of eye 

· rich with blood vessels

· gets inflamed during drinking and when particles touch it

· nasolacrimal duct becomes saturated(crying

· nose runs when cry

eyelids: protective skin flaps

· muscles

· levator palpebrae superioris

· CN III

· Inserts on tarsus superior (dense fibrous band) and goes deep and b/w orbicularis oculi

· assisted by superior tarsal muscle (sympathetic trunk)

· Obicularis oculi

· CN VII

· Forceful and passive closure of eye

· Closing helps moisten cornea and protect from outside particles to prevent inflammation and blindness

· Tarsus (superior and inferior) with tarsal glands (mybomium glands)

· Glands open up on inner surface of eyelid

· Glands secrete lubricating liquid to keep eye moist and eyelids from sticking together

· Under hormonal control; sebaceous glands

· Duct can get clogged(get growth (some weird name)

· Ciliary glands associated with eyelashes (cilia): superficial

· Under hormonal control; sebaceous glands

· When clog(stye

· Common lesions

· Third nerve palsy: affects superior division of oculomotor

· Ptosis: drooping of eyelids

· Mild version: sympathetics to upper eyelid affected

· Bell’s palsy (CN VII)

Eyeball: hollow sphere

· 3 coats

· fibrous outer coat

· sclera: tough, dense fibrous coat that covers 5/6 of eyeball

· cornea: continuous with sclera, transparent

· vascular middle coat—three components are continuous

· choroids: highly vascularzied, most richly vascularized structure in body

· ciliary body: donut shaped, surrounds lens

· ciliary processes: radial fibers from ciliary body to lens

· suspends lens

· works with zonular fibers—radial (suspensory ligament of lens)

· see more about function in accommodation of lens section below

· ciliary body/processes produces aqueous humor

· humor flows from posterior to anterior chamber thru pupil

· nourishes and bathes cornea and lens (avascular)

· liquid flows between iriscornea angle(venous channels (sinus venosus sclera, canal of Schlemm)

· channels make circle around perimeter of cornea

· fluid is replenished every 90 minutes

· iris: surrounds pupil (hole=aperture of camera)

· controls amount of light entering by changing shape and size of pupil

· contraction controlled by inferior division of oculomotor (parasymp)

· goes thru ciliary ganglion

· dependent on circular, concentric fibers

· dilation: sympathetic control (long ciliary nerves)

· dependent on radial fibers 

· neural inner coat: retina—posterior 5/6

· retina has two different layers: developed separately

· pigmented layer: fused with choroids

· neural layer: picks up light rays

· axons of ganglion cells travel towards optic disk

· connect to bipolar cells(rods and cones

· detached retina: separation of two layers

· happens to prizefighters

· continuous with optic nerve at optic disk/papilla: 

· in the middle: blind spot with no photoreceptors

· with the optic nerve, find vessels (arteries are branches of ophthalmic artery)

· travels within dura

· central artery of retina pierces dura, arachnoid, pia to enter substance of optic nerve

· macula lutea (lateral to optic disk): yellow spot

· pit: fovea centralis—only has cones

· area of acute vision

· vitreous humor: holds retina in place (primary function)

· in vitreous body: 2/3-3/4 of back of eye

· transmits light to retina

· pushes against lens

· 99% H2O (not replenished) + collagen fibers (replenished)

· separates and dries out over life

· retina can peel away(spots in vision

· lens, suspensory ligament (zonular fibers)

· lens is normally clear

· can get cloudy as you age (cataract)

· treatment: replace lens by sucking out old eye with needle

· fibers changes shape of lens by contraction (more info below in accommodation of lens section)

· common lesions

· papilldema: swelling of optic disk due to increase in CSF pressure

· disruption of arachnoid granulations

· closes off ophthalmic veins(doesn’t allow blood to drain out(veins swell up (detectable)

· conjunctivitis: inflammation of conjunctiva

· glaucoma: elevated pressure of aqueous humor in anterior chamber

· block of iriscornea angle

· cornea bulges

· lens pushed backwards, pushes on vitreous body(retinal vessels obstructed(death of retina(blindness

How Eye Makes Image

· image formed by refraction (bending) of light rays

· rays converge on retina

· parameters of refraction

· refractive index: related to density

· change in density across interface affects speed of light and angle of refraction

· angle of incidence of light rays

· affected by curvature of interface

· 3 surfaces where refraction occurs

· cornea: air/cornea interface

· cornea: curvature is constant (therefore index is constant)

· can use laser surgery to shave off cornea to change curvature to change refractive index

· most refraction occurs here because biggest difference in indices

· lens (anterior): aqueous/lens interface

· lens changes shape: different indices

· lens (posterior): lens/vitreous interface

· parameters of total refractive power

· refraction at all 3 surfaces

· distance between cornea and lens

· refractive index of aqueous humor

· not additive

Accommodation

· lens: gel substance in capsule

· more rounded on back

· Changes in lens curvature allows rays to focus on retina

· Contraction of ciliary muscles under parasymp ctrl (CN III)

· Circular ciliary muscles contract(zonular fibers are relaxed(lens capsule are relaxed(lens deform toward spherical shape: bend light more, see closer objects (parasymp)

· Circular ciliary muscles relax(zonular fibers are taut(lens capsule stretches(lens is flattened (symp)

· Lens elasticity and accommodation decreases with age: presbyopia

· Become near sighted and far sighted

· Need gradual lenses

Iris

· Pupil contracts (sphincter pupillae) to limit light entrance to central of lens

· Increases depth of field for near objects

· Contraction: parasympathetic (CN III)

· Dilation: sympathetics

Visual problems

· Emmetropia: image focuses on retina—20/20 vision

· Myopia (near sighted): image focuses in front of retina

· Eyeball is too long

· Correct by diverging light with concave/diverging lens

· Reduce power of cornea

· Hyperopia (far sighted): image focuses behind retina

· Eyeball is shortened

· Correct by converging light with convex/converging lens

· Increase power of cornea

· Astigmatism

· Irregular curvature of lens or cornea(poor focus

· Strabismus:

· Non-parallel visual axes

Muscles of eye (6)

· Recti muscles: straight muscles

· Superior rectus: oculomotor nerve

· When eye looking straight (don’t need to know for exam)

· Adduction, elevation, medial rotation (intorsion)

· When muscular axis and visual axis the same (abduct 23 degrees)

· elevation

· Inferior rectus: oculomotor nerve

· When eye looking straight (don’t need to know for exam)

· Adduction, depression, lateral rotation (extorsion)

· When muscular axis and visual axis the same (abduct 23 degrees)

· depression

· Medial rectus: oculomotor nerve

· adduction

· Lateral rectus: abducent nerve

· abduction

· Superior oblique: trochlear nerve

· Inferior oblique When eye looking straight (don’t need to know for exam)

· Abduction, depression, medial rotation (intorsion)

· When muscular axis and visual axis the same (adduct as much as possible ~51 degrees)

· depression

· Inferior oblique: oculomotor nerve

· Inferior oblique When eye looking straight (don’t need to know for exam)

· Abduction, elevation, lateral rotation (extorsion)

· When muscular axis and visual axis the same (adduct as much as possible ~51 degrees)

· elevation

Joint


Semiliquid (@ RT) fatty pad allows eyeball to spin 

Embryology: Head and Neck

Begins at start of fourth week

Neural crest (cells at junction between surface ectoderm and neural plate) deposits in cranial region as neural folds form

· mesenchyme of head: paraxial mesoderm (somitomeres and somites) + neural crest

· while in neural folds, neural crest cells receive precise info (via HOX gene code) as to where to go after they leave(populate very specific region of head

· some neural crest cells (along rhombomere 3 and 5), receive instructions from MSX-2 genes to commit suicide to produce gaps to prevent mixing of neural crest cell population

· free gaps produce clefts between the upper arches = branchial grooves or branchial clefts

neural crest = bones of face and anterior skull

mesoderm: posterior bones and base of skull

laryngeal cartilages in neck: lateral plate mesoderm

mesoderm from primitive streak accumulates on both sides of midline; head region: not completely segmented(somitomeres

· seven somitomeres

· form from cranial to caudal sequence

· from region of prosencephalon to occipital region

· each one associated with specific portion of cranial neural plate; forebrain, midbrain and hindbrain presaged by one or more somitomeres

· somitomeres tell neural tube segment what to become

· somitomeres set up initial organization of brain and form all voluntary muscle of head and neck

· scaffold or patterning of muscles determined by connective tissue of head a neck (neural crest)
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craniofacial muscle
	Origin
	Craniofacial muscles
	Innvervation

	Somitomere 1,2
	Sup., med., ventral recti
	CN III

	Somitomere 3
	Sup. Oblique
	CN IV

	Somitomere 4
	Jaw-closing mm.
	CN V

	Somitomere 5
	Lat. Rectus
	CN VI

	Somitomere 6
	Jaw-opening mm.

Other 2nd arch mm.
	CN VII

	Somitomere 7
	Stylopharyngeus
	CN IX

	Somites 1,2
	Intrinsic laryngeals
	CN X

	Somites 2-5
	Tongue mm.
	CN XII


(Note: Raymond has replaced a table image with equivalent text)

hindbrain undergoes further segmentation: rhombomeres; each has unique genetic identity
pharyngeal (branchial, visceral) arches (six arches, #5 is degenerate)
· lateral swellings on either side of head

· apparent during 5th week

· result of local proliferation of neural crest cell populations as they take position

· made up of mesenchyme 

· delineated from each other by pharyngeal grooves, covered by ectoderm (external) and by pharyngeal pouches, lined by endoderm (internal)

· closing membranes (ectoderm/endoderm contact points) seal off arches(no mixing

· each arch has unique genetic identity(specific cartilages and bones

· with connective tissue in place, somitomeres and occipital somites can organize the formation of the voluntary musculature associate with their respective connective tissues

Summary of info, thus far:

· each segment of neural tube has unique genetic identity (HOX)(carried into pharyngeal arches through neural crest cells(some cells die to for grooves

· coordinate brain and facial development
Aortic arch arteries
· pharyngeal arches initially serve as conduits for aortic arch arteries

· arteries migrate thru path of least resistance: mesenchyme

· early in embryogenesis, pattern of arterial supply is symmetrical, but each pair of arch arteries has different fates; some arteries grow, some degenerate



Cranial Nerve
· each pharyngeal arch associated with specific cranial nerve

· CN emerge from specific regions of brain and supply pharyngeal arch with neural crest that came from same region (same HOX code)

· To know which arch a muscle came from, know the CN


(Raymond has removed a table image from the original document)

Pharyngeal pouches(glands/organs
· 5 pairs

· first pouch
· auditory tube

· comes in contact with epithelial lining of first pharyngeal cleft(future EAM

· distal portion(tympanic cavity (lining will become eardrum)

· proximal portion(auditory tube

· second pouch

· forms buds that penetrate surrounding mesenchyme
· palatine tonsil

· structure infiltrated by lymphatic tissue

· third pouch

· forms thymus and inferior parathyroid glands
· as thymus descends into thoracic region, pulls inferior parathyroid glands with it

· inferior parathyroid glands become embedded into gland

· fourth pouch

· superior parathyroid glands

· as thyroid gland moves caudally, glands attach to dorsal surface

· fifth pouch

· utlimobranchial body

· regulates calcium levels in blood

· embedded into thyroid gland when pulled caudally
pharyngeal clefts/grooves

· initially, four clefts exist
· only one gives rise to definite structure

· 1st pharyngeal cleft penetrates underlying mesenchyme and forms EAM

· bottom of EAM forms lateral aspect of tympanic cavity

· 2nd cleft

· undergoes active proliferation and overlaps remaining clefts

· merges with ectoderm of lower neck(remaining cleft have no contact with outside

· temporarily, clefts form cervical sinus, but disappears

Tongue development

· tongue=group of muscles covered by mucosa
· appears at 4th week

· formed by endoderm and mesoderm of 1st – 4th arch

· mesoderm from occipital somites (NOT somitomeres); precursor muscle cells migrate to region of tongue; innervated by GSE component of XII cranial nerve
· mucosa: anterior endoderm lining the first four pharyngeal arches; innervation depends on arch derivation
· anterior and posterior separated by a terminal sulcus

· midpoint of sulcus: foramen cecum( position of thyroid outgrowth

· mucosa of anterior 2/3 of tongue comes from first arch(CN V
· mucosa of posterior 1/3 of tongue comes from third and 4th arch(CN IX, X
· special taste of anterior 2/3(CN VII

· Special taste of posterior 1/3(CN X

· Tongue freed from floor of mouth by extensive degeneration of underlying tissue

· Midline frenulum anchors tongue to floor of mouth

Thyroid Gland

· Arises from foramen cecum

· Descends along front of pharyngeal gut

· Remains connected to tongue by narrow canal: thyroglossal duct (obliterated later)

· Descends just caudal to laryngeal cartilages

· Functions during early fetal period

Facial development

· Nose

· At time of anterior neural tube closure, mesenchyme around forebrain, frontonasal prominence (FNP), has smooth rounded extended contour

· Nasal placodes (thickening of surface ectoderm to become peripheral neural tissue) develop on frontolateral aspects of FNP

· Mesenchyme swells around nasal placode(medial and lateral nasal prominence (nasomedial and nasolateral processes)

· Nasal prominences(nose

· Mouth

· Stomadeum (primitive oral cavity) forms between frontonasal prominence and first pharyngeal arch

· First pharyngeal arch(dorsal maxillary prominence and ventral mandibular prominence

· Maxillary prominence will merge with medial nasal prominences, pushing them closer to cause fusion

· Fused medial nasal prominences will form midline of nose and midline of upper lip (philtrum) and primary palate (carries first four teeth)

· Nasolacrimal structures

· Maxillary and lateral nasal prominences separated by deep furrow: nasolacrimal groove
· Ectoderm in floor of groove forms epithelial cord, detaches from overlying ectoderm

· Epithelial cord canalizes(nasolacrimal duct

· Upper end widens(lacrimal sac

· After detachment of cord, maxillary and lateral nasal prominences merge with each other(nasolacrimal duct runs from medial corner of eye to inferior meatus of nasal cavity

· Maxillary prominences enlarge(cheeks and maxillae

· Lateral nasal prominences(alae of nose

Secondary Palate development

· Main part of definitive palate formed by two shelf-like outgrowths from maxillary prominences

· Outgrowths=palatine shelves

· Appear during 6th week

· Directly obliquely downward on each side of tongue—moves down when mandible gets bigger

· 7th week: ascend to attain horizontal position , fuse ( secondary palate

· anteriorly: shelves fuse with triangular primary palate (front 4 teeth)

· incisive foramen: midline landmark b/w primary and secondary palate

· at time palatine shelves fuse, nasal septum (outgrowth of median tissue of frontonasal prominence) grows down and joins cephalic aspect of newly formed palate

Ear development

· three distinct parts in embryo

· external ear: sound-collecting organ

· middle ear: sound conductor from external to internal ear

· internal ear sound waves( nerve impulses; registers changes in equilibrium

· external ear: 3 parts

· EAM: first pharyngeal cleft

· Eardrum or tympanic membrane

· 3 layers of cells

· ectodermal epithelial lining of bottom of EAM

· endodermal epithelial lining of tympanic cavity

· intermediate layer of connective tissue

· major part attached to handle of malleus

· Auricle/external ear

· Develops from 6 mesenchymal proliferations at dorsal ends of 1st and 2nd pharyngeal arches

· 1st arch=top of ear

· 2nd arch=bottom of ear

· Swellings=auricular hillocks

· Fuse to form definitive auricle

· As mandible grows, ear is pushed upward and backward from horizontal position on neck

· Middle ear:

· Tympanic cavity and auditory tube forms from 1st pharyngeal pouch

· Ossicles: from cartilages of 1st and second arches

· 1st: malleus and incus

· tensor tympani (muscle of malleus)—CN V

· 2nd arch: stapes

· stapedius muscle—CN VII

· embedded in mesenchyme for most of gestation

· 8th month: mesenchyme degenerates; endodermal epithelial lining of tympanic cavity envelops them and connects them to wall of cavity in mesentery-like fashion

· Inner Ear

· 4th week: thickening of surface ectoderm on both sides of hindbrain

· thickenings=otic placodes

· invaginate to form otic vesicles (otocysts)

· divide into ventral component and dorsal component

· ventral component(saccule and cochlear duct (organ associated with hearing)
· dorsal component(utricle/semicircular canals (organ associated with equilibrium) and endolymphatic duct

· cochlear duct

· 6th week: initiates as outgrowth of saccule

· penetrate surrounding mesenchyme in spiral fashion (2.5 turns)

· surrounding mesenchyme(cartilage

· undergoes vacuolization

· scala vestibule and scala tympani form, surround cochlear duct

· filled with perilymph to receive mechanical vibrations of ossicles

· mechanical stimuli activates sensory cells in cochlear duct

· impulses(auditory fibers of CN VIII

· semicircular canals

· utricle: three flattened outpocketings, which lose central core

· three semicircular canals formed

· slightly different angles to each other

· sensory cells arise in ampulla at one end of each canal, in utricle and saccule

· change in position of body generates impulse in cell

· impulses carried to vestibular fibers of CN VIII

Development of Eye

· outgrowth of brain

· 4th week: two depressions evident on each of forebrain hemispheres

· as anterior neural folds, optic pits elongate(optic vesicles

· connected to forebrain by optic stalks

· surface ectoderm induced(lens placode, invaginates with optic cup
· invagination of optic vesicles(bilayered optic cup: neural and pigmented layer of retina

· optic stalk is deficient ventrally to contain choroids fissure to allow blood vessels into eye (hyaloid artery)

· artery feeds growing lens

· will degenerate; distal part breaks down(no feeding of lens in adult

· 7th week: chorid fissure closes and walls fuse as retinal nerves become bigger
· optic stalk and contents(optic nerve

· 3 layers of eye

· sclera/cornea

· sclera: continuous with dura mater around optic nerve

· cornea develops in anterior 1/5 of eye after separation of lens vesicle from surface ectoderm

· extension of sclera

· iridopupillary membrane (anterior) /choroid (posterior)
· membrane separates anterior chamber from posterior chamber

· breaks down to allow for pupil

· membrane can remain

· choroid: vasculature

· iris/retina

· iris: outgrowth of distal edge of retina

· retina is folded over

· pigmented layer(iris

· retina

· direct derivation of optic cup

· 2 layers

· neural layer

· 3 layers

· thick, stratified

· pigmented layer

· cuboidal

· intraretinal space communicates with ventricles

· mesenchyme around eye(two tiny sets of muscles

· ciliary muscles: control size of lens via zonular fibers

· papillary muscles: control amount of light entering pupil

· innervated by CN III

· eyelids: outgrowth of ectoderm

· fused during 2nd trimester at midline(eyes closed for 3-4 months

· reopen

Clinical correlations:

Clusters of crest-derived malformations: arch syndromes

· Exencephaly/anencephaly: mesenchyme (neural crest + mesoderm) is missing

· Neural folds don’t completely unify

· No protective covering for brain

· Brain gets washed away

· Treacher Collins syndrome

· First arch deficiency

· Palpebral fissures, mandibular hypoplasia, lower lid colobomas, malformed external ears

· Robin sequence

· Deficiencies of mandibular portion of first arch

· Mandibular hypoplasia, cleft palate, posteriorly placed tongue

· Small mandible prevents tongue from dropping down to allow palatine shelves to fuse

· Hemifacial microsomia

· First arch problems and sometimes second arch affected

· Hypoplasia of zygomatic, temporal and maxilla bones; small or missing external ear; vertebral anomalies (fused, hemivertebrae and spinal bifida); cardiac anomalies (VSD, tetralogy of Fallot)

· DiGeorge sequence

· 3rd and 4th pharyngeal pouch syndrome; multifactorial

· hypoplasia of thymus and/or parathyroids

· may have cardiovascular defects: abnormal origin of rt. Subclavian, deficient aortic arch

· alcohol induced 3rd and 4th arch syndrome

· small thymus

· abnormal 4th arch vessels if EtOH consumed during 4th week

· lateral cervical cysts

· along anterior border of sternocleidomastoid muscle

· caused by persistence of portions of cervical sinus

· branchial fistulas

· narrow canal along anterior border of sternocleidomastoid muscle

· 2nd arch fails to completely overgrow 3rd and 4th arches, leaving remnants of 2nd -4th clefts in contact with surface

· ankyloglossia (tongue-tied)

· tongue not freed from floor of mouth
· frenulum extends to tip of tongue

· child must learn to enunciate with partial opening of mouth

· frenulum can be cut if child is young

· thyroglossal cysts/fistulas (aberrant thyroid tissue)

· found along migratory pathway of descending thyroid; near or along middling of neck

· thyroglossal duct did not completely obliterate

· lingual thyroid

· thyroid didn’t migrate: remained on tongue

· unilateral/bilateral cleft lip
· maxillary prominences on one or both side fail to fuse with medial nasal prominences

· median cleft lip
· incomplete merging of two medial nasal prominences in midline

· mentally retarded due to loss of midline structures of brain (holoprosencephaly)

· deficiency of primary palate

· oblique facial clefts

· failure of maxillary prominence to merge with corresponding lateral nasal prominence

· nasolacrimal duct exposed to surface

· cleft lip

· multifactorial

· 1:1000 births, frequently in males

· caused by teratogen exposure, esp during 3-7 weeks in development

· cleft palate

· results from lack of fusion of palatine shelves

· due to decrease in size of shelves, failure of shelves to elevate, inhibition of fusion process, or failure of tongue to drop between shelves due to small mandible (Robin’s syndrome)

· deficiency of 1st arch

· 1:2500 births

· high incidence in females, because palate closes 1 week later

· affected by certain teratogens (anticonvulsants, RA)

· Coloboma
· Iris incomplete

· Nonclosure of choroids fissure

· Usually in distal part of fissure

· Synopthalmia

· Fusion of eyes

· Loss of midline tissue during 3rd week of gestation

· Accompanied by other facial/brain midline defects(holoprosencephalic series

· Holoprosencephaly associated symptoms(induced by ethanol at time of gastrulation (3rd week)

· One cerebral hemisphere

· Corpus collosum is missing

· Basal ganglia fuse

· Congenital aphakia

· Absence of lens

· Optic vesicle did not reach surface epithelium to induce formation of lens or did not remain long enough

· Aniridia

· No iris

· Unreactive pupil

Basicranium and pharynx
Base of skull: bones

· occipital, temporalis, sphenoid, vomer, palatines and maxillae

· parts of parietals and zygomatics visible
basicranial foramina and structures passing thru
· incisive foramen
· right behind incisors in maxillae

· transmits structures from nasal septum

· nasopalatine nerve

· sphenopalatine artery—terminal branch of maxillary artery (from external carotid)
· passes through pterygomaxillary fissure canal

· palatine foramina (right behind molars)
· greater and lesser palatine nerves and vessels

· sensory nerves from maxillary division of CN V

· nerves pass through pterygopalatine ganglia

· sensory innervation to palate + parasymp taste fibers from VII

· greater(goes forward; lesser(goes backward on soft palate
· foramen ovale

· CN V3: mandibular nerve

· lesser petrosal nerve from middle ear cavity

· Foramen lacerum

· Jagged opening at junction of occipital, petrous part of temporal and pterygoid part of sphenoid bone

· Occupied by cartilage
· Small structures passing thru, not significant

· Internal carotid artery with sympathetic plexus passes above it

· Pterygoid canal starts in front of foramen lacerum, goes into bone
· Carries parasymp and taste fibers of VII

· Picks up sympathetics on way to pteropalatine ganglia

· Foramen spinosum

· Sits on edge of spine of sphenoid bone

· Middle meningeal vessels; can follow grooves from inside of skull
· Meningeal branch of CN V3(when return to skull); supplies dura

· Carotid canal

· Internal carotid artery with carotid plexus enters skull
· Jugular foramen

· Border of occipital and temporal bones

· CN IX, X, XI and internal jugular vein
·  inferior petrosal sinus enters at front of foramen

· sigmoid sinus enters at back of foramen

· Stylomastoid foramen

· b/w mastoid and styloid process

· CN VII: primary motor branch, some sensory

· Foramen magnum

· Spinal cord, vertebral arteries, spinal accessory nerves (ascending branches of accessory)
· Hypoglossal canal (foramen)

· CN XII

· Condylar canal (fossa)--variable
· Back of condyles

· Goes to sigmoid sinus

· Transmits Emissary vein from sigmoid sinus, vertebral veins, meningeal branch of occipital arch

· Mastoid foramen: can be variable
· Emissary veins from sigmoid sinus

· No valves in system!!

· Blood can go inside-out or outside-in

Other basicranial features

· Choanae (internal nares)
· Back of hard palate; two canals

· Marks boundary between nasal cavity & nasopharynx
· Medial and lateral pterygoid plates of sphenoid

·  attachment for pterygoid muscles (chewing muscles)  and tensor palatine

· hamulus of medial pterygoid plate

· projection of medial plate: styloform process

· pulley for tendon of  tensor veli palatini
· articular tubercle and mandibular fossa (glenoid)
· make up temperomandiublar joint (jaw joint)

· pharyngeal tubercle

· anterior to foramen magnum

· attachment of pharynx to base of skull
· one of pharyngeal constrictors attaches

· styloid process

· slender, 1 inch long

· stylopharyngeus muscle, stylohyoid muscle, styloglossus muscle attach
· stylohyoid and stylomandibular ligaments attach

· auditory tube and external auditory meatus

· junction between nasopharynx and middle ear

· mastoid processes

· sternocleidomastoid and posterior belly of digastric attach

· hollow; full of air cells, which are connected to middle ear cavity
· occipital condyles

· sides of foramen magnum

· related to articulation with atlas vertebrae

· nodding

· external occipital protuberance (inion)
· attachment of neck (nuchal) muscles
Pharynx (gen’l stuff)
· fibromuscular tube 

· runs along prevertebral fascia from base of skull (pharyngeal tubercle) to inferior border of cricoid cartilage (anterior) and C6 (posterior)

· common route for air and food
· extends from back of nasal and oral cavities to esophagus

· ends where it becomes esophagus and gives off larynx and trachea (anteriorly)

· 5 layers (from inside out)

· mucosa—lines everything on inside

· submucosa

· fibrous fascia (pharyngeal basilar fascia)

· muscles

· buccopharyngeal fascia
· pharynx regions
· nasopharynx

· posterior extension of nasal cavities superior to soft palate

· opens thru choanae (internal nares)

· contains pharyngeal tonsils or adenoids

· form the roof

· when inflamed, can block ear tube

· contains opening of auditory (pharyngotympanic or Eustachian) tubes

· superolateral corner

· oropharynx

· continuous with oral cavity

· extends from soft palate to epiglottis

· contains palatoglossal (palate to tongue) and palatopharyngeal (palate to pharynx) arches, palatine tonsils b/w arches

· laryngopharynx
· posterior to larynx

· from epiglottis to lower border of cricoid cartilage, where it becomes continuous w/ esophagus

· contains aditus (inlet) of larynx and its piriform recesses

· aditus is covered by epiglottis during swallowing

· food can get lodged in piriform recesses

· can feel laryngeal prominence of trachea

· where vocal folds attach

· choking is usually above vocal folds(block larynx

· cut below vocal folds—tracheotomy

Muscles of pharynx 

· external muscles: three constrictors

· all attach to tendinous midline

· circular sphincters for peristalsis

· slight overlap b/w superior and middle constrictors and b/w middle and inferior constrictors

· not well differentiated
· laterally: gaps (see more below)

· Superior constrictor

· From pterygomandibular raphe and pterygoid hamulus to median raphe and pharyngeal tubercle
· Pterygomandibular raphe: boundary b/w buccinator and superior constrictor

· Middle constrictor

· From hyoid bone and inferior end of stylohyoid ligament to median raphe

· Inferior constrictor

· From thyroid and cricoid cartilages to median raphe

· Internal muscles: longitudinal
· Elevate pharynx

· Stylopharyngeus

· From styloid process to thyroid cartilage

· Starts externally then becomes internal

· Palatopharyngeus

· From palate to thyroid cartilage, side of pharynx and esophagus

· Salphingopharyngeus

· Considered part of palatopharyngeus

· From cartilaginous part of auditory tube (salphinx) to pharynx

· Allows you to pull on tube to open ear passage (like on airplane when you chew gum or yawn)

· Innervation

· Most innervation comes from pharyngeal plexus

· Sensory of mucosa: CN IX

· Motor: CN X

· CN X carries motor fibers to plexus, but derived from cranial part of CN XI

· Sympathetic fibers from superior cervical ganglion

· EXCEPTIONS: 

· stylopharyngeus

· Innervated by only motor branch of CN IX

· Inferior constrictor

· Also receives innervation from external and recurrent laryngeal branches of vagus

· Nasopharynx
· Sensory to mucosa from CN V2
Lateral gaps of pharynx
· B/W skull and superior constrictors

· Levator veli palatini and auditory tube

· B/W superior and middle constrictors

· Stylopharyngeus muscle, CN IX and stylohyoid ligament

· B/W middle and inferior constrictors

· Internal laryngeal nerve and superior laryngeal vessels

· Below inferior constrictor

· Recurrent laryngeal nerve and inferior laryngeal artery ascend into pharynx

Nasal Cavities and Paranasal Sinuses

· Fxns of nose

· MAIN: transmit, filter, cleanse, warm and humidify inspired air
· Mucosa is highly vascularized to warm air

· Air is brought into nasal cavity for olfaction

· Receives secretion from paranasal sinuses and nasolacrimal duct

· Along with paranasal sinus, serve as resonating chambers

· Affects sound of voices

· Alter sinus( alter voice; affect tone and pitch

· When filled with mucus(change voice

· Innervation
· Sensory of mucosa of nasal cavity and paranasal sinuses: CN V1+2
· Parasympathetic of mucosa: CN VII

· Olfactory nerve receptor cells in upper part of nasal cavity: CN I

Nasal septum

· Midline structure

· Divides nasal cavities

· Front contains septal cartilage

· Back contains vomer and perpendicular plate of ethmoid

· Forms medial wall of nasal cavities

Lateral Wall of Nasal Cavity

· Contains three delicate longitudinal bony structures

· Superior, middle and inferior conchae or turbinates

· Inferior concha: separate bone

· Superior and middle: part of ethmoid

· Spaces b/w and lateral to conchae: meatus

· Allow communication b/w paranasal sinuses and nasal cavity

· Inferior meatus: nasolacrimal duct

Paranasal sinuses

· Air spaces within bones

· Frontal, maxillary, ethmoid and sphenoid

· Communicate with nasal cavity

· Connections with nasal cavity

· Frontal

· Frontalnasal duct to hiatus semilunaris in middle meatus

· Maxillary

· Opens into middle meatus thru hiatus semilunaris (below orbits, above teeth)

· Ethmoidal

· Anterior and middle ethmoidal air cells open into middle meatus

· Posterior cells(superior meatus

· Cells are like bubbles that fill space b/w orbits

· About 3-18 cells

· Sphenoidal

· Underlies pituitary fossa

· Open into superior meatus, sphenoethmoidal recess
Palate 
· Palate=roof of mouth and floor of nasal cavity

· Anterior 2/3: bony hard palate (maxillae and palatines)

· Posterior 1/3: mobile, fibromuscular soft palate

· Consists of tensor veli palatini and aponeurosis

· Separates oropharynx from nasopharynx

· During swallowing, soft palate closes of nasopharynx(prevent choking

· Extends from back of palatine bones to uvula

· Covered by mucosa overlying multiple small palatine glands
· Muscles of soft palate: all attach to palatine aponeurosis

· Levator veli palatini

· From cartilaginous part of auditory tube and petrous temporal

· Elevates palate

· Tensor veli palatini

· From medial pterygoid plate and cartilage of auditory tube

· Hooks around hamulus

· Tenses palate

· Opens auditory tube to equalize air pressure in middle ear and pharynx

· Palatoglossus

· Forms palatoglossa arch from side of tongue to palate

· Pulls back of tongue and soft palate together

· Palatopharyngeus

· Forms palatopharyngeal arch from side of palate to pharynx

· Tenses palate and pulls pharynx up, forward and medially when swallowing

· Musculus uvulae

· From mucosa of uvula to palatine aponeurosis

· Pulls uvula superiorly

· Helps close nasopharynx during swallowing

· Innervation

· All palatal muscles: cranial CN XI (CN X) via pharyngeal plexus

· EXCEPTION: tensor veli palatini: CN V3
Tongue
· Highly mobile for mastication, swallowing and speech

· Muscular cover by mucous membrane over most of surface

· V-shaped sulcus terminalis divides dorsum of tongue into anterior 2/3 and posterior 1/3

· Apex of sulcus=foramen cecum

· Remnant of opening of embryonic thyroglossal duct

· Root of tongue attached to floor of mouth

· Four extrinsic muscles

· Genioglossus

· Largest muscle

· Attached to mental spine of mandible and hyoid bone

· Depresses and protrudes tongue

· Hyoglossus

· Attached to hyoid

· Depresses and retracts tongue

· Styloglossus
· Attached to styloid process

· Retracts and curls tongue

· Palatoglossus

· Attached to palatine aponeurosis

· Elevates posterior of tongue

· four intrinsic tongue muscles

· small minor movements

· superior and inferior longitudinal muscles

· curve sides and tip of tongue superiorly and inferiorly

· transverse muscle of tongue

· thickens and narrows tongue

· vertical muscle of tongue

· broadens and flattens tongue

· Innervation

· All muscles: CN XII

· EXCEPTIONS 

· palatoglossus (CN X)

· presulcal region (1st arch)

· general sensory: CN V3
· special sensory: CN VII

· postsulcal region (2nd-4th arches)

· general and special sensory: CN IX

Mastication (chewing)

· processing food for deglutition (swallowing) and digestion

· human mastication: vertical, anteroposterior and mediolateral movements

· important structures: temperomandibular joint (TMJ) and masticatory muscles

· Temperomandibular joint

· Hinge type synovial joint with some gliding 

· On inactive side (you only chew on one side at a time), condyle and articular disk slide forward onto articular tubercle

· On active side, condyle rotates on articular disk

· Divided into superior and inferior compartments by articular disk
· Mandibular condyle articulates with mandibular fossa and articular tubercle of skull (temporal bone)

· Joint surrounded by loose, fibrous articular capsule

· Lateral side(thick temporomandibular ligament

· Masticatory muscles

· Elevators: temporalis, masseter, medial and lateral pterygoids

· Depressors: digastric, infrahyoid muscles, gravity

· Protrusion: masseter, pterygoids

· Retraction: temporalis (posterior fibers), masseter (deep fibers)

· Mediolateral motion: pterygoids
· Innervation

· All but depressors: CN V3
Swallowing: see lecture notes
Clinical Correlation: Diabetic Retinopathy
· Ophthalmic artery enters optic nerve and divides into central retinal artery and short ciliary artery

· Most often stenosed artery off ICA b/c right angle

· 20% blood goes to red; rest to choroid
· vitreous humor: takes lots of pressure upon head movement

· aqueous humor path:

· posterior chamber(anterior chamber(canal of Schlemm(lymph system(venous system

· passive diffusion but fast

· glaucoma: block to conduction flow

· prominent in Asians b/c of small iriscornea angle

· diabetes: blood vessels grow out of iris and block

· layers of eye from inside out:

· superficial vasculature

· deep vasculature

· inner neuronal layer

· synapse

· outer neuronal layer

· pigmented retinal epithelial cells

· choriodcapillaris: largest consume of  oxygen per gram of protein

· retina:

· entire structure is vascular zed except fovea

· for superfine vision

· do not want blood absorbing light

· lots of cones (colors)

· amber color b/c pigment absorbs UV light

· tight vasculature

· choroid:
·  not tight, has fenestrae on retinal side

· honey comb, lobule

· artery(lobule of arteries(veins

· (retina: arteries(arterioles(venules(veins)
· fundus photography: shows appearance of retina

· fluorescein angiogram: perfusion and leakage

· adenosine diphosphatase (ADPase): permits dual perspective in histological analysis

· when cells die, body’s response is to increase blood flow by increasing blood vessels; but blood vessels aren’t good because of basement membrane thickening or pericyte loss->hemorrhage

Larynx

· 3 basic functions
· protection of respiratory tract during swallowing
· food/air pathways cross

· epiglottis provides protection

· control intra-thoracic pressure (in coughing)

· close off airway to build pressure then rapidly open to release stuff

· production of sound (in speaking, singing, laughing)
· important structures

· hyoid bone

· thyroid cartilage

· arytenoids cartilage: vocal and muscle process

· sits on slope on posterior side of cricoid(spin and slide

· cricoid cartilage: signet ring

· thyroepiglottic ligament

· membranes and ligaments

· membrane: general; ligament: thickening of membrane

· folds: free edges of membranes or ligaments

· names: tell you where located

· important membranes:

· quandrangular/vestibular membrane—from epiglottis to arytenoids

· inferior edge: false vocal fold

· thyrohyoid membrane

· conus elasticus = cricothyroid = cricovocal

· superior/medial edge = vocal fold

· vocal ligaments: true folds, top of cricothyroid membrane
· [image: image1.png]
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· muscles of the larynx
· extrinsic muscles
· suprahyoid: raise larynx, depress mandible for swallowing

· infrahyoid: lower larynx for swallowing

· both stabilize hyoid for tongue movements

· intrinsic muscles

· all innervated by recurrent laryngeal nerve except cricothyroid: external laryngeal nerve

· adductors of vocal folds: bring folds together @ midline

· transverse and oblique arytenoids: pull arytenoids together

· lateral cricoartenoids: spin and slide arytenoids up

· only one abductor of vocal folds
· posterior cricoarytenoids—down and up

· adjustors of shape and tension of vocal folds

· cricothyroid muscle

· superficial to lateral cricoarytenoid

· tenses vocal folds by tilting thyroid cartilage forward and sliding forward

· thyroartenoid and vocalis muscles

· vocalis: sometimes treated as medial most fibers of thyroartenoid muscle

· different fiber directions

· lateral: adduct

· medial: change shape of folds
· control voice by bring bringing together different parts of folds

· as move from epithelium to vocalis muscle, fold becomes stiffer

· near connections, vocal folds are stiffer

· vocal fold: complex, multilayered vibrator

· speech
· English: all speech sounds produced by making exhaled air audible

· Two ways of producing sound

· @ larynx

· further up in vocal tract (tongue, lips)
· how to produce sound at larynx

· changes in breathing: regulate airstream from lungs to atmosphere by changing movements of vocal folds, pharynx, soft-palate, tongue, lips and jaws

· inhalation: take in greater volume more quickly, abduct folds
· expiration: variable force; use muscles of inhalation to control rate of expiration, adduct
· how to vibrate vocal cords
· NOT rhythmic contraction of laryngeal muscles: would be impossible b/c frequenceies of virbration

· Changes in air pressure cause vibrations

· Adduct folds(increase in subglottal pressure(force folds apart(folds sucked back together (Bernouilli effect)

· The vibration of vocal cords disturbs air(areas of low pressure (rarefaction) alternating with areas of high pressure (compression)

· Changes in pressure(sound at ears

· Sine waves

· Changes in amplitudes: loudness

· Changes in frequency: pitch

· Normal sounds have fundamental frequency, overtones or harmonics

· Mass of folds: critical in voice

· Low pitch of lion’s roar: due to massive fibrous pad that forms part of vocal cords

· Men: more massive vocal cords

· Larger folds(slow vibration(deeper voice

· Producing vowels and constants
· Most vowels are “voiced”: vocal folds produce sounds

· Consonants: can be “voiced” (Z) or “non-voiced” (S)

· Use higher regions of vocal tract to control by stopping, restricting airflow from vocal folds; use lips, teeth(aperiodic sound

· Vocal folds and resonators emphasize and deemphasize certain frequencies

· Never hear sounds produced at vocal folds(every sound changed by passage thru vocal tract: sinuses/resonating chambers

· Howling monkeys: large hyoid bone(powerful resonator

· Age-related changes in voice

· Infant larynx is smaller, different proportions

· Arytenoids are proportionately larger

· Smaller vocal apparatus(higher pitch

· Larynx sits higher(easier to breathe thru nose

· Abrupt change in larynx at puberty(can’t control voice

· Older adult: normal degenerative changes in lamina propria, ossification of thyroid cartilage(changes in fundamental frequency

· Lose your voice(vocal fold are irritated

· Can’t adduct folds(air escapes

· Singing v. speaking

· Singing: greater thoracic pressure and uneven breathing w/ changes in resonators

· Whispering

· Intercartilaginous portions of vocal folds: open to allow air to escape(lesser subglottal pressures(little vibration of folds(little tonal quality, low volume

· Falsetto

· Allowing only part of vocal folds to vibrate

· Increase range by training which part of vocal folds to vibrate

· Colds

· Mucus secretions add mass to folds—decrease in pitch, can’t adduct folds as well

· Surgery(scars, fibrotic changes can interfere with voice
The Ear

· External ear
· Auricle/pinna: 
· collecting device/duct for sound waves
· localizes source of sound
· external acoustic meatus (from ear concha to tympanic membrane)
· channels sound waves to tympanic membrane (ear drum)
· protects middle ear
· tortuous course
· production of ear way by glands: traps particulate matter
· acoustic resonator: closed end and open end
· lateral 1/3: cartilaginous; medial 2/3: bony]
· nerve supply
· spinal nerves from cervical plexus
· greater auricular
· lesser occipital
· CN VII, V3 (auriculotemporal), X
· Middle ear/tympanic cavity

· Transfers sound waves from gas medium of external ear to liquid medium of internal ear
· Link b/w pressure waves and fluid waves

· Need energy to force sounds waves thru fluid

· w/o middle ear, sound waves would bounce off inner ear
· Tiny space, irregular shape
· Functions

· Impedence matching: acts as transformer, boosts signal from air

· Protective responses to loud sounds

· Maintenance of similar pressure on either side of tympanic membrane

· Want atmosphere pressure on both sides of tympanic membrane

· Ear pop

· Stuffy ears= increased pressure in inner ear(harder for sound waves to penetrate

· Yawn, chew gum on plane: opens auditory tube to nasopharynx

· Usually closed to prevent particles in nose to come in

· Tensor tympani(pressure in middle ear to atmospheric pressure

· Auditory ossicles

· Malleus

· Incus

· Stapes: 2nd branchial arch

· Muscles

· Protect middle ear

· restrict mvmt of ossicles when encounter large sound/force

· stiffen ossicles in chain

· dampen sound waves

· protect from own voice

· tensor tympani: 

· associated with stapes

· innervated by CN V3
· stapedius

· associated with stapes

· innervated by CN VII

· ringing ears sensation: muscles fatigue, possible damage to middle ear because bone movement not restricted
· innervation

· CN V, CN VII (facial/chorda tympani), tympanic plexus (mostly CN IX)

· Other structures

· Tympanic membrane/ear drum: positioned downward and lateral

· Auditory tube

· Promontory

· Oval window (fenestra vestibule)

· Round window (fenestra cochleae)

· Impedence matching and sound wave transformation

· [image: image2.png]



· (Raymond has replaced the original image with an equivalent one from Wikipedia, http://upload.wikimedia.org/wikipedia/commons/5/5f/Gray919.png)
·  When pressure wave hits tympanic membrane, manubrium moves in and out of page, causing chain rxn of ossicle movements(stapes moves back and forth

· malleus and incus act as lever

· long process of malleus > long process of incus(boost signal

· force applied by ear drum to malleus is bigger than forces applied to stapes

· since ear drum is much bigger than oval window that stapes sits on, any force applied to ear drum will be higher in inner ear

· same amount of air, smaller size hole

· Inner ear
· Bony labyrinth
· 3 semicircular canals: vestibular system(sense of balance

· superior (or lateral), lateral (or horizontal), posterior (or inferior)

· vestibule: connection b/w vestibular system and cochlea


· oval window (fenestra vestibule)

· closed by footplate of stapes

· round window (fenestra cochleae)

· closed by secondary tympanic membrane

· perilymph: contained in bony labyrinth, surrounding membranous labyrinth

· membranous labyrinth

· 3 semicircular ducts w/ ampullae

· 2 sacs w/I vestibule: utricle and saccule

· cochlear duct

· endolymph: fluid contained w/I membranous labyrinth

· cochlea parts

· modiolus: bony core of cochlea

· osseous spiral lamina: bony shelf along modiolus entry route for nerves to cochlear duct

· spiral ligament: supports cochlear duct on outside of wall

· scala vestibuli: filled with perilymph

· scala tympani: filled with perilymph

· cochlear duct: aka scala media

· scala vestibule and tympani
· connected at helicotrema

· pressure waves go in by SV, exit by ST

· round window: pressure release valve

· cochlear duct

· flexible membrane structure

· filled with endolymph

· sound transmission

· pressure waves move tympanic membrane

· tympanic membrane moves handle of malleus(chain of ossicle movement
· stapes rocks back and forth

· waves get sent thru fluid of scala vestibuli

· waves return thru fluid of scala tympani 

· pressure released at round window

· during wave movement in fluid(cochlear duct membrane vibrates

· vestibular membrane (Reissner’s membrane) moves when wave traveling in SV

· basilar membrane moves when wave traveling in ST

· cochlear duct membrane movement causes shearing displacement of cilia and stimulation of hair cells and nerve endings in the organ of corti

· shearing of hair cells picked up by CN VIII

· variations in sound intensity: changes in rate of discharge of nerve cells connected to inner v. outer hair cells

· variations in frequency: patterns of vibration along all or part of basilar membrane

· high frequency: near stapes

· low frequency: near heliotrema
· hair cells/cilia: draped over by tectorial membrane for extra weight

· tectorial membrane anchored at limbus
