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)

somitomere

primitive brain subdivision 


cranial nerve







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

	Aortic arch
	

	1st
	Maxillary a.

	2nd
	Stapedius a.

	3rd
	Carotid a.

	4th
	Proximal subclavian a. (right), aortic arch (left)

	5th
	None

	6th
	Pulmonary a.


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

