SSN Neuroanatomy Review Handout

This term list was originally compiled by Tim Shepard '04, Mike Khouri '04, and Lao Saal '08 and modified with permission by Kevin Daly '04.  The definitions include information presented in small group sessions, and material from Neuroanatomy, 2nd ed. (John Martin) and Principles of Neural Science, 3rd/4th eds. (Eric Kandell, James Schwartz, and Thomas Jessell).  DO NOT overlook the importance of the in-chapter figures in Martin's Neuroanatomy text or the sections presented in the atlas portion of the book.  I would recommend reading Chapter 2 in Neuroanatomy and learning what vesicles (i.e. prosencephalon, mesencephalon, etc.) give rise to the structures of the adult brain. The Interactive Neuroanatomy Atlas can be used as an effective tool for learning the brain and spinal cord sections. The Atlas is located at: http://cpmcnet.columbia.edu:8000/neurosci/neuroanat/

Introduction to the CNS: Surface Topography (Lab 1)

BRAINSTEM

Pyramids
Ventral surface of medulla.  Contains the descending axons of the corticospinal (motor) tract.  The motor neuron cell bodies are in the ipsilateral precentral gyrus and the axons terminate on motor neurons in the spinal cord grey matter.

Motor (pyramidal) decussation
Crossing-over of corticospinal (motor) tract at the level of the transition between medulla and spinal cord.  Visible on the ventral brainstem surface.  As a result of the decussation, one side of the brain controls the muscles of the opposite side.

Cranial nerves
Mnemonics (see a posting on the January discussion board):

CN 1-12:                     OOOT T AFVGVAH

Sensory/Motor/Both:   SSMMBMBSBBMM

Dorsal columns
Located on the dorsal surface of the medulla.  These are ascending tracts from the dorsal root ganglia and transmit mechano-sensory information from the limbs and trunk and synapse in the dorsal column nuclei – then decussate and continue to the thalamus.

Inferior colliculus
Dorsal midbrain.  Important for hearing.

Superior colliculus
Dorsal midbrain.  Important for control of eye movement.

Olive
Lateral to pyramids on the ventral medulla.  Formed by a nucleus important for motor control.

CEREBELLUM

Coordinates reflex and voluntary motor activity andregulates muscle tone and posture.

Cerebellar peduncles
Attachment of cerebellum to brain.  3 divisions: superior – mostly efferent axons; middle – mostly afferent; inferior – afferent and efferent.

Folia
(L. leaves) Convolutions on the surface of the cerebellum.

CEREBRAL HEMISPHERES: LOBES:

Frontal
Separated from the parietal lobe by the central sulcus and from the temporal lobe by the lateral (Sylvian) sulcus.  Serves various behavioral functions including movement control, speech, cognition, and the highest level of affective behaviors and emotions. Subdivided: superior frontal gyrus – motor along with the precentral gyrus (motor cortex); middle frontal gyrus; and inferior frontal gyrus – includes motor speech (Broca’s) area.  Lateral surface – cognitive & emotions.

Parietal
Posterior to the central sulcus.  Postcentral gyrus is the somatic sensory cortex where a sensory representation of the body is mapped.  The posterior parietal lobe is involved in processing somatosensory information.  Subdivided into the superior and inferior parietal lobules, the latter which contains the supramarginal and angular gyri.  See below.

Temporal
Separated from the frontal lobe and anterior parietal lobe by the lateral sulcus.  Divided into 3 longitudinal gyri: superior – hearing; middle and inferior – perception of visual form and color, essential for recognizing visual objects.  Also contains Heschl’s gyri (auditory cortex), Wernicke’s area (reception of language), collateral sulcus, and parahippocampal gyrus and uncus.  The temporal pole serves limbic functions.

Occipital
Posterior to parietal and temporal lobes.  On the surface, the boundaries are not clearly demarcated.  On the medial hemispheric surface, the parieto-occipital fissure runs obliquely/vertically and separates the parietal from occipital lobe.  The calcarine fissue runs horizontally and meets the parieto-occipital fissure.  The cortex on the banks of the calcarine fissue is the visual cortex with a spatial map of the retina.  An area on the medial surface is important for recognizing faces.

Insular cortex
Cortical representation of taste and regions for processing pain.  Buried deep within the lateral sulcus.  If the temporal lobe is pried down, the insular cortex forms the medial wall of the lateral fissure.  The portions of the various lobes that overly the insular cortex is termed the operculum.

DORSOLATERAL SURFACE

Central sulcus
Separates the frontal and parietal lobe.  Separates the precentral gyrus (motor) from the postcentral gyrus (somatic sensory).  Can be found on a midsagittal cut by following the marginal branch of the cingulate sulcus superiorly, then moving one sulcus ventrally – this is consistently the central sulcus. 

Lateral (Sylvian) sulcus
Separates the temporal from frontal and parietal lobes.

Superior frontal gyri
Part of the prefrontal association area.  Contains premotor areas and interacts with the precentral gyrus.

Middle frontal gyri
Part of the prefrontal association area.  Has cognitive & emotional functions.

Inferior frontal gyri
Part of the prefrontal association area.  Has cognitive and emotional functions.  On the left side contains Broca’s area which is the motor speech area.

Precentral gyrus
Ventral to the central sulcus.  Contains the motor cortex and mapping of the body – the motor homunculus.

Broca’s area
On the frontal operculum (inferior frontal gyrus).  Important motor speech area.  Lesion = can’t speak but can understand speech.

Postcentral gyrus
On parietal lobe posterior to central sulcus.  Contains the the somatic sensory cortex and mapping of the sensory body – the sensory homunculus.

Inferior parietal lobule
Posterior to postcentral gyrus.  Contains the supramarginal and angular gyri which are important in integrating sensory info for speech and perception.

Superior parietal lobule
Posterior to postcentral gyrus.   Essential for complete self-image – lesion = neglect the opposite half of the body.  

Supramarginal gyrus
Inferior to the inferior parietal lobule and at the terminus of the lateral sulcus.  Important in speech mechanisms.

Angular gyrus
In the parietal lobe at the posterior end of the superior temporal sulcus (runs parallel and inferior to the lateral sulcus).  Important in speech mechanisms.

Superior temporal gyri
Important in hearing.  Contains Wernicke’s area on the caudal end on the left side (important in interpretive/sensory speech mechanisms).

Middle temporal gyri
Perception of visual form and color, essential for recognizing visual objects.  

Inferior temporal gyri
Perception of visual form and color, essential for recognizing visual objects.  

Heschl’s gyri
The primary auditory cortex.  Diving into the lateral sulcus from the superior temporal gyrus.  

MEDIAL SURFACE

Corpus callosum
In a midsagittal cut, located immediately below the cingulate gyrus.   Large fiber path that interconnects the cerebral cortex of the two hemispheres, integrating their function.  Has 4 parts detailed in lab 2.

Cingulate gyrus
Seen on medial cerebral cortex surface in a midsagittal cut.  Part of the limbic system (emotions).

Parieto-occipital fissure
Seen in a midsagittal cut – separates the parietal and occipital lobes.

Calcarine fissure
Contains the visual cortex – map of retina.  Runs horizontally in the occipital lobe, seen in a midsagittal cut.

INFERIOR SURFACE

Orbital cortex
Inferior surface of the frontal lobe that overlies the orbits.  Contains the orbital gyrus and gyrus rectus which serve emotions and the perception of smell.  Receives input from the olfactory tract.

Olfactory bulb
Receives input from the olfactory receptors on the nasal epithelium.  Located bilaterally on the inferior surface of the frontal lobe.

Olfactory tract
Runs from the olfactory bulb toward the midbrain.

Occipitotemporal gyrus
On inferior surface of the temporal lobe (and part of the occipital lobe).

Collateral sulcus
The medial border of the occipitotemporal gyrus.  Separates the lateral temporal lobe (6-layered neocortex) from the more medial parahippocampal gyrus which is composed of a more primitive 3-layered cortex.

Parahippocampal gyrus
Medial to the collateral sulcus.  Part of the limbic system, the system for emotions.

Uncus
A prominent medial knob on the anterior end of the parahippocampal gyrus, a limbic system structure.

MENINGES

Dura mater
Outermost membrane consisting of 2 layers: periosteal (attached to skull) and meningeal.  These layers separate at the dural sinuses.

Subdural space
Potential space between the arachnoid and dura.  Subdural hematomas form when a blood vessel in the dura mater breaks – applying pressure on the brain which can have varied clinical signs.

Arachnoid mater
Middle meningeal layer.  Subdural hematomas form between the arachnoid and dura maters.  

Subarachnoid space
Space between the arachnoid and pia mater where CSF circulates.

Pia mater
Innermost layer which adheres to the surface of the brain.

Arachnoid villi
Unidirectional valves (outward) between the subarachnoid space and venous circulation allowing for CSF drainage into the blood.  Micro-evaginations of arachnoid layer into dural sinuses.

Arachnoid granulations
Clusters of arachnoid villi in the superior sagittal sinus over the dorsal convexity of the cerebral hemispheres.  Often become calcified and form macroscopic arachnoid granulations.

Choroid plexus
Intraventricular structure in the posterior 3rd ventricle that secretes CSF.  Lacks a blood-brain barrier and is isolated from the rest of the brain by specialized ependymal cells.

Cerebrospinal fluid
Watery fluid derived from blood plasma (but with a different ionic content) that cushions the CNS and is a medium for chemical communication.  Also serves a excretory function & regulates the chemical environment of the CNS.  Circulates through the ventricular system and subarachnoid space.

CSF cisterns
Dilations of subarachnoid space where CSF pools: Interpeduncular (ventral midbrain), Quadrageminal (dorsal midbrain), Pontine (ventral pons), Cisterna Magna (dorsal medulla/inferior cerebellum), and Lumbar (caudal vertebral canal) cisterns.

VASCULATURE

Anterior (Carotid) system
Supplied by Internal Carotid artery, which has 4 segments: Cervical – from carotid bifurcation to where it enters the carotid canal; Intrapetrosal – through petrous portion of the temporal bone; Intracavernous – through cavernous sinus overlying the sphenoid bone; and Cerebral – bifurcates into anterior and middle cerebral arteries.  The intracavernous and cerebral segments form the carotid siphon.  See lab 3 for more.

Posterior (Vertebro-basilar) system
Supplied by Vertebral arteries (2) which come together as the Basilar artery at the midline just inferior to the ventral pons.  Each vertebral gives off a Posterior Inferior Cerebellar Artery (PICA).  The Basilar gives off: Paramedian branches, Short circumferential branches, and long circumferential branches.  See lab 3.

Circle of Willis
Anastomoses between the anterior and posterior circulations via the posterior and anterior communicating arteries.  Not necessarily complete in all brains.  See lab 3.

Dural sinuses
Low pressure channels for venous blood flow back to systemic circulation (eventually to the internal jugular veins).  Found between the periosteal and meningeal layers of the dura.  See lab 3.

Introduction to the CNS: Internal Structure (Lab 2)

BRAINSTEM

Pyramidal decussation
Crossing-over of corticospinal (motor) tract at the level of the transition between medulla and spinal cord.  Visible on the ventral brainstem surface.  As a result of the decussation, one side of the brain controls the muscles of the opposite side.

Medial lemniscus
Ascending afferent axonal pathway in the brainstem (a continuation of the dorsal column of the spinal cord after the decussation) to the thalamus.  Damage to dorsal column-medial lemniscus system from advanced syphilitic infection is called tabes dorsalis and was common before antibiotics.

4th ventricle
Located between the brainstem and cerebellum (medulla and pons form the floor, the cerebellum the roof).  CSF exits the ventricular system through 3 small apertures, the 2 laterally places foramina of Luschka and the midline foramen of Magendie.

Central canal
The continuation of the ventricular system into the spinal cord.

Cerebral aqueduct (of Sylvius)
In the midbrain, connects the 3rd and 4th ventricles.  A narrow passage which can be occluded by a hemorrhage or tumor.  

Cerebellar peduncle
Connecting pathway between the cerebellum and brainstem.  Superior: mostly efferent axons; Middle: only afferent axons; Inferior: both afferent and efferent axons.

Facial colliculus

  (facial n. genu & abducens nu.)
A surface landmark on the pontine (ventral) wall of the 4th ventricle.  Where fibers of the facial nerves (VII) course in an arch, from the facial nuclei located laterally, towards the midline, and then turning back (turning point is called the genu) out to exit the brainstem laterally.  The abducens nu is also located near the genu and contributes to the surface landmark.

Pontine nuclei
Transmit information from the cerebral cortex to the cerebellum and participate in skilled movements.  Located ventral to the medial lemniscus and surrounds the corticospinal axons within the basis pontis. 

Substantia nigra
Located in the midbrain.  This nucleus separates the corticospinal fibers and the medial lemniscus.  Functions closely with the striatum in control of movement.  In Parkinson’s, neurons in substantia nigra that use dopamine are destroyed leading to tremors and slowing of voluntary movements.

Red nucleus
Also in the midbrain and helps to control movement.  Located medial, posterior, and superior to the substantia nigra.

Occulomotor (CN III) fascicles exiting to interpeduncular fossa
Axons of occulomotor nucleus course ventrally through the medial midbrain to form CN III exiting in the interpeduncular fossa.  



CEREBELLUM

Deep cerebellar nuclei
Nuclei located lateral and posterior to 4th ventricle.

Fastigial nu & interposed nu (globose & emboliform) – important in controlling posture and movement of trunk and limbs.  

Dentate nu – planning of movement.

DIENCEPHALON

Thalamus:
Key to transmitting information to cerebral hemispheres.

Thalamic adhesion
In most brains, a small portion of the thalamus in each half adheres at the midline – spanning the 3rd ventricle.

Pulvinar nucleus
Located on the posterior thalamus.  Functions in sensory integration, perception, and language.  May be important in distinguishing relevant from irrelevant visual stimuli (visual salience).  

Optic radiation
Pathway from all 6 layers of the lateral geniculate nucleus to the primary visual cortex in the occipital lobe (within the depths of the calcarine fissure).  Thus also called the geniculocalcarine tract.  Takes an indirect course around the lateral ventricle, rostrally into the temporal lobe (Meyer’s loop) before heading caudally to the primary visual cortex.  

Hypothalamus:
Integrates the functions of the ANS and controls endocrine hormone release from the pituitary gland.

Infundibulum
Ventral and medial structure of hypothalamus from which the infundibular stalk connects to the pituitary gland.  Contains nuclei that regulate the release of endocrine hormones.

Mammillary bodies
Paired structures on the ventral hypothalamic surface.  Contains 2 nuclei: medial mammillary nu and lateral mammilary nu which are part of the limbic system.  Important for memory and emotion.  Receives a major input from the fornix, a tract that originates from the hippocampal formation.  Efferent projections via the mammilothalamic tract go to the anterior nuclei of the thalamus.  Also descending projections to the midbrain and pons, the mammillotegmantal tract.  

Subthalamic nucleus
One of 4 intrinsic nuclei of basal ganglia.  Important in motor control.  Vascular lesion leads to hemiballism – uncontrollable, rapid flinging movements of the contralateral limbs.

Pineal gland
Extrahypothalmic structure located at the midline in the posterior part of the 3rd ventricle (located between the two superior colliculi).  Involved in regulating the circadian rhythms via signals from the suprachiasmatic nu of the anterior hypothalamus.  Lacks the blood-brain barrier (a circumventricular organ) and is isolated from the rest of the brain by specialized ependymal cells.

TELENCEPHALON

Corpus callosum:
Deep cerebral structure located in the midsagittal plane.  Large fiber path that interconnects the cerebral cortex of the two hemispheres, integrating their function.  Has 4 parts detailed below.

Splenium
Most posterior part of corpus callosum, interconnecting areas of the temporal and occipital lobes.

Body
Large cranial part, interconnecting homotopic parts of the parietal and posterior frontal lobes.

Genu
Anterior part, interconnects anterior parts of the frontal lobes.

Rostrum
Most anterior and inferior part, also connects portions of the frontal lobes.

Ventricles:
Labyrinth of CSF filled cavities that serve various supportive functions (physical shock absorber, medium for chemical communication).  CSF secreted by choroids plexus.

3rd
Between the two halves of the diencephalon.    

4th
Between the brain stem and the cerebellum.

Inter-ventricular foramen of Monro
Connects the lateral ventricles with the anterior portion of the 3rd ventricle.

Lateral ventricles
Lacated within each half of the cerebral hemisphere.  Subdivided into body and 3 horns.

Anterior horn
Bilateral - supplies the frontal lobe.

Body
Bilateral – travels laterally through the parietal lobes.

Collateral trigone (Atrium)
Region where the body, posterior horn, and inferior horn converge.

Inferior (temporal) horn
Bilateral – supplies the temporal lobes.

Posterior (occipital) horn
Bilateral – supplies the occipital lobe.

Septum pellucidum
The medial walls of each lateral ventricle is formed by a separate septum pellucidum.

Anterior commissure
Interconnects regions (anterior temporal lobes, amygdaloid nuclear complex, and olfactory structures) of the cerebral cortex of either hemisphere.  Similar to corpus callosum.  Located in the telencephalon, roughly horizontal in a coronal section, and separates the external segment of the globus pallidus (superiorly) from the ventral pallidum (inferiorly).

Basal Ganglia
Major component of the cerebral hemisphere.  A deeply located collection of neurons.  Participate in many higher brain functions in concert with the cerebral cortex.  Ie – Parkinson’s – control of movement is impaired, with signs of tremors and slowing of movement.  Also participate in emotion and cognition.   The striatum is a part of the basal ganglia.

Caudate nucleus
Contained in the striatum (which sits on top and lateral to the thalamus), is part of the input side of the basal ganglia.  Has a C-shape that is medial to the internal capsule and is divided into three named regions: head, body, and tail.  Connected to the putamen by striatal cell bridges which pierce through the internal capsule.

Putamen
A part of the striatum (input side of basal ganglia).  When viewed from its lateral surface, is shaped like a disk.  

Globus pallidus
Output side of basal ganglia.  Of diencephalic origin.  

Amygdala
Adjacent to the caudate nucleus and putamen.  Important in visceral function and emotions.

Claustrum
Beneath the insular cortex.  A thick sheet of neurons thought to derive from migrating neuroblasts in the overlying cortex – reciprocally and topographically connected with the cerebral cortex.  The claustrum is separated from the cortex by the extreme capsule and from the putamen by the external capsule.  We understand very little of it’s function.

Extreme capsule
Between the insular cortex and the claustrum.  A thin lamina of white matter that contains corticocortico association fibers.

External capsule
Thin sheet of white matter that contains corticocortico association fibers.  Between the putamen and the claustrum.

Internal capsule:
Ascending projections from the thalamus to the cortex and descending projections from the cortex to subcortical structures (thalamus, brainstem, and spinal cord).  These interconnecting axons are called the internal capsule.  It incompletely separates the caudate nucleus from the putamen anteriorly, and separates the thalamus from the putamen posteriorly.  In a horizontal section, the internal capsule has a ( shape and has three named sections, the anterior limb, the posterior limb, and the genu.

Anterior limb
Located anteriorly – separates the caudate nucleus from the putamen.

Posterior limb
Located posteriorly – separates the thalamus from the putamen.

Genu
Located between the two limbs.

Vasculature of the CNS (Lab 3)

GENERAL VASCULATURE

Anterior (Carotid) system
Supplied by Internal Carotid artery, which has 4 segments: Cervical – from carotid bifurcation to where it enters the carotid canal; Intrapetrosal – through petrous portion of the temporal bone; Intracavernous – through cavernous sinus overlying the sphenoid bone; and Cerebral – bifurcates into anterior and middle cerebral arteries.  The intracavernous and cerebral segments form the carotid siphon.

Posterior (Vertebrobasilar) system
Supplied by Vertebral arteries (2) that ascend along the anterolateral margin of the medulla and at the level of the pons join at the midline to form the Basilar artery.  Each vertebral gives off a Posterior Inferior Cerebellar Artery (PICA).  The Basilar gives off: Paramedian branches, Short circumferential branches, and long circumferential branches.

Collateral circulation
Having redundant blood supply.  Thus in an event of arterial occlusion, areas with collateral circulation fare better.  For example, in the spinal cord, caudal thoracic segments have a better collateral supply than rostral thoracic segments – therefore serious damage is more likely to occur if a rostral radicular artery is occluded.

“Border Zone” infarct
An infarction occurring at the peripheral borders of a territory supplied by major vessels.

ARTERIAL SUPPLY

Vertebral arteries
Fuse at midline at the pontomedullary junction to form a single basilar artery.  Provides some blood to the spinal cord but primarily supplies the medulla.

Anterior and posterior spinal arteries
Supplies the spinal cord along with the radicluar arteries.  Also supplies some of the caudal medial medulla.  Not single arteries but rather a network of communicating channels on the anterior and posterior sides of the spinal cord.

Posterior inferior cerebellar artery
PICA – bilateral arteries off the vertebral arteries.  Supplies the posterior inferior cerebellum and lateral medulla.  The lateral medulla receives no other collateral supply so occlusion of the PICA almost always leads to damage to the dorsolateral medulla = Wallenberg syndrome and Lateral Medullary syndrome – lose facial pain sensation on the same side and sense of touch on the opposite side of limbs and trunk; may become hoarse because of loss of motor neurons to the muscles of the larynx.

Basilar artery
Vertebral arteries join to form the basilar artery.  Supplies the caudal midbrain and pons.  Three sets of branches supply the pons: paramedian (supply midline), short circumferential (supply lateral wedge-shaped regions), and long circumferential (supply dorsolateral portions of the pons).  

Anterior inferior cerebellar artery
One of the long circumferential arteries off the basilar artery at the level of the caudal pons.  The AICA supplies the dorsolateral pons and cerebellum.  The regions dorsal to this is supplied by the superior cerebellar artery.

Superior cerebellar artery
Supplies the dorsal pons and the rostral cerebellum.  Another long circumferential branch off the basilar artery at the level of the midbrain.

Posterior cerebral artery
Bilateral branch off the basilar artery at the level of the rostral midbrain.  Supplies the rostral midbrain, occipital lobe, temporal lobe, hypothalamus, and subthalamus.  Part of the posterior system in the mature brain.

Circle of Willis
A network of anastomoses, between the anterior and posterior systems, on the ventral surface of the diencephalon and midbrain.  The connection is crucial for collateral circulation when one of the systems shuts down because of occlusion.  Not complete in everyone with some variation.

Posterior communicating arteries
Branch off the internal carotids at the cerebral segment.  Connects to the basilar artery at the bifurcation of the posterior cerebral and superior cerebellar artery.  Forms part of the Circle of Willis and supplies the thalamus, hypothalamus, and subthalamus.

Internal carotid artery
Supplies the anterior system.  Major branches (in caudal to rostral order): ophthalmic artery (to optic nerve and inner portion of retina); posterior communicating artery (part of Circle of Willis); anterior choroidal artery (supplies globus pallidus, subthalamus, midbrain, and posterior limb of the internal capsule).  At a point approximately lateral to the optic chiasm, the anterior cerebral artery and middle cerebral artery branch off.

Middle cerebral artery
Part of the anterior system, a branch off the internal carotid at the cerebral segment.  Courses laterally through the lateral sulcus and along the insular and opercular surfaces, supplying the striatum, temporal lobe, parietal lobe, occipital lobe, and internal capsule.

Anterior cerebral artery
Part of the anterior system, a branch off the internal carotid at the cerebral segment.  Courses anteriorly, rostrally, and swoops back dorsally, all within the sagittal fissure.  Supplies the hypothalamus, medial frontal and parietal lobe, and anterior limb of the internal capsule.  The lenticulostriate branch is important because it is the primary supply to the rostral portions of the caudate nucleus, putamen, and internal capsule. 

Anterior communicating artery
Connects the bilateral anterior cerebral arteries at a point anterior to the optic chiasm.  It is the only unpaired artery in the Circle of Willis.

DURAL SINUSES and VENOUS DRAINAGE

Superior sagittal sinus
Drains superficial cerebral veins.  Runs along the midline of the cranial cavity at the superior margin of the falx cerebri.  

Inferior sagittal sinus
Drains superficial cerebral veins.  Runs along the inferior margin of the falx cerebri just above the corpus callosum.

Straight sinus
Runs in the midline between the meeting of the transverse sinus, superior sagittal sinus, and occipital sinus (all at the occipital pole) and the meeting of the inferior sagittal sinus & great cerebral vein.

Transverse sinus
Drains into internal jugular vein via the sigmoid sinuses.  Runs laterally along the side of the occipital lobe and inferior temporal gyrus.  

Occipital sinus
Runs along the dorsal cerebellum up towards the occipital pole where it meets the transverse, straight, and superior sagittal sinuses.

Great cerebral vein (of Galen)
Receives drainage from veins of midbrain and connects to the straight and inferior sagittal sinuses.

