CHAPTER 15 SENSORY, MOTOR, AND INTEGRATIVE SYSTEMS

I. SENSATION

1. GENERAL

A. Sensation - conscious or subconscious awareness of external or internal stimuli

B. Perception – conscious awareness and the interpretation of meaning of sensations
2. SENSORY MODALITIES

A. General

1. each type of sensation is called a sensory modality
2. a given sensory neuron carries information for ONE modality only

3. grouped into two classes: general senses and special senses

A. general senses

1. somatic senses

a. tactile sensations (touch, pressure, and vibration)

b. thermal sensations (warm and cold)

c. pain sensations

d. proprioceptive sensations

2. visceral senses

a. provide information about conditions within internal organs

B. special senses

1. smell, taste, vision, hearing, equilibrium or balance

C. The Process of Sensation

1. begins in a sensory receptor, which is either a specialized cell or dendrites of a sensory neuron that monitors a particular condition in the internal or external envrionment

2. stimulus is a change in the environment that can activate certain sensory receptors but responds weakly or not at all to stimuli (selectivity)

3. for a sensation to arise, the following events typically occur:

a. stimulation of the sensory receptor

b. transduction of the stimulus

c. generation of impulses

1. sensory neurons that propagate impulses from the pns into the cns are called first-order neurons
d. integration of sensory input

1. a particular region of the cns receives and integrates sensory nerve impulses

2. conscious sensations or perceptions are integrated in the cerebral cortex

3. you see, hear, feel, etc. with your brain

D. The Nature of Sensory Receptors

1. Types of Sensory Receptors

A. microscopic features

1. free nerve endings

a. bare dendrites associated with pain, thermal, tickle, itch, and some touch sensations

2. encapsulated nerve endings

a. dendrites enclosed in a connective tissue capsule, such as lamellated corpuscles

3. separate cells

a. receptors synapse with first-order neurons; located in macroscopic   structures such as the eye, ear, tongue

B. receptor location and activating stimuli

1. exteroceptors

a. located at or near body surface

b. convey visual, smell, taste, touch, pressure, vibration, thermal, pain sensations

2. interoceptors

a. located in blood vessels, visceral organs, and nervous system

b. provide information about internal envrionment

c. impulses produced usually are not consciously perceived but may be felt as pain or pressure

3. proprioceptors

a. located in muscles, tendons, joints, and inner ear

b. provide information about body position, muscle length and tension, and position and motion of joints

C. type of stimulus detected

1. mechanoreceptors

a. detect mechanical pressure or stretching

b. provide sensations of touch, pressure, vibration, proprioception, and hearing and equilibrium

2. thermoreceptors

a.  detect changes in temperature

4. nociceptors

a. respond to stimuli resulting from physical or chemical damage to tissue

b. give rise to pain

5. photoreceptors

a.  detect light that strikes the retina of the eye

6. chemoreceptors

a.  detect chemicals in the mouth, nose, and body fluids

2. Adaption in Sensory Receptors

a. adaption

1. generator potential or receptor potential decreases in amplitude during a maintained, constant stimulus

2. caused in part by a decrease in the responsiveness of a receptor

3. perception of a sensation may disappear even though the stimulus persists

4. example: stepping in a hot shower and becoming comfortable with the temperature although you weren’t at first

a. rapidly adapting (phasic) receptors

1. adapt very quickly and are specialized for signaling changes in a particular stimulus

2. pressure, touch, smell

b. slowly adapting (tonic) receptors

1. adapt slowly and continue to trigger nerve impulses

2. pain, body position, chemical composition of blood

II. SOMATIC SENSATIONS

1. GENERAL

A. somatic sensations arise from stimulation of sensory receptors embedded in the skin or subcutaneous layer; in mucous membranes of the mouth, vagina, and anus; in muscles, tendons, and joints; and in the inner ear

B. sensory receptors here are distributed unevenly

C. highest density areas – tip of tongue, lips, fingertips

D. somatic sensations that result from stimulating the skin surface are called cutaneous sensations
E. are of four modalities: tactile, thermal, pain proprioceptive

2. TACTILE SENSATIONS (touch, pressure and vibration, itch and tickle)

A. Touch

1. sensations of touch generally result from stimulation of tactile receptors in the skin or subcutaneous layer

2. crude touch – the ability to perceive that something has contacted the skin, even though its exact location, shape, size, or texture cannot be determined

3. discriminative touch – provides specific information about a touch sensation (cerebral cortex)

4. two types of rapidly adapting touch receptors:

a. corpuscles of touch (meissner corpuscles)

1. receptors for discriminative touch that are located in the dermal papillae of hairless skin (fingertips and palms)

2. account for 40% of tactile receptors in hands

3. abundant on eyelids, tip of tongue, lips, nipples, soles, clitoris, tip of penis

b. hair root plexuses

1. receptors found in hairy skin

2. detect movements on skin surface that disturb hairs

5.  two types of slowly adapting touch receptors:

a. type I cutaneous mechanoreceptors (tactile or merkel discs)

1. function in discriminative touch

2. free nerve endings that contact merkel cells of the stratum basale

3. fingertips, lips, external genitalia

4. represent 25% of tactile receptors in hands

b. type II cutaneous mechanoreceptors (ruffini corpuscles)

1. encapsulated receptors deep in dermis and in ligaments and tendons

2. account for 20% of sensory receptors in hands

3. abundant in feet

4. most sensitive to stretching that occurs as digits or limbs are moved

B. Pressure and Vibration

1. Pressure

a. sustained sensation that is felt over a larger area than is touch

b. receptors that contribute to sensations of pressure include corpuscles of touch, mechanoreceptors, lamellated corpuscles

c. lamellated or pacinian corpuscles are large oval structures composed of a connective tissue capsule, layered like an onion, that encloses a dendrite

1. around joints, tendons, and muscles; in the periosteum; and in the           mammary glands, external genitalia, certain viscera

2. vibration

a. result from rapidly repetitive sensory signals from tactile receptors

b. corpuscles of touch (detect lower-frequency vibration) and lamellated corpuscles (detect higher-frequency vibrations)

C. Itch and Tickle

1. itch 
a.  sensation results from stimulation of free nerve endings by certain chemicals, often as a result of local inflammatory response

2. tickle
a. free nerve endings and lamellated corpuscles mediate tickle

b. only sensation that you may not be able to elicit yourself

3. THERMAL SENSATIONS

A. thermorecptors

1. free nerve endings that have receptive fields

B. two distinct thermal sensations are perceived: cold and warm

1. cold receptors
a. located in the stratum basale of epidermis and are attached to myelinated a fibers

b. 50-105F activate cold receptors

2. warm receptors
a. located in the dermis and are attached to unmyelinated  c fibers

b. 90-118F activate warm receptors


C. extreme temperatures stimulate mainly nociceptors rather than thermoreceptors, producing painful sensation

D. warm and cold adapt rapidly at onset of stimulus but continue at lower frequency

4. PAIN SENSATIONS

A. General

1. serves as a protective function by signaling the presence of noxious, tissue-damaging conditions

2. subjective description and indication of location of pain may help pinpoint the underlying cause of disease

3. nociceptors
a. receptors for pain

b. are free nerve endings found in every tissue of the body except the brain

c. intense thermal, mechanical, or chemical stimuli can activate nociceptors

d. tissue irritation or injury releases chemicals that stimulate nociceptors

B. Types of Pain (fast and slow)

1. fast pain

a. occurs very rapidly after stimulus is applied

b. acute, sharp, or prickling pain (knife cut, needle puncture)

c. not felt in deeper tissues of body

2. slow pain

a. begins a second or more after a stimulus is applied and then gradually increases in intensity over a period of several seconds of minutes

b. chronic, burning, aching, throbbing pain

c. occurs in skin and deeper tissues or internal organs

3. superficial somatic pain
a. pain that arises from stimulation of receptors in the skin is called

4. deep somatic pain
a. stimulation of receptors in skeletal muscles, joints, tendons, fascia causes

5. visceral pain
a. results from stimulation of nociceptors in visceral organs

C. Localization of Pain

1. referred pain

a. instance of visceral pain, the pain is felt in or just deep to the skin that overlies the stimulated organ

2. phantom limb sensation

a. patients who have had a limb amputated may still experience sensations such as itching, pressure, tingling, or pain as if the limb were still there

CLINICAL APPLICATION

ANALGESIA
· an=without

algesia=pain

· aspirin or ibuprofen

· block formation of prostaglandins which stimulate receptors

5. PROPRIOCEPTIVE SENSATIONS

A. General

1. inform us of the degree to which muscles are contracted, the amount of tension present in tendons, the positions of joints, and the orientation of the head relative to the ground and during movement

2. kinesthesia
a. perception of body movements

3. proprioceptors(muscle spindles, tendon organs, joint kinesthetic receptors)
a. receptors for proprioception

b. adapt slowly and only slightly

c. hair cells

B. Muscle Spindles

1. specialized groups of muscle fibers interspersed among and oriented parallel to regular muscle fibers

2. consists of specialized muscle fibers called intrafusal muscle fibers, that are enclosed in a spindle-shaped connective tissue capsule

a. contract when stimulated by gamma motor neurons
3. surrounding the muscle spindle are regular skeletal muscle fibers called extrafusal muscle fibers
a. innervated by alpha motor neurons

4. sensory fibers associated with skeletal muscles are classified according to their axon diameter: I(largest), II, III, IV(smallest)

5. central area of an intrafusal fiber contains two types of slowly adapting sensory fibers:

a. type Ia sensory fiber

1.  large-diameter, rapidly conducting axon

b. type II sensory fiber

2.  whose dendrites are located on either side of the type Ia dendrites

6. either sudden or prolonged stretching of the central areas of the intrafusal muscle fibers stimulates the type Ia and type II dendrites

7. muscle spindles thus monitor changes in the length of skeletal muscles

8. stimulus for the reflex is stretching of a muscle, the reflex helps prevent injury by preventing overstretching of muscles

C. Tendon Organs

1. are proprioceptors found at the junction of a tendon and muscle

2. consists of a thin capsule of connective tissue that encloses a few collagen fibers

3. penetrating the capsule are one or more type Ib sensory fibers whose dendrites entwine among and around the collagen fibers

4. when tension is applied to a tendon, tendon organs generate nerve impulses that conduct into the cns, providing information about changes in muscle tension

D. Joint Kinesthetic Receptors

1. several types are present within and around the articular capsules of synovial joints:

a. free nerve endings and type II cutaneous mechanoreceptors (ruffini corpuscles)

b. lamellated corpuscles (pacinian)

c. articular ligaments

III. SOMATIC SENSORY PATHWAYS

1. GENERAL

a. relay information from somatic receptors to the primary somatosensory area in the cerebral cortex (post central gyrus) and to the cerebellum

b. all sensory pathways to the cerebral cortex are composed of thousands of sets of three neurons:

1. first-order neurons

a. conduct impulses from the somatic receptors into either the brain stem or spinal cord

b. face, mouth, teeth, eyes – propagate along cranial nerves into brain stem

c. neck, body, posterior aspect of head – propagate along spinal nerves into spinal cord

2. second-order neurons

a. MAY conduct impulses from the spinal cord and brain stem to the thalamus

b. Decussate in spinal cord or brain stem before ascending to thalamus

c. ALL somatic sensory information from one side of the body is conveyed to the thalamus on the opposite side

3. third-order neurons

a. MAY conduct impulses from the thalamus to the primary somatosensory area of the cortex (postcentral gyrus), where conscious perception of the sensations results

c.  somatic sensory impulses entering the spinal cord ascend to the cerebral cortex by two  general pathways: posterior column-medial lemniscus pathway and the anterolateral (spinothalamic) pathways

2. POSTERIOR COLUMN-MEDIAL LEMNISCUS PATHWAY TO THE CORTEX

a. nerve impulses for conscious proprioception and most tactile sensations ascend to the cortex along a common pathway formed by three-neuron sets

1. first-order neuron

a. extend from sensory receptors into the spinal cord and up the medulla oblongata on the same side of the body

b. cell bodies are in posterior (dorsal) root ganglia of spinal nerves

c. in spinal cord, their axons form the posterior (dorsal) columns, which consists of two portions:

1. fasciculus gracilis

a.  impulses from the trunk and lower limbs conducted here along axons arrive at the nucleus gracilis

2.  fasciculus cuneatus

a.  impulses from the neck, upper limbs, and upper chest conducted here along axons arrive at the nucleus cuneatus

2. second-order neuron

a. axon crosses to opposite side of medulla and enters the medial lemniscus, a projection tract that extends from the medulla to the thalamus

3. third-order neuron

a. in the thalamus, axon terminals MAY synapse with third-order neurons

b. which project their axons to the primary somatosensory area of the cerebral cortex

4. impulses conducted along this pathway give rise to:

a. discriminative touch

1.  ability to recognize specific information about a touch sensation plus the shape, size, and texture and to make two-point discrimination

b. stereognosis

1.  ability to recognize by feel the size, shape and texture of an object

c. proprioception

1.  awareness of the precise position of body parts

d. kinesthesia

1.  awareness of directions of movement

e. weight discrimination

1.  ability to assess the weight of an object

f. vibratory sensations
1.  ability to sense rapidly fluctuating touch

3. ANTEROLATERAL PATHWAYS TO THE CORTEX

A. anterolateral or spinothalamic pathways

1. carry mainly pain and temperature impulses

2. relay sensations of tickle and itch

B.  axon of second-order neuron crosses to opposite side of spinal cord and passes upward to the brain stem in either the:

1. lateral spinothalamic 
a.  conveys sensory impulses for pain and temperature
2. anterior spinothalamic tract
a.  conveys impulses for tickle, itch, crude touch, pressure
4. MAPPING OF THE SOMATOSENSORY CORTEX

A.  the size of the cortical area that represents a body part may expand or shrink somewhat, depending on the quantity or sensory impulses received from that body part

5. SOMATIC SENSORY PATHWAYS TO THE CEREBELLUM

A. two tracts in spinal cord that are major routes whereby proprioceptive impulses reach the cerebellum are:

1. posterior spinocerebellar tract

2. anterior spinocerebellar tract

B. posture, balance, coordination of skilled movements

CLINICAL APPLICATION

TERTIARY SYPHILIS

· std

· caused by bacteria

· progressive degeneration of posterior portions of spinal cord

IV. SOMATIC MOTOR PATHWAYS

1. GENERAL

2. MAPPING OF THE MOTOR CORTEX

3. DIRECT MOTOR PATHWAYS

4. INDIRECT MOTOR PATHWAYS

A. Roles of the Basal Ganglia

B. Roles of the Cerebellum

V. INTEGRATIVE FUNCTIONS OF THE CEREBRUM

1. GENERAL

a. a function of cerebrum: integration

b. integrative functions include: sleep and wakefulness, learning and memory, emotional responses (limbic system)

2. WAKEFULNESS AND SLEEP

A. General

1. circadian rhythm

a. sleep and awaken in a constant 24-hour cycle

b. established by the nucleus of the hypothalamus

B. The Role of the Reticular Activating System in Awakening

1. reticular activating system (RAS)

a. a portion of the reticular formation

b. stimulation of the reticular formation results in increased cortical activity

c. while active, nerve impulses pass upward to areas of cerebral cortex via thalamus

2. arousal

a. awakening from sleep

b. involves increased activity in RAS

c. for this to occur RAS must be stimulated

d. sensory stimuli that activates RAS:

1. painful stimuli detected by nociceptors

2. touch and pressure on skin

3. movement of limbs,

4. bright light

5. buzz of alarm clock

e. once activated, cerebral cortex is activated and arousal occurs

f. result is a state of wakefulness called consciousness
g. little or no input from olfactory system, so strong odors may fail to cause arousal

CLINICAL APPLICATION

COMA

· caused by damage to the RAS or other parts of the brain

· a state of deep unconsciousness from which a person cannot be aroused

· light stage -- brain stem and spinal cord reflexes persist

· deep stage -- reflexes lost

· if respiratory and cardiovascular controls are lost, the patient dies

C. Sleep

1. state of altered consciousness or partial unconsciousness from which an individual can be aroused by many different stimuli

2. normal sleep consists of two comonents:

a. (NREM) non-rapid eye movement

b. (REM) rapid eye movement

3.  LEARNING AND MEMORY

A. learning

1.  ability to acquire new knowledge or skills through instruction or experience

B. memory

1. process by which that knowledge is retained over time 

2. for an experience to become part of memory, it must produce persistent functional changes that represent the experience in the brain

3. this capability for change associated with learning is termed plasticity
4. portions of the brain involved: association cortex of frontal, parietal, occipital, temporal lobes; parts of limbic system, especially hippocampus and amygdala; diencephalon

5. occurs in stages over a period of time

6. short-term memory is temporary ability to recall a few pieces of information

7. information in short-term memory may later be transformed into a more permanent type of memory, called long-term memory, lasts days to years

8. information in long-term memory can be retrieved whenever needed

9. the reinforcement that results from the frequent retrieval of a piece of information is called memory consolidation
10. neurons grow new synaptic end bulbs (intense activity – school)
DISORDERS: HOMEOSTATIC IMBALANCES

Spinal Cord Injury

Monoplegia

· paralysis of one limb only

Diplegia

· paralysis of both upper limbs or both lower limbs

Paraplegia

· paralysis of both lower limbs

Hemiplegia

· paralysis of upper limb, trunk, lower limb on one side of body

Quadriplegia

· paralysis of all four limbs

Complete transection

· cord is severed from one side to the other

· results in loss of all sensations and voluntary movement below level of transection

Hemisection

· partial transection of cord on either right or left side

Spinal shock

· immediate response to spinal cord injury 

Areflexia

· temporary loss of reflex function below level of injury

Cerebral Palsy

· CP

· Group of motor disorders that cause loss of muscle control and coordination

Parkinson Disease

· PD

· Tremor

· Bradykinesia

· hypokinesia

MEDICAL TERMINOLOGY

ATAXIA

· Failure of muscular coordination; a common sign of cerebellar trauma or disease.  Blindfolded people with ataxia cannot touch the tip of their nose with a finger because they cannot coordinate movements with their sense of where a body part is located.  Often, speech is slurred due to a lack  of coordination of speech muscles.
HUNTINGTON'S CHOREA

· A hereditary disorder of the basal ganglia in which a person has purposeless and involuntary jerky contractions of skeletal muscles and progressive mental deterioration.  Symptoms often do not appear until age 30 or 40.
INSOMNIA

· Difficulty in falling asleep and staying asleep.
NARCOLEPSY

· A condition in which REM sleep cannot be inhibited during waking periods.  As a result, involuntary periods of sleep that last about 15 minutes occur throughout the day.

SLEEP APNEA

· A disorder in which a person repeatedly stops breathing for 10 or more seconds while sleeping.  Most often it occurs because loss of muscle tone in pharyngeal muscles allow the airway to collapse.
