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Special senses or special sensations are the complex sensations, which involve
specialized sense organs. The sensations are different from somatic sensations that arise
from skin, muscles, tendons and joints. Special senses are:
•Sense of vision
•sense of hearing
•Sense of taste
•Sense of smell or olfaction.
SENSE OF SMELL OR OLFACTION
MECHANISM
The mechanism of smell depends upon: •Olfactory receptor cells lying in the epithelial
lining of the olfactory mucosa of nasal cavities
• Olfactory nerves, olfactory bulb and olfactory tract, which convey the impulses to brain
•The limbic lobe, situated in the medial surface of cerebral hemisphere.
The receptors for olfaction are the olfactory sensory neurons, located in a specialized
portion of nasal mucosa called olfactory epithelium (Figs 14.1A and B). The olfactory
epithelium in humans contain about 10-20 million bipolar olfactory sensory neurons,
interspersed with sustentacular cells (supporting cells).
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Olfactory Pathway (Fig. 14.2)
Olfactory system is an important constituent of limbic system.
Olfactory receptor cells: Olfactory epithelium in the olfactory region of nose contains
millions of olfactory. receptor cells, peripheral processes of which reach the mucosal
surface and expand into a ventricle that have several cilia and receive odor substances.
Olfactory nerves: Central processes of the olfactory cells make olfactory nerves. Olfactory
bulb: Olfactory nerves pass through the
cribriform plate of ethmoid and end in the mitral cells of the olfactory bulb. Olfactory tract:
Axons of mitral cells traverse in olfactory tract.
Cerebrum: Olfactory tract carries smell to the
cortex and to amygdaloid nucleus.
Clinical Correlation

Anosmia: Absence of sense of smell; it occurs in head injury where the olfactory bulb is
damaged
Parosmia: Altered sense of smell, which is seen in

      sinusitis
Hyperosmia: Increased sensitivity to smell.
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SENSE OF TASTE
The true sense of taste is localized in the tongue. There are
five basic tastes-bitter, sweet, sour, salty and umami
(pleasant savory taste) (all other flavors are appreciated by
the sense of smell). The fifth sense 'umami' was recently
added to the four classic tastes. This taste is triggered by
monosodium glutamate (ajinomoto), used extensively in
Chinese cooking.
The tongue is covered by a mucous membrane. There are
numerous elevations called papillae, on the tongue (refer
digestive system-tongue). The end organs for the sense of
taste are called taste buds. They are situated most densely
at the tip, sides and base of the tongue. Taste buds
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are also present in the walls of the circumvallate papillae,
on the palate, epiglottis and oropharynx.
The taste buds (Fig. 14.3) consist of collections of
receptor cells and supporting cells, together with the
sensory nerve endings. The taste bud has a pore, which
opens on the epithelial surface of the tongue. A number
of hairs project from the receptor cells into the pore.
LOCATION OF TASTE BUDS
Taste buds are present in the following regions:

 Mucous membrane of tongue
Epiglottis
Pharynx Palate.



Taste buds are present in
the walls of
circumvallate and
fungiform papillae of
tongue. The number of
taste buds decreases as
the age advances.

Previously, it was
thought that there were
special areas on the
surface of tongue for the
perception of each taste.
But it is now clear that all
are sensed from all parts
of tongue and adjacent
structures.
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Taste Pathway (Fig. 14.4)
Receptors are the taste buds. Taste sensation can be evoked only after a substance has been
dissolved in the saliva. Taste buds respond to it by production of an action potential that travels
along the taste pathway to reach the  somatosensory cortex.
•The afferent fibers from the taste buds of anterior two thirds of the tongue travel initially in the
lingual nerve (branch of trigeminal nerve), but soon leaves it and enters the chorda tympani
(branch of facial nerve). Taste from posterior one third of the tongue is carried via the
glossopharyngeal nerve, and those from epiglottis, palate and pharynx via the vagus nerve.
Ultimately, these three groups of nerve fibers unite in the gustatory portion of the nucleus of
tractus solitarius (NTS) in the medulla (refer Fig. 14.4).
The second order neurons arising from here ascend in the ipsilateral medial lemniscus to the
specific sensory nucleus of thalamus. From here, the third order neurons are projected to the
face area of the somatosensory cortex, in the ipsilateral postcentral gyrus and to the insula.
Applied Physiology

       Abnormalities of taste sensation
       1. Ageusia: It is the absence of taste sensation, due to damage of lingual nerve or
glossopharyngeal nerve. The damage can be triggered by chronic use of tobacco and certain
drugs.
       2. Dysgeusia: It is the unpleasant perception of taste
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SENSE OF HEARING
Ear is the peripheral sense organ concerned with hearing and equilibrium. The
ear is made up of three main parts called external ear, middle ear and internal ear.
The external and middle ears are concerned exclusively with hearing. The internal
ear has a cochlear part concerned with hearing and a vestibular part, which
provides information to the brain regarding the positions and movements of the
head. The main parts of the ear are shown in Figure 14.5.
Key Point:
The hearing or auditory apparatus consists of:

External ear Middle ear
Internal ear
Cochlear nerve
Auditory area of temporal lobe.

EXTERNAL EAR
The external ear consists of auricle or pinna and external acoustic meatus
(external auditory canal). The part of the ear that is seen on the surface of the





body (i.e. the part that the lay person calls the ear) is the auricle or pinna.
Leading inward from the auricle, there is a tube called external acoustic
meatus. The inner end of external acoustic meatus is closed by a thin
membranous diaphragm called tympanic membrane. This membrane
separates the external acoustic meatus from the middle ear.
Auricle (Pinna)
The auricle consists of a thin plate of elastic cartilage covered on both sides
by true skin. The skin is closely adherent to the cartilage on its lateral
surface, while it is comparatively loose on medial surface. Epithelium is
squamous keratinizing. Hair follicles, sebaceous and sweat glands are
present in the skin and adipose tissue is present only in lobule (Fig. 14.6).
•Key point :
The external auditory meatus is not a straight passage. It shows an S-
shaped bend. In order to make it straight (while examining the tympanic
membrane), the pinna should be pulled upwards and backwards in adults (in
children, pinna should be pulled downwards and backwards).



External Auditory Meatus

The external auditory meatus
is 2.5 cm long. Its outer one
third is cartilaginous and inner
two thirds is bony.
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Lateral one third is lined with skin, which contains hair follicles and ceruminous glands (modified sweat
glands). The ceruminous glands produce a waxy exudate called cerumen (wax). The medial two third is
lined with very thin skin, which is continuous with the external layer of tympanic membrane.
     Nerve Supply

Auricular branch of auriculotemporal nerve
Facial nerve
Auricular branch of vagus.
Applied Physiology
External auditory meatus is directed anteromedially; so, the tips of the stethoscope are angulated to
conform to this shape
While syringing the external auditory meatus to remove wax or foreign bodies, vagus nerve may get
stimulated,

        leading to bradycardia
Pain from the tongue (e.g. as in ulcer, cancer) may radiate to the ear along the auriculotemporal nerve.
Tympanic Membrane (Fig. 14.7)

A thin, semitransparent, pearly white, oval membrane is situated at the medial end of the external auditory
meatus. It forms a partition between external ear and middle ear. Tympanic membrane has two parts-an
upper thin part called the pars flaccida and a lower, larger part called the pars tensa (which has more fibrous
content).
The tympanic membrane shows a concavity towards the external auditory meatus with a central depression
called umbo, on the inner side of which the handle of malleus malleus is attached. From the umbo, a bright



a bright area referred to as the
'cone of light' radiates
anteroinferiorly. Tympanic
membrane moves in response
to ear vibrations. From here,
the vibrations are transmitted
by the ear ossicles through the
middle ear to the internal ear.



•
Nerve Supply

External surface is supplied by auriculotemporal nerve and auricular branch of vagus; internal surface is
supplied by tympanic branch of glossopharyngeal nerve.

Clinical Correlation
1. Perforation or rupture of tympanic membrane may result from infection, insertion of sharp objects into
the external auditory meatus in an attempt to remove wax or foreign bodies, or due to excessive pressure as
in diving. A perforation of tympanic membrane leads to conduction deafness.
2. A fracture of the base of the skull may lead to perforation of tympanic membrane and cerebrospinal fluid
(CSF) leak-known as CSF otorrhea; or it may cause bleeding from ear.
3. Myringotomy is a surgical incision made on the tympanic membrane in order to drain pus from the middle
ear. The posteroinferior quadrant is chosen because no important structures lie deep into it.
MIDDLE EAR   :
Middle ear is also called tympanic cavity or tympanum. It is a narrow, air-filled space, situated in the petrous
part of temporal bone, between the external and internal ear. It is shaped similar to a cube; the cavity is
biconcave as the medial and lateral walls lie close together at the center. Medially, the middle ear is closely
related to parts of the internal ear. It is lined with mucous membrane.
The cavity of the middle ear is continuous with that of the nasopharynx through a passage called auditory
tube or eustachian tube. Within the cavity of the middle ear, there are three small bones or ossicles-malleus,
incus and stapes. They form a chain that is attached on one side to the tympanic membrane and at the
other end, to a part of the internal ear



Parts

Middle ear can be subdivided
into the tympanic cavity proper,
which is opposite the
tympanic membrane and the
epitympanic recess or
epitympanum, which lies
above the level of tympanic
membrane (Fig. 14.8).
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Boundaries:
Middle ear has a roof, a floor, lateral, medial, anterior and posterior walls.

Roof: It is called tegmental wall, formed by tegmen tympani of petrous
part of temporal bone. This thin plate of bone separates the middle ear
from the middle cranial fossa and temporal lobe of cerebrum.
Floor or jugular wall: It is related to the bulb (swelling) of internal jugular
vein.
•Anterior or carotid wall: Upper part of anterior wall has the opening for
tensor tympani; middle part has the opening for auditory tube; lower part
is related to the carotid canal, through which internal carotid artery passes.
Posterior or mastoid wall: The tympanic cavity communicates with the
epitympanic recess through an opening in the posterior wall called aditus
(Fig. 14.9). There is a conical projection called pyramid; it has an opening
at its apex, through which the tendon of stapedius muscle emerges.
•Lateral or membranous wall: It is formed by the tympanic membrane; it
separates the middle ear from the external ear.



Medial or labyrinthine wall: It separates the
middle ear from the internal ear. It
presents the following features:

• The promontory, a rounded bulging
produced by the first turn of cochlea.
•The fenestra vestibuli (oval window) is an
oval opening, closed by the footplate of
stapes; it leads to the vestibule of the
internal ear.
•The fenestra cochlea (round window) is a
round opening, which leads to the scala
tympani of cochlea and is closed by the
secondary tympanic membrane.

Contents of Middle Ear
•Three small bones or ossicles-the malleus,
incus and stapes

•Ligaments of ear ossicles .
•Two muscles-tensor tympani and the
stapedius

••Vessels of middle ear.
•Nerves-chorda tympani and tympanic
plexus.
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Ear Ossicles (Fig. 14.10)
These three bones are situated in the middle ear. They are:

Malleus
Incus (anvil)
Stapes (stirrup).
Malleus: It resembles a hammer; it is the largest and most laterally placed ossicle. It has a handle,
which is attached to the tympanic membrane.
Incus (anvil): It resembles a premolar tooth. It has a body and a long process. The body articulates with
the head of the malleus. The tip of the long process articulates with the head of the stapes.
Stapes (stirrup): It is the smallest and most medially placed ossicle of the ear. Stapes has a foot plate,
which is oval in shape and fits into the fenestra vestibuli (oval window) of the medial wall of middle ear.

Muscles of Middle Ear
Middle ear has two muscles:

1. Tensor tympani. 2. Stapedius (Fig. 14.11).
Tensor Tympani
Tensor tympani arise from the cartilaginous part of auditory tube and from the base of the skull and is
inserted into the handle of the malleus. It tenses the tympanic membrane and reduces the amplitude of its
oscillations. Nerve supply: By mandibular nerve (a division of trigeminal nerve-V cranial nerve).
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Stapedius
Stapedius lies in a bony canal, on the posterior wall of middle ear and gets inserted into
the neck of the stapes.
Nerve supply: A branch of the facial nerve (VII cranial nerve).
Functions

They act simultaneously to damp down the intensity of high-pitched sound waves. Thus,
they help to protect the internal ear.

Clinical Correlation
Paralysis of stapedius as a result of lesion of facial nerve is associated with
hyperacusis (excessive intensity-of hearing). Hyperacusis can be defined as 'increased
or painful sensitivity to everyday sounds that would not trouble a normal person: These
patients may develop phonophobia and overprotect their ears by wearing earplugs and
earmuffs.

Auditory Tube
The auditory tube or pharyngotympanic tube or eustachian tube connects the middle ear
cavity with the nasopharynx. It is about 4 cm long. It is directed downwards, forward and
medially. The tube has two parts-bony and cartilaginous (Fig. 14.12).
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Parts
Bony part

Bony part forms the lateral one third of the tube. It
is about 1.2 cm long and lies in the petrous part of
temporal bone. Its lateral end opens on the anterior
wall of the middle ear cavity.

Cartilaginous part
Cartilaginous part forms the medial two thirds of
the tube; approximately 2.8 cm long. It is made up
of a triangular plate of cartilage, which is curled up
to form a tube.



•

The apex of this plate is attached to the medial end of the bony part. The base is free and forms
the tubal elevation in the nasopharynx. The 'tubal tonsil' is located near this opening. The
cartilaginous part is related to the mandibular nerve, otic ganglion, chorda tympani nerve and
middle meningeal artery.
Lining
t is lined by ciliated columnar epithelium. The mucosa of auditory tube is continuous with the
mucosa of nasopharynx and middle ear cavity.
Function

It forms a channel of communication of the middle ear cavity with the exterior (the
nasopharynx opens anteriorly into the nasal cavities), thus ensuring equal air pressure on both
sides of the tympanic membrane, so that the tympanic membrane can vibrate freely. The tube is
usually closed. It opens during swallowing, yawning and sneezing by the action of tensor and
levator palati.

Mastoid Antrum
Mastoid antrum is an air-containing space situated in upper part of mastoid. The mastoid consists
of honey comb of air cells, which lie underneath the bony cortex.
•Blood Supply
Middle ear is supplied by branches of external carotid artery (maxillary artery, posterior auricular
artery and ascending pharyngeal artery) and internal carotid artery (caroticotympanic branches).
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Clinical Correlation
Otitis media
Infections from the nose and throat can spread to the middle ear through the auditory tube resulting in otitis
media. The pus, which collects in the middle ear may drain into the external ear by the rupture of tympanic
membrane.
Other complications of otitis media

Infection can spread to the meninges (meningitis) by the erosion of the tegmental wall
It may erode the floor (jugular wall), causing thrombosis of internal jugular vein or sigmoid sinus

     •Pus may spread to the mastoid air cells and causemastoiditis and mastoid abscess
Otitis media is more common in children because the auditory tube is shorter, wider and straight.

INTERNAL EAR
The internal ear contains the vestibulocochlear organ, which is concerned with the reception of sound and
maintenance of balance. It is situated in the petrous part of temporal bone.
The internal ear consists of the sacs and ducts of the membranous labyrinth. This system is filled with a
fluid, the endolymph. The membranous labyrinth is suspended within the bony labyrinth. Between the bony
labyrinth and the membranous labyrinth is a clear fluid called perilymph.

Bony Labyrinth (Figs 14.13 and 14.14)
Bony labyrinth is composed of three parts: • Cochlea
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• Vestibule
Semicircular canals.

Cochlea (L-Snail Shell)
Cochlea is shell-like part of the bony labyrinth contains the cochlear duct, which is concerned with hearing.
The cochlea makes two and one-half turns around a bony core called modiolus (L-the nave of a wheel). The
modiolus is traversed by canals for nerves and blood vessels. The basal turn of the cochlea produces an
elevation, the promontory, on the medial wall of tympanic cavity. A small shelf of bone, the spiral lamina,
protrudes from the modiolus similar to the thread of a screw. The basilar membrane is attached to the spiral
lamina.
       The spiral lamina and basilar membrane divide the cochlear canal into the scala vestibuli above and the
scala tympani below. The scala vestibule communicates with the scala tympani at the apex of the cochlea
by a small opening called helicotrema (Fig. 14.15). The scala vestibuli opens into the vestibule of the bony
labyrinth. Through this opening, perilymph can be exchanged freely between the vestibule and scala
vestibuli.
    The scala tympani, is related to the tympanic cavity at the fenestra cochleae (round window), which is
closed by the secondary tympanic membrane. Both the scala vestibuli and scala tympani are filled with a
clear fluid, the perilymph (Fig. 14.16). It is similar in composition to CSF, because a narrow perilymphatic
duct connects the scala vestibuli to the subarachnoid space.
  Vestibule

The vestibule is an oval bony chamber, which is continuous anteriorly with the bony cochlea and
posteriorly, with the semicircular canals. The vestibule contains the utricle and saccule, which are parts
of the balancing apparatus.
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Semicircular Canals
The anterior, posterior and lateral semicircular canals
communicate with the vestibule of the bony labyrinth
(refer Fig. 14.14). The canals are set at right angles to
each other:

Each semicircular canal forms about two thirds of a
circle, there is a swelling at one end of each canal, the
ampulla
 The canals have only five openings into the vestibule
because the anterior and posterior canals have one
stem common to both, the crus commune (refer Fig.
14.14).
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Membranous Labyrinth
The membranous labyrinth consists of a series of sacs and ducts; situated in the cavities of the bony labyrinth. It
contains a fluid called endolymph, which differs in composition from perilymph.
    Parts

Two small communicating sacs, the utricle and saccule
are situated inside the vestibule
Three semicircular ducts in the semicircular canals
The cochlear duct in the cochlea.

       The parts of the membranous labyrinth are shown in Figure 14.15. Within each semicircular canal, the membranous
labyrinth is represented by a semicircular duct. Each duct has an ampulla at one end, containing a sensory area called
'crista ampullaris. The hair cells of the cristae are supplied by vestibular branches of vestibulocochlear nerve.
       The part of the membranous labyrinth present in the cochlea is called duct of cochlea (membranous cochlea or
scala media). The part of the membranous labyrinth that lies within the vestibule is in the form of two distinct
membranous sacs called utricle and saccule.

Utricle
   Utricle lies in the posterior part of bony vestibule and receives the five openings of the three semicircular ducts. The
utricle is connected with the saccule through the utriculosaccular duct. Its sensory epithelium, which is called macula, is
concerned with linear acceleration and deceleration.

Saccule
    The saccule lies anterior to the utricle. Its sensory epithelium, macula responds to linear acceleration and deceleration.
The saccule is connected to the cochlea through the thin reunion duct.
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Contents of Middle Ear
    the hair cells in the macula are innervated by übers of the vestibular division of
vestibulocochlear nerve. 'Motion sickness' results from prolonged stimulation of maculae
Semicircular ducts

The three semicircular ducts, which open in the utricle, correspond exactly to the three
bony canals. The ampullate end contains a thickened ridge of neuroepithelium, which

     is called crista ampullaris
Added Information
inner ear fluid
•Penlymph fills the space between bony and membranous labyrinth, while endolymph fills
the entire membranous labyrinth
Perilymph

Perilymph resembles extracellular fluid and is rich in sodium lons The aqueduct of
cochlea provides communication between scala tympani and subarachnoid space.

Endolymph
Endolymph resembles intracellular fluid and is rich in potassium ions Protein and
glucose contents are less than in perilymph
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Organ of Corti
Organ of Corti is located on the upper surface of the basilar membrane and extends from the
apex to the base of cochlea. It contains the hair cells, which are the primary receptors for
audition. There is a single row about 3,500 inner hair cells and three or four rows of outer hair
cells (about 20,000). The inner and outer hair cells are separated by the rods of Corti or the
pillar cells that are arranged similar to an arch with a tunnel in between them called tunnel of
Corti (refer Fig. 14.15).
Tunnel of Corti contains perilymph. Both sets of hairs are supported and anchored to the
basilar membrane. The inner hair cells are supported by phalangeal cells and the outer hair cells
are supported by Deiter's cells.
The tips of the hairs of the outer hair cells and not the inner hair cells are embedded in a thin
elastic membrane called tectorial membrane that covers them. The hair cells have tiny cilia on
their apex called stereocilia. They are so arranged that the height of stereocilia increases
progressively toward the outer edge (i.e. towards stria vascularis), giving a 'sloping' appearance.
Longest of these cilia is termed as kinocilium.
The processes of hair cells are embedded in endolymph and the bases of hair cells are
embedded in perilymph. The fibers of auditory division of VIII cranial nerve or the cochlear nerve
have their cell bodies in the spiral ganglion. Majority of the nerve fibers synapse with the inner
hair cells. The axons of auditory division of the VIII cranial nerve exit the inner ear via the
internal auditory meatus and terminate on dorsal and ventral cochlear nerve nuclei in the
medulla.





PHYSIOLOGY OF HEARING (Fig. 14.18)
Hearing involves three steps:
• Conduction of mechanical sound energy
(external and middle ear conductive apparatus)
⚫ Transduction of mechanical sound energy
into
electrical impulses (cochlear sensory system)
Conduction of electrical impulses to brain (CN VIII,
brainstem, thalamus and temporal lobe neural
pathways).
The sound waves reaching the ear are directed by
the pinna into the external auditory canal. When
the sound waves strike the tympanic membrane,
it vibrates. The vibrations are transmitted by the
malleus and incus to the stapes. The base of the
stapes is attached to the oval window. When the
stapes vibrates, it sets up pressure waves in the
cochlear fluid. This leads to movement of cilia of
the hair cell and basilar membrane. This produces
an action potential in the auditory nerve fiber,
which is conducted to the auditory cortex.



•
•

Auditory Pathway
When the sound waves reach internal ear, the hair cells
of organ of Corti are stimulated. Receptors for hearing
are the hair cells of the organ of Corti. Hair cells of
organ of Corti relay in the spiral ganglion. Auditory nerve
or vestibulocochlear nerve arise from the spiral ganglion
and relay in the Cochlear nuclei in medulla. Here some
fibers cross to opposite side. Crossed and uncrossed
fibers ascend upwards as lateral lemniscus and reach
inferior colliculus of midbrain. From the midbrain, fibers
reach thalamus. In the thalamus they form 'auditory
radiation which project to the auditory cortex. The
pathway for hearing can be summarized (Fig. 14.19).



•

•

•

 
THE SENSE OF VISION (SIGHT)

The eye or the organ of sight is situated in the orbital cavity of the skull and it is
well protected by its bony walls. The orbit also contains the muscles of the eye ball,
their nerves, vessels, the lacrimal gland and fat.

The Living Eye
When examined from the anterior aspect, most of the eyeball appears to be in the
orbit, but from the side, it is seen to be protruding between the eyelids (palpebral
fissure). The "white of the eye" is the anterior aspect of the sclera. The anterior,
transparent part of the eye is the cornea. At the margins, the cornea is continu ous
with the sclera. The dark, circular aperture that is seen through the cornea is the
pupil. This opening is surrounded by a circular, pigmented diaphragm, the iris. The
sclera is covered by a thin, moist, transparent mucous membrane, the bulbar
conjunctiva. It does not cover the cornea.
From the sclera, the bulbar conjunctiva is reflected onto the deep surface of the
eyelids or palpebrae,lining them, up to their margins. This is the palpebral
conjunctiva. When the eyelids are closed, the bulbar and palpebral conjunctivae
form a closed sac.



Essential Organs
Essential organs of visual apparatus are:
1. The eyeballs
2. The optic nerves
3. The visual centers in the brain (occipital lobe)
•Accessory Organs
Accessory organs for the protection and smooth functioning of the eyes are;
1. The eyebrows
2. The eyelids or palpebrae
3. The conjunctiva
4. The lacrimal apparatus
5. Muscles of the eye.
•The Eyebrows
The eyebrows are formed by skin covering the orbital processes of the frontal bone. It has thick, short hairs which prevent sweat from the
forehead from pouring into the eyes.
•The Eyelids or Palpebrae
They protect the eyes from injury and excessive light.
They help to keep the cornea moist.
The upper eyelid is larger and more mobile than thelower one. The upper eyelid partly covers the cornea.
 The eyelids are covered externally by thin skin and internally by highly vascular palpebral conjunc tiva. The palpebral conjunctiva is reflected
on to the eyeball, where it becomes continuous with the bulbar conjunctiva. Between these two are deep recesses, known as superior and
inferior conjunctival fornices.
Each eyelid is strengthened by a dense, connective tissue plate, the tarsal plate or tarsus In between the skin and tarsal plate are the fibers of
the orbicularis oculi muscle.
Embedded in the tarsal plates are numerous tarsal glands (Meibomian glands). Their oily secretion lubri cates the edges of the eyelids and
prevent them from sticking together.
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        The eyelashes (cilia) project from the margins of the eyelids. Ciliary glands are large sebaceous glands as sociated with the eyelashes
(glands of Zeis). Between the hair follicles, there are modified sweat glands of Moll.
    The two eyelids meet medially and laterally form ing medial canthus (corner of eye) and lateral canthus respectively.

The space between the two eyelids is the palpebral  fissure.
Functions of Eyelids

1. They prevent the entry of excess light
2. Protection from foreign bodies
3. By frequent blinking, tears are smeared over the cornea and conjunctiva, which prevent them from drying.

Applied Anatomy
1. Infection of the glands of the eyelids can occur following obstruction to their ducts When the ducts of the ciliary glands become

obstructed and inflamed, a painful red swelling known as "stye" develops.
Cysts of the sebaceous glands of eyelids are called chalazia.
2. Palpebral conjunctiva is commonly examined in suspected cases of anemia; normally it is red and vascular, in anemia, it is pale.
3. Infection of conjunctiva is called conjunctivitis.
4. Slanted palpebral fissures are present normally in some Asian races. They are also present in persons with Down's syndrome

(Trisomy 21) and the cri-du-chat syndrome (terminal deletion of chromosome 5).
The Lacrimal Apparatus
The lacrimal apparatus includes the parts concerned with the secretion and drainage of lacrimal fluid (tears). It is made up of the following
parts:

1. The lacrimal gland and its ducts
2. The conjunctival sac
3. Lacrimal canaliculi
4. Lacrimal sac, and
5. Nasolacrimal duct.



The Lacrimal Gland

The lacrimal gland is a serous gland; it lies
in the lar rimal fossa (on the anterolateral
wall of the roof of the orbit) and partly on
the upper eyelid. It has a larger orbital part
and a smaller palpebral part.

About 10-12 ducts pierce the conjunctiva of
the upper eyelid and open into the
conjunctival sac near the superior fornix.

          The gland is supplied by lacrimal
branch of ophthal mic artery. The
secretomctur nerve fibers come along the
facial nerve.

The Conjunctival Sac

The potential space between the palpebral
conjunctiva and bulbar conjunctiva is the
conjunctival sac The lines along which the
palpebral conjunctiva of upper and lower
eyelids is reflected onto the eyeball are
called the superior and inferior fornices
(singu lar-formix)
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Lacrimal Puncta and Canaliculi
     When the edge of the lower eyelid is everted, a small black pit can
be seen at its medial end; this is the lac rimal punctum; it is placed on
the summit of a small elevation called the lacrimal papilla. There is a
similar punctum and papilla on the upper eyelid.
    Each lacrimal canaliculus begins at the lacrimal punctum. Both
canaliculi open in the lateral wall of the lacrimal sac.

The Lacrimal Sac
   It is a membranous sac, about 12 mm long and 5 mm wide, situated
in the lacrimal groove, behind the medial palpebral ligament.
   The lacrimal sac may be regarded as the upper ex panded portion of
nasolacrimal duct. Its upper end is blind. Inflammation of lacrimal sac
is known as dacryo cystitis.
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Nasolacrimal duct It is about 1.8 cm long. It begins at the lower end of the lacrimal sac; it passes
downwards inside the bony wall of the nasal cavity to open into the inferior meatus of nose. A fold of
mucous membrane the valve of Hasner-guards the opening.
      The secretion of the lacrimal gland is called lacri mal fluid or tears. It is a slightly alkaline watery fluid
containing a small amount of sodium chloride. Tears help to keep the cornea and conjunctiva moist and
free from dust. By the frequent blinking of the eyelids, a thin film of lacrimal fluid is smeared over the cornea
and conjunctiva.
      The secretion of tears is increased by the presence of foreign bodies, inflammation of conjunctiva,
irritating fumes, emotion, pain and very bright light.
Extraocular Muscles (Fig. 18.7)
These are muscles which move the eyeball.
1. Four Recti (Rectus= straight)

a. Superior rectus
b. Inferior rectus
c. Medial rectus
d. Lateral rectus

2. Two oblique muscles
a. Superior oblique
b. Inferior oblique

3. The Levator Palpebrae Superioris.



Rectus Muscles (Fig. 18.7A)
The rectus muscles are voluntary, ribbon-shaped
muscles, which arise from a tough tendinous ring
called the common tendinous ring, which
surrounds the optic canal and the junction of
superior and inferior orbital fissures.
From their origin, these muscles run anteriorly,
close to the walls of the orbit; their position in
relation to the eyeball is indicated by their names.
They are inserted on the eyeball (on the sclera) just
posterior to the sclerocorneal junction.
The Oblique Muscles (Fig. 18.7B)
The superior oblique muscle This muscle arises
from the body of the sphenoid bone; it passes
anteriorly, superior and medial to the medial rectus
muscle. It ends in a round tendon, which passes
through a fibrocartilaginous pulley (trochlea),
which is attached to the superomedial wall of the
orbit.



       After passing through the pulley, the tendon turns posterolaterally
and inserts in to the sclera at the pos terosuperior aspect of lateral side
of eyeball.
   The inferior oblique muscle is a thin, narrow muscle that arises from
the floor of the orbit. It passes laterally (inferior to inferior rectus) and
inserts into the sclera at the posteroinferior aspect of the lateral side of
the eyeball.
•Levator Palpebrae Superioris (Muscle which Elevates the Upper Eyelid)
It takes origin from the roof of the orbit, anterior to the optic canal.
•Insertion
It is inserted partly into the skin of the upper eyelid and partly into the
tarsal plate. The part which is inserted into the tarsal plate is
involuntary; it is called the su perior tarsal muscle or Müller's muscle.
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Action
It elevates the upper eyelid. This muscle is conti nuously active, except during sleeping.
Nerve Supply of the Muscles of the Orbit
1. Lateral rectus-Abducent Nerve (VI cranial nerve)
2. Superior oblique-Trochlear Nerve (IV cranial nerve)
3. All the other muscles-Oculomotor Nerve (III cranial nerve)
4. Involuntary part of levator palpebrae superioris Fibers from cervical sympathetic trunk.
[The following "formula" is an easy memory key (LR, SO4)3. i.e. Lateral rectus by VI, superior
oblique by IV and all the others by III cranial nerves].
•The Actions of the Extraocular Muscles

 Medial rectus_adducts the eyeball
Lateral rectus_abducts
Superior rectus _Elevates, adducts and
 Inferior rectus_ depresses, adducts and rotates laterally
Inferior oblique_ Elevates medially rotated eye; abducts and rotates laterally.
 Levator palpe-brae superioris_Elevates upper eyelid.
Superior oblique_Depression, abduction, medial rotation

 



The Eyeball (Fig. 18.8)

The eyeball is situated in the
anterior part of the orbital cavity
and is almost spherical in shape.
Each eyeball is like a camera. It
has a lens, which produces im
ages of objects that we look at.
The images fall on a light-
sensitive membrane called the
retina. Cells of the retina
convert light images into
nervous impulses which pass
through the optic nerve and
other parts of the visual
pathway to reach the visual
areas of the cerebral cortex.



Structure (Table 18.1, Fig. 18.8)
a. Coverings of eyeball
b. Light transmitting media or refractive media
Fibrous Coat
The Sclera (SKLEROS = HARD)
The posterior 5/6th of the outer coat of the eyeball
consists of strong, opaque fibers and is called the
sclera. It is protective in function and helps to
maintain the shape of the eyeball. When viewed
from the front, it is that portion, which is referred to
as the "white of the eye"; in this position it is
covered by a transparent mucous membrane, the
bulbar conjunctiva.
Posteriorly, the optic nerve passes through it from
the retina. At this site, the sclera shows numerous
perforations for the passage of optic nerve fibers.
Because of its sieve-like appearance, this region is
called the lamina cribrosa.
The sclera is continuous anteriorly with the cornea
at the sclerocorneal junction or limbus. Deep to
the limbus is a circular canal called the sinus
venosus sclerae Or the canal of schlemm. The
aqueous humor drains  through this canal to
ciliary veins.



•

Posteriorly, sclera is fused with the dural sheath ofoptic nerve.
Sclera provides insertion to the extraocular muscles (the recti and oblique muscles).
     The sclera is pierced by a number of structures They are: (1) Optic nerve. (2) Ciliary nerves and
ves sels, around the optic nerve (3) 4-5 choroid veins (venae vorticosae).

The Comea
  It forms the anterior 1/6th of the external coat of the eyeball. The comea is transparent. Its
junction with the sclera is called the sclerocorneal junction or limbus.
    The cornea is more convex than sclera. It is separated from the iris by a space called the anterior
chamber of the eye; it is filled with a clear fluid, the aqueous humor.
     Cornea is innervated by branches of ophthalmic division of trigeminal nerve; it is sensitive to
pain.
 Histology (Figs 18.9A and B): Cornea consists of the following layers, from anterior to posterior:
1. Corneal epithelium-Stratified squamous nonkeratinized type; continuous with the epithelium of
conjunctiva.
2. Bowman's membrane; a homogeneous layer madeof fine fibrils.
3. The substantia propria, containing parallel collagen fibers, the transparency of the cornea is
because of the regular arrangement of collagen fibers, and because of the fact that the refractive
index of the fibers and ground substance are the same. The fibroblasts present in the substantia
propria are called keratocytes or corneal corpuscles.



4. Descemet's membrane-It is a
thin homogeneous layer.

5. The posterior surface of the
cornea is lined by a single layer
of flattened cells-the
endothelium of anterior chamber;
it is in contact with the aqueous
humor of the anterior chamber.
The cornea has no blood vessels
or lymphatics; it derives its
nutrition from (1) vessels in its
periphery, (2) by direct diffu sion
from aqueous humor.

The cornea is sometimes
described as the "window of the
eye."



•
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The Vascular Coat
This is the middle layer of the eye. It contains many blood vessels which
are derived from the ophthalmic branch of internal carotid artery. The
choroid, ciliary body and the iris together form the uveal tract. Its
inflammation is called uveitis.

The Choroid
The choroid is a thin pigmented membrane, dark brown in color, which is
situated between the sclera (externally) and retina (internally).

The Ciliary Body
The ciliary body is a circular structure continuous with the anterior part of
the choroid. It contains smooth muscle fibers-the ciliary muscle; to the
ciliary body is attached the suspensory ligament which helps to suspend
the lens in position. The ciliary muscle helps in accommodation by
adjusting the thickness of lens.



The Iris
   This is the pigmented membrane which surrounds the pupil of the eye. It arises from
the margin of the ciliary body and forms a diaphragm with a dark central open ing
(the pupil), immediately in front of the lens. The color of the eye is dependant on the
pigment in the iris.
     The space between the cornea (in front) and the lens (behind) is the anterior
segment. It is divided into 2 by the iris; the space between the cornea and iris is the
anterior chamber; the space between the iris and lens is the posterior chamber. These
two chambers communicate with each other through the pupil. They are filled with a
clear fluid, the aqueous humor.
     Muscles of iris The iris contains a well-developed ring of muscles called sphincter
pupillae, which lies near the margin of the pupil. The dilator pupillae is an ill-defined
sheet of radially arranged fibers. Both are involuntary (smooth) muscles.
    The sphincter pupillae and the ciliary muscle are supplied by parasympathetic
fibers which come from Edinger-Westphal nucleus of midbrain, oculomotor
     nerve and the ciliary ganglion. The dilator pupillae is supplied by sympathetic nerve
fibers. Contraction of dilator pupillae causes dilatation (mydriasis) of pupil.
Contraction of sphincter pupillae causes cons triction of pupil (miosis).



Nervous Coat
The Retina
   It is the innermost coat of the eyeball. It is a thin, deli cate layer, continuous
posteriorly with optic nerve. The outer surface of the retina, formed by
pigment cells is attached to the choroid. Its inner surface is in contact with
the hyaloid membrane of the vitreous.
Opposite the entrance of the optic nerve is a circular area called optic disc.
    The retina has three parts-Optic, ciliary and iridial parts. The optic part
contains nervous tissue and it is sensitive to light. It extends from the optic
disc to the posterior end of ciliary body. The thin, non-nervous, insensitive
layer that covers the ciliary body and iris called the ciliary and iridial parts of
the retina.
At the optic disc, there are no rods and cones. So. it is called the blind spot.



 
    About 3 mm lateral to the optic diso, is a depres sion called macula lutea (Due to its
yellow color The center of the macula is further depressed to form the fovea centralis
it contains cones only and is the site of maximum acuity of vision
Histology (Figs 18.10A and B)
      Retina has 10 layers, which includes the pigmented layer, layer of rods and cones,
bipolar neurons, gan glion cell layer and nerve fiber layer. The fibers of the optic nerve
begin from the ganglion layer of the retina, which converges at the optic disc. These
fibers pierce the choroid and sclera and pass backwards as the optic nerve, covered by
the 3 meninges; then through the orbit to the optic chiasma and brain.
The rods and cones are the actual receptors of light and sight. These cells contain
photosensitive pigments (Rods-rhodopsin; cones-iodopsin)
The retina is supplied by a branch of the ophthalmic artery-the central artery of retina.
It enters the eye with the optic nerve. Occlusion of this artery by thrombosis leads to
total blindness.
Retina may become partially detached from the choroid-this is called retinal
detachment. It can occur in hypertension or blunt injury to the eyeball.



The Light Transmitting Media or Refractive Media
The Aqueous Humor
      This is a clear fluid which fills the space between the comea and lens
(anterior segment of the eye). Ante rior segment is subdivided by the iris into
an anterior chamber (between cornea and iris) and a posterior chamber
(between iris and lens). Both these cham bers, filled with aqueous humor,
communicate with each other through the pupil.
        The aqueous humor is secreted into the posterior chamber by the
capillaries of ciliary processes. From here, the fluid reaches the anterior
chamber, which ultimately reaches the canal of Schlemm. Interfer ence with
the drainage of aqueous humor results in an increase of intraocular pressure
(glaucoma). This leads to atrophy of the retina, leading to blindness.
        The aqueous humor has 2 functions: (1) It helps to maintain the
intraocular pressure and thus maintain the shape of the eyeball. (2) It is rich
in ascorbic acid, glucose and amino acids and nourishes the cornea and lens.





•
 The Lens

The lens is firm, transparent and biconvex. It is
en closed in a transparent, elastic capsule.
Posterior surface of the lens is more convex than
the anterior. The suspensory ligament of the lens
retains the lens in position and its tension keeps
the anterior surface of the lens flattened. The
lens is placed immediately behind the iris and
the pupil of the eye. Its function is to focus the
light rays entering through the pupil on to the
retina.



The Vitreous Body
The vitreous body is a colorless,
transparent, jelly like substance,
which fills the posterior 4/5
(posterior seg ment) of the eye. It
helps to preserve the spherical
shape of the eyeball and to
support the retina. It is enclosed in
a delicate, homogeneous hyaloid
membrane.
Summary of the Sense of Light
(Visual Pathway Fig. 18.11)
Light rays→ cornea → aqueous
humor lens → vitre ous body→
retina → optic nerve → optic
chiasma → optic tract → lateral
geniculate body → optic radiation
→ areas 17, 18, 19 of occipital lobe
of cerebrum.


