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CONCEPT: THE BRAIN—ANATOMY AND FUNCTION
General Brain and Central Nervous System Anatomy:
● The brain—the location of most nervous system processing—has specific parts that perform specific jobs.
● Brain is divided in two _____________—called hemispheres—connected by a bunch of axons called corpus callosum.
● White matter means axons—the parts that carry APs.

● Gray matter means cell bodies—where info is processed.

● White Matter and Gray Matter have different names, depending on if they’re in the CNS or PNS.
White Matter
(Bundle of Axons)
Gray Matter
(Cluster of Cell Bodies

In the CNS:
Tract

In the PNS:
Nerve

Nucleus (pl: Nuclei)

Ganglion (pl: Ganglia)

● There are four major divisions of the brain: the cerebrum, diencephalon, brainstem, and cerebellum.
EXAMPLE: The brain, showing the four divisions of the brain.
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Cerebral Structure and Function—The Four Lobes:
● The cerebrum—aka cerebral cortex—is the location of all higher thinking, perception of sensation, and motor output.
● The four lobes of the cerebrum have specific _______________________:
□ Frontal lobe does higher thought—planning, personality, language output etc.—and voluntary motor control.
□ Parietal lobe has the somatosensory cortex, where all _____________________ sensation is perceived.
□ Temporal lobe has the auditory cortex—processes all hearing, including language comprehension.
□ Occipital lobe has the visual cortex—processes all visual information.
EXAMPLE: The four lobes of the cerebral cortex.
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Diencephalon Structure and Function:
● The diencephalon sits inside/under the cerebral cortex. It has two parts:
□ The thalamus is the “relay station” for most sensory information—comes from the body, goes to correct lobe.
□ The hypothalamus integrates information about various homeostatic variables—body temp., blood pressure,
blood pH, etc.—and initiates negative feedback loops to control them.
-Pituitary Gland, hanging off the hypothalamus, does much of this control via hormones (more later).
● The limbic system controls “emotion.” It’s a diffuse network throughout the cerebrum and the diencephalon.
EXAMPLE: The diencephalon.
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Brainstem Structure and Function:
● The brainstem is the transition from the brain to the spinal cord. It has three parts:
□ The midbrain is involved in visual and auditory ____________________.
□ The pons is a relay station between the cerebellum and cerebrum, with some important respiratory functions too.
● The medulla—the third part of the brainstem—has two functions:
□ All ascending sensory and descending motor information crosses the midline of the body at some point.
- The medulla is that location for most (but not all) of that information.
- The pyramids is the name for this crossing-over location.
□ Also controls many involuntary reflexes—blood pressure, swallowing, vomiting, breathing.
EXAMPLE: The brainstem.

The Cerebellum:
● The cerebellum controls lots of _______________ movements, especially for posture, balance and general coordination.
EXAMPLE: The cerebellum.
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PRACTICE 1: The sympathetic chain is a collection of cell bodies that runs parallel to the spinal cord in the periphery.
Which of the following accurately describes the cell bodies in the sympathetic chain?
a) Ganglia.
b) Nuclei.
c) Tracts.
d) Nerves.

PRACTICE 2: The corpus callosum is a collection of axons that connects the two hemispheres of the brain. Which of the
following accurately describes the axons in the corpus callosum?
a) Ganglion.
b) Nucleus.
c) Tract.
d) Nerve.

PRACTICE 3: A 19-year-old male driving his dad’s Corvette was trying to impress his girlfriend in the passenger seat when
he whipped around a corner too quickly, lost control, and collided with a telephone pole. When they regained
consciousness, his personality was different—he was currently angry and rude and belligerent, where before he was kind
and gentle (if a little dumb). Which part of his brain was damaged in the crash?
a) Frontal lobe.
b) Parietal lobe.
c) Temporal lobe.
d) Occipital lobe.

PRACTICE 4: A 19-year-old male driving his dad’s Corvette was trying to impress his girlfriend in the passenger seat when
he whipped around a corner too quickly, lost control, and collided with a telephone pole. When they regained
consciousness, her vision was blurry and filled with “stars.” Which part of her brain was damaged in the crash?
a) Frontal lobe.
b) Parietal lobe.
c) Temporal lobe.
d) Occipital lobe.
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PRACTICE 5: A 19-year-old male driving his dad’s Corvette was trying to impress his girlfriend in the passenger seat when
he whipped around a corner too quickly, lost control, and collided with a telephone pole. A pedestrian who jumped out of the
way (to safety) knocked his head on the ground. Afterwards, he noticed that his movements were uncoordinated—he kept
losing his balance and was having trouble making contact with objects when reaching for them. Which part of his brain was
damaged?
a) Medulla.
b) Cerebellum.
c) Limbic System.
d) Hypothalamus.
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CONCEPT: BRAIN DEVELOPMENT
● The brain develops from the neural tube (rostral part) in a human embryo
□ There are three primary brain vesicles where __________ occurs
- Prosencephalon is the forebrain
- Mesencephalon is the midbrain
- Rhombencephalon is the hindbrain
□ After 5 weeks of development, the 5 secondary brain vesicles form
- Telencephalon forms the cerebrum; developed from prosencephalon
- Diencephalon forms the thalamus, hypothalamus, and epithalamiums; developed from prosencephalon
- Mesencephalon is the midbrain
- Metencephalon forms the pons and cerebellum; developed from rhombencephalon
- Myelencephalon forms the medulla oblongata; developed from rhombencephalon
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CONCEPT: THE SPINAL CORD
General Spinal Cord Anatomy:
● Spinal Cord is a long collection of axons and cell bodies running from the base of the brain to the bottom of the back.
□ Vertebrae are the bony segments protecting the spinal cord, together making up the spinal column.
□ Regions: Cervical in the neck, thoracic in the chest, lumbar in the lower back (plus sacral in the butt).
- 8 cervical segments, 12 thoracic segments, 5 lumbar segments.
EXAMPLE: The spinal cord and its regions.
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Anatomy of a Spinal Cord Segment:
● The spinal cord has two _______________:
□ White matter, the outer layer, is a bunch of axons carrying APs to or from the brain.
□ Gray matter, the inner layer, is a bunch of cell bodies.
-“Processing” in the spinal cord happens here.
● In cross-section, the spinal cord has a butterfly shape on the inside. All of this is gray matter, but it’s divided in two.
□ The dorsal horn (dorsal=back) has cell bodies of interneurons involved in ______________________ pathways.
□ The ventral horn (ventral=front/belly) has cell bodies of _______________ neurons projecting into the periphery.
● Two nerve roots project off the spinal cord at each segment on both sides of the cord.
□ The dorsal root is a bunch of axons of sensory neurons entering the spinal cord.
-The dorsal root ganglion is the cell bodies of these sensory neurons.
□ The ventral root is the axons of motor neurons leaving the spinal cord.
EXAMPLE: Labelled spinal cord cross-section.
DORSAL
(Back)

Dorsal Root
Dorsal Root
Ganglion

Dorsal Horn
(Gray Matter)
White Matter

Ventral Horn
(Gray Matter)
Ventral Root

VENTRAL
(Belly)
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PRACTICE 1: Which of the following would be affected by damage to the dorsal root?
a) Sensation.
b) Motor output.

PRACTICE 2: A 15-year-old Pokemon trainer is struck in the back by a Rhydon using Rock Throw. As a result, he loses the
ability to move his legs. Damage to which of the following parts of his spinal cord in his lumbar region could cause this
deficit? (Choose all that apply.)
a) Ventral horn.
b) Ventral root.
c) Dorsal horn.
d) Dorsal root.
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CONCEPT: GRAY AND WHITE MATTER
● The two characteristic areas of the brain and spinal cord are they gray and white matter
□ Gray matter appears gray because of the ____________ and capillary beds of the motor and interneurons
- Contains neuronal cell bodies, astrocytes and microglia
- Cerebral cortex is sheets of gray matter that covers the cerebrum
- Cerebral nuclei are clusters of gray matter interspersed in the white matter
□ White matter appears white because of the _____________ axons (grouped as tracts)
EXAMPLE:
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CONCEPT: CRANIAL MENINGES
● Cranial meninges are connective tissue layers (3) that separate the ____________ bones from the brain
□ The 3 meningeal layers are the Dura mater, Arachnoid mater, and Pia mater
- They protect and cover the brain, spinal cord and their corresponding blood vessels
- In the spinal cord, the outermost layer is the meningeal layer of the dura mater
- Primary function is to protect the central nervous system
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1. Dura mater is the most superficial layer and is the strongest; made of dense _____________ connective tissue

□ The has two layers:
- Periosteal layer of the Dura mater is the superficial layer
- Forms the outer periosteum layer that binds to the periosteum of the internal bones of the calvaria
- Meningeal layer is the deepest layer of two layers, superior to the Arachnoid mater
□ Epidural space: a _____________________ caused by the separation of the Dura mater and the cranial bones
- Contain the blood vessels that nourish the meninges and skull bones
□ Subdural Space: a potential space between the Dura mater and the arachnoid mater as a result of trauma
- Hematomas can occur in these spaces when you have a brain injury, blood accumulates here
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□ The 2 layers of the Dura mater separate in certain places and forms:
- Cranial dural septa: Dural infoldings that extend into the cranial cavities, separating parts of the brain
- Falx cerebri is the largest and most superficial layer, separates the two cerebral hemispheres
- Tentorium cerebelli separates the inferior surface of the occipital lobes from the cerebellum
- Falx cerebelli separates the left and right cerebellum
- Diaphragma sellae is the smallest, covers the sella turcica (sphenoid bone) and pituitary gland
- Dural venous sinuses: Cranial venous channels that drain blood from the brain to the heart
- Superior sagittal sinus, inferior sagittal sinus, transverse sinus: drain blood and CSF
- Great cerebral vein + Inferior sagittal sinus = Straight sinus
- Straight sinus + Superior Sagittal sinus = Confluence of Sinuses
- Confluence of sinuses branch to form the right and left transverse sinus

EXAMPLE:
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2. Arachnoid mater: is found between the Dura and Pia mater
□ Subarachnoid space: made up of Arachnoid trabeculae, connects the Arachnoid mater to the Pia mater
- Arachnoid trabeculae: delicate strands of connective tissue, looks like a spider web
- Where the CSF is located
□ Arachnoid granulations (arachnoid villi): ____________ that enter the venous sinuses in order to drain the CSF
3. Pia Mater: the innermost layer of the cranial meninges
□ Thin, delicate areolar connective tissue that swaddles the brain, following all the curves of the brain surface
□ Encloses CSF, which helps it protect and cushion the brain
EXAMPLE:
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CONCEPT: CEREBRAL HEMISPHERES
● The cerebrum is where conscious thought process and complex intellectual functions occurs
□ The cerebrum is divided into two lobes, the right and left
- The right cerebral hemisphere controls the movement of the ___________ side of the body
- The left cerebral hemisphere controls the movement of the ___________ side of the body
□ The longitudinal fissure extends down the midline of the hemispheres
- A deep groove that completely separates the two hemispheres in most places
□ Corpus callosum is a white matter region that connects the right and left hemispheres
- Bundle of neural fibers inferior to the longitudinal fissure
- Main (but not only) communication tract between two hemispheres
EXAMPLE:
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CONCEPT: CEREBRAL LATERALIZATION
● Cerebral lateralization describes how each hemisphere is ________________ certain tasks
□ Categorical hemisphere is the left hemisphere, and is responsible for _________
- Processing analytical tasks, objective and logical thinking, language, and calculation
□ Representational hemisphere is the right hemisphere, and is responsible for ___________
- Processing creative tasks, subjective and emotional thinking, spatial reasoning
□ The two hemispheres generally receive information from and control the opposite side of the body
□ Interesting lateralization information:
- Lateralization developed around age 5
- Both hemispheres of our brains are not exactly the same
- There are slight differences in sex; males have more lateralization than females
- Handedness is correlated with lateralization patterns

EXAMPLE:
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CONCEPT: CEREBRUM LOBES
● The cerebrum is divided into four main lobes and one small lobe
□ Frontal lobe sits deep to the frontal bone; responsible for communication (verbal), and decision planning/making
- Central sulcus is the border with the parietal lobe
- Lateral sulcus separates both the frontal and parietal lobes from the temporal lobe
- Precentral gyrus is the noticeable gyrus anterior to central sulcus, area of primary motor cortex
□ Parietal lobe sits deep beneath the parietal bone; responsible for sensory function
- Parieto-occipital sulcus is the small posterior boundary, better seen medially rather than laterally
- Postcentral gyrus is the noticeable gyrus, posterior to the central sulcus
□ Temporal lobe is deep to the temporal bone; responsible for hearing and smell
□ Occipital lobe is deep to occipital bone; responsible for visual processing and storing visual memories
□ Insula is a small lobe deep to the lateral sulcus; responsible for memory and taste interpretation
EXAMPLE:
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CONCEPT: CEREBRUM CONNECTIONS
● The cerebrum white matter is organized into three tracts that connect the ____________________________
□ Association tracts connect regions of the same cerebrum hemisphere
- Arcuate (short) fibers are bundles of axons that connect adjacent gyri in same lobe
- Longitudinal (long) fasciculi are long association tracts that connect gyri in different lobes
§

These long fibers create different bundles, seen below

EXAMPLE:

Page 20

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 13 - THE NERVOUS SYSTEM II: THE CENTRAL NERVOUS SYSTEM

□ Commissural tracts connects the two different cerebrum hemispheres the structures are
- Corpus callosum: the largest commissural fiber system, essential for hemisphere communication
- Anterior commissure connects the two temporal lobes, important in _______ perception
- Posterior commissure smaller than the corpus callosum
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□ Projection tracts connect cerebrum to the inferior brain and spinal cord
- Carry brain signals from cerebrum to spinal cord
- Corona radiata continues ventrally as the internal capsule and dorsally as the centrum semiovale
- Internal capsule are groups of ascending and descending axons traveling to and from the cerebral cortex
§

Carries motor information

EXAMPLE:
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CONCEPT: CEREBRUM FUNCTIONAL AREAS
● Each region of the cerebrum has a particular sensory or motor functions
Motor Functions
□ The primary motor cortex controls motor functions in the frontal lobe
- A motor homunculus diagram displays which region controls which body part
EXAMPLE:
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□ Other important motor areas in the frontal lobe include:
- The motor speech area (broca area) regulates breathing and vocalization muscles
- The frontal eye field regulates eye movements for reading and coordinating vision of both eyes
- The premotor cortex (somatic motor association area) regulates skilled motor activities
- Ex: playing the piano, eye movement to read, etc…
EXAMPLE:
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Sensory Areas
□ The primary somatosensory cortex controls sensory information in the parietal, temporal, and occipital lobes
- A sensory homunculus diagram displays which region controls which body part
EXAMPLE:
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□ Other important motor areas in the frontal lobe include:
- The somatosensory association area in the parietal lobe interprets sensations
- Determines texture, temperature, pressure, and shape
- SIGHT: The primary visual cortex in the occipital lobe processes incoming visual information
- SIGHT: The visual association area in the occipital lobe analyzes color, movement, and shape
- SOUND: The primary auditory cortex in the temporal lobe processes incoming auditory information
- SOUND: The auditory association area in the temporal lobe analyzes sound characteristics
- Can store memories of previously heard sounds
- SMELL: The primary olfactory cortex in the temporal lobe senses smells
- TASTE: The primary gustatory cortex processes taste
EXAMPLE:
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Other Functional Regions
□ The prefrontal cortex in the frontal lobe is responsible for higher intellect
- Ex: planning the future, making decisions, personality, judgement, etc…
□ The Wernicke area in the temporal lobe is responsible for understanding and recognizing language
- Only found in the left hemisphere
□ The gnostic area (common integrative area) is in the parietal, occipital, and temporal lobes
- Responsible for integrating information from multiple senses
EXAMPLE:
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CONCEPT: CEREBRUM NUCLEI
● Cerebral nuclei (basal nuclei) are paired, gray matter masses found deep inside the central white matter
□ Purpose is to regulate and process the motor output that is brought by the ________________
- If this area becomes diseased, then the body often has irregular, involuntary, jerky movements
□ There are multiple regions of the cerebrum nuclei, each having their own specific function
- Caudate nucleus is a C-shaped region which regulate the pattern and rhythm of walking
- Claustrum is a thin strip responsible for processing subconscious visual information
- Lentiform nucleus is a triangular region made up of two sub regions
- Putamen is responsible for skeletal muscle movement control (subconscious)
- Globus pallidus is responsible for controlling skeletal muscle tone
- Amygdaloid body is responsible for emotion expression, behavior control, moods, and memory
EXAMPLE:
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CONCEPT: BRAIN VENTRICLES
Brain ventricles are cavities in the brain that are filled with cerebrospinal fluid (CSF)
□ Each ventricle houses one choroid plexus, produces the CSF
□ There are four connected ventricles
- Lateral ventricles (2) are in cerebrum, one in each _________________
- Septum pellucidum a membrane that separates the two anterior horns of the lateral ventricles
- Third ventricle is a small, thin ventricle in the middle of the diencephalon
- Interventricular foramen is an opening that connects the lateral ventricles to the third ventricle
- Cerebral aqueduct: narrow passageway that connects third and fourth ventricle, has no choroid plexus
- Fourth ventricle is in between the brain stem and the cerebellum
- Median aperture is where the CSF leaves the ventricles and enter the subarachnoid space
- The CSF also travels to the spinal cord via the central canal, which is directly connected to the fourth
□ Central canal of the spinal cord runs along the entire spinal cord allowing CSF to circulate, has not choroid plexus

EXAMPLE:
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CONCEPT: CEREBROSPINAL FLUID
● Cerebrospinal fluid (CSF) is a colorless fluid that ______________ within the ventricles and in the subarachnoid space.
□ Cerebrospinal fluid has several functions:
1. Protects the central nervous system against mechanical shocks and vibrations
2. It regulate intracranial pressure
3. It transports nutrients to and removes waste from the brain
4. Allows the brain to float, therefore prevents it from being crushed by its own weight
□ CSF is produced by the choroid plexus.
- Found in the, third and fourth ventricles and in the anterior and occipital horns of the lateral ventricle
- Are a cluster of blood vessels lines with specialized ependymal cells that filter blood plasma into CSF
□ The brain produces 500 mL of CSF per day
□ The arachnoid vili returns old CSF to blood vessels as new CSF is created; found in arachnoid mater

EXAMPLE:
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CONCEPT: BLOOD BRAIN BARRIER
● The blood brain barrier (BBB) is a group of ___________ capillaries that separate nervous tissue from blood circulation
□ The capillaries forming the BBB have three unique characteristics
1. Endothelial cells have tight junctions to prevent passage of substances
2. Thicker basement membrane
3. Wrapped in perivascular feet of astrocytes
□ Prevents certain substances entering the cerebrospinal fluid (CSF)
□ However, it’s not a perfect wall and some substances (alcohol, nicotine, etc..) can cross the barrier
□ There are certain areas that lack a BBB such as the circumventricular organs
EXAMPLE:
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CONCEPT: DIENCEPHALON: EPITHALAMUS
● The diencephalon is deep within the cerebral hemispheres
- It is made up of three structures: Epithalamus, ____________________, and Hypothalamus
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● The epithalamus is the dorsal (posterior) “roof” part of the diencephalon
□ There are several components in the posterior portion
- Pineal gland is an endocrine gland that secretes melatonin
- Melatonin regulates the _____________________________, which regulates day-night cycles
- Habenular nuclei transmits information from limbic system to midbrain
- Odor response (visceral and emotional)

EXAMPLE:
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CONCEPT: DICEPHALON: THALAMUS
● The thalamus is a gray masses consisting of two masses that lies on top of the third ventricle covering it
□ Occupies most of the _____________________
□ The interthalamic adhesion (intermediate mass) connects the two thalamic lobes
□ Each thalamus is composed of multiple thalamic nuclei organized into groups that determine function
- These groups process sensory information and send it to the correct cerebral cortex area
- Each nuclei has a specific role
- Let’s the brain know where the information came from
□ Important role in movement and _________________

EXAMPLE:
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CONCEPT: DICEPHALON: HYPOTHALAMUS
● The hypothalamus sits in the anteriorinferior part of the diencephalon, just below the thalamus
□ Composed of ____________ nuclei, each having different functions
□ Those functions are:
- Controlling the autonomic nervous system
- Regulates body temperature (thermoregulation)
- Controls food/water intake (appetite)
- Regulates sleeping cycles (circadian rhythm)
- Controls that endocrine system
- Regulates emotions through the ____________ system
□ The infundibulum is an inferior extension that connects to the pituitary gland
EXAMPLE:
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CONCEPT: BRAINSTEM: MIDBRAIN
● The brainstem connects the forebrain, cerebrum and spinal cord
□ Many cranial nerves arise from the brainstem
□ It is made up of the midbrain, the pons, and the medulla oblongata
□ Bi-directional passageway for for the tracts that run from brain to the spinal cord
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● The midbrain is the superior region of the brainstem that directly connects to the forebrain through cerebral peduncles
- Cerebral peduncles are structures on the anterior midbrain that contain bi-directional tracts
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Feature

Location and Function

Cerebral tracts (peduncles)

Anterolateral motor tracts

Superior cerebellar tracts (peduncles)

Connect cerebellum to midbrain

Medial lemniscus

Extend from medulla oblongata, travel through pons,
midbrain, ends in thalamus

Substantia nigra

Two lateral nuclei; appears black due to melanin; produce
dopamine

Tegmentum

In between substantia nigra and gray matter

-

Red nuclei

Two lateral nuclei; appears red due to blood and iron

Cerebral aqueduct

Connects third and fourth ventricles

Periaqueductal gray matter
Tectal plate

Surrounds cerebral aqueduct
Two posterior nuclei (superior and inferior colliculi) in the
tectal plate. Superior visually track objects and inferior
control head reflexes when responding to sound

Tectum

Posterior region; doral to cerebral aqueduct

□ Tectum is the posterior area that has 4 sensory colliculi that process visual and auditory sensations
- Paired Superior colliculi, a visual reflex center, receives information from the eyes and initiates a motor respond
- Paired Inferior colliculi, an auditory reflex center, receives information from ears and initiates a motor response
- Both of Superior and Inferior colliculi are collectively called the tectal plate
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CONCEPT: BRAINSTEM: PONS
● The pons is in the middle of the brainstem, anterior to the _____________ ventricle and the cerebellum
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□ It contains several characteristics
- The middle cerebellar peduncles connect the pons to the cerebellum
- The pontine respiratory center regulates breathing muscles
- The superior olivary nuclei regulates auditory input
- The cranial nerve nuclei are a collection of neurons where cranial nerves synapse
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CONCEPT: BRAINSTEM: MEDULLA OBLONGATA
● The medulla oblongata (medulla) is the most inferior part of the brainstem
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Feature

Location

Pyramids

Two longitudinal ridges; holds corticospinal tract
Point where axons inside the pyramids cross to the other
side

Decussation of the pyramids
Olivary bluge

Bulge lateral to the pyramid; the interior gray matter transmit
sensory signals to the cerebellum

Inferior cerebellar peduncles

Tracts connecting the medulla oblongata to cerebellum

Cardiac center

Nuclei that regulates heart rate and contraction

Vasomotor center

Nuclei that controls blood pressure

Medullary respiratory center

Nuclei that regulates respiration

Nucleus gracilis

Transmits sensory information (somatic) to thalamus

Nucleus cuneatus

Transmits sensory information (somatic) to thalamus

□ Contains cranial nerves nuclei: Cranial nerves (CN) that arise from there are CN 8, CN 9, CN 10, CN 11, CN 12
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CONCEPT: CEREBELLUM
● The cerebellum sits inferior to the rest of the brain and posterior to the brainstem; fine-tunes skeletal muscle movement
□ It has several important features
- Folia are the folds
- Cerebellar hemispheres (2) are left and right regions
- Made up of the anterior lobe and posterior lobe
- Primary fissure separates the two lobes
- Vermis is a narrow midline strip between left and right hemispheres; receives sensory information
EXAMPLE:
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□ Divided into three regions
- Cerebellar cortex is the outermost layer of gray matter
- Arbor vitae is the middle layer of white matter
- Deepest layer of gray matter with cerebellar nuclei
□ The cerebellum connects to the brainstem through three tracts
- Superior cerebellar peduncles connects to midbrain
- Middle cerebellar peduncles connects to pons
- Inferior cerebellar peducles connects to medulla oblongata
EXAMPLE:
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CONCEPT: LIMBIC SYSTEM
● The limbic system is a collection of brain structures found in the forebrain that come together to process emotions
□ The limbic system is located inferior to the cerebrum, on both sides of the thalamus
□ Some of the brain regions that participate in the limbic system are:
- Cingulate gyrus is located within the longitudinal fissure, superior to the corpus callosum
- Hippocampus is the nuclei superior to parahippocampal gyrus; connected to diencephalon via the fornix
- Fornix is thin white matter that connects the hippocampus to the mammillary body
- Parahippocampal gyrus region of cerebral cortical tissue in temporal lobe
- Amygdaloid body connects to hippocampus; responsible for fear and other extreme emotions
- Oflactory bulbs/tracts/cortex connects smells to emotions
- Hypothalamus: Regulates autonomic processes and is the center for the limbic system
- Other nuclei:
- Anterior thalmatic nuclei, habernular nuclei (epithalamus), septal nuclei, mammillary bodies
EXAMPLE:
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CONCEPT: RETICULAR FORMATION
● Reticular formation is a mass of grey matter that courses through the brainstem, diencephalon and ________________

□ The sensory component of the reticular formation is to:
- Signals the cerebrum about incoming information
- Reticular activating system (RAS) processes auditory, ______________ and touch stimuli
- Processes visual, auditory, and touch and can wake us up in response to a sudden or loud stimuli
□ The motor component of the reticular formation is to:
- Regulate muscle tone and communicates with the spinal cord
- Regulate autonomic motor functions
- Blood pressure, breathing, heart rate

Page 46

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 13 - THE NERVOUS SYSTEM II: THE CENTRAL NERVOUS SYSTEM

CONCEPT: THE CRANIAL NERVES
● The Cranial Nerves are a series of 12 paired nerves that branch off the _______________________.
□ These carry specific sensory information to the brain and/or motor information from the brain.
□ Most cranial nerves control parts or functions in the head, face, neck, and chest.
● Each cranial nerve has a name and a roman numeral designation.
EXAMPLE: The twelve cranial nerves, their names, types, and functions:
Number:
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII

Name:
Olfactory
Optic
Oculomotor
Trochlear
Trigeminal
Abducens
Facial
Vestibulocochlear
Glossopharyngeal
Vagus
Accessory
Hypoglossal

Type:
Sensory
Sensory
Motor
Motor
Mixed
Motor
Mixed
Sensory
Mixed
Mixed
Motor
Motor

Function:
Smell from nose
Visual from eyes
Eye movement (voluntary and reflexive)
More eye movement
Sensory from face; motor for chewing
More eye movement
Taste from tongue, motor for facial expression
Hearing and balance from ears
Touch from mouth; swallowing; salivation
The major parasympathetic output nerve (more later)
Muscles of mouth, neck, and shoulder
Tongue muscles.

Mnemonic: Oh, Oh, Oh, To Touch And Feel Very Good Velvet, Ah Happiness!

PRACTICE 1: The “H-Test” is that famous medical test where the tester holds a finger in front of the patient’s face and then
moves it in an H shape, asking the patient to track the finger’s movements by moving their eyes only. If a patient is unable
to do this properly, which cranial nerve(s) could be damaged? (Choose all that apply.)
a) CN II (Optic nerve)
b) CN III (Oculomotor nerve)
c) CN IV (Trochlear nerve)
d) CN V (Trigeminal nerve)
e) CN VI (Abducens nerve)
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PRACTICE 2: A 18-year-old football player comes off the sidelines complaining that he suffered a big hit in the head during
the last play. When you ask him to stick out his tongue, he struggles to do so—only the right half comes out, so that it looks
like he’s just moving his tongue to the left instead of sticking it out. Which of the cranial nerves was damaged in the hit?
a) CN V (Trigeminal nerve)
b) CN VII (Facial nerve)
c) CN IX (Glossopharyngeal nerve)
d) CN XII (Hypoglossal nerve)
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CONCEPT: OLFACTORY NERVE
● The olfactory nerve (CN I) is a sensory nerve that conducts olfactory (______________) sensations from nose to brain

□ Pathway and Innervation:
- Olfactory receptors innervate the olfactory epithelium (where odor triggered)
- Multiple olfactory receptors form the filaments of the olfactory nerve
- Projects up through the olfactory foramina in the cribriform plate of the ___________________ bone
- Synapses on the olfactory tract of the olfactory bulb
- Olfactory tract transmit the impulse to the central nervous system
□ If the foramina are destroyed, then a person can lose their sense of smell (anosmia)
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CONCEPT: OPTIC NERVE
● The optic nerve (CN II) is a paired sensory nerve that conducts optic (visual/sight) information from retina to brain

□ Pathway
- Nerve cells in the retina project back to the brain, forming the optic nerve
- The optic nerve enters cranium through the optic canal of the sphenoid bone
- The left and right optic nerve forms optic chiasma
- X-shaped arrangement where the left and right optic nerves unite and _______________
- The optic tract travels to thalamus (lateral geniculate nucleus) then to the occipital lobe (visual cortex)
□ Light from the right, is processed in the left portion of each eye, which then travels to the left hemisphere
□ Damage to the optic nerve causes visual defects (anopsia)
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CONCEPT: OCULOMOTOR NERVE
● The oculomotor nerve (CN III) is a motor nerve that innervates the pupil, lens, and muscles of the eye

□ Pathway and Innervation:
- Arises from the midbrain, leaving cranium through the superior orbital fissure
- Innervates extraocular muscles of the eye as well as the pupil
- The parasympathetic axons travel to ciliary ganglion before traveling to pupil
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□ Branches that innervate the extraocular muscles:
1. Superior branch (somatic)
- Levator palpebrae superioris muscle: opens the eyelid
- Superior rectus muscle: eye elevation
2. Inferior branch (somatic)
- Medial rectus muscle: adduction of the eyeball
- Inferior rectus muscle: depresses the eye
- Inferior oblique muscle: elevation and abduction of the eye.
3. Parasympathetic fibers via short ciliary nerves of ciliary ganglion
- Pupillary constrictor muscle: contracts pupils
- Ciliary muscle: accommodated lens
□ Damage to this nerve causes eyelid droop (ptosis), eye muscle paralysis, double vision (diplopia), etc…
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CONCEPT: TROCHLEAR NERVE
● The trochlear nerve (CN IV) is a motor nerve that contracts the superior oblique to cause extreme gaze downward

□ Pathway:
- Arises from posterior midbrain, leaving cranium through the superior orbital fissure à eye
□ Innervation:
- Innervates the superior oblique muscle
□ If the nerve is damaged then it can lead to double vision (diplopia) and non-parallel eyes (strabismus)
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CONCEPT: TRIGEMINAL NERVE
● The trigeminal nerve (CN V) is the largest nerve; a mixed nerve giving rise to 3 divisions

□ Pathway and Innervation:
- Pons à trigeminal ganglion in trigeminal cave, the 3 branches arise from this ganglion
1. Ophthalmic Division (V1): purely sensory
- Exists the cranium through the superior orbital fissure
- Innervates the skin of forehead, eyebrows, eyelids and nose
2. Maxillary Division (V2): purely sensory
- Exists the cranium through the foramen rotunda à pteragoid fossa à infraorbital foramen
- Innervates the lower eyelids, node, cheek, and upper lip
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3. Mandibular Division (V3): sensory and motor
- Exists the cranium through the foramen ovale into infratemple fossa
- Innervation:
- Motor: muscles of mastication
- Sensory: skin of temples, gums, teeth, salivary gland, and anterior portion of tongue
- Anterior branches are motor and involved in chewing; posterior branches are sensory (generally)
- 1 anterior branch that travels into the cheek and teeth for sensory (exception)
- 1 posterior branch that travels into the mylohyloid muscle, which is motor (exception)
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CONCEPT: ABDUCENS NERVE
● The abducens nerve (CN VI) is a motor nerve that contracts the lateral rectus for eye _______________ (looking away)

□ Pathway and Innervation
- Arises from the pons and travels through the superior orbital fissure
- Innervates the lateral rectus muscle only
□ If the nerve is damaged then it can lead to paralysis of the muscle and double vision
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CONCEPT: FACIAL NERVE
● The facial nerve (CN VII) is a mixed nerve that controls taste, facial expressions, and glands

□ Facial nerve arises at the Pons à internal acoustic meatus à geniculate ganglion à 3 branches
1. The facial nerve proper:
□ Pathway: down the facial canalà stylomastoid foramen à through the parotid gland à 5 branches
- Branches include: temporal, zygomatic, buccal, mandibular, cervical
□ Innervation:
- Motor: facial expression muscles
2. The chorda tympani nerve:
□ Pathway: tympanic membrane à exits at the petrotympanic fissure à runs with V3 à tongue and glands
□ Innervation:
- Sensory: special sensation of taste to anterior 2/3rd of tongue
- Parasympathetic: to submandibular and sublingual salivary glands to produce saliva
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3. The greater petrosal nerve:
□ Pathway: base of skull à palatine branches à runs along with V2 then V1 à lacrimal gland
□ Innervation:
- Parasympathetic: innervates the lacrimal gland to produce tears
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CONCEPT: VESTIBULOCOCHLEAR NERVE
● The vestibulocochlear nerve (CN VIII) is a special sensory nerve responsible for hearing and equilibrium

□ Pathway and Innervation:
- Arises from the cochlear and vestibular nuclei located between the pons and medulla oblongata
- Enters the internal acoustic meatus of the temporal bone, splits into two branches
- Vestibular nerve: innervates the semicircular canals, is responsible for equilibrium
- Cochlear nerve: innervates the cochlear, responsible for detecting auditory stimuli for hearing
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CONCEPT: GLOSSOPHARYNGEAL NERVE
● The glossopharyngeal nerve (CN IX) is a mixed nerve with both sensory and motor branches

□ Pathway and Innervation:
- Arises at the sensory and motor nuclei of the medulla oblongata à exists cranium through jugular foramen
- Parasympathetic branch goes through the optic ganglion and then to the _______ gland to stimulate secretion
- _________________ branch:
- Sensory: Goes to the posterior portion of tongue for taste and carotid bodies to monitor information
- Motor Branch: Goes to the pharyngeal muscles for contraction
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CONCEPT: VAGUS NERVE
● The Vagus nerve (CN X) is a large mixed nerve with both sensory and motor branches
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□ Pathway:
- Arises from medulla oblongata motor nuclei à exits the jugular foramen à extensive branching
□ Innervation:
- Sensory:
- Receives visceral information from eardrum, laryngopharynx and pharynx and visceral organs
- Motor:
- Somatic: controls pharynx and all larynx muscles
- Parasympathetic: Smooth muscle of thoracic and of abdominal organs, innervates the organs
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CONCEPT: ACCESSORY NERVE
● The accessory nerve (CN XI) is a motor nerve that innervates cervical vertebrae and neck muscles

□ Pathway:
- Spinal root: spinal cord nucleus à through the foramen magnum à merges with cranial root
- Cranial root: medulla oblongata nucleus à joins spinal root à exists cranium through jugular foramen
□ Innervation:
- Spinal root innervates sternocleidomastoid and trapezius muscles
- Cranial root divides from the spinal root to join CN X; innervates the soft palate, pharynx, vocal cord

Page 64

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 13 - THE NERVOUS SYSTEM II: THE CENTRAL NERVOUS SYSTEM

CONCEPT: HYPOGLOSSAL NERVE
● The hypoglossal nerve (CN XII) is a motor nerve that moves the tongue

□ Pathway and Innervation:
- Medulla oblongata à travels through the hypoglossal canal à inferior mandible and inferior tongue
□ Provides voluntary motor control over tongue movements
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CONCEPT: REVIEW OF CRANIAL NERVES
● There are two mnemonic devices to remember the order and classification of the 12 cranial nerves
-To remember the order: Oh, Oh, Oh To Touch And Feel Very Good Velvet, AH
- Sensory or Motor: Some Say Marry Money, But My Brother Says Big Brains Matter More
Sensory only

Motor only

Both

CN I Olfactory

CN III Oculomotor

CN V Trigeminal

CN II Optic

CN IV Trochlear

CN VII Facial

CN VIII Vestibulocochlear

CN VI Abducens

CN IX Glossopharyngeal

CN XI Accessory

CN X Vagus

CN XII Hypoglossal
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CONCEPT: SPINAL CORD AND NERVES
● The spinal cord of an adult runs from the the inferior portion of the medulla oblongata to the conus medullaris
□ The spinal cord is the structure that runs inside the ______________________
□ It looks like a slightly flattened cylindrical disk with horns of grey matter and two longitudinal depressions
- Dorsal sulcus: narrow groove
- Ventral median fissure: slightly wider groove
□ The size and shape of the spinal cord will change as we move from the cervical part to the sacral part
□ The right and left side of the spinal cord are mirrored
□ Branching out of the spinal cord are the spinal nerves that contain root ganglions and innervate the body
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□ The spinal cord is divided into five parts. These do not exactly match up with the vertebrae
- Cervical part: includes 8 (C1-C8) pairs of cervical spinal nerves, contains cervical enlargement
- A greater number of neurons in the inferior cervical spinal cord, innervating upper limbs
- Thoracic part: includes 12 (T1-T12) pairs of thoracic spinal nerves
- Lumbar part: includes 5 (L1-L5) pairs of lumbar spinal nerves, contains lumbosacral enlargement
- A greater number of neurons in the mid-lumbar spinal cord, innervating lower limbs
- Sacral part: includes 5 (S1-S5) pairs of sacral spinal nerves
- Coccygeal part: includes 1 pair of coccygeal spinal nerves
□ Inferior from the______________________________, the spinal nerves are called the cauda equine
- House the filum terminale inside
□ It is part of peripheral nervous system, carries info between the CNS and periphery
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CONCEPT: SPINAL CORD PROTECTION
● Spinal cord meninges are protective membranes that surround the spinal cord
□ Are a continuation of the cranial meninges, from superficial to deep:
- Dura mater only has one layer, the meningeal layer and is made up of dense irregular connective tissue
- Provides __________________ to the spinal cord
- Epidural space it is the space between the walls of vertebrae and the dura mater
- Subdural space it is the space between dura mater and arachnoid mater
- Arachnoid mater is a connective tissue later (elastic and collagen fibers) that sits on top of pia mater
- Subarachnoid space is an area under the arachnoid mater, where cerebrospinal fluid circulates
- Pia mater is a delicate meningeal layer composed of connective tissue, that directly attaches to spinal cord
- Supports blood vessels
- Has paired lateral triangular extension called Denticulate ligaments
- Attaches to arachnoid and dura mater in order to laterally stabilize the spinal cord
- Named after their tooth-like appearance
- Becomes the filum terminale which _____________ the spinal cord to the coccyx
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CONCEPT: DETAILED GRAY AND WHITE MATTER ANATOMY
● The spinal cord has both gray and white matter
Gray Matter
● The gray matter is found at the center of the spinal cord, shaped like a butterfly
□ It has four divisions:
- Anterior horn: bilateral, anterior masses of gray matter
- Holds the cell bodies of somatic motor neurons that innervate skeletal muscle
- Lateral horn: bilaterally located only in T1-L2 of the spinal cord region
- Holds cell bodies of autonomic motor neurons that innervate glands, cardiac muscle, and smooth muscle
- Posterior Horn: bilateral, posterior masses of gray matter
- Holds axons of sensory neurons and cell bodies of interneurons
- Gray commissure: horizontal, thin strip of grey matter that surrounds the central canal
- Holds ____________________ axons
- The pathway of communication between the right side and left side of the grey matter
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□ Each of these division have nuclei, which are groups of neuron cell bodies with a specific purpose
- Sensory nuclei are found in the posterior horn
- Somatic sensory nuclei receive info from sensory receptors
- Visceral sensory nuclei receive info from blood vessels and viscera
- Motor nuclei are found in the __________________ and lateral horns
- Somatic motor nuclei innervate skeletal muscle (anterior horn)
- Autonomic motor nuclei innervate smoot muscle, cardiac muscle, glands (lateral horn)
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White matter
● The white matter of the spinal cord surrounds the centrally located gray matter
□ Composed of __________axons that travel the spinal cord, up to the brain (sensory) and down to the body (motor)
□ Those nerve axons that run inside the spinal cord are arranged in bundles known as fasciculi
□ When many fasciculi come together it forms a funiculus, each side of the spinal cord are divided into 3 funiculi:
- Posterior funiculus: sits between the posterior gray horns; has only sensory tracts
- Lateral funiculus: sits lateral to the lateral horn; has both sensory and motor tracts
- Anterior funiculus: sit anterior to the anterior; has both sensory and motor tracts
□ Anterior white commissure is a decussation of axons, connects left and right white matter

EXAMPLE:
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CONCEPT: THE SPINAL NERVES—DERMATOMES AND MYOTOMES
The Spinal Nerves:
● Recall that the spinal cord is divided into segments—cervical, thoracic, and lumbar—with spinal nerves leaving the spinal
cord at each segment.
● There are ___________ spinal nerve roots per side and per segment.
□ Dorsal root is axons of sensory neurons with their cell bodies in the dorsal root ganglion.
□ Ventral root is axons of motor neurons with their cell bodies in the ventral horn.

EXAMPLE: The dorsal and ventral roots and a sample neuron in each.

Dorsal Root
Dorsal Root
Ganglion

Dorsal Horn

Ventral Horn

Ventral Root
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Dermatomes and Myotomes:
● The dorsal root of each spinal segment receives sensory information from a specific, predictable part of the body.
□ A spinal segment’s dermatome is the region of the body that sends that segment sensory information.
● The ventral root of each spinal segment sends motor information to a specific, predictable part of the body.
□ A spinal segment’s myotome is the group of muscles that receives motor commands from that segment.
EXAMPLE: A map of dermatomes and an example of myotomes in the arm.
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CONCEPT: SPINAL TRACTS—INTRODUCTION TO ASCENDING AND DESCENDING PATHWAYS
General Information about Spinal Tracts:
● The white matter (outer layer) of the spinal cord is made of axons carrying sensory or motor information.
● Different types of sensory and motor information are carried in _____________________ parts of the spinal cord.
□ Ascending tracts (or pathways)= all the tracts carrying sensory information from the periphery to the brain.
□ Descending tracts (or pathways)= all the tracts carrying motor information from the brain to the periphery.
The Ascending Tracts:
● There are two major ascending (sensory) pathways:
□ Dorsal Columns carry touch, pressure, and vibration information.
□ Spinothalamic Tracts (aka anterolateral tracts) carry pain and temperature information.
EXAMPLE: The rough locations of the dorsal columns and spinothalamic tracts in a spinal cord cross-section.

Dorsal
Column

Anterolateral
(Spinothalamic)
Tract

Dorsal
Column

Anterolateral
(Spinothalamic)
Tract
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The Descending Tracts:
● There are two major descending (motor) pathways:
□ Lateral Corticospinal tracts (aka dorsolateral tracts) carry motor information to the limbs.
-Important for fine resolution movements—hands and fingers, walking and running, etc.
□ Ventromedial tracts carry motor information to the trunk and back—the postural muscles.
EXAMPLE: The rough locations of the lateral corticospinal and ventromedial tracts in a spinal cord cross-section.

Corticospinal
Tract

Corticospinal
Tract

Ventromedial
Tracts
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Decussation:
● Recall that the left side of the brain controls the right side of the body, and vice-versa.
□ True for sensory and motor information.
● Decussate= to cross the __________________ of the body, from one side to the other.
□ All pathways—all sensory and motor information—decussate somewhere along the way.
● Some anatomical vocabulary:
□ Ipsilateral= ”on the same side as…”
□ Contralateral= ”on the opposite side as…”
The Ascending (Sensory) Pathways:
● In dorsal columns, information ascends in spinal cord ipsilateral to stimulated body part and decussates in the medulla.
EXAMPLE: The pathway and location of decussation for information carried in the dorsal column.
ASCENDING PATHWAY:
DORSAL COLUMN
Thalamus
Medulla

{Pressure/Vibration Stimulus}
R

L

● In spinothalamic tract, info. decussates immediately in spinal cord, then ascends contralateral to stimulated body part.
EXAMPLE: The pathway and location of decussation for information carried in the spinothalamic tract.
ASCENDING PATHWAY:
SPINOTHALAMIC TRACT
Thalamus
Medulla

{Pain/Temperature Stimulus}
R

L
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The Descending (Motor) Pathways:
● (Recall that motor commands originate in the contralateral primary motor cortex.)
● In the corticospinal tract, motor commands originating in the motor cortex decussate in the medulla and descend in the
spinal cord, contralateral to original motor cortex and ipsilateral to target body part.
● The ventromedial tract is complicated and crazy—some neurons/pathways decussate, others don’t.
EXAMPLE: The pathway and location of decussation for information carried in the corticospinal tract.

DESCENDING PATHWAY:
CORTICOSPINAL TRACT
Motor Cortex

"Move my
left hand."

Medulla

R

L
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PRACTICE 1: The anterior spinal artery supplies the ventral half of the spinal cord. If the anterior spinal artery ruptures and
causes the death of the ventral half of the spinal cord, which of the following functions would be lost? (Assume only the
tracts—not the gray matter—are damaged and choose all that apply.)
a) Motor output to the arms and legs.
b) Motor output to the trunk.
c) Pain and temperature sensation.
d) Fine touch, vibration, proprioception sensation.

PRACTICE 2: In Chris Nolan’s 2012 film The Dark Knight Rises, the villain Bane “breaks The Bat;” that is, Bane raises
Batman overhead and then drops him over his knee, severely damaging his spine and spinal cord. After this fight, Batman
can no longer feel fine touch or vibration in his right hand or right leg. Which of the following parts of Batman’s spinal cord
was damaged by Bane’s knee?
a) Right spinothalamic tract in cervical region.
b) Left spinothalamic tract in cervical region.
c) Right spinothalamic tract in lumbar region.
d) Left spinothalamic tract in lumbar region.
e) Right dorsal column in cervical region.
f) Left dorsal column in cervical region.
g) Right dorsal column in lumbar region.
h) Left dorsal column in lumbar region.
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PRACTICE 3: In Chris Nolan’s 2012 film The Dark Knight Rises, the villain Bane “breaks The Bat;” that is, Bane raises
Batman overhead and then drops him over his knee, severely damaging his spine and spinal cord. After this fight, Batman
can no longer feel pain or temperature in his left leg. His left hand is normal. Which of the following parts of Batman’s spinal
cord was damaged by Bane’s knee?
a) Right spinothalamic tract in cervical region.
b) Left spinothalamic tract in cervical region.
c) Right spinothalamic tract in lumbar region.
d) Left spinothalamic tract in lumbar region.
e) Right dorsal column in cervical region.
f) Left dorsal column in cervical region.
g) Right dorsal column in lumbar region.
h) Left dorsal column in lumbar region.

PRACTICE 4: A 65-year-old women presents to the emergency room with an inability to move her right hand and right leg.
Which of the following could be the location of the damage causing this deficit? (Choose all that apply.)
a) Left primary motor cortex.
b) Right primary motor cortex.
c) Left lateral corticospinal tract in the cervical region.
d) Right lateral corticospinal tract in the cervical region.
e) Left lateral corticospinal tract in the lumbar region.
f) Right lateral corticospinal tract in the lumbar region.
g) Left ventromedial tract in the cervical region.
h) Right ventromedial tract in the cervical region.
i)

Left ventromedial tract in the lumbar region.

j)

Right ventromedial tract in the lumbar region.
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CONCEPT: ASCENDING SENSORY PATHWAYS
● Sensory pathways (ascending tracts) are the sensory pathways from receptors to the brain
□ There are two main sensory pathways:
- Somatosensory pathways convey information from skin, muscles, and joints
- Viscerosensory pathways convey information from viscera (internal organs)
□ To convey information these pathways use two or three neurons
- Primary neuron: cell body sits in _______________ root ganglion of a spinal nerve à secondary neuron
- Secondary neuron: an interneuron that travels from primary neuron to either tertiary neuron or cerebellum
- Tertiary neuron: an interneuron that travels from secondary neuron to the cerebrum
EXAMPLE:
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● In the somatosensory pathways there are three major pathways
1. Dorsal Column-medial lemniscal pathway
□ Sensory receptors perceive proprioception, skin touch, pressure, & vibration à dorsal root ganglion
□ Dorsal root ganglion houses cell bodies of the primary neurons, the axons extend to the dorsal column
- Upper limb axon à Gracile fasciculus à Gracile nucleus (medulla); synapse with second neuron
- Lower limb axon à Cuneate fasciculus à Cuneate nucleus (medulla); synapse with second neuron
□ Axons from the second nucleus exit the medulla oblongata and decussate becoming the medial lemniscus
□ Medial lemniscus synapse with the ventral posterolateral nucleus in thalamus
- Sends projections to postcentral gyrus
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2. Spinothalamic pathway (Anterolateral pathway)
□ Sensory receptors perceive pain, crude touch, and pressure à dorsal root ganglion
□ Dorsal root ganglion houses cell bodies of the primary neurons, the axons then extend to the posterior horn
□ From the posterior horn, the second nucleus axons decussate at the anterior white commissure
□ Those axons then synapse with the cell bodies of the tertiary neuron of the thalamus
□ Axons from the tertiary neuron transmit the signal to the primary somatosensory cortex in postcentral gyrus
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3. Spinocerebellar pathway
□ Sensory information receives proprioceptive informationà enters the right and left dorsal root ganglions
□ The axons of the dorsal root ganglion synapse on secondary neuron of the posterior horn of the spinal cord
□ Some axons of the left posterior gray horn decussate and joins the right posterior gray horn
□ The posterior and anterior spinocerebellar tract ascends to the pons à cerebellum
EXAMPLE:
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CONCEPT: DESCENDING MOTOR PATHWAYS
● Motor pathways (descending tracts) are motor pathways from the brain
□ To convey information these pathways use 2 neurons
- Upper motor neuron is either in the cerebral cortex, cerebral nuclei, or brainstem nucleus
- Lower motor neuron are in the anterior horn of the spinal cord or inside the cranial nerves nuclei
□ There are two main pathways
- The direct pathway (pyramidal pathway) _______________ controls skeletal muscle
- The indirect pathway subconsciously (reflexively) controls skeletal muscles
EXAMPLE:
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● There are several direct pathways
1. Corticobulbar tracts
□ These tracts do not pass through the spinal cord and they involve cranial nerves not spinal nerves
□ Primary motor cortex à brainstem à synapse with lower motor neurons à branch into cranial nerves
EXAMPLE:
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2. Corticospinal tracts
□ Primary motor cortex - cerebrum (precentral gyrus) à medulla oblongata à spinal cord à anterior horn
- From the medulla, 85% decussate (lateral), and 15% do not decussate (anterior)
- Lateral corticospinal tracts (85%)
- Decussation of pyramids (medulla) à spinal cord à anterior horn à limb and axial muscles
- Anterior corticospinal tracts (15%)
- Medulla à spinal cord à decussates at anterior white commissure à anterior horn à
Limb and axial muscles
□ Upper motor neurons: brain à spinal cord;
□ Lower motor neurons: spinal cord à muscles
EXAMPLE: Corticospinal tracts
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● There are several Indirect pathways
1. Lateral pathway controls precise movements and tone in flexor muscles
□ Rubrospinal tracts
- Arises in red nucleus of midbrain à spinal cord in between posterior and anterior horns
EXAMPLE:
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2. Medial pathway controls _________________ muscle tone and movements of head, neck, limbs, and trunk
□ Reticulospinal tracts
- Arises in the reticular formation of the midbrain
- Regulates reflexes for posture and maintaining balance
□ Tectospinal tracts
- Arises form superior and inferior colliculi in the tectum of the midbrain
- Regulates posture of upper limbs, eye, head, neck due to hearing or seeing something
□ Vestibulospinal tracts
- Arises in the vestibular nuclei of the brainstem
- Regulates reflexive posture for sitting, standing, and walking
□ All of these tracts end at the spinal cord in between posterior and anterior horns
EXAMPLE:
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CONCEPT: CERVICAL PLEXUS
● A nerve plexus is an interconnected group of anterior rami arranged in a network
□ The anterior rami of some spinal nerves create different _______________ plexuses
- Cervical plexuses
- Brachial plexuses
- Lumbar plexuses
- Sacral plexuses
□ Although the anterior rami of other spinal cord nerves form plexuses, the thoracic spinal nerves do not
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● The cervical plexus is a nerve plexus with anterior rami of spinal nerves ____________
□ The nerves in the cervical plexus are found deep side the neck and innervate:
- Anterior neck muscles, skin of neck, and certain regions of the head and shoulders
EXAMPLE:

Anterior Rami
C1 C2
C2 C3
C1-C4
C2 C3
C2
C3 C4
C2 C3
C4 C3

Nerve

Innervation
Motor branches – delivers motor information to skeletal muscle
Superior root – ansa cervicalis
Geniohyoid, Thyroid muscles
Inferior root – ansa cervicalis
Sternothyroid, omohyoid, sternohyoid
Segmental branches
Anterior and middle scalenes
Cutaneous Branches – delivers sensory infromation from the skin
Greater auricular
Ear skin, and paraotid gland covering
Lesser occipital
Scalp skin – superior and posterior to ear
Supraclavicular
Superior chest and shoulder skin
Transverse cervical
Anterior neck skin
Motor, Sensory, and sympathetic
Phrenic nerve
Diaphragm
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CONCEPT: BRACHIAL PLEXUSES
● The brachial plexus is a nerve plexus with anterior rami of spinal nerves C5-T1
□ The nerves in the brachial plexus innervate:
- Pectoral girdle and upper limb
□ The anterior rami merge to form the superior (C5,C6), middle (C7), and inferior (C8,T1) trunks
- Each branches into an anterior and posterior division and innervate the anterior and posterior upper limb
□ The divisions come together to form three posterior (C5-T1), medial (C8-T1), and lateral (C5-C7) cords
EXAMPLE:
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□ The three cords branch again into 5 terminal branches

Nerve Branch
Axillary Nerve
Median Nerve

Musculocutaneous
Nerve
Radial Nerve
Ulnar Nerve

Innervation
Deltoid, teres minor
Anterior forearm muscles – palmaris
longus, flexor carpi radialis, other
flexor muscles, thenar muscles,
lateral two lumbricals
Anterior arm muscles – biceps
brachii, brachialis, coracobrachialis
Posterior arm and forearm muscles –
triceps brachii, brachioradialis,
extensors
Anterior forearm muscles (flexors),
intrinsic hand muscle, hypothenar
muscles, palmar and dorsal
interossei, medial two lumbricals

Sensory Information
Superolateral arm
Palmar and lateral/dorsal
side of thumb, fingers 1,2,
and lateral half of finger 4

Cord
Posterior cord
Medial and lateral cord

Lateral surface of forearm

Lateral cord

Posterior arm and forarm,
dorsolateral side of hand

Posterior cord

Dorsal and palmar aspect
of medial pink and ring
fingers

Medial cord
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EXAMPLE:
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CONCEPT: INTERCOSTAL NERVES
● Intercostal nerves refers to the anterior rami of spinal nerves __________
□ These bilateral nerves travel in the intercostal space of two ribs
□ The innervation pattern includes:
- T1: a branch of it travels into the first intercostal space, the rest helps form brachial plexus
- T2: innervates the second intercostal muscles, transmits sensory information from the skin
- T3-T6: innervates intercostal muscles and registers sensation from anterior and lateral chest wall
- T7-T12: innervate inferior intercostal spaces and abdominal muscle and its skin
EXAMPLE:
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CONCEPT: LUMBAR PLEXUS
● The lumbar plexus is a nerve plexus with anterior rami of spinal nerves L1-L4
□ It runs along the ________________________ muscle in the posterior abdominal wall
□ Innervates: Inferior abdominals, anterior and medial thigh, and skin of medial leg

Nerve Branch
Femoral Nerve
Obturator Nerve

Iliohypogastric
Ilioinguinal
Genitofemoral

Lateral femoral
cutaneous

Innervation - Motor

Innervation – Skin
Main branches
Quadriceps, iliopsoas, Sartorius, Anterior and inferomedial thigh,
Pectineus
medial leg, medial foot
Medial thigh muscles –
Superiomedial thigh
adductors, gracilis, pectineus,
abturator externus
Smaller branches
Abdominal muscles (partial)
Gluteal region – superior lateral
and inferior abdominal
Abdominal muscles (partial)
Inferior abdominal, scrotum
(male) labia majora (female)
Anterior superior thigh,
scrotum (male) labia majora
(female)
Anteriorlateral thigh

Division
Posterior
Anterior

Posterior
Posterior
Anterior

Posterior
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EXAMPLE:
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CONCEPT: SACRAL PLEXUS
● The sacral plexus is a nerve plexus with anterior rami of spinal nerves L4-S4
□ The nerves in the sacral plexus are divided into ________________ regions that innervate:
- Anterior: flexor muscles of the lower limb
- Posterior: extensor muscles of the lower limb
EXAMPLE:
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Nerve Branch

Travels to…

Innervation – Muscle

Innervation –
Skin

THIGH: Hamstrings,
Adductor magnus
(extensor)

THIGH: none

LEG: Plantarflexors of
foot and toe flexors

LEG: none

FOOT: Plantar muscle

FOOT: Heel

Sciatic Nerve

- Tibial Nerve

o
- Common Fibular Nerve
(Common peroneal)

o Deep

o Superficial

Posterior thigh, leg, and foot

Lateral knee à around fibular neck à
splits into deep and superficial branches

Short head of biceps
femoris

LEG: none

Anterior leg and foot dorsum (in between
toes 1 and 2)

LEG: Tibialis anterior,
Extensor hallucis longus,
Extensor digitorum
longus, Fibularis tertius
FOOT: Extensor hallucis
brevis, Extensor
digitorum brevis

FOOT: Between
toes 1 and 2

LEG: Fibularis longus,
Fibularis brevis

LEG: Anterior leg

FOOT: none

FOOT: Dorsum

Lateral leg à anterior ankle à foot dorsum
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CONCEPT: OVERVIEW OF REFLEXES
● Reflexes are rapid, ___________________ muscle or gland responses to a stimulus
□ A reflex is processed in 5 steps
1. Some stimuli activates a sensory receptor (ex: temperature, pressure, etc..)
2. Sensory neuron is activated and transmits information to CNS
3. CNS interneurons process the information from the sensory neuron
4. A motor neuron responds to the signal by transmitting information from CNS to effector
5. The muscle responds to the motor nerve signal
□ A reflex response is rapid, preprogrammed, and involuntary
EXAMPLE:
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CONCEPT: TYPES OF REFLEXS
● There are several different types of reflexes classified based on what executes the reflex
□ Spinal reflex and cranial reflex is identified by and processed in the CNS (spinal cord or brain)
□ Somatic reflex and visceral reflex is classified by what type of muscle is the ________________
- Somatic: Skeletal muscle
- Visceral: Gland, Cardiac or Smooth muscle
□ Monosynaptic reflex and polysynaptic reflex is classified by the number of neurons
- Mono: only one sensory and one motor neuron is involved; most rapid
- Poly: has 1+ interneurons in between the sensory and motor neuron
□ Ipsilateral reflex and contralateral reflex is classified by which side of the body the neurons are on
- Ipsilateral reflexes: receptor and effector organ are located on the same side of the body
- Contralateral reflexes: receptor and effector organ are located different sides of the body
□ Innate reflex or acquired reflex is classified by whether you are born with the reflex, or it developed after birth

EXAMPLE:
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CONCEPT: SPINAL REFLEXES
● There are 4 main types of spinal reflexes
□ The stretch reflex is a muscle contraction due to muscle ____________________
- A proprioceptor is a sensory receptor in a muscle that detects changes in structure (ex: stretching)
- The muscle spindle is the proprioceptor for the stretch reflex; made of muscle fibers & neurons
- Muscle spindle stretched à spinal cord à motor neuron à muscle spindle à muscle contraction
- Reciprocal inhibition is the inhibition of the antagonistic muscle by interneurons
EXAMPLE:
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□ The golgi tendon reflex prevents muscles from excessively contracting
- The golgi tendon organ is the _____________________ for the golgi tendon reflex
- Muscle contracts à tendon stretches à activates golgi tendon organ à sensory neurons à
interneurons in spinal cord à inhibit motor neurons in muscle à muscle relaxes
- Reciprocal activation is the activation of antagonistic muscles by interneurons
EXAMPLE:
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□ The withdrawal reflex contracts muscle to move the body away from something painful
- Instead of proprioceptors, pain receptors (nociceptors) detect the painful stimulus
- Pain receptor à sensory neuron à spinal cord à internerurons à motor neurons à flexor muscle

EXAMPLE:
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□ The crossed-extensor reflex occurs with the withdrawal reflex to maintain ________________while withdrawing
- Withdrawal sensory neurons send info to spinal cord à crossed-extensor reflex à motor neurons
in opposite limb à contract antagonistic muscles
EXAMPLE:
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