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THE SPECIAL SENSES:

Smell, Taste, Vision, Touch, Hearing and Equilibrium

1. Olfaction (smell):

Smell receptors are bipolar neurons located in nasal epithelium in the superior portion of the nasal cavity.

To be smelled, a substance MUST be dissolved.

Olfaction has a LOW threshold, but FAST adaptation.

_________________________________________________________

OLFACTION PATHWAY:

Olfactory receptors (sensory nerve impulse)

>>> Olfactory Nerves (Cranial Nerve I)

>>> Olfactory bulbs

>>> Olfactory tracts

>>> mammillary bodies

>>> Primary Olfactory area (inferior medial surface of the temporal lobe of cerebrum)

and

>>> Limbic System (records smell memories)

_________________________________________________________

2. Gustation (taste)

Taste receptor cells are located in taste buds.

In order to be tasted, a substance MUST be dissolved in saliva.

ALL taste buds are found in papillae, but not all papillae contain taste buds.

TYPES OF PAPILLAE:

1. Circumvallate Papillae

All contain taste buds which detect BITTER.  They are large, circular and in a "V"-shaped row on the upper posterior tongue.

2. Fungiform Papillae

MOST contain taste buds.  They are mushroom-shaped and scattered over the entire surface of the tongue.  They detect SWEET and SALTY.

3. Foliate Papillae

"Folded" taste buds which detect SOUR and are located on the sides of the tongue.

4. Filiform papillae

These lack taste buds, but contain receptors for touch, temperature and pain.

Filiform papillae are pointed, threadlike, and scattered over the entire surface of the tongue.

_________________________________________________________

PRIMARY TASTES = Sweet, Sour, Salty, Bitter (umami)
_________________________________________________________

Notes:  Adults have about 10,000 taste buds.  

Children have about 40,000 taste buds.

Smell and taste are closely related.  Impaired smell = food with little or no taste.

Adaptation occurs quickly.  ONLY the FIRST bite is VERY flavorful.

_________________________________________________________

CRANIAL NERVES involved in taste:

Anterior taste buds of tongue >>> Facial Nerve (VII)

Posterior taste buds of tongue >>> Glossopharyngeal (IX)

_________________________________________________________

3. Vision

Accessory structures of the eye:

1. eyebrows

2. eyelids (palpebrae)

3. eyelashes

4. lacrimal apparatus (produce and drain tears)

5. conjunctiva (thin mucous membrane that lines the inner eyelids and anterior surface of the eyball.

6. extrinsic eye muscles

Nerve control of extrinsic eye muscles:  

Lateral rectus >>> Abducens (VI)

Superior oblique >>> Trochlear (IV)

All others >>> Oculomotor (III) 

_________________________________________________________

EYE ANATOMY

The eye has three layers:

1. fibrous tunic (outer layer)

2. vascular tunic ( middle layer)

3. nervous tunic (inner layer = retina)

1) FIBROUS TUNIC: (has two regions)

1. posterior sclera

2. anterior cornea

Note: The Canal of Schlemm is located at the junction of the sclera and cornea.

a) sclera = "white" of the eye.  A dense coat of white fibrous tissue that covers all of the eyeball except the iris.

Fx = maintain the shape of the eyeball and protects the inner parts of the eye.

b) cornea = nonvascular, transparent fibrous coat through which the iris can be seen.

Fx = refract light (cornea refracts 75% of the light entering the eye)

2) VASCULAR TUNIC

Consist of :

a) choroid

b) ciliary body

c) iris

Choroid:

Fx = absorbs light rays, preventing them from being scattered within the eyeball.

Also provides nutrients to the posterior surface of the retina.

Ciliary body:

a) ciliary processes = folds or protrusions on the internal surface of the ciliary body.

Fx = epithelial cells secrete aqueous humor.

b) ciliary muscle = smooth muscle that changes the shape of the lens for near vision.

(Accomodation = change in lens shape for near or far vision)

Lens curvature is INCREASED when focusing on a close object.

Presbyopia = loss of elasticity of the lens, usually due to aging, resulting in the inability to focus clearly on near objects.

Emmetropia = normal eye refraction (20/20 vision = eye is able to refract light rays from an object 20 feet away and focus a clear image on the retina).

Myopia = near sightedness (eyeball is too long, front to back)

Hypermetropia (hyperopia) = far sightedness (eyeball is too short, front to back)

Astigmatism = irregularities in the surface of the lens or cornea causing the image to be out of focus and producing faulty vision.

_________________________________________________________

IRIS = colored portion seen through the cornea

The iris has circular and radial smooth muscle fibers which open and close the iris to regulate the amount of light entering the posterior cavity of the eye.

Pupil = the black hole in the center of the iris through which light enters the eyeball.

_________________________________________________________

3) NERVOUS TUNIC (retina)

Lines the posterior 3/4's of the eyeball.

Primary Fx = image formation

The retina has two portions:

1. nonvisual portion = consists of pigmented epithelium which aids the choroid in absorbing stray light rays.

2. visual portion = called the neural portion which contains three zones of neurons that are named in the order in which they conduct nerve impulses.

Photoreceptor Neurons = rods or cones

RODS:

Contain a photopigment called RHODOPSIN.  Rods are specialized for black and white vision in dim light and to detect shapes and movements.

CONES:

Three types, each contain one of three different kinds of pigment (Red, Blue or Green).

Cones are specialized for color vision and sharp vision in bright light.

Cones are concentrated in the CENTRAL FOVEA, a small depression in the center of the MACULA LUTEA, which is the exact center of the posterior retina where the image is formed.

The central fovea is the area of sharpest vision because of the high concentration of cones.

Rods are absent from the fovea and macula and increase in density toward the periphery of the retina.

Colorblindness = inability to distinguish certain colors due to inherited absence or deficiency in one of the three photopigments.  Colorblindness is an X-linked, recessive genetic defect.

_________________________________________________________

LENS OF EYEBALL

Loc = behind the pupil and iris

Fx = fine tunes the focusing of light rays for clear vision

Cataract = loss of transparency of the lens.  Associated with aging, but also may be caused due to injury, exposure to UV rays, some medications, or complications of diseases such as diabetes.

_________________________________________________________

When a person looks at an object up close:

Pupils constrict

Ciliary muscle contracts

Suspensory ligaments have LESS tension

Lens becomes more convex

_________________________________________________________

When a person looks at an object that is far away:

Pupils dilate

Ciliary muscle relaxes

Suspensory ligaments have MORE tension

Lens becomes less convex

_________________________________________________________

EYEBALL INTERIOR

Large space divided into two cavities by the lens:

1. anterior cavity

2. vitreous chamber

1) anterior cavity has two subdivisions:

a) anterior chamber

loc = lies behind the cornea and in front of the iris

b) posterior chamber

loc = lies behind the iris and in front of the suspensory ligaments and lens.

The anterior cavity is filled with a watery fluid called the AQUEOUS HUMOR.  It is continually being secreted by the ciliary processes behind the iris.

The aqueous humor flows forward from the posterior through the pupil into the anterior chamber and drains into the Canal of Schlemm, and then into the blood.

Intraocular pressure (the pressure inside the eye), is produced mainly by the aqueous humor.  This pressure, along with the vitreous body, maintains the shape of the eyball and keeps the retina smoothly applied to the choroid so the retina can form clear images.

Glaucoma = excessive intraocular pressure which results in degeneration of the retina and blindness. (most common cause of blindness in the U.S.)

_________________________________________________________

2) The second and larger cavity of the eyeball is the vitreous chamber (posterior cavity).

Loc = lies between the lens and the retina and contains a gel called the vitreous body.

The vitreous body contributes to intraocular pressure and helps to prevent the eyeball from collapsing.  UNLIKE the aqueous humor, the vitreous body does NOT undergo constant replacement.

_________________________________________________________

IMAGE FORMATION

Involves:

1. refraction of light rays by the cornea and lens

2. accomodation of the lens

3. constriction of the pupil

Light rays refracted by the cornea (75%) and lens, come into focus, inverted and reversed on the retina.  This image is processed by the brain to produce a perceived image in its actual orientation.

Abnormalities are due to improper shape of the eyball or to irregularities in the surface of the lens or cornea.

Accomodation = increase in the curvature of the lens caused by ciliary muscle contraction which allows the lens to focus on NEAR objects.

To focus on far away objects, the ciliary muscle relaxes and the lens flattens.

Note: constriction of the pupil occurs simultaneously with accomodation of the lens.

_________________________________________________________

PHYSIOLOGY OF VISION

Light is absorbed by photopigments in rods and cones (photoreceptors).

Photopigments are colored proteins that undergo structural changes upon light absorption.

VISUAL PATHWAY:

1. receptor potential in rods and cones

2. causes graded potential in bipolar cells and horizontal cells

3. bipolar or amacrine cells send excitatory signals to ganglion cells

4. ganglion cells depolarize and initiate nerve impulses

5. impulse is conveyed through the retina to the optic nerve

to:

optic chiasma

>>> optic tract

>>> thalamus

>>> occipital lobes of the cortex

_________________________________________________________

AUDITORY SENSATIONS AND EQUILIBRIUM

The ear consists of:

1. external (outer) ear

2. middle ear (typanic cavity)

3. internal (inner) ear

1) External Ear:

Fx = collect soundwaves and pass them inward

Consists of:

a) auricle (pinna)

b) external auditory meatus (canal)

c) tympanic membrane (eardrum)

Ceruminous glands in the external auditory canal secrete cerumen (ear wax) to help prevent dust and foreign objects from entering the ear.

2) Middle Ear:

Small, air-filled cavity in the petrous portion of the temporal bone that is lined by epithelium.

It contains:

1. auditory (eustachian) tubes

2. auditory ossicles (malleous, incus, stapes)

3. oval window

4. round window

3) Internal Ear:

Called the labyrinth because of its complex series of canals.

Consists of two parts:

A) outer bony labyrinth

that encloses an

B) inner membranous labyrinth

A. Bony Labyrinth = a series of cavities in the petrous portion of the temporal bone.

It contains:

1) semicircular canals and vestibule (which contain receptors for equilibrium).

And 

2) the cochlea (which contains receptors for hearing)

The bony labyrinth is lined with periosteum and contains a fluid called perilymph.  This fluid is chemically similar to CSF and surrounds the membranous labyrinth.

_________________________________________________________

B. Membranous Labyrinth = a series of sacs and tubes inside the bony labyrinth.  It is lined with epithelium and contains a fluid called endolymph, which is chemically similar to intracellular fluid.

The vestibule is the oval central portion of the bony labyrinth.

The membranous labyrinth in the vestibule consists of two sacs called the UTRICLE and SACCULE.

Projecting upward and posteriorly from the vestibule are 3 bony semicircular canals, each at approximately right angles to the other two.

The anterior and posterior semicircular canals are oriented vertically.  The lateral semicircular canal is oriented horizontally.  One end of each canal enlarges into a swelling called the AMPULLA.

_________________________________________________________

COCHLEA

Loc = anterior to the vestibule

Consists of a bony spiral canal that makes almost three turns around a central bony core.

When observed in cross-section, the cochlea is divided into 3 channels separagted by a "Y"-shaped partition.

1. Scala Vestibuli* = the channel ABOVE the bony portion which ends at the oval window.

2. Scala Tympani* = the channel BELOW the bony portion which ends at the round window.

*Both contain PERILYMPH.

3. Scala Media = the third channel, located between the wings of the "Y".  Also called the cochlear duct.

The vestibular membrane separates the cochlear duct from the scala vestibuli.

The basilar membrane separates the cochlear duct fromthe scala tympani.

Resting on the basilar membrane is the spiral organ (Organ of Corti) which is the organ of hearing.

_________________________________________________________

EVENTS INVOLVED IN HEARING

1. Auricle directs sound waves into the external auditory canal.

2. Sound waves strike the tympanic membrane causing it to vibrate back and forth.

3. Vibration travels from tympanic membrane through the middle ear bones: malleous >>> incus >>> stapes.

4. The stapes moves back and forth, pushing the membrane of the oval window in and out.

5. Movement in the oval window causes fluid pressure waves in the perilymph of the scala vestibuli of the cochlea.

6. Pressure waves in the scala vestibuli are transmitted to the scala tympani and eventually to the round window causing it to bulge into the middle ear.

7.  The vestibular membrane moves back and forth with the increase and decrease of pressure of the endolymph inside the cochlear duct.

8.  This moves the basilar membrane slightly, moving the hair cells of the Organ of Corti, producing receptor potential that lead to the generation of nerve impulses in the cochlear nerve fibers.

Nerve impulses from the cochlear branch of the vestibulocochlear nerve (VIII) travel to

>>> cochlear nuclei in medulla 

>>> midbrain

>>> thalamus

>>> auditory area of temporal lobe of cerebral cortex

_________________________________________________________

EQUILIBRIUM (2 types):

1. Static Equilibrium

= maintenance of posture relative to the force of gravity (mainly the head relative to the ground).

The utricle and saccule of the membranous labyrinth are the sense organs of static equilibrium.  (They are also involved in dynamic equilibrium).  

Otoliths = particles of calcium carbonate embedded in the otolithic membrane that function in maintaining static equilibrium.

2. Dynamic Equilibrium

= maintenance of body position in response to sudden movements such as rotation or acceleration/deceleration.

The cristae in the semicircular ducts are the primary sense organs of dynamic equilibrium.

_________________________________________________________
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