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Professional orientation for student: It is necessary to know that due to increased work of human sense organs (use of modern computer and laser technologies) the amount of patients with different pathologies of the organ of sight, steadily grows. This group of patients is increased steadily also because of industrial and domestic traumatism. Knowledge of the structure of the visual analyzer, mechanism of perception and transformation of signal, transmission of impulses by nerves, localization of subcortical and cortical centers are needed by doctors for locating a pathological focus, providing timely medical care and the correct treatment of visual disorders.

Aim: To study the anatomical structure of the organ of sight and auxiliary apparatus of the eye on a corpse, and on natural specimens of the eyeball; On the base of the acquired knowledge, to learn to differentiate the pathological changes of different structures of the eye; To know the essence of the pupillary reflex and to apply this in future medical practice.
The student should know:
1. Latin terminology of this theme.
2. Structure and features of shells of the eyeball.
3. Structure and description of retina of the eye.
4. Description of eyeball’s nucleus.
5. Formation of chambers of the eye, production and drainage of intraocular liquid.
The student should be able :
1. On specimens of eye point to and describe every tunics of the eyeball.
2. On a corpse and charts to show and describe the auxiliary apparatus of the eye.
3. On specimens, to describe the nucleus of the eyeball. To show the eye chambers.
Questions of initial level:
1. Onto- and phylogenesis of the nervous system.
2. Characteristic and classification of the nervous system.
3. Elements of the nervous system. Classification of neurons.
4. Structure, topography and function of central and peripheral departments of the nervous system.
5. Structure of spinal cord, intervertebral spinal ganglia.
6. Characteristics of nuclei of dorsal horns of the spinal cord.
7. Structure of medulla oblongata.
8. Subcortical centers of sense in thalamus.

REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES
	Discipline
	Student must know
	Student must be able

	Anatomy, craniology.
	1. Anatomical structure of cranial cavities (eye sockets).
	1. Structure of walls of orbital cavity.

2. Anatomical structures (fissures, canals) connecting the orbital and cranial cavities and fossas.

	Anatomy of central nerve system.
	1. Anatomical structure of the brain.
	1. Localization and characteristics of subcortical visual centers in the brainstem.

2. Localization and characteristics of vegetative nuclei of the midbrain.

3. Localization and characteristic of cortical visual centers.

	Histology.
	1. Microscopic structure of eyeball shells.
	1. Characterize the layers of retina.

	
	2. Ontogenesis of sense organs.
	2. To name the main stages of ontogenesis of sense organs.

	Biology.
	1. Phylogenesis of organ of vision.
	1. To name the main stages of organ of vision.


Practical equipment: skull, eye of cattle, cerebrum, charts, models.

 
Content of topic 
The bulb of the eye (bulbus oculi; eyeball), or organ of sight, is contained in the cavity of the orbit, where it is protected from injury and moved by the ocular muscles.

Associated with it are certain accessory structures, viz., the muscles, fasciæ, eyebrows, eyelids, conjunctiva, and lacrimal apparatus.

The bulb of the eye is imbedded in the fat of the orbit, but is separated from it by a thin membranous sac, the fascia bulbi. It is composed of segments of two spheres of different sizes. The anterior segment is one of a small sphere; it is transparent, and forms about one-sixth of the bulb. It is more prominent than the posterior segment, which is one of a larger sphere, and is opaque, and forms about five- sixths of the bulb. The term anterior pole is applied to the central point of the anterior curvature of the bulb, and that of posterior pole to the central point of its posterior curvature; a line joining the two poles forms the optic axis. The axes of the two bulbs are nearly parallel, and therefore do not correspond to the axes of the orbits, which are directed forward and lateralward. The optic nerves follow the direction of the axes of the orbits, and are therefore not parallel; each enters its eyeball 3 mm. to the nasal side and a little below the level of the posterior pole. The bulb measures rather more in its transverse and antero-posterior diameters than in its vertical diameter, the former amounting to about 24 mm., the latter to about 23.5 mm.; in the female all three diameters are rather less than in the male; its antero-posterior diameter at birth is about 17.5 mm., and at puberty from 20 to 21 mm.

Development.—The eyes begin to develop as a pair of diverticula from the lateral aspects of the forebrain. These diverticula make their appearance before the closure of the anterior end of the neural tube; after the closure of the tube they are known as the optic vesicles. They project toward the sides of the head, and the peripheral part of each expands to form a hollow bulb, while the proximal part remains narrow and constitutes the optic stalk (863, 864). The ectoderm overlying the bulb becomes thickened, invaginated, and finally severed from the ectodermal covering of the head as a vesicle of cells, the lens vesicle, which constitutes the rudiment of the crystalline lens. The outer wall of the bulb becomes thickened and invaginated, and the bulb is thus converted into a cup, the optic cup, consisting of two strata of cells (864). These two strata are continuous with each other at the cup margin, which ultimately overlaps the front of the lens and reaches as far forward as the future aperture of the pupil. The invagination is not limited to the outer wall of the bulb, but involves also its postero- inferior surface and extends in the form of a groove for some distance along the optic stalk, so that, for a time, a gap or fissure, the choroidal fissure, exists in the lower part of the cup. Through the groove and fissure the mesoderm extends into the optic stalk and cup, and in this mesoderm a bloodvessel is developed; during the seventh week the groove and fissure are closed and the vessel forms the central artery of the retina. Sometimes the choroidal fissure persists, and when this occurs the choroid and iris in the region of the fissure remain undeveloped, giving rise to the condition known as coloboma of the choroid or iris.

The retina is developed from the optic cup. The outer stratum of the cup persists as a single layer of cells which assume a columnar shape, acquire pigment, and form the pigmented layer of the retina; the pigment first appears in the cells near the edge of the cup. The cells of the inner stratum proliferate and form a layer of considerable thickness from which the nervous elements and the sustentacular fibers of the retina, together with a portion of the vitreous body, are developed. In that portion of the cup which overlaps the lens the inner stratum is not differentiated into nervous elements, but forms a layer of columnar cells which is applied to the pigmented layer, and these two strata form the pars ciliaris and pars iridica retinæ.

The cells of the inner or retinal layer of the optic cup become differentiated into spongioblasts and germinal cells, and the latter by their subdivisions give rise to neuroblasts. From the spongioblasts the sustentacular fibers of Müller, the outer and inner limiting membranes, together with the groundwork of the molecular layers of the retina are formed. The neuroblasts become arranged to form the ganglionic and nuclear layers. The layer of rods and cones is first developed in the central part of the optic cup, and from there gradually extends toward the cup margin. All the layers of the retina are completed by the eighth month of fetal life.

The optic stalk is converted into the optic nerve by the obliteration of its cavity and the growth of nerve fibers into it. Most of these fibers are centripetal, and grow backward into the optic stalk from the nerve cells of the retina, but a few extend in the opposite direction and are derived from nerve cells in the brain. The fibers of the optic nerve receive their medullary sheaths about the tenth week after birth. The optic chiasma is formed by the meeting and partial decussation of the fibers of the two optic nerves. Behind the chiasma the fibers grow backward as the optic tracts to the thalami and mid-brain.

The crystalline lens is developed from the lens vesicle, which recedes within the margin of the cup, and becomes separated from the overlying ectoderm by mesoderm.

The cells forming the posterior wall of the vesicle lengthen and are converted into the lens fibers, which grow forward and fill up the cavity of the vesicle. The cells forming the anterior wall retain their cellular character, and form the epithelium on the anterior surface of the adult lens. By the second month the lens is invested by a vascular mesodermal capsule, the capsula vasculosa lentis; the bloodvessels supplying the posterior part of this capsule are derived from the hyaloid artery; those for the anterior part from the anterior ciliary arteries; the portion of the capsule which covers the front of the lens is named the pupillary membrane. By the sixth month all the vessels of the capsule are atrophied except the hyaloid artery, which disappears during the ninth month; the position of this artery is indicated in the adult by the hyaloid canal, which reaches from the optic disk to the posterior surface of the lens. With the loss of its bloodvessels the capsula vasculosa lentis disappears, but sometimes the pupillary membrane persists at birth, giving rise to the condition termed congenital atresia of the pupil.

The vitreous body is developed between the lens and the optic cup. The lens rudiment and the optic vesicle are at first in contact with each other, but after the closure of the lens vesicle and the formation of the optic cup the former withdraws itself from the retinal layer of the cup; the two, however, remain connected by a network of delicate protoplasmic processes. This network, derived partly from the cells of the lens and partly from those of the retinal layer of the cup, constitutes the primitive vitreous body. At first these protoplasmic processes spring from the whole of the retinal layer of the cup, but later are limited to the ciliary region, where by a process of condensation they appear to form the zonula ciliaris. The mesoderm which enters the cup through the choroidal fissure and around the equator of the lens becomes intimately united with this reticular tissue, and contributes to form the vitreous body, which is therefore derived partly from the ectoderm and partly from the mesoderm.

The anterior chamber of the eye appears as a cleft in the mesoderm separating the lens from the overlying ectoderm. The layer of mesoderm in front of the cleft forms the substantia propria of the cornea, that behind the cleft the stroma of the iris and the pupillary membrane. The fibers of the ciliary muscle are derived from the mesoderm, but those of the Sphincter and Dilatator pupillæ are of ectodermal origin, being developed from the cells of the pupillary part of the optic cup.

The Aqueous Humor (humor aqueus).—The aqueous humor fills the anterior and posterior chambers of the eyeball. It is small in quantity, has an alkaline reaction, and consists mainly of water, less than one-fiftieth of its weight being solid matter, chiefly chloride of sodium.

The Vitreous Body (corpus vitreum).—The vitreous body forms about four-fifths of the bulb of the eye. It fills the concavity of the retina, and is hollowed in front, forming a deep concavity, the hyaloid fossa, for the reception of the lens. It is transparent, of the consistence of thin jelly, and is composed of an albuminous fluid enclosed in a delicate transparent membrane, the hyaloid membrane. It has been supposed, by Hannover, that from its surface numerous thin lamellæ are prolonged inward in a radiating manner, forming spaces in which the fluid is contained. In the adult, these lamellæ cannot be detected even after careful microscopic examination in the fresh state, but in preparations hardened in weak chromic acid it is possible to make out a distinct lamellation at the periphery of the body. In the center of the vitreous body, running from the entrance of the optic nerve to the posterior surface of the lens, is a canal, the hyaloid canal, filled with lymph and lined by a prolongation of the hyaloid membrane. This canal, in the embryonic vitreous body, conveyed the arteria hyaloidea from the central artery of the retina to the back of the lens. The fluid from the vitreous body is nearly pure water; it contains, however, some salts, and a little albumin.

The hyaloid membrane envelopes the vitreous body. The portion in front of the ora serrata is thickened by the accession of radial fibers and is termed the zonula ciliaris (zonule of Zinn). Here it presents a series of radially arranged furrows, in which the ciliary processes are accommodated and to which they adhere, as is shown by the fact that when they are removed some of their pigment remains attached to the zonula. The zonula ciliaris splits into two layers, one of which is thin and lines the hyaloid fossa; the other is named the suspensory ligament of the lens: it is thicker, and passes over the ciliary body to be attached to the capsule of the lens a short distance in front of its equator. Scattered and delicate fibers are also attached to the region of the equator itself. This ligament retains the lens in position, and is relaxed by the contraction of the meridional fibers of the Ciliaris muscle, so that the lens is allowed to become more convex. Behind the suspensory ligament there is a sacculated canal, the spatia zonularis (canal of Petit), which encircles the equator of the lens; it can be easily inflated through a fine blowpipe inserted under the suspensory ligament.

No bloodvessels penetrate the vitreous body, so that its nutrition must be carried on by vessels of the retina and ciliary processes, situated upon its exterior.

The Crystalline Lens (lens crystallina).—The crystalline lens, enclosed in its capsule, is situated immediately behind the iris, in front of the vitreous body, and encircled by the ciliary processes, which slightly overlap its margin.

The capsule of the lens (capsula lentis) is a transparent, structureless membrane which closely surrounds the lens, and is thicker in front than behind. It is brittle but highly elastic, and when ruptured the edges roll up with the outer surface innermost. It rests, behind, in the hyaloid fossa in the forepart of the vitreous body; in front, it is in contact with the free border of the iris, but recedes from it at the circumference, thus forming the posterior chamber of the eye; it is retained in its position chiefly by the suspensory ligament of the lens, already described.

The lens is a transparent, biconvex body, the convexity of its anterior being less than that of its posterior surface. The central points of these surfaces are termed respectively the anterior and posterior poles; a line connecting the poles constitutes the axis of the lens, while the marginal circumference is termed the equator.

Structure.—The lens is made up of soft cortical substance and a firm, central part, the nucleus. Faint lines (radii lentis) radiate from the poles to the equator. In the adult there may be six or more of these lines, but in the fetus they are only three in number and diverge from each other at angles of 120°; on the anterior surface one line ascends vertically and the other two diverge downward; on the posterior surface one ray descends vertically and the other two diverge upward. They correspond with the free edges of an equal number of septa composed of an amorphous substance, which dip into the substance of the lens. When the lens has been hardened it is seen to consist of a series of concentrically arranged laminæ, each of which is interrupted at the septa referred to. Each lamina is built up of a number of hexagonal, ribbon-like lens fibers, the edges of which are more or less serrated—the serrations fitting between those of neighboring fibers, while the ends of the fibers come into apposition at the septa. The fibers run in a curved manner from the septa on the anterior surface to those on the posterior surface. No fibers pass from pole to pole; they are arranged in such a way that those which begin near the pole on one surface of the lens end near the peripheral extremity of the plane on the other, and vice versa. The fibers of the outer layers of the lens are nucleated, and together form a nuclear layer, most distinct toward the equator. The anterior surface of the lens is covered by a layer of transparent, columnar, nucleated epithelium. At the equator the cells become elongated, and their gradual transition into lens fibers can be traced.

In the fetus, the lens is nearly spherical, and has a slightly reddish tint; it is soft and breaks down readily on the slightest pressure. A small branch from the arteria centralis retinæ runs forward, as already mentioned, through the vitreous body to the posterior part of the capsule of the lens, where its branches radiate and form a plexiform network, which covers the posterior surface of the capsule, and they are continuous around the margin of the capsule with the vessels of the pupillary membrane, and with those of the iris. In the adult, the lens is colorless, transparent, firm in texture, and devoid of vessels. In old age it becomes flattened on both surfaces, slightly opaque, of an amber tint, and increased in density (886).

Vessels and Nerves.—The arteries of the bulb of the eye are the long, short, and anterior ciliary arteries, and the arteria centralis retinæ. They have already been described (see p. 571).

The ciliary veins are seen on the outer surface of the choroid, and are named, from their arrangement, the venæ vorticosæ; they converge to four or five equidistant trunks which pierce the sclera midway between the sclero-corneal junction and the porus opticus. Another set of veins accompanies the anterior ciliary arteries. All of these veins open into the ophthalmic veins.

The ciliary nerves are derived from the nasociliary nerve and from the ciliary ganglion.

Self-dependent work
From textbooks to get a clear idea that the organ of sight (organum visus) is a peripheral part of the visual analyzer, providing on the whole, perception of objects, forming of visualization and feelings by analysis and integration of visual irritations. 
Eye consists of eyeball, auxiliary eye organs and the optic nerve. Eyeball has nucleus and wall. Auxiliary eye apparatus includes eyelids, muscles of eyeball, lacrimal apparatus, orbital fasciae, vessels and nerves.

Eyeball is serrounded by adiposal body of orbite, muscles of eyeball and orbital fascia.

Bony orbit is covered by periorbita. It has an anterior pole, posterior pole, and axis.

Axis courses between poles. Optic axis starts from anterior pole to central fossa of the retina. Line that is found transversal on surface of eyeball and is found in the middle to distance between poles is called equator, and line passing perpendicularly to equator is called meridian.

During the study of the eyeball, to pay attention to structure of its capsule consisting of three tunics:
1. Fibrous tunic (tunica fibrosa). The anterior part of fibrous shell is represented by a cornea (cornea). It is transparent, because it does not have blood vessels and has the form of a protuberant lens. Posterior large part of fibrous tunic is a sclerous (sclera) or albuminous shell. It consists of dense connective tissue and forms the framework of the eyeball, executing a protective function. On the border of cornea and sclera the circular venous sinus is disposed (Schlemm’s canal).
2. A vascular tunic (tunica vasculosa) is the middle shell of the eyeball with numerous vessels and pigment. 3 parts are distinguished: anteriorly – iris (iris), middle - ciliary body (corpus ciliare) and posteriorly – the proper vascular shell (choroidea).
- Iris, due to the presence of smooth muscles acts as a diaphragm. In its centre is an opening – the pupil (pupila). Muscles of the pupillary margin presented by a sphincter pupil muscle and peripheral part of iris – by muscles dilator of a pupil. In the stroma of the iris, there is a pigment and its amount ascertains the eye color.
- A ciliary body is part of the vascular tunic located between iris and proper vascular tunic as a circular roller on the border of the sclera and cornea. The back edge of the ciliary body is called a ciliary circle. The ciliary body connects with the iris to form a ciliary crown. Anterior to ciliary circle 60-80 ciliary processes are located (processus ciliares).
- The proper vascular tunic is a thin membrane rich with vessels, occupying the posterior 5/6 of the eyeball’s surface. Its capillary plexuses provide blood supply of the whole eyeball.
It is necessary to devote special attention to the structure of the internal tunic (retina) of the eye.
3. The retina (retina) lines the interior of the vascular tunic and plays the role of peripheral receptive part of visual analyzer. Functionally and structurally, it is divided into 2 parts: visual and blind. A boundary line between these is the serrate edge (ora serrata). The blind part of the retina has only a pigmented layer and lines the ciliary body and posterior surface of iris. Visual part lines the interior of the proper vascular tunic. There are photoreceptors in it, perceiving light irritations and converting them into a nervous impulse. Histologically, ten layers are distinguished in the retina. The most internal layer of the retina is photosensory, contains visual cells – cones and rods. Cones are responsible for day color and vision, rods control night vision. On the retina a yellow spot (macula lutea) and disk of optic nerve (discus n. optici) are distinguished. The disk of optic nerve is the place of exiting of nerve fibers from the retina. It is called the blind spot (macula caeca), because here no photosensory elements are present. Lateral to the disk the yellow spot- containing only cones is located. It is the place of best vision as the focus of light is concentrated here.
In studying the nucleus of the eyeball, attention must be paid to the structure of the lens capsule and vitreous body. 

To understand the mechanism of accommodation, by illustrating with objects that are located near.
To remember that the nucleus of eyeball consists of: lens, vitreous body and aqueous humor of eye chambers.
The lens (lens) of the eye is a transparent biconvex lens, located behind the pupil and in contact with the pupillary margin of iris. It plays an important role in the reaction of accommodation – ability to see both far and near distances. The lens of the eye is covered by a capsule, an equator and two poles are distinguished – anterior and posterior. A supporting ligament (Zinn) is attached to the capsule of the lens on the equator. It retains the lens in certain positions and allows it to become more convex.
A vitreous body (corpus vitreum) fills the cavity of the eyeball deep to the retina. It is a transparent gel mass. Outside, the vitreous body is covered by a dense membrane. It does not contain blood and lymphatic vessels but there is a hyaloid canal in a center. The main function of the vitreous body is its participation in the metabolic processes of the retina.
Aqueous humor of eyeball (humor aquosus camera bulbi) is contained in anterior and posterior chambers. The anterior chamber is between the posterior side of the cornea and the anterior surface of the iris. These two surfaces meet on a circumference and form an irido-corneal angle, with fissure-like (Fontana's) spaces. These spaces are connected by Schlemm’s canal located in the thickness of sclera. The posterior chamber of the eye is located between the posterior surface of the iris and lens and connected to the anterior chamber by the pupil. Spaces between the fibers of the ciliary belt (Petite channel) are parts of the posterior chamber.
Pay your attention, that the aqueous humor is produced by the ciliary body and secreted to the posterior chamber. From there 2/3 of the volume of aqueous humor drains to the anterior chamber through the pupil and from here, through Fontana's spaces to the venous Schlemm’s canal of sclera. From it, through vorticose veins (vv. varticosa) by ophthalmic veins, it gets to the cavernous sinus and to internal jugular veins. 1/3 of the volume of the aqueous humor from the posterior chamber drains to the vitreous body through the hyaloid canal, providing homoeostasis. A small quantity of aqueous humor passes through the ciliary body and drains to the perivascular space from which it then enters the perineural space of the optic nerve, and further on to the subarachnoid space of the brain.
The program of independent work
	Educational tasks
	Exact items

	1. To study the tunics of eyeball.
	1. To name the tunics; on natural specimens of eye, to show their components and describe their function.

	2. To study the nucleus of eyeball.
	1. On natural specimens of eye to show the vitreous body. To study the lens structure, its capsule and ligaments.


Make notes on all of points of independent work in notebooks; write the dictionary of anatomical terms, sketch schemes, pictures and annotate.
References:
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Questions of final control:
1. What parts does the organ of sight consist of?
2. Parts of eyeball, their characteristics.
3. Tunics of eyeball, their characteristics.
4. Structure and characteristics of retina of eye.
5. Composition and characteristics of ocular nucleus.
6. Formation of chambers of eye, production and outflow of aqueous humor.

Tests and situational tasks:



1. The 25 y. o. male patient has addressed to the ophthalmologist with complaints to visual impairment. The diagnosis of coloboma (cleft) was put after clinical examination. What tunic of eyeball it can happen in (absent in norm )?

A. Ciliary body.

B. Iris.

C. Cornea.

D. Retina.

E. Sclera.



2. The 70 y. o. male patient has addressed to the ophthalmologist with complaints to visual impairment. The diagnosis of cataract was put after clinical examination. What formations of an eyeball such pathology can be located in?

A. Corpus ciliare.

B.Corpus vitreum.

C. Iris.

D. Cornea.

E.Lens.



3. The 40 y. o. male patient has addressed to polyclinic with complaints to infringement of accommodation of vision. What formation is responsible for an accommodation and is injured at the patient?

A. Anterior chamber of an eye.

B. Iris.

C. Vitreous body.

D. Lens and a ciliary body.

E. Posterior chamber of an eye.



4. The 45 y. o. female patient was addressed to the doctor with complaints to loss of an opportunity for colors distinguish which has appeared after the electric trauma. The defeat of receptors which responsible for this kind of sensitivity was revealed after the retina examination. What are the receptors?

A. Rods

B. Cones

C. Bipolar cells.

D. Multipolar cells.

E. Ganglionic cells.



5. The 52 y. o. patient complain to pain in the eyeballs. Rising of intraocular pressure is found during eye examination. what liquid outflow infringement has provoked the condition?

A. Perilymph.

B. Endolymph.

C. Aqueous humor.

D. Lymph.

E. Tear.

NEXT TOPIC: AUXILLIARY APPARATUS OF THE EYE

