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The
Special
Senses

Five senses
• touch—general senses

• smell, taste, sight, hearing—
special senses

• equilibrium—sensors housed in
ear with hearing

Special sense receptors housed in 
head—complex structures

The Eye and Vision

Structure of Eye

Protective Accessory Structures
• eyebrows—sun shield
• eyelashes—dust sweepers
• eyelids—sun screen, trash blockers

Several glands of eyelid lubricate eye

Meibomian—modified sebaceous

Ducts open at eyelid edge

Keep eyelids from sticking together

Chalazion—infection of gland

Ciliary glands—oil glands of lashes

Sty—infection of ciliary gland

• conjunctiva—moisturizes—mucus
• lacrimal apparatus—eye washer

Conjunctivitis—inflammation of
conjunctiva

Pinkeye—bacterial infection

Diplopia—double vision
Extrinsic muscles of the eye
not perfectly coordinated

Strabismus—crossed eyes

Congenital weakness of
extrinsic muscles

Extrinsic muscles—eye movement
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The Eye and Vision

Structure of Eyeball

Coats or Tunics

• sclera—fibrous 

• choroid coat—vascular 

• retina—sensory 

sclera

choroid

retina

The Eye and Vision

Retina

Pigmented layer
• prevents light scattering

Neural Layer
• photoreceptors (rods and cones)
• bipolar neurons
• ganglion cells (optic nerve)

The Eye and Vision

Retinal detachment

• retina pulls away from choroid

• light not properly focused

• loss of vision

• may be permanent damage

The Eye and Vision

Internal chambers and fluids

Posterior chamber
• behind lens
• vitreous humor
• holds retina in place
Anterior chamber
• aqueous humor
• intraocular pressure—support 
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lens
vitreous
humor

aqueous
humor

The Eye and Vision

Glaucoma
• aqueous humor overproduced

• aqueous humor not reabsorbed

• increased intraocular pressure

• damage to optic nerve (pressure)

The Eye and Vision

Lens
• biconvex, transparent, flexible
• encased in epithelium
• suspensory ligaments

• cataract—clouding of lens

Physiology of Vision

Light
• travels in straight lines
• reflects (bounces back)
• refracts (bends)

Must focus light on retina

• cornea constant—refraction 

• lens flexible—accommodation 

Physiology of Vision
Eyes “preset to focus” for distance
Far point vision—no need to 
change lens shape—20 feet

Light travels
in parallel rays
Lens
flattened—
ciliary muscle
relaxed

Physiology of Vision
Near vision
• lens accommodation
• ciliary muscle 

contracts—
lens bulges

• pupils constrict
force light 
thru lens
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• convergence—inward rotation of
eyeball for focusing

• eyestrain

Physiology of Vision Physiology of Vision

Myopia
• near-sighted
• distant objects focus in front 

of retina

Hyperopia
• far-sighted
• near objects focus behind retina

Astigmatism
• objects blurry

• irregular cornea

Physiology of Vision

Physiology of Vision

Photoreceptors
modified neurons
contain visual pigments—
photopigments
vulnerable to damage—immediately
begin to deteriorate if retina detaches
or if exposed to intense light
rods—black & white, cones—color 

Physiology of Vision

Color blindness

congenital lack of one or more
cones
more common in males (8-10%)
red-green most common
see only one color—rely on non-
visual cues
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Physiology of Vision

Visual pigments (four)

• retinal and 4 different opsins
• protein
• retinal changes shape in light
• isomerization

• cis-retinal bent—with opsin
• trans-retinal straight—detached (light)

Physiology of Vision

Photoreceptor cells depolarized in 
dark
• cyclic GMP holds sodium gates open
• release inhibitory glutamate to

bipolar cells

• light isomerizes retinal (bleaching)

• cyclic GMP required in isomerization

Physiology of Vision

When cyclic GMP unavailable, sodium
gates close
• photoreceptor cells hyperpolarize

• bipolar cells depolarize
• bipolar cells stimulate ganglion cells

In dark retinal returns to cis-retinal
• requires vitamin A

Physiology of Vision

Light adaptation

• go from dark to light
• momentarily “blinded” by light

• receptors extra sensitive to light
• massive bleaching initially
• receptors quickly adapt to light 

and reduce sensitivity

Physiology of Vision

Dark adaptation
• go from light to dark

• initially can not see—black 
• photoreceptors not very sensitive
• adapt to dimmer light—become 

more sensitive
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Nyctalopia—night blindness

Rod function impaired

Unsafe to drive at night

Vitamin A deficiency

Visual Pathway

Optic nerves merge in optic chiasma

• fibers from medial retina cross
• lateral fibers do not cross
• right field of vision—left occipital lobe

• left field of vision—right occipital lobe

• thalamus sharpens image
• cerebellum—spatial relationships

The Chemical Senses
Smell and Taste

Chemoreceptors

• Taste buds

• Olfactory epithelium

Smell

Olfactory epithelium
• patch of epithelial cells in roof of

nasal cavity
• poor location for acute sense of

smell—sniffing increases stimulation
• olfactory receptors bipolar nerves

• dendrites terminate in cilia
• mucus dissolves chemicals
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Smell
Physiology of Smell

• receptors sensitive and specific—
few molecules detected

• olfactory receptors synapse with
mitral cells (2cd order neurons)

• mitral cells refine, amplify, and
relay signal

• can distinguish 10,000 odors—
1000 smell genes Two pathways in brain

Smell

Physiology of Smell

• through thalamus to olfactory cortex
and frontal lobe—identification  

• hypothalamus, amygdala, limbic
system—emotional response to
odors 

Taste

Taste buds

• cover tongue
• supporting cells
• gustatory (receptor) cells
• gustatory hairs—taste pore

• sensory dendrites wrap taste bud
• replace every 10 days

Taste

Basic Taste Sensations

• sweet
• sour
• salty

• bitter
•umami
• no localization of taste on tongue

Taste

Physiology of Taste

• chemicals dissolve in saliva
• gustatory hairs stimulated

• fibers of glossopharyngeal and
facial nerve stimulated

• medulla, thalamus, gustatory
cortex in insula

Homeostatic Imbalances

• Taste and smell closely linked
• anosmias—without smell—damage

or blockage of olfactory epithelium
• uncinate fits—olfactory  

hallucinations (unpleasant)
• aura associated with epilepsy

• loss of taste rare—multiple nerves
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Structure of the Ear

pinna

external
auditory

canal
tympanum

ossicles

semicircular
canals

cochlea

Eustachian tube

Structure of the Ear
External Ear

• pinna—collects sound

• external auditory canal—directs
sound

• ceruminous glands—ear wax—
protection 

• tympanic membrane—eardrum—
vibrates—transmits to middle ear

Structure of the Ear

Middle Ear
• oval window—entrance to inner ear
• round window—”safety valve”
• mastoid antrum—resonance 
• ossicles—transmit  vibrations from

tympanum to inner ear
• Eustachian tube—equalize pressure
• otitis media

Structure of the Ear

Inner Ear

• bony labyrinth
• membranous labyrinth

• perilymph, endolymph
• vestibule—entrance 
• semicircular canals—balance 
• cochlea—hearing 

Mechanism of Hearing

Sound travels in waves

• frequency—closeness of peaks
pitch

• amplitude—height of waves
loudness

Sound waves vibrate tympanum,
ossicles, oval window

Mechanism of Hearing

Vibrations set up waves in perilymph
of scala vestibuli of cochlea
• cochlea coiled tube

Uncoiled
cochlea



9

Cochlea contains Organ of Corti

• basilar membrane

• hair cells

• tectorial membrane

Mechanism of Hearing Mechanism of Hearing

Mechanism of Hearing

Waves in perilymph move basilar
membrane

• hair cells brush tectorial membrane
• bending hair cells release 

neurotransmitter to nerve VIII

• transmits to temporal lobe

Auditory processing very complex

Mechanism of Hearing

Conduction deafness
• tympanum (rupture)
• ossicles (otosclerosis, otitis media)
• external auditory canal (cerumen)

Sensorineural deafness
• damage to nerve VIII or hair cells

Tinnitus—ringing 
Ménière’s syndrome—hearing, balance

Equilibrium and Orientation

Vestibular apparatus
• vestibule (saccule & utricle)
• semicircular canals
Static equilibrium—vestibule 
• hair cells
• otolithic membrane
• otoliths
• saccule and utricle
• linear acceleration

Saccule and
Utricle
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Equilibrium and Orientation

Dynamic equilibrium
• semicircular canals
• ampulla and crista

• fluid disturbs hair cells
• rotational movement

Equilibrium and Orientation

Nystagmus
• side-to-side eye movement

• response to rotation

Motion sickness
• imbalance in visual and vestibular

stimulation

Development and Aging

Taste and smell
• sharp in young (ignore odors)

• begins decline—4th decade

Vision
• start out hyperopic
• age 5—best acuity, color
• presbyopia—4th decade
• decline in visual acuity (cataracts)

Development and Aging

Hearing and balance

• infants have reflexive movements
to sound

• 4-5 months—localize and vocalize

• presbycusis


