	Pharyngeal Arch
	Arch Artery
	Cranial Nerve 
	Skeletal elements
	Muscles

	1
	Terminal Branch of maxillary artery
	Maxillary and mandibular division of trigemenial (V)
	Derived from arch cartilages (originating from neural crest):

          From maxillary cartilages:

                Alispenoid, incus

          From mandibular:

                Mackel’s cartilage, malleus

Upper portion of external ear (auricle) is derived from dorsal aspect of 1st pharyngeal arch.

Derived by direct ossification from arch dermal mesenchyme:

          Maxilla, zygomatic, squamous portion of temporal bone, mandible


	Muscles of mastication (temporalis, masseter, and pterygoids), mylohyoid, anterior belly of digastric, tensor tympani, tensor veli palatini (originate from cranial somitomere 4)

	2
	Stapedius artery (embryologic) and cortiotympanic artery (adult)
	Facial nerve (VII)
	Stapes, styloid process, stylohyoid ligament, lesser horns and upper rim of hyoid (derived from the second arch cartilage; originate from neural crest).

Lower portion of external ear (auricle) is derived from 2nd pharyngeal arch.
	Muscles of facial expression (orbicularis oculi, orbicularis oris, auricularis, platysma, fronto-ooccipitalis, buccinator), posterior belly of digastric, stylohyoid, stapedius (originate from cranial somitomere 6)

	3
	Common carotid artery, most of internal carotid
	Glossopharyngeal (IX)
	Lower rim and greater horn of hyoid (derived from the third arch cartilage; originate from neural crest cells)
	Sytlopharyngeus (originate from cranial somitomere 7)

	4
	Left: Arch of aorta; 

Right: Right subclavian artery; 

Original sprouts of pulmonary arteries
	Superior laryngeal branch of vagus (X)
	Laryngeal cartilages (Derived from the 4th arch cartilage, originate from lateral plate mesoderm)
	Constrictors of pharynx, cricothyroid, levator veli palatine (originate from occipital somites 2-4)

	6
	Ductus arteriosus; roots of definitive pulmonary arteries
	Recurrent laryngeal branch of vagus (X)
	Laryngeal cartilages (derived from the 6th-arch cartilage; originate from lateral plate mesoderm)
	Intrinsic muscles of larynx (originate from occipital somites 1 and 2)


Origins of craniofacial muscles:

	Mesodermal Origin
	Muscles
	Innervation

	Somitomeres 1, 2
	Superior, medial and ventral recti
	Oculomotor (III)

	Somitomere 3
	Superior oblique
	Trochlear (IV)

	Somitomere 4
	Jaw-closing muscles
	Trigeminal (V)

	Somitomere 5 
	Lateral rectus
	Abducens (VI)

	Somitomere 6
	Jaw-opening and other 2nd arch muscles
	Facial (VII)

	Somitomere 7 
	Stylopharyngeus
	Glossopharyngeal (IX)

	Somites 1, 2
	Intrinsic laryngeals
	Vagus (X)

	Somites 2-5
	Tongue muscles
	Hypoglossal (XII)


Derivates of pharyngeal pouches:

	First pouch
	Auditory tube, which comes in contact

    with epithelial line of first pharyngeal

    cleft, where future external acoustic

    meatus will form.

Distal portion will form tympanic    

    cavity (lining will become eardrum)

Proximal portion will become auditory tube

	Second pouch
	Forms buds that penetrate surrounding 

    mesenchyme, which together form the  

    palatine tonsils

	Third pouch
	Forms thymus and inferior parathyroid 

    glands

	Fourth pouch
	Forms superior parathyroid glands

	Fifth pouch
	Forms utlimobranchial body


Derivatives of pharyngeal clefts/grooves:

Initially, four clefts exist; however, only one gives rise to a definite structure in adults.

	1st pharyngeal cleft
	Penetrates underlying mesenchyme and forms EAM.  The bottom of EAM forms lateral aspect of tympanic cavity.

	2nd pharyngeal cleft
	Undergoes active proliferation and overlaps remaining clefts.  It merges with ectoderm of lower neck such that the remaining clefts lose contact with outside.  Temporarily, the clefts form an ectodermally lined cavity, the cervical sinus, but this disappears during development.


Viscera/organ development:

	Tongue
	Appears at 4th week.

Musculature derived from mesoderm of occipital somites.  Precursor muscles cells migrate to region of tongue and are innervated by general sensory efferent fibers of CN XII.

Mucosa derived from anterior endoderm lining arches 1-4; accordingly, innervation depends on arch derivation:

              Mucosa of anterior 2/3 of tongue comes from the first arch ( CN V

              Mucosa of posterior 1/3 of tongue comes from third and forth arch ( CN IX, X

Special taste of anterior 2/3 of tongue comes from CN VII.

Special taste of posterior 1/3 of tongue comes from CN X.

Tongue freed from floor of mouth by extensive degeneration of underlying tissue.  Midline frenulum continues to anchor tongue to floor of mouth.

	Thyroid Gland
	Develops as ingrowth of mucosal epithelium located in the midline of the tongue (at foramen cecum).  It descends along front of pharyngeal gut, but remains connected to tongue by thyrooglossal duct, which is obliterated later in development.  Thyroid gland descends to a point just caudal to laryngeal cartilages. 

	Facial structures (general)
	a) medial nasal prominence forms midline of nose, philtrum and primary palate

b) lateral nasal prominence forms alae of nose

c) maxillary prominence forms cheek region and lateral lip

d) clefts can form at inter-prominence fusion lines

	Nose
	At the 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 producing a medial and lateral nasal prominence (nasomedial and nasolateral processes).  These nasal prominences form the nose.

	Mouth
	Stomadeum (primitive oral cavity) forms between frontonasal prominence and first pharyngeal arch.  The first pharyngeal arch forms the dorsal maxillary prominence and ventral mandibular prominence.  The 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 (first 4 teeth).

	Nasolacrimal structures
	Maxillary and lateral nasal prominences are separated by deep furrow, the nasolacrimal groove.  Ectoderm in floor of groove forms epithelial cord, which detaches from overlying ectoderm.  The epithelial cord canalizes to form the nasolacrimal duct.  The upper end of the duct widens to form the lacrimal sac.  After detachment of the cord, the maxillary and lateral nasal prominences merge with each other, resulting in the formation of a nasolacrimal duct that runs from the medial corner of the eye to the inferior meatus of the nasal cavity.  

The maxillary prominences enlarge to form the cheeks and maxillae.

The lateral nasal prominences form the alae of the nose.

	Secondary (hard) palate
	Main part of definitive palate formed by two palatine shelves derived from intraoral bilateral extensions of the maxillary prominences.  These appear at the 6th week.  They are directed obliquely downward on each side of the tongue; they move down when mandible gets bigger.  

At the seventh week, they ascend to attain a horizontal position, then fuse to form the secondary palate.  At the time the palatine shelves fuse, the nasal septum (an outgrowth of median tissue of the frontonasal prominence) grows down and joins the cephalic aspect of the newly formed palate

Anteriorly, shelves fuse with triangular primary palate.  The incisive foramen marks the midline between the primary and secondary palate.

	External Ear
	The auricle is derived from 6 auricular hillocks (mesenchymal proliferations) along the dorsal aspect of arches 1 (top of ear) and 2 (bottom of ear).  These fuse to form the definitive auricle.  At the mandible grows, the ear is pushed upward and backward from its initial horizontal position on the neck.

The EAM is derived from the 1st pharyngeal arch.  

The eardrum (tympanic membrane) is composed of 3 layers of cells: 1) ectodermal epithelial lining of bottom of EAM; 2) endodermal epithelium lining of tympanic cavity; 3) intermediate layer of connective tissue.

The eardrum is composed of multiple cell layers because it represents the first pharyngeal membrane, and thus lies at the junction of the first pharyngeal pouch and cleft.

	Middle Ear
	The middle ear consists of an auditory tube (from the 1st pharyngeal pouch, along with tympanic cavity) and the ossicles (from pharyngeal arches 1 and 2 cartilage).  

The first arch cartilage forms the malleus and incus.  The tensor tympani (muscle of the malleus) is derived from the fourth somitomere (associated with the first arch) and is therefore innervated by CN V.

The second arch cartilage forms the stapes.  The stapedius (muscles of the stapes) is derived from the sixth somitomere (associated with the second arch) and is therefore innervated by CN VII.

The ossicles are initially embedded in mesenchyme, but in the 8th month, the mesenchyme degenerates and an endodermal epithelial lining of the tympanic cavity envelops the ossicles and connects them to the wall of the cavity in a mesentery-like fashion.

	Inner Ear
	The inner ear is derived thickening of surface ectoderm on both sides of the hindbrain (otic placodes).  The placodes invaginate to form otic vesicles (otocytes).  The vesicles then divide into ventral and dorsal components.

The ventral component forms the saccule and cochlear duct.

The dorsal component forms the utricle and semicircular canals and endolymphatic duct.



	Cochlear Duct
	Derived from an outgrowth of the saccule during the 6th week.  The outgrowth penetrates the surrounding mesenchyme in a spiral fashion.  The surrounding mesenchyme forms the cartilage and undergoes vacuolization.

The scala vestibule and scale tympani form and surround the cochlear duct.  They are filled with periplymp to receive mechanical vibrations of ossicles. The mechanical stimuli activates sensory (ciliary) cells in the cochlear duct.  

	Semicircular canals
	The utricle is initially three flattened outpocketings, which lose the central core.  From this three semicircular canals are forms, each at 90 degree angles from one another.  Sensory cells arise in the ampulla at one end of each canal, in the utricle and saccule.  



	Eye
	At week 4, two depressions are evident on each of the forebrain hemispheres.  As the anterior neural fold closes, the optic pits elongate to form the optic vesicles.  The optic vesicles remain connected to the forebrain by optic stalks. 

The invagination of the optic vesicles forms a bilayered optic cup.  The bilayered cup becomes the dual layered retina (neural and pigmented layer)

Surface ectoderm forms the lens placode, which invaginates with the optic cup.

The optic stalk is deficient ventrally to contain choroids fissure to allow blood vessels into the eye (hyaloid artery).  The artery feeds the growing lens, but will its distal portion will eventually degenerate such that the adult lens receives no hyaloid vasculature.

At the 7th week, the choroids fissure closes and walls fuse as the retinal nerve get bigger.

The anterior rim of the optic vesicles forms the retina and iris.  The iris is an outgrowth of the distal edge of the retina.

Optic vesicles induces/maintains the development of the lens vesicle, which forms the definitive lens.  Following separation of the lens vesicle from the surface ectoderm, the cornea develops in the anterior 1/5th of the eye.

The lens and retina are surrounded by mesenchyme which forms a tough connective tissue, the sclera, that is continuous with the dura mater around the optic nerve.  

Iridopupillary membrane forms to separate the anterior and posterior chambers of the eye.  The membrane breaks down to allow for the pupil

Mesenchyme surrounding the forming eye forms musculature (ciliary muscles and pupillary muscles – from somitomeres 1 and 2; innervated by CN III), supportive connective tissue elements and vasculature.

	Eyelids
	Formed by an outgrowth of ectoderm that is fused at its midline in the 2nd trimester, but later reopen.


