I. Bony Orbit 

    A. Seven bones contribute to the framework of each orbit

        1. Maxilla, zygomatic, frontal, ethmoid, lacrimal, sphenoid, palatine bones

        2. Medial, lateral superior, inferior walls

        3. Apex of pyramid-shaped bony orbit is optic foramen

    B. Roof (superior wall) made up of orbital part of frontal bone

    C. Medial wall

        1. four bones: maxilla, ethmoid, sphenoid, lacrimal

        2. Anterior and posterior ethmoidal foramina

        3. Maxilla and small lacrimal bone form the lacrimal groove, which contains lacrimal sac and is bound by the posterior lacrimal crest

    D. Floor

        1. floor is roof of maxillary sinus

        2. orbital surface of maxilla, small contributions from zygomatic and palatine bones

    E. Lateral wall

        1. contributions from zygomatic and greater wing of sphenoid bone 

II. Eyelids 

    A. Palpebral fissure - space between eyelids

    B. Layers of eyelid (A to P) - skin, subcutaneous tissue, voluntary muscle, orbital septum, tarsus, conjunctiva

    C. Orbicularis oculi

        1. Orbital and palpebral (eyelid) part

        2. Innervated by facial (VII) n, closes eyelids

        3. Anchored medially bby the medial palpebral ligament - attaches to anterior lacrimal crest and laterally blends with fibers from muscle in the lower eyelid at lateral palpebral lig

        4. THIRD part of orbicularis oculi consists of fibers on medial border, which pass deeply to attach to posterior lacrimal crest

    D. Orbital septum

        1. deep to palpebral part, extension of periosteum into upper and lower eyelids from margin of the orbit

        2. attaches to tendon of levator palpebrae superioris m. in the upper eyelid and attaches to the tarsus in lower eyelid

    E. Tarsus and levator palpebrae superioris

        1. Large superior tarsus in upper eyelid and smaller inferior tarsus in lower eyelid

            a. attached medially to anterior lacrimal crest of maxilla by medial palpebral ligament and laterally to the orbital tubercle on the zygomatic bone by the lateral palpebral ligament

            b. tarsal glands are embedded into tarsal plates, which empty onto the free margin of each eyelid

                i. sebaceous glands that secrete oily substance that decrease evaporation rate of tears 

        2. Upper tarsus is associated with levator palpebrae superioris m., innervated by oculomotor n

        3. Superior tarsal mucles passes from inferior surface of levator to the upper edge of the superior tarsus

            a. innervated by superior cervical ganglion

        4. LOF of either LPS m. or ST m. results in ptosis

    F. Conjunctiva

        1. covers posterior surface of each eyelid

        2. reflects onto sclera (outer surface) of each eyeball

        3. conjunctival sac is formed, with superior and inferior conjunctival fornices

    G. Glands

        1. sebaceous and sweat glands associated with eyelid, blockage or inflammation of these glands is called a stye

        2. blocked tarsal gland is called a chalazion 

    H. Vessels

        1. Arterial supply to eyelids from supratrochlear, supraorbital, lacrimal, dorsal nasal aa. from ophthalmic artery

        2. angular artery from facial a

        3. transverse facial a from superficial temporal a

        4. branches of superficial temporal a itself

        5. venous drainage - ophthalmic veins

        6. lymphatic drainage through parotid nodes 

    I. Innervation

        1. Sensory nn are all branches of trigeminal n

            a. Supraorbital, supratrochlear, infratrochlear, lacrimal branches of ophthalmic n (V1)

            b. infra-orbital branch of maxillary n (V2)

        2. Motor innervation

            a. facial nerve (VII) innervates palpebral part of orbicularis oculi

            b. oculomotor n (III) innervates levator palpebrae superioris

            c. sympathetic fibers innervate superior tarsal muscle

            d. Loss of facial nerve innervation of orbicularis oculi results in inability to close eyelids completely

            e. loss of oculomotor innervation of levator palpebrae superioris - can't open eyelid, so complete ptosis!!!

            f. loss of sympathetic cervical ganglion innervation of superior tarsal muscle causes constant partial tsosis

III. Lacrimal apparatus 

    A. Lacrimal gland, and its ducts: lacrimal canaliculi, lacrimal sac, nasolacrimal duct

    B. gland divided in two by levator palpebrae superioris

        1. larger orbital part - in depression (fossa) in frontal bone

        2. smaller palpebral  part is inferior to levator palpebrae superioris in superolateral part of eyelid

    C. Fluid constantly secreted by lacrimal gland, accumulates medially in lacrimal lake and drained from lake by lacriimal canaliculi

        1. Lacrimal punctum - opening through which fluid enters each canaliculus

        2. Compresssed during blinking

    D. Innervation (3 parts)

        1. Sensory - lacrimal branch of ophthalmic n

        2. Secretomotor - PNS division, leave as facial nerve and branch into the greater petrosal n and continue until it becomes nerve of pterygoid canal. Nerve of pterygoid canal eventually enters pterygopalatine ganglion hwere preganglionic PS neurons synapse on postganglionic PS neurons. Join maxillary n (V2) and continue with it until zygomatic n branches from it and gives off zygomaticotemporal n, which distributes postganglionic PS fibers in a small branch that joins lacrimal n.

        3. Sympathetic innervation - travels along internal carotid a from superior cervical ganglion. Leave this plexus as the deep petrosal n., join PS fibers in the pterygoid canal. Follow same path as PS fibers.

    E. Vessels - arterial supply to lacrimal glands is by branches from the ophthalmic artery and venous drainage is through ophthalmic veins 

IV. Fissures and foramina 

    A. Optic canal - round orbit at apex of pyramidal-shaped orbit is the optic canal

    B. Superior orbital fissure - passage between orbit and middle cranial fossa

        1. Pass thru: oculomotor n, trochlear n, lacrimal, frontal, nasal branches of ophthalmic n (V1), abducens n

    C. Inferior orbital fissure - separates lateral wall of orbit from floor of orbit

        1. Allows communication between:

           a. orbit and pterygopalatine fossa posteriorly

           b. orbit and infratemporal fossal in middle

           c. orbit and temporal fossa anteriorly

        2. pass thru: maxillary n (V2) and its zygomatic branch, infraorbital vessels, vein communicating with pterygoid plexus of veins

    D. Infra-orbital foramen

        1. infra-orbital groove connects with infra-orbital canal and opens onto the face at the infra-orbital foramen

        2. infra-orbital n. (branch of maxillary n V2) passes thru as it exits onto the face

    E. Anterior and posterior ethmoidal foramina, nasolacrimal canal

V. Fascial specializations 

    A. Periorbita - periosteum lining bones that form orbit, sends out orbital septa

    B. Fascial sheath of eyeball

        1. attached posteriorly to sclera

        2. anteriorly, attached to edge of cornea

        3. Suspensory ligament supports the eyeball

    C. Check ligaments of medial and lateral rectus muscles

        1. medial check ligament is extension from fascia covering the medial rectus m and attaches immediately posterior to the posterior lacrimal crest of lacrimal bone

        2. lacrimal check ligament is extension from fascia convering the lateral rectus m and is attached to orbital tubercle of zygomatic bone

        3. What do they do? They restrinct medial and lateral rectus mm

VI. Muscles 

    A. Extrinsic mm of eyeball (extraocular), all 4 rectus mm originate from common tendinous ring

        1. Levator palpebrae superioris - raises upper eyelid, most superior muscle in orbit, origin: lesser sphenoid wing, inserts into sup tarsus, oculomotor innervation

        2. Superior rectus - elevates, adducts, internally rotates eyeball, oculomotor n

        3. Inferior rectus - depresses, adducts, externally rotates eyeball, oculomotor n

        4. Medial rectus - adducts, oculomotor n

        5. Lateral rectus - abducts, abducent n

        6. Superior oblique - arises from sphenoid body, medial to levator palpebrae superioris, reaches fibrocartilaginous pulley (trochlea), inserts posterolaterally, so therefore turns pupil down and out, trochlear n innervates

        7. Inferior oblique - arises from medial side of orbit, inserts posterolaterally, therefore turns pupil up and out

    B. Intrinsic mm within eyeball control shape of lens and size of the pupil

        1. Ciliary m

        2. Sphincter m

        3. Dilator pupillae m

VII. Vessels 

    A. Arteries

        1. Ophthalmic a - branch of internal carotid a, passes into orbit through optic canal with optic n, intraorbitally crosses superior to optic n and proceeds medially once

        2. Lacrimal a goes laterally to supply lacrimal gland, anterior ciliary branch to eyeball, and lateral sides of eyelid

        3. Central retinal a

        4. long and short posterior ciliary arteries

        5. muscular arteries 

        6. supraorbital artery

        7. posterior ethmoidal a

        8. anterior ethmoidal a

        9. medial palpebral aa

        10. dorsal nasal a

        11. supratrochlear a

    B. Veins 

        1. Superior and inferior ophthalmic vein drain, along with infraorbital vein, into cavernous sinus, or it joins the pterygoid plexus of veins 

VIII. Innervation 

    A. Optic n

        1. not a true cranial n, but carries afferent fibers from retina of eyeball to visual centers of brain

            a. surrounded by cranial meninges, including subarachnoid space, which extend as far forward as the eyeball

            b. increase in intercranial pressure can impede venous return along retinal veins, causing edema of the optic disc (papilledema)

            c. leaves thru optic canal with ophthalmic a 

    B. Oculomotor n

        1. leaves anterior surface of brainstem between midbrain and pons

        2. just before entering orbit, divides into superior and inferior branches

        3. branches enter orbit thru superior orbital fissure

        4. superior branch will innervate superior rectus m and levator palpebrae superioris

        5. inferior branch will divide into 3, to innervate medial rectus, inferior rectus, inferior oblique mm separately

        6. third branch (same one that innervates inferior oblique) will give off branch to ciliary ganglion. This is PS root to ciliary ganglion and carries preganglionic PS fibers that synapse in the ciliary ganglipon with postganglionic PS fibers. Postganglionic PS gibers are distributed to eyeball thru short ciliary nn, innervate sphincter pupillae and ciliary mm

    C. Trochlear n 

        1. arises from posterior surface of midbrain, passes around midbrain to enter the edge of the tentorium cerebelli, continues on intradural path arriving in and passing thru the lateral wall of the cavernous sinus just below oculomotor n

        2. Enters orbit thru superior orbital fissure above common tendinous ring

        3. Intraorbitally, trochlear n ascends and turns medially, crossing above levator palpebrae superioris m to enter the upper border of the superior oblique m

    D. Abducent n 

        1. arises from brainstem between pons and medulla, enters dura covering the clivus and continues in a dural canal until it reaches cavernous sinus

        2. abducent n. enters cavernous sinus and runs lateral to internal carotid a

        3. passes out of sinus and enters the orbit through the superior orbital fissure

        4. once in orbit passes out to supply lateral rectus m

    E. Postganglionic sympathetic fibers

        1. Preganglionic sympathetic fibers arise from upper segments of T1

        2. Enter sympathetic chain thru white rami comunicantes, ascend to superior cervical ganglion

        3. postganglionic fibers distributed along internal carotid a and its branches

        4. postgang fibers destined for orbit travel with ophthalmic a

        5. once in orbit, the fibers are distributed to eyeball by passing thru ciliary ganglion, without synapsing, and joining the short ciliary nn (which go from ganglion to eyeball) OR they pass through long ciliary nn to reach the eyeball

        6. In eyeball, the Postganglionic fibers innervate the dilator pupillae m

    F. Ophthalmic nerve (V1)

        1. smallest and most superior of trigeminal branches

        2. PURELY sensory, receives input from structures in the orbit and from additional structures in face and scalp

        3. Leaving from trigeminal ganglion, V1 passes forward in lateral wall of cavernous sinus inferior to trochlear and oculomotor nn

        4. Just before entering orbit, it divides into lacrimal, frontal, nasal nn 

        5. Enter thru superior orbital fissure, lacrimal and frontal outside common tendinous ring; nasociliary within common tendinous ring

    G. Lacrimal n

        1. Smallest of the 3 V1 branches

        2. Once in orbit in passes forward along upper border of lateral rectus m

        3. receives a branch from zygomaticotemporal n, which carries PS and S postgang fibers for distribution to lacrimal gland

        4. reaching anterolateral aspect of orbit, lacrimal n supplies lacrimal gland, conjunctiva, lateral part of upper eyelid

    H. Frontal n

        1. Largest V1 branch

        2. receives sensory input from areas outside the orbit

        3. Exiting the superior orbital fissure, this branch passes forward between levator palpebrae superioris and periorbita on the roof of orbit

            a. branches into 2 terminal branches: the supra-orbital and supratrochlear nn

                i. supratrochlear n continues forward in an anteromedial direction, passing above the trochlea, exits orbit medial to the supra-orbital foramen, and supplies the conjunctiva and skin of the upper eyelid and skin on lower medial part of the forehead

                ii. supra-orbital n is the larger of the two branches, continues forward, passing between levator palpebrae superioris m and periorbita covering roof of orbit, exits orbit thru the supra-orbital notch and ascends across forehead and scalp, suppliying upper eyelid and conjunctiva, forehead, and as far posteriorly as middle of scalp

    I. Nasociliary n

        1. intermediate in size of V1 nn, most deep in orbit, enters with common tendinous ring

        2. once in orbit, crosses superior surface of optic n as it passes in a medial direction below the superior rectus m. First branch is communicating branch with the ciliary ganglion, is given off early in its path thru the orbit

        3. nasociliary n continues forward along medial wall of orbit, giving off:

            a. long ciliary nn - sensory for eyeball, but may also contain sympathetic fibers for pupillary dilation

            b. posterior ethmoidal n - exits orbit thru posterior ethmoidal foramen to supply posterior ethmoidal air cells and sphenoidal sinus

            c. infratrochlear n - distributes to the medial part of upper and lower eyelids, lacrimal sac, skin of upper half of nose

            d. anterior ethmoidal n - exits orbit thru anterior ethmoidal foramen to supply anterior cranial fossa, nasal cavity, skin of lower half of nose

    J. Ciliary ganglion

        1. Parasympathetic ganglion of oculomotor n, associated with nasociliary branch of V1 and is site where PreG and PostG PS neurons synapse

        2. Also transversed by postganglionic SNS fibers on way to eyeball

        3. Posterior part of orbit, immediately lateral to optic n and between optic n and lateral rectus m

        4. Described as receiving two, or 3, branches or nerves from other places in orbit

    K. Parasympathetic root

        1. PS root (pregang) branches of oculomotor n to go to ciliary ganglion

        2. Postganglionic PS fibers leave the ganglion through short ciliary nn, which enter the posterior aspect of eyeball around the optic n

        3. In eyeball, PS fibers innervate sphincter pupillae m (pupil constriction) and ciliary m (near eye vision)

    L. Sensory root

        1. from nasociliary n to ganglion

        2. enters posteriosuperior aspect of ganglion, carriying sensory fibers which pass thru ganglion and continue on short ciliary nn

        3. Responsible for sensory innervation to all parts of eyeball

    M. Sympathetic root - 3rd branch of ciliary ganglion 

        1. enter orbit thru common tendinous ring after they have travelled up a plexus surrounding internal carotid artery

        2. very variable path, they innervate the dilator pupillae muscle

IX. Eyeball - posterior to cornea from front to back: cornea, anterior chamber, iris and pupil, posterior chamber, lens, postrenal (vitreous) chamber, retina 

    A. Anterior and posterior chambers

        1. Continuous with each other thru pupillary opening, filled with aqueous humor, which is secreted into posterior chamber, flows into anterior chamber, and is absorbed into the scleral venous sinus. Humor supplies nutrients to avascular cornea and lens. If circulation and drainage are blocked, intraocular pressure increases and glaucoma develops.

    B. Lens and vitreous humor - opacity of lens is a cataract. Lateral attachment gives lens the ability to vary its refractive index. Vitreous chamber humor cannot be replaced

    C. Walls of eyeball - outer fibrous layer (sclera post, cornea ant), middle vascular layer (choroid posteriorly and continuous with ciliary body and iris anteriorly), inner layer consists of optic part of retina posteriorly and nonvisual retina that covers the internal surface of ciliary body and iris anteriorly

    D. Vessels

        1. Arterial supply

            a. short posterior ciliary branches of ophthalmic artery supply choroid layers

            b. long posterior ciliary arteries (2) enter sclera on medial and lateral sides of optic n, proceed anteriorly in choroid to anastomose with anterior ciliary arteries

            c. anterior ciliary arteries are branches of arteries supplying the muscles

            d. central retinal artery has transversed optic nerve and enters area of retina at optic disc

        2. Venous drainage - primarily through choroid layer

            a. vorticose veins

            b. exit through sclera to enter inferior and superior ophthalmic veins

    E. Fibrous layer of eyeball - sclera in back/lateral, cornea in front

    F. Vascular layer of eyeball - 3 parts - choroid, ciliary body, iris (posterior to anterior) 

        1. Choroid - thin, highly vascular

        2. ciliary body - ring around LENS

            a. ciliary muscle - oculomotor innervated

            b. ciliary processes - longitudinal ridges protecting inner surface of ciliary body - extending from them are zonular fibers attached to lens of eyeball, which suspend lens in its proper postion and collectively form the suspensory ligament of the lens

        3. Iris - size controlled by sphincter pupillae (PNS) and dilator pupillae (SNS)

    G. Inner layer of eyeball

        1. Posteriorly and laterally is optic part of the retina

        2. Anteriorly is nonvisual part - junction between these parts is irregular line (ora serrata)

    H. Optic part of retina

        1. Pigmented layer

        2. Neural layer - separates in case of detached retina

        3. Optic disc is where optic n leaves retina

        4. Next to optic disc is macula lutea with central depression being the fovea centralis which is thinnest part of retina, with highest visual density due to lots of cones, few rods in fovea centralis

        

    

    

