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Detailed Chapter Summary
Chapter 17, Sense Organs
17.1 Receptor Types and the General Senses (p. 461)

1. Sensory receptors are cells or organs specialized to detect stimuli. They range from simple nerve endings such as pain receptors to complex sense organs such as the eye.
2. Receptors can be classified by stimulus modality into thermoreceptors, photoreceptors, chemoreceptors, nociceptors, and mechanoreceptors.
3. The senses are also classified as general (somatosensory) and special senses. The former are widespread over the body and include the senses of touch, pressure, stretch, temperature, and pain. The latter are localized in the head, involve more complex sense organs, and include vision, hearing, equilibrium, taste, and smell.
4. Receptors are classified by the origins of their stimuli as exteroceptors, which detect stimuli external to the body; interoceptors, which detect stimuli in the internal organs; and proprioceptors, which detect mechanical stimuli in the muscles, tendons, and joints.
5. Some general senses employ unencapsulated nerve endings, which are simple sensory dendrites with no connective tissue. These include free nerve endings for heat, cold, and pain; tactile discs for light touch and pressure on the skin; and hair receptors, which sense hair movements.
6. Encapsulated nerve endings are dendrites enclosed in glial or connective tissue cells. These include tactile corpuscles for light touch and pressure on the skin; end bulbs for stimulation of the oral mucosa and eye surface; bulbous corpuscles for heavier touch and pressure in the skin and joints; lamellar corpuscles deep pressure, stretch, tickle, and vibration in the skin, joints, bones, and some viscera; muscle spindles for muscle stretch; and tendon organs for tendon stretch.
7. A sensory neuron receives stimuli within an area called its receptive field. Two stimuli applied within the same receptive field stimulate a single neuron and cannot be distinguished from each other.
8. Sensory signals usually typically travel a three-neuron projection pathway from the receptor to the final destination of the sensory signal in the brain. The three neurons are called first-, second-, and third-order neurons.
9. Somatosensory signals from the head travel through the trigeminal and other cranial nerves, and those below the head travel up the spinothalamic tract and other spinal pathways to the brainstem. Most such signals pass through the thalamus en route to the cerebral cortex, but second-order proprioceptive fibers project to the cerebellum.

10. Somatosensory pathways decussate in the spinal cord or medulla oblongata and project to the cerebral hemisphere contralateral to the origin of the stimulus.
11. Pain is a sensation that occurs when nociceptors detect tissue damage or potentially injurious situations. Fast pain is a relatively quick, localized response mediated by fast myelinated nerve fibers; it may be followed by a less localized slow pain mediated by slow unmyelinated fibers. Somatic pain arises from the skin, muscles, and joints. Visceral pain arises from the viscera and is often accompanied by nausea.
12. Pain signals from the head travel by way of four cranial nerves, especially the trigeminal (CN V), to the medulla oblongata, and are relayed from there to the thalamus. Pain signals from the rest of the body travel primarily up the spinothalamic tract to the thalamus. The thalamus relays most pain signals to the postcentral gyrus of the cerebrum. Pain signals also travel by way of cranial nerves VII, IX, and X and the spinoreticular tract and gracile fasciculus, and are distributed to the reticular formation, hypothalamus, and limbic system.
13. Referred pain is the brain’s misidentification of the source of pain resulting from convergence in the sensory pathways, such as the pain of a heart attack being felt in the left arm.
14. The reticular formation issues descending analgesic fibers, which can block pain signals in the posterior horn of the spinal cord and prevent them from being transmitted to the brain; thus they have a pain-relieving effect.
17.2 The Chemical Senses (p. 466)

1. Gustation (taste) results from the action of chemicals on the taste buds, which are groups of sensory cells located on some of the lingual papillae and in the palate, pharynx, and epiglottis. 

2. Foliate, fungiform, and vallate papillae have taste buds; filiform papillae lack taste buds but sense the texture of food. Foliate papillae carry few or no taste buds after childhood. Vallate papillae bear about half of all the adult taste buds.
3. A taste bud is a lemon-shaped aggregation of taste cells, nonsensory supporting cells, and basal cells. Taste cells are not neurons but synapse with sensory dendrites at their bases. Basal cells are stem cells that replace expired taste cells.
4. The primary taste sensations are salty, sweet, sour, bitter, and umami. Flavor is a combined effect of these tastes and the texture (mouthfeel), aroma, temperature, and appearance of food. Some flavors result from the stimulation of free nerve endings of the trigeminal nerve.
5. Taste signals travel from the tongue through the facial and glossopharyngeal nerves, and from the palate, pharynx, and epiglottis through the vagus nerves. They travel to the solitary nucleus of the medulla oblongata and then by one route to the hypothalamus and amygdala, and another route to the thalamus and cerebral cortex. The primary gustatory cortex is in the insula, lower precentral gyrus, and root of the lateral sulcus.
6. Olfaction (smell) results from the action of airborne chemicals on olfactory neurons in the roof of the nasal cavity. Nerve fibers from these neurons assemble into fascicles that collectively constitute cranial nerve I (the olfactory nerve), pass through the foramina of the cribriform plate, and end in the olfactory bulbs beneath the frontal lobes of the cerebrum.
7. From the olfactory bulbs, second-order nerve fibers carry olfactory signals along olfactory tracts to the temporal lobes, from which they are relayed to the insula, orbitofrontal cortex, hippocampus, amygdala, and hypothalamus. 

8. The cerebral cortex also sends inhibitory signals back to the olfactory bulbs and can modify the perception of odors according to varying conditions such as hunger and satiety. 

17.3 The Ear (p. 470)

1. The ear is divided into three sections: the outer, middle, and inner ears. 
2. The outer ear consists of the auricle and auditory canal. The opening into the canal is called the external acoustic meatus. The canal is protected by stiff guard hairs and sticky cerumen (earwax).
3. The middle ear consists of the tympanic membrane and an air-filled tympanic cavity containing three bones (malleus, incus, and stapes) and two muscles (tensor tympani and stapedius). The tympanic cavity communicates with the pharynx via the auditory (eustachian) tube, which can open to let air pass into or out of the tympanic cavity and equalize air pressure on the two sides of the tympanic membrane.
4. The auditory ossicles transfer vibration from the tympanic membrane to the oval window of the inner ear, and the middle-ear muscles contract and dampen vibration of the ossicles to protect the ear from loud noises.
5. The inner ear consists of fluid-filled chambers and tubes (the membranous labyrinth) housed in a temporal bone maze called the bony labyrinth. The membranous labyrinth is filled with endolymph and surrounded by perilymph. 
6. Components of the membranous labyrinth include the vestibule, three semicircular ducts, and the cochlear duct.
7. The cochlea is a coiled tube that contains the cochlear duct and spiral organ. The spiral organ includes a movable basilar membrane, which supports a single row of about 3,500 inner hair cells and about 20,000 outer hair cells, arranged in three rows. The inner hair cells generate the signals we hear, and the outer hair cells tune the cochlea to improve its pitch discrimination. 

8. The cochlear duct is filled with endolymph, which bathes the hair cells and which is separated from the perilymph by a thin membranous roof, the vestibular membrane. Perilymph fills the scala vestibuli above and scala tympani below the cochlear duct.
9. Vibrations in the ear move the basilar membrane up and down. As the hair cells move with it, their stereocilia bend against the relatively stationary tectorial membrane above them. This admits K+  from the endolymph into the hair cells and triggers neurotransmitter release, which initiates a nerve signal in the associated first-order neurons.
10. These neurons are bipolar neurons whose neurosomas form the spiral ganglion of the cochlea. Their axons form the cochlear nerve.
11. The loudness of a sound determines the amplitude of basilar membrane vibration and firing frequency of the associated auditory nerve fibers. Pitch determines which regions of the basilar membrane vibrate more than others, and which auditory nerve fibers respond most strongly.
12. The cochlear nerve joins the vestibular nerve to become the vestibulocochlear nerve (CN VIII). Cochlear nerve fibers project to the cochlear nucleus of the medulla oblongata and from there to the superior olivary nucleus of the pons. That nucleus issues output to the outer hair cells of the cochlea; to the muscles of the middle ear; and to the inferior colliculi of the midbrain; and it functions in binaural hearing. The inferior colliculi function in auditory reflexes and further aid in binaural hearing. They also issue fibers to the thalamus, which relays signals to the primary auditory cortex of the temporal lobe.
13. The vestibular apparatus consists of inner-ear structures concerned with static equilibrium, the sense of the orientation of the head, and dynamic equilibrium, the sense of motion or acceleration. Acceleration can be linear (a change in straight-line velocity) or angular (a change in the speed of rotation). 
14. The saccule and utricle are chambers in the vestibule of the inner ear that respond to the tilt of the head and to linear acceleration. Each has a patch of sensory hair cells called a macula, covered with a gelatinous otolithic membrane weighted with granules called otoliths. The macula sacculi is nearly vertical and the macula utriculi is nearly horizontal. 
15. Any orientation of the head causes a combination of stimulation to the four maculae, sending signals to the brain that enable it to sense the orientation. Vertical acceleration also stimulates each macula sacculi, and horizontal acceleration stimulates each macula utriculi.
16. Each inner ear also has three membranous, fluid-filled loops, the semicircular ducts. At one end of each duct is a sac, the ampulla, containing a sensory patch of hair cells, the crista ampullaris. The stereocilia of these hair cells are embedded in a gelatinous cupula.

17. Tilting or rotation of the head moves the ducts relative to the fluid (endolymph) within, causing the fluid to push the cupula and stimulate the hair cells. The brain detects angular acceleration of the head from the combined input from the six ducts.

18. Signals from the utricle, saccule, and semicircular ducts travel the vestibular nerve, which joins the cochlear nerve to form cranial nerve VIII. Vestibular nerve fibers lead to four pairs of vestibular nuclei in the pons and medulla. 
19. Second-order fibers from these nuclei project to the cerebellum to provide information for motor control; to the nuclei of cranial nerves III, IV, and VI for control of eye movements; to the reticular formation for respiratory and circulatory adjustments to posture; to the spinal cord for muscular reflexes that maintain balance; and to the thalamus for relay to the cerebral cortex and conscious awareness of body orientation and movement.

17.4 The Eye (p. 480)

1. Vision is the perception of light emitted or reflected from objects.
2. The eyes are housed in the bony orbits of the skull. Accessory structures associated with the orbit include the eyebrows, eyelids, conjunctiva, lacrimal apparatus, and extrinsic eye muscles. 

3. The wall of the eyeball is composed of an outer fibrous layer composed of sclera and cornea; a middle vascular layer composed of choroid, ciliary body, and iris; and an inner layer composed of the retina. 
4. The optical components of the eye admit light rays, bend (refract) them, and bring them to a focus on the retina. These components include the cornea, aqueous humor, lens, and vitreous body. As light enters the eye, it is refracted mainly by the cornea, with the lens making slight adjustments in focus.
5. The neural components of the eye are the retina and optic nerve. The retina absorbs light, partially processes the visual information, and encodes the stimulus in action potentials conducted via the optic nerve to the brain. The sharpest vision occurs in a region of retina called the fovea centralis, whereas the optic disc, where the optic nerve originates, is a blind spot with no receptor cells.
6. The retina is attached only at the optic disc and at a scalloped, circular anterior border, the ora serrata. It has a posterior pigment epithelium that reduces the reflection of stray light within the eye, and a multilayered complex of receptor cells and neurons.
7. Rods are retinal receptor cells for dim light (scotopic, or night, vision). Each has an outer segment facing away from the light and an inner segment that faces the interior of the eye. The inner segment gives rise to a cell body containing the nucleus, and to processes that synapse with the first-order retinal neurons.
8. The rod outer segment contains a stack of membranous discs, each studded with molecules of the visual pigment rhodopsin. All rods have the same pigment; rods are therefore unable to distinguish one wavelength of light from another, and generate monochromatic vision.
9. Cones are similar to rods, but are shorter; their outer segment tapers to a point; and the outer segment membrane has numerous parallel infoldings rather than discs that separate from the plasma membrane. The infoldings are studded with visual pigments called photopsins. There are three different photopsins, and they differ in their absorption of wavelengths of light, so the cones provide a basis for trichromatic (color) vision. 
10. Rods and cones synapse with bipolar cells, the first-order neurons of the visual pathway. Bipolar cells, in turn, stimulate ganglion cells, the innermost neurons of the retina. Ganglion cells are the first cells in the pathway that generate action potentials; their axons form the optic nerve. 
11. Some ganglion cells contain their own sensory pigment (melanopsin) and respond directly to light rather than to input from rod and cone pathways. They do not contribute to the visual image but to such nonvisual responses to light as the pupillary reflexes and circadian rhythms.
12. Horizontal cells and amacrine cells are additional types of retinal neurons; they are involved in the perception of contrast, edges, and changes in light intensity.
13. It is not possible to obtain both high light sensitivity and high resolution with a single type of retinal (rod or cone) circuit. Rod pathways have a high degree of neural convergence than enables them to collaborate in the stimulation of bipolar and ganglion cells. Individual rods are weakly stimulated in dim light, but together they can induce firing in the optic nerve. This neural convergence, however, reduces the resolution of the rod visual system; its images are relatively coarse-grained.  
14. Cone pathways have much less neural convergence (and none in the fovea centralis, where each cone has a “private line” to the brain). This results in high-resolution (fine-grained) vision, but makes cones unable to collaborate in stimulating ganglion cells. Cones therefore cannot function in light intensities as low as rods can. This duality between rod and cone function, night and day vision, high-resolution and low-resolution vision is called the duplicity theory of vision. 
15. The optic nerves exit the orbits and converge at an X-shaped optic chiasm. Here, half of the fibers in each optic nerve cross over to the opposite side of the brain. This hemidecussation means that each cerebral hemisphere receives input from both eyes, with images in the left visual field projecting from both eyes to the right cerebral hemisphere, and images on the right visual field projecting to the left hemisphere. The two visual fields overlap extensively, however, giving humans stereoscopic vision.
16. Beyond the optic chiasm, the optic nerve fibers continue as optic tracts. Most of these nerve fibers end in the lateral geniculate nucleus of the thalamus. Here they synapse with neurons whose fibers form the optic radiation leading to the primary visual cortex of the occipital lobe.

17. Optic nerve fibers from the photosensory ganglion cells lead to the superior colliculi and pretectal nuclei of the midbrain. These midbrain nuclei control visual reflexes of the extrinsic eye muscles, pupillary reflexes, and accommodation of the lens in near vision.

17.5 Developmental and Clinical Perspectives (p. 490)

1. The inner ear begins its embryonic development as an ectodermal thickening, the otic placode, which invaginates and eventually separates from the ectoderm as an otic vesicle. The vesicle differentiates into the saccule and utricle, which soon exhibit outgrowths that become the cochlea and semicircular ducts.

2. The middle-ear cavity and auditory tube develop from an outgrowth of the first pharyngeal pouch. Mesenchyme of the first two pharyngeal arches, flanking this pouch, gives rise to the auditory ossicles and middle-ear muscles.

3. The facing margins of the first two pharyngeal arches develop six auricular hillocks, which enlarge, fuse, and become the folds of the auricle of the outer ear. The pharyngeal groove between these arches invaginates to become the auditory canal. 

4. The eye begins its development as an outgrowth of the diencephalon called the optic vesicle, a hollow sac continuous with the neural tube. The optic vesicle invaginates, like a rubber ball pushed in on one side, to form an optic cup. Its connection to the diencephalon constricts and becomes the optic stalk. The outer layer of the optic cup becomes the pigment epithelium of the retina, and the inner layer gives rise to the layers of receptor cells and retinal neurons.

5. The optic cup induces the overlying ectoderm to thicken into a lens placode, which invaginates, separates from the ectoderm, and becomes a lens vesicle, nestled within the optic cup. The vesicle fills in with cells called lens fibers.

6. The vitreous body appears as a gelatinous secretion between the optic cup and lens vesicle.

7. Mesenchyme grows around the lateral side of the optic vesicle to completely enclose the developing eye. A space opens within the lateral mesenchyme to become the anterior chamber of the eye, and the cornea develops from mesenchyme and the overlying ectoderm. The iris grows from the anterior margin of the optic cup, and the eyelids develop as folds of ectoderm with a thin mesenchymal center.

8. Some disorders of the sensory systems are described in table 17.3.
