NEUROANATOMY EXAM 2 (April 2001) KEY TERM DEFINITIONS

(LABS 4 through 9 by Lao Saal, Tim Shepard, Mike Khouri, and Kevin Daly)

NEUROANATOMY LAB 4

SOMATIC SENSORY SYSTEM

Somatic Sensory System

	Dorsal Root Ganglion Cell
	Location: Cell body in dorsal root ganglion in vertebral foramina.  Pseudounipolar neuron – ie single axon that bifurcates, peripheral branch terminates in sensory receptor, central branch to CNS.  Function: Transduce sensory information into neural signals.  Transmit these signals to CNS.  Ascend ipsilaterally, synapse on 2nd order neuron in medulla.  (Lesion: extensive dermatome overlap, normally no anesthetic area.  Injury commonly produces radicular pain localized to dermatome.) (Ref: NA 62,126,132)

	Lissauer’s Tract
	Location: White matter region that caps dorsal horn of spinal cord.  Function: Location of entry of small diameter fibers (pain & temp).  Branches ascend and descend and terminate in laminae 1 & 2 to synapse on 2nd order fibers which decussate and ascend in the contralateral anterolateral tract.  (Lesion: Local loss of ipsilateral pain) (Ref: NA 136,138)

	Dorsal Column
	Location: White matter between dorsal horns.  Ascending and descending branches of large diameter dorsal root ganglion neurons.  Synapse on 2nd order neurons in medulla.  Function: Transmit sensory information from ipsilateral side.  (Lesion: Ipsilateral sensory loss caudal to lesion) (Ref: NA 65,130,128,138)

	Lateral Column
	Location: White matter between dorsal and ventral horns.  Contains corticospinal tract.  Cell bodies are in contralateral primary motor cortex.  Decussation at pyramidal (motor) decussation.  (Lesion: Ipsilateral paralysis below the lesion) (Ref: NA 65,66,136)

	Ventral Column
	Location: White matter between ventral horns.  Contains ascending and descending motor pathways (ventral corticospinal tract, pontine reticulospinal tract, medial vestibulospinal tract, tectospinal tract) (Ref: NA 65,499-507)

	Spinoreticular Tract
	Location: Lateral & ventral spinal cord.  Ascending tract of anterolateral system.  Terminates in ipsilateral pontomedullary reticular formation.  Some fibers to intralaminar nuclei of thalamus.  Function: Regulation of arousal and the emotional aspects of pain.  (Lesion: will effect contralateral side below lesion) (Ref: NA 127,129,131,132,147,148)

	Spinothalamic Tract
	Location: Lateral & ventral spinal cord.  Ascending tract of anterolateral system.  Terminates in ipsilateral VPL.  Function: Carries info about painful stimuli to VPL.  Mediates discrimination of pain: pin-prick localization.  (Lesion will affect contralateral side below.  (Ref: NA 127,129,131,148)

	Spinotectal Tract
	Location: Lateral & ventral spinal cord.  Ascending tract of anterolateral system.  Terminates in ipsilateral midbrain tectum (superior colliculus) and periaqueductal grey.  Function: orientation of head and body and feedback regulation of pain.  (Lesion will effect contralateral side below) (Ref: NA 127,129,131,132,148)

	Marginal Zone (lamina I) and termination of lamina I projection neurons
	Location: Very dorsal tip of dorsal horn of spinal cord.  Function: Synapse between small diameter myelinated & unmyelinated axons mediating pain & temp and 2nd order neurons.  These decussate and ascend in the contralateral anterolateral system.  (Lesion: possibly ipsilateral local anesthesia of the affected dermatomes) (Ref: NA 136,137,138)

	Substantia Gelatinosa (lamina II)
	Location: Directly ventral to marginal zone.  Function: same as marginal zone.  (Ref: NA 136,137,138)

	Nucleus Proprius (Laminae III, IV)
	Location: Ventral to substantia gelatinosa, mid portion of dorsal horn.  Function: Synapse between large diameter fibers (touch and limb position) and 2nd order neurons which ascend ipsilaterally.  (Lesion: possibly ipsilateral local anesthesia depending on extent of lesion) (Ref: NA 136,137,138)

	Gracile Fascicle
	Location: Most medial dorsal column.  Entire dorsal column below 6th thoracic segment.  Function: Carries sensory information from ipsilateral lower limb and lower trunk.  (Lesion: ipsilateral sensory loss (touch and limb position) below lesion) (Ref: NA 128,138,139,144,145)

	Cuneate Fascicle
	Location: Begins at 6th thoracic segment.  Lateral to gracile fascicle.  Separated by dorsal intermediate septum.  Function: Carries sensory information from ipsilateral rostral trunk, upper limb, neck, occiput. (Lesion: ipsilateral sensory loss (touch and limb position) below lesion) (Ref: NA 128,138,139,144,145)

	Gracile Nucleus
	Location: Begins in dorsal column at level of pyramidal decussation.  Very obvious at level of pyramid (lobster).  Function: Synapse between 1st and 2nd order neurons for ipsilateral lower limb and caudal trunk.  2nd order neurons decussate here.  (Blood supply: Posterior spinal artery) (Lesion: ipsilateral sensory loss (touch and limb position) from lower limb and caudal trunk) (Ref: NA 99,128,144)

	Cuneate Nucleus
	Location: same as above.  Function: Synapse between 1st and 2nd order neurons for ipsilateral upper trunk, upperlimb, neck, and occiput.  2nd order neurons decussate.  (Blood supply: Posterior spinal artery) (Lesion: ipsilateral sensory loss (touch and limb position) from upper trunk, upper limb, neck, occiput) (Ref: NA 99,128,144)

	Internal Arcuate Fibers
	Location: At level of pyramid, crossing fibers between dorsal column and medial lemniscus.  Function: Decussation of 2nd order neurons mediating touch and limb position sense.  (Blood supply: mostly vertebral artery) (Lesion: Ipsilateral touch and limb position sensory loss from whole body) (Ref: NA 99,144)


	Periaqueductal Grey
	Location: Midbrain, grey matter surrounding cerebral aqueduct.  Fibers from spinomesencephalic tract terminate here.  Function: Descending pain inhibition system.  Neurons project to raphe nuclei. (Blood Supply: Superior cerebellar and posterior cerebral arteries) (Ref: NA 99,148)

	Raphe Nuclei
	Location: Numerous distinct groups of neurons in dorsal brainstem medial to medial lemniscus.  Function: Use serotonin as neurotransmitter, project to dorsal horn of spinal cord.  1. Directly inhibit ascending projection neurons 2. excite inhibitory interneurons in dorsal horn which use enkephalin.  (Ref: NA 87,88,147,148,515,521,523)

	Midbrain Tectum
	Location: Part of midbrain dorsal to cerebral aqueduct.  Function: Includes superior and inferior colliculi.  Integrates visual, auditory and somatic sensory information for orienting head and body.  (Blood supply: Superior cerebellar, posterior cerebral arteries)


Thalamic Nuclei

	Thalamic Blood Supply
	Thalamic blood supply is from the posterior communicating, posterior choroidal, and posterior cerebral arteries.  NA 127, 132, 149-151

	Ventral posterior lateral nucleus
	Processes contralateral somatic sensory and nociceptive input from the limbs and trunk, transmitted to the thalamus principally by the medial lemniscus and spinothalamic tract. Medial lemniscal projections terminate in rodshaped functional units which process a single somesthetic modality from a single body location and send projections to cortical columns.  Component of spinothalamic tract which projects to VPL is known as the neospinothalamic tract. Sends projections to the more medial portions of the primary somatic sensory cortex in the postcentral gyrus.  Important in discriminative aspects of somatic sensations (tap for dorsal column system, pin prick for spinothalamic tract).

	Ventral posterior medial nucleus
	Receives input principally from the face via the trigeminal nerve.  Mediates somatic sensations of the face and perioral structures.  See Trigeminal lab for more information.

	Intralaminar nuclei
	Medial nucleus of the thalamus. Receives projections from spinothalamic tract (known as the paleospinothalamic tract) and from the spinoreticular tract (minor projection) via neurons originating in the reticular formation of the pons and medulla.  Sends diffuse projections to the cortex including projections to the somatic sensory areas of the parietal lobe, motor areas, and limbic association cortex.  Important in mediating the emotional/affective aspects of pain and arousal (with reticular formation).  


Cell Types

	Pyramidal cells
	Output cells of primary somatic sensory cortex.  Have a recurrent branch which excites local neurons as well as neurons in the primary projection location.  Information on projections is found in the primary somatosensory cortex description.  Excitatory neurons which use glutamate or aspartate as their neurotransmitters.  NS 3rd ed 364-365.

	Stellate cells
	Oriented vertically in the plane of the cortical columns.  Receive input from thalamic neurons and convey information to other interneurons or to pyramidal cells in the same column.  NS 3rd ed 779.


Cortex

	Primary somatosensory cortex
	Located in the postcentral gyrus of the parietal lobe, receives projections from VPL and VPM via the posterior limb of the internal capsule.  Organized into columns which contain information from the same peripheral location on the body and same class of peripheral sensory receptor.  Axons from VP nuclei synapse in deep portion of layer 3 and throughout 4. Cortex corresponds to contralateral side of the body.  The cortex is somatotopically organized with disproportionate representation of some parts of the body.  Does not play an important role in processing painful stimuli.  Corticocortical association neurons arise in layers 2 and 3 and project to higher order sensory cortical areas and primary motor cortex.  Callosal neurons arise in layers 2 and 3 and project to the contralateral somatic sensory cortex via the body of the corpus callosum.  Descending projection neurons descend to the striatum, VP nuclei, brain stem (esp. dorsal column nuclei), and the dorsal horn of the spinal cord.  Thalamic projections arise in layer 6, all others arise in 5.  These neurons regulate the quantity of somatic sensory information that reaches cortex.  Occlusion of the anterior cerebral artery produces defects in genital and lower extremity sensation.  NA 151-154.

	Brodmann’s areas 1, 2, and 3
	Areas 3a and 2 receive less detailed “proprioceptive” input and are important in limb position sense and shape discrimination of grasped objects. Areas 3b and 1 receive highly detailed input from mechanoreceptors and are important in touch perception. 


Important Somatic Sensory System Neurotransmitters

	Serotonin (5-HT)

Enkephalin
	Used by neurons in the raphe nuclei in the medulla that project to the dorsal horn of the spinal chord.  5-HT suppresses pain transmission in the dorsal horn by inhibiting ascending projection neurons and exciting inhibitory interneurons in the dorsal horn that use enkephalin. NA 148.

	Glutamate
	Used by pyramidal cells originating in the somatic sensory cortex.  Probably the neurotransmitter released by A( and C nociceptive fibers. NS 3rd ed 365, 390.


NEUROANATOMY LAB 5

TRIGEMINAL, GUSTATORY, AND VISCERAL SENSORY SEYSTEMS

 Trigeminal System  Taken from NA Chapter 12

	Trigeminal ganglion
	Also called the semilunar ganglion.  Contains the cell bodies of the primary afferent nerve fibers.

	Spinal trigeminal tract
	Small diameter afferent fibers and the descending branches of large-diameter afferent fibers travel in the STT.  Extension of Lissauer's tract.  Transecting this tract disrupts facial pain and temperature sense with little effect on light touch.  Arranged somatotopically so that fibers originating closest to the nose enter more rostral and those farther away enter more caudal.  Supplied by PICA and hence ipsilateral facial pain and temperature sense is disrupted in PICA or vertebral artery occlusion.


	Trigeminal lemniscus
	Ascending second order sensory neurons that synapse in VPM.  The lemniscus originates in the main (or principal) trigeminal nucleus, decussates in the pons and ascends dorsomedial to the medial lemniscus. 

	Ventral posterior medial nucleus
	Lateral division of VPM contains secondary sensory fibers from the trigeminal nuclei that synapse on third order sensory neurons.  These neurons ascend in the posterior limb of the internal capsule to lateral part of primary somatic sensory cortex.  Medial division of VPM (parvocellular) mediates taste and is pale in appearance on myelin stained sections.  

	Trigeminothalamic tract
	Originates in caudal and interpolar nuclei, is predominantly crossed and ascends with anterolateral system.  Terminates in VPM (involved in localization) and in the intralaminar nuclei (involved in affective and motivational aspects).

	Primary somatic sensory cortex
	3rd order neurons from VPM project to the lateral portions of the primary somatic sensory cortex on the postcentral gyrus.  In humans, the fingers, tongue, and perioral region have larger cortical representation than other body parts.  Projects to secondary somatic sensory cortex and posterior parietal cortex.

	Reticular formation
	Continuation of the intermediate zone of the spinal cord in the brainstem.  

	Sulcus limitans
	Derived from the alar and basal plates, the sulcus limitans separates the efferent cranial nuclei from the afferent cranial nuclei in the pons and medulla.  


	Trigeminal nuclei: 
	Extension of dorsal horn in medulla, pons, and midbrain. Similar in morphology and lamination.

	  Spinal
	Located in the medulla and caudal pons.  Divided into oral, interpolar (tooth), and caudal nuclei.  Site of termination of small diameter afferents from STT => involved in facial pain and temperature processing.  Interpolar and oral nuclei are involved in reflexes. Supplied by PICA, ipsilateral disruption of facial pain and temperature sense with PICA occlusion. Sends contralateral ascending projections to the reticular formation, tectum, and thalamus (medial, intralaminar, and VPM nuclei).

	   Main
	Located in the pons.  Short ascending branch from large diameter (non-nociceptive) fibers terminate in the ventral 2/3 of the main trigeminal nucleus and synapse on secondary neurons which ascend in the trigeminal lemniscus, decussate, and project to the contralateral VPM. These neurons mediate facial tactile sense and oral mechanosensations.  A small group of secondary sensory neurons originating in the dorsal 1/3 of the main trigeminal nucleus ascend ipsilaterally through the dorsal tegmentum to VPM and mediate oral mechanosensations.  This leads to bilateral representation of oral mechanosensation in VPM.  Occlusion of lateral circumferential branches of basilar artery (or AICA) would lead to loss of ipsilateral facial sensation.

	   Mesencephalic
	Located in rostral pons and midbrain near periventricular and periaqueductal gray matter.  Nucleus contains cell bodies of primary afferent neurons which signal jaw length (jaw proprioception), not synapses.  Primary afferent neurons continue to the principle trigeminal nucleus where the neurons synapse with secondary sensory neurons which project via the trigeminal lemniscus to the thalamus and reticular formation.  Mesencephalic nucleus also sends primary afferent neurons to the trigeminal motor nucleus to mediate jaw reflexes. 

	   Motor
	Receives UMN from primary motor cortex and sends LMN projections to the muscles of mastication.  Receives modulatory information from jaw proprioceptive neurons via the mesencephalic nucleus. Occlusion of lateral circumferential branches of basilar (or AICA) would lead to ipsilateral weakness of the muscles of mastication.


Gustatory and Viscerosensory Systems  From NA Chapter 8

	Solitary tract
	Located in the dorsal medulla.  Carries fibers innervating the taste buds.  Fibers both ascend and descend in the solitary tract and synapse in the surrounding solitary nucleus.  

	Solitary nucleus
	Divided into a rostral gustatory nucleus and a caudal cardiorespiratory nucleus.

	Facial nerve
	Transmits taste from the anterior 2/3 of tongue via the chorda tympani nerve.  Receives information from taste buds located in the fungiform and foliate papillae.

	Intermediate nerve
	Sensory and autonomic root of the facial nerve.  Chorda tympani actually arises from this segment of VII.  Cell bodies lie in the geniculate ganglion.

	Glossopharyngeal nerve
	Transmits taste from the posterior 1/3 of the tongue.  Receives information from taste buds located in circumvallate and foliate papillae.  Innervates baroreceptors in the carotid body.  Cell bodies lie in the inferior ganglion of IX (petrosal ganglion). Also innervates cranial skin and mucous membranes.

	Vagus nerve
	Transmits gustatory sensation from the epiglottis and larynx.  Innervates baroreceptors in the aortic arch.  Cell bodies lie in the inferior ganglion to X (nodose ganglion).  Also innervates cranial skin and mucous membranes.

	Gustatory nucleus
	Rostral portion of the solitary nucleus.  Receives primary afferent taste fibers from the solitary tract and sends ipsilateral projections via the central tegmental tract to the parvocellular (medial) division of VPM.  VPM then sends projections to the frontal operculum and the anterior portion of the insular cortex.

	Cardiorespiratory nucleus
	Caudal portion of the solitary nucleus.  Receives visceral sensory information from IX and X.  Sends descending sympathetic preganglionic neurons to the intermediolateral nucleus of the thoracic and lumbar spinal cord to mediate heart rate and blood pressure.  Also projects to medullary preganglionic parasympathetic neurons and to the nucleus ambiguus.  Ascending projections to the parabrachial nucleus in the pons adjacent to the superior cerebellar peduncle.  The parabrachial nucleus sends projections to the hypothalamus and amygdala.  

	Central tegmental tract
	Carries second-order neurons from the gustatory nucleus to the ipsilateral thalamus.  Located dorsal to the medial lemniscus.  PICA occlusion will wipe out the central tegmental tract and lead to ipsilateral loss of taste (usually not noticed).  

	Parvacellular division of VPM
	Receives a projection from the rostral solitary nucleus.  Sends third order gustatory neurons through the posterior limb of the internal capsule to the frontal operculum and anterior insular cortex.  

	Brainstem vasculature
	See Lab 3 (Exam 1) for general information on vasculature.


NEUROANATOMY LAB 6

THE VISUAL SYSTEM

	Rods
	Location: Cell bodies located in outer nuclear layer.  Synapse on retinal interneurons in outer plexiform layer.  No rods in fovea.  Highest concentration of rods in perifoveal region passing through blind spot. Function: Sensitive to light.  Night vision.  (Lesion: Loss results in night blindness) (Ref NA 167,168)

	Cones
	Location: Cell bodies located in outer nuclear layer.  Synapse on retinal interneurons in outer plexiform layer.  Highest concentration in fovea.  Function: High visual acuity, color vision, day vision. (Lesion: Loss results in legal blindness) (Ref: NA 167,168)

	Bipolar cells
	Location: Cell bodies in inner nuclear layer.  Synapse w/ photoreceptors in outer plexiform layer, w/ ganglion cells in inner plexiform layer.  2 types: ROD – synapses from many rod cells = less acuity, greater sensitivity.  CONE – synapses from few cone cells = high acuity.  Function: Link photoreceptors directly to retinal projection neurons (ganglion cells) (Ref: NA 167,169)

	Ganglion cells
	Location: Cell bodies in ganglion cell layer.  Axons are unmyelinated until exiting via optic disk.  Function: Integrate visual information from many photoreceptors, transmit to brain via optic nerve.  (Ref: NA 167,169)

	Optic nerve
	Location: Myelinated axons of retinal ganglion cells leaving optic disk.  Function: Transmits visual information from each retina to the otic chiasm.  (Lesion: loss of sight in ipsilateral eye)  (Ref: NA 169)

	Optic tract
	Location: After optic chiasm to lateral geniculate nucleus.  Function: Transmits information from ipsilateral hemifield of vision to brain.  (Lesion: Loss of sight in contralateral hemifield of vision) (Ref: NA 162,170,192)

	Blind spot
	Location: Optic disk – site where retinal axons leave eyeball.  Nasal to fovea.  (Ref: NA 164,165)

	Optic chiasm
	Location: Dorsal to pituitary.  Function: Axons from each nasal hemiretina decussate.  Segregates information from each hemifield of view to one optic tract.  (Lesion: bilateral temporal field defect) (Ref: NA162,170,192)

	Lateral geniculate nucleus
	Location: Dorsal midbrain, lateral to superior colliculus.  Function: Principle thalamic target for retinal ganglion cells.  Six major cell layers.  Layers 1,2 receive projections from M-cells, 3-6 from p-cells (Lesion: defect in contralateral visual field) (Ref: 163,173,176,192)


	Optic radiations (Meyer’s loop)
	Location: From lateral geniculate nucleus around lateral ventricle to primary visual cortex (calcarine fissure).  Portion of the fibers that course rostrally within temporal lobe = Meyer’s loop.  These neurons subserve vision from the superior visual field.  Function: Transmit visual information from lateral geniculate nucleus to primary visual cortex.  Meyer’s loop from medial portion of LGN = superior visual field, intermediate portion = macula, lateral portion = inferior visual field (Lesion: Homonymous hemianopia – loss of vision from one hemifield of vision.  Lesion of Meyer’s loop = “pie in the sky”) (Ref: NA 163,176,193)  

	Primary visual cortex (Brodmann’s area 17)
	Location: Occipital lobe on banks of calcarine fissure.  Function: Receives visual information from lateral geniculate nucleus.  Initial higher processing.  Six principle layers, organized into columns: Ocular Dominance and Orientation.  Also color “blobs” in layers 2&3. (Ref:163,176,181,182)

	Retinotopic organization of area 17
	Upper visual field is represented on the inferior bank, lower visual field is on the superior bank.  The representation of the macular region is caudal to the perimacular and peripheral regions.  The macular region is large with respect to the rest of the retina.  Damage commonly occurs after infarct of posterior cerebral artery.  Produces contralateral visual field deficit with macular sparing.  Trauma to the occipital pole may lead to macular deficit only. (Ref: NA 193,194)

	Visual association cortex
	Location:  Parietal-temporal-occipital association cortex.  Receives input from the pulvinar thalamic nucleus.  Function:  Higher order processing of visual information. (Ref: NA 75,187)

	Superior colliculus and brachium
	Location: Midbrain, dorsal to cerebral aqueduct.  Some optic tract axons skirt the lateral geniculate nucleus and enter superior colliculus via the brachium of the superior colliculus.  Function:  Voluntary control of saccades.  Control rapid eye movements to salient stimuli and coordinate movement of head with eyes.  (Blood supply: Posterior cerebral artery) (Ref: NA 99,162,163,171)

	Pretectal area
	Location: rostral to tectum at midbrain-diencephalic junction.  Function:  Axons travel in brachium of superior colliculus.  Pretectal nuclei participate in pupillary reflexes and other visual reflexes.  Information passed bilaterally. (Blood supply: Posterior cerebral artery) (Ref: NA 106,163)

	Posterior commissure
	Location: medial to pretectal nuclei.  Function: Decussation of pretectal axons. (Ref: NA 395,412)

	Nucleus of Edinger-Westphal
	Location: Midbrain, medial, dorsal to oculomotor nucleus, ventral to periaqueductal grey.  Function: Parasympathetic preganglionic neurons send axons into oculomotor nerve, synapse on postganglionic neurons in the ciliary ganglion.  Pupillary light reflex (constriction in response to light) and accommodation.  (Lesion: loss of pupillary reflex and accommodation bilaterally) (Ref: NA 394,395)

	Ciliary ganglion
	Location: Orbit posterior to eyeball.  Function: Innervates ciliary muscle and constrictor muscle of iris via oculomotor contribution, sympathetic contribution from carotid plexus to dilator muscle of iris, sensory contribution from V1. (Ref: NA 394, Netter)

	“What” pathway
	Location: Ventral pathway to inferior temporal lobe.  Probably receives preferential input from parvocellular (form&color) system.  Function: Object recognition. (Lesion: defect in object recognition, one type = Prosopagnosia, loss of ability to recognize faces. (Ref: NA 187-190)

	“Where” pathway
	Location: Dorsal pathway to posterior parietal lobe.  Input primarily from magnocellular (form in motion) system.  Function: Object localization.  (Lesion: alters complex aspects of perception due to convergent inputs from somatic sensory, visual, auditory cortical areas.  Effects frequently differ for two hemispheres.  One example: SENSORY NEGLECT, patient ignores sensory information from side contralateral to lesion.  (ref: NA 187-190)


NEUROANATOMY LAB 7

AUDITORY AND VESTIBULAR SYSTEMS

	Vestibular division of CN VIII
	Portion of CN VIII that contains the central processes of the vestibular bipolar cells (whose cell bodies are located in the vestibular ganglion).  Conveys sensory information from hair cells in the ampullae of the semicircular canals and utricle and saccule to the vestibular nuclei.  Courses with the auditory (cochlear) division and enters the brainstem at the lateral pontomedullary junction.  Important in sense of balance and reflex control of the position of the head and eyes.  NA 199, 203 and fig 7-3.  

	Vestibular ganglion
	Also called Scarpa’s ganglion, it is located in the inner ear.  This ganglion contains the cell bodies of first order neurons (bipolar cells) of the vestibular system (all sensory).  NA 203; Netter 90, 118.

	Vestibular nuclei
	Located in the floor of the 4th ventricle in the rostral medulla and caudal pons – area known as cerebellopontine angle (NA fig 7-2, 7-4).  Contains 4 nuclei: the superior, inferior, lateral, and medial vestibular nuclei.  Sends secondary fibers to the cerebellum (in fact some primary vestibular neurons project directly to the cerebellum), to certain motor cranial nerve nuclei (ie, to the extraocular motor nuclei via the ascending MLF), to the reticular formation, to all spinal levels (from the medial vestibular nucleus via the descending MLF [aka the medial vestibulospinal tract] and from the lateral vestibular nucleus via the lateral vestibulospinal tract), and to the ventral posterior nucleus of the thalamus (contralaterally from the lateral vestibular nucleus).  Blood supply via PICA.  NA 208-210.

	Medial longitudinal fasciculus (MLF)
	All vestibular nuclei send some projections into the ascending MLF.  This important pathway, which contains axons from many brainstem nuclei, carries vestibular information to the extraocular motor nuclei and may help stabilize retinal images during head and eye movements.  The descending MLF (also called the medial vestibulospinal tract) projects to the upper spinal cord and receives axons primarily from the medial vestibular nucleus.  NA 208.

	Ventral posterior (lateral) nucleus
	Located in the thalamus, this nucleus receives contralateral 2nd order neuron projections from the lateral vestibular nucleus.  Ronald Tasker elicited sensations of vertigo and movement in a patient by stimulating the VPL.  Vestibular information is projected from the VPL to the somatic sensory cortex (parietal lobe) and to the posterior parietal cortex (termed the vestibular cortex).  Also handles touch, pain, and temperature sense.  NA 208, fig 3-9, 3-10.

	Posterior parietal cortex
	This cortical area immediately caudal to the primary somatosensory cortex, also contains neurons that process joint angle and limb position, may serve and important role in the conscious perception of the orientation of the head and body in space.  NA 208.

	Auditory system
	Sensory system for the transduction and perception of pressure (sound) waves – it mediates the sense of hearing.  Has a topographic organization and consists of multiple parallel pathways.

	Auditory division of CN VIII
	Portion of CN VIII that contains the central processes of the cochlear bipolar cells (whose cell bodies are located in the spiral ganglion).  Conveys sensory information from hair cells in the organ of Corti to the cochlear nuclei.  Courses with the vestibular division and enters the brainstem more caudally at the lateral pontomedullary junction.  Important in sense of hearing.  NA 199, 202 and fig 7-3.  

	Basilar membrane
	Pressure changes conducted by the tympanic membrane, middle ear ossicles, to the scala vestibuli, media, and tympani, set up a traveling wave along the basilar membrane upon which the organ of Corti sits.  This results in shearing forces between the basilar membrane and the less compliant tectorial membrane, causing the stereocilia of the hair cells to bend and a change in the membrane conductance of the hair cells.  Because of both the mechanical properties of the basilar membrane and the electrophysiological properties of the hair cells, fibers from the base of the cochlea respond to high-freq sound while fibers from the apex respond to low-freq sound.  NA 204-206, fig 7-3; Netter 91.

	Cochlea
	A coiled structure in the bony labyrinth of the inner ear that is responsible for the sense of hearing and is divided into 3 compartments: scala vestibuli, media, and tympani.  The scala vestibuli and tympani contain perilymph while the scala media contains endolymph (resembles intracellular fluid with high K+, low Na+).  NA 204-205; Netter 90-91.


	Spiral ganglion
	Located in the inner ear, contains the cochlear bipolar cell bodies which transmit sensory information from the hair cells in the organ of Corti to the cochlear nuclei in the rostral medulla.  NA 202; Netter 91, 118.  

	Dorsal and ventral cochlear nuclei
	Receive input from the ipsilateral auditory nerve.  (We are not responsible for the subdiv’s of the ventral cochlear nuclei.)  These nuclei have a tonotopic organization.  The ventral cochlear nucleus projects to the superior olivary nucleus.  Both the ventral and dorsal cochlear nuclei ultimately send output to the inferior colliculus, bilaterally and contralaterally, respectively.  The cochlear nuclei are the most central site in which a lesion can cause ipsilateral deafness.  Blood supply via PICA.  NA 210, fig 7-5.

	Superior olivary complex
	Located in the caudal pons, lateral to the medial lemniscus and dorsal to the spinal anterolateral fibers.  Receiving input from both ipsi and contralaterally, it is the first site in the auditory pathway for binaural convergence.  This complex of 3 nuclei (lateral & medial superior olive and nucleus of trapezoid) are important for sound localization.  The medial superior olivary nucleus receives bilateral input and is sensitive to interaural time differences and responds to low-freq tones; the lateral superior olivary nucleus receives ipsilateral excitatory input and contralateral inhibitory input via the nucleus of the trapezoid body and is sensitive to interaural intensity differences and responds to high-freq tones.  Neurons from the superior olivary complex project their axons bilaterally to the inferior colliculus.  There are also ipsi and contralateral inhibitory efferent nerves that travel in CN VIII back to the cochlea called the olivocochlear bundle that mediate the flow of auditory information.  NA 211-213, fig 7-4.

	Trapezoid body
	Located in the caudal pons; corresponds to axons from the ventral cochlear nucleus decussating to reach the contralateral medial superior olivary nucleus and the nucleus of the trapezoid body.  A discrete commisure, unlike the dorsal and intermediate acoustic stria formed by axons of the dorsal cochlear nucleus.  Important pathway in sound localization.  NA 212, fig 7-5.

	Lateral lemniscus
	Axons crossing via the trapezoid body converge with those crossing in the dorsal and intermediate acoustic striae to form the lateral lemniscus, which runs from the caudal pons to the inferior colliculus in the midbrain.  Some axons send collateral branches into the nucleus of the lateral lemniscus (located in the center of the lateral lemniscus), which in turn sends some axons to the contralateral inferior colliculus via Probst’s commisure.  NA 212-213.


	Inferior colliculus and brachium
	Located on the dorsal surface of the midbrian, caudal to the superior colliculus.  Virtually all the ascending fibers in the lateral lemniscus synapse (from the ipsi- & contralateral superior olivary nuclei and nuclei of the lateral lemniscus, and from the contralateral cochlear nuclei) in the nuclei of the inferior colliculus.  The central nucleus processes sounds for auditory perception and reflexes (acoustic startle response) and is laminated, where neurons of lamina are sensitive to specific frequencies.  Other nuclei, such as the external nucleus, may be important for acousticomotor function.  The inferior colliculus projects to the medial geniculate nucleus of the thalamus via a tract called the brachium.  NA 215-216.

	Medial geniculate nucleus
	The thalamic auditory relay nucleus.  The ventral division is tonotopically organized and laminated, and receives the major ascending projection from the central nucleus of the inferior colliculus.  The other divisions (dorsal & medial) are not laminated and receive input from all nuclei of the inferior colliculus as well as somatic sensory and visual information and seem to function in more integrative functions such as arousal.  The ventral medial geniculate nucleus projects via the auditory radiations to the primary auditory cortex in Heschl’s gyri (temporal lobe), while the other divisions project to the secondary auditory areas around the Heschl’s gyri.  NA 216-218, fig 7-7a, 7-10.

	Heschl’s gyri
	The primary auditory cortex (area 41) – located in the lateral sulcus in the temporal lobe, Heschl’s gyri run orthogonal to the superior, middle, and inferior temporal gyri from the lateral surface of the cortex medially to the insular region.  The PAC has an isofrequency columnar organization across all 6 layers, and the ventral medial geniculate nucleus projects primarily to layers 3 and 4.  Within the high-freq columns are binaural columns, aggregates of which are oriented at right angles to the isofrequency strips.  A lesion of area 41 may not produce unilateral hearing loss, but does impair sound localization from the contralateral auditory space.  NA 218-219, fig 7-10.

	Wernicke’s area
	Located within the caudal portion of the lateral sulcus on the left side and extending onto the lateral surface of the superior temporal gyrus, this area (area 22) is a higher-order auditory cortical area important in interpretive (sensory) speech mechanisms.  In the right lobe, this area is involved in interpreting the emotional content of language.  An important projection from Wernicke’s area is via the arcuate fasciculus to the motor-speech area, Broca’s area (frontal operculum, area 44).
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DESCENDING MOTOR PATHWAYS

	Motor cortex
	The primary motor cortex is located ventral to the central sulcus in the precentral gyrus (area 4).  Gives rise to most of the corticospinal tracts and has a complete and somatotopically organized body representation.  This area is important in the execution of movements and lesions here cause weakness.  NA 264, fig 9-1, 9-6.  

	Supplementary motor cortex
	Dorsomedial aspect of area 6 – plays a role in the planning of complex sequences of movements that involve the coordinated use of both limbs, especially the distal extremities.  Major input from the ventral anterior nucleus of the thalamus, through which a major portion of the basal ganglia projects.  Also gets cortical input from prefrontal cortex.  Lesions of the SMA, such as by infarction of a branch of the anterior cerebral artery, impairs bimanual coordination.  NA 264-265, fig 9-6, 9-7.

	Premotor cortex
	Lateral parts of area 6 – involved in motor planning.  Major inputs from cerebellum, relayed by the ventral lateral nucleus of the thalamus.  Descending projection to the reticular formation/reticulospinal tracts.  Premotor lesions produce weakness of shoulder and hip muscles and impairment in performing coordinating movements of proximal/distal muscles (interjoint coordination; ie pedaling a bicycle).  NA 265, fig 9-6, 9-7.

	Layer V neurons
	The primary motor cortex has a thick layer 5, from which most of the descending projections originate.  Layer 5 contains large pyramidal Betz cells and smaller pyramidal cells which project to the spinal cord.

	Red nucleus
	A nucleus that subserves contralateral control of limb muscles and voluntary motor functions, receiving input from the motor cortex, and gives rise to the rubrospinal tract, a lateral descending pathway that begins at the magnocellular portion of this nucleus.  The parvocellular portion is part of a multisynaptic pathway from the cerebral cortex to the cerebellum.  NA 259-260, fig 9-3.

	Superior colliculus
	Subserves motor coordination between head and eye movements and is the origin of the tectospinal tract, one of the medial descending pathways.  This nucleus receives some input from the optic tract (see Vision lab).  NA fig 9-4.

	Vestibular nuclei
	(See prior lab).  

	Pontine nuclei
	Receive their principal input from the cerebral cortex via fibers that descend in the anterior and posterior limbs of the internal capsule and through the basis pedunculi.  These nuclei comprise the pontine reticular formation and gives rise to the pontine reticulospinal tract.  


	Reticular formation
	Located in bilateral vertical columns in the pons and medulla, the reticular formation gives rise to the pontine and medullary reticulospinal tracts which are important descending pathways that control relatively automatic motor responses, such as stepping when we walk and postural adjustments.  The reticular formation also sends ascending projections to rostral brainstem and diencephalic integrative centers.  NA 274-275, fig 9-14.

	Ventral lateral nucleus
	Relays to primary motor cortex (area 4) & premotor cortex (lateral area 6). Each of the deep cerebellar nuclei has ascending projection that synapses in the VLN: Dentate (densest projection), Interposed (intermediate projection), Fastigial (lightest projection). This collective projection from all the deep cerebellar nuclei is known as the cerebellothalamic tract.  Ref: NA 316-317.


Fiber Tracts and Bundles:

	Corticospinal: ventral & lateral
	The primary motor cortex and premotor cortex areas are the major contributors (some from the somatic sensory cortical areas) to the lateral corticospinal tract.  Axons from these cortical areas travel via the posterior limb of the internal capsule, the ventral surface of the basis pedunculi, through the pons to the ventral medullary pyramids, and decussate at the junction of the spinal cord.  The lateral corticospinal tract descends in the dorsolateral portion of the lateral column (see below) and primarily terminates on lateral portions of the intermediate zone and ventral horn of the cervical and lumbosacral spinal cord – controlling distal limb muscles of the hand and foot.  Lesion of the lateral corticospinal tract results in the loss of the ability to fractionate movements.  The ventral corticospinal tract receives input from the primary motor cortex and SMA and descends in the same fashion as the lateral corticospinal tract, except the axons do not decussate but rather descend ipsilaterally in the ventral column (see below) of the spinal column.  Some fibers to decussate in the spinal cord; the ventral corticospinal tract influences axial and girdle muscles bilaterally, and are preferentially involved in control of the neck, shoulder, and upper trunk muscles.  NA 256-257, 260-261.  Fig 9-3a, 9-4a.  

	Corticobulbar
	The corticobulbar pathways are the primary pathways from the motor and premotor areas to cranial motor nuclei in the pons and medulla, the reticular formation, and the cranial equivalent of the corticospinal tracts.  NA 254-255, fig 13-4.


	Internal capsule
	The internal capsule, ascending and descending fibers to and from cortical areas, separates the caudate nucleus and the putamen, and is composed of the anterior and posterior limbs connected by the genu.  Descending axons from layer 5 of the motor areas course in the genu (corticobulbar) and posterior limb (corticospinal) of the internal capsule with some somatotopy (FATL: Face, Arm, Trunk, Leg – see fig 9-10, 9-11) that is continued in the basis pedunculi.  NA 271-272.

	Basis pedunculi
	Located on the ventrolateral surfaces, forms the base of the midbrain.  Corticospinal tract axons course in the basis pedunculi, maintaining FATL spatial interrelations.  NA 272-273, fig 9-10, 9-11.  

	Pyramid & decussation
	Located on the ventral surface of the caudal medulla, contains the corticospinal and corticobulbar fibers (the latter terminate in the medulla).  At the junction between the medulla and spinal cord, many fibers of the pyramids decussate and crossover to the contralateral side before descending in the spinal cord.  NA 276-277, fig 9-16.

	Lateral column
	Contain the lateral corticospinal tract and the rubrospinal tract, two laterally descending pathways.  These pathways terminate in the lateral intermediate zone and lateral ventral horn.  NA fig 9-3a

	Ventral column
	Contain the 4 medial descending pathways in the spinal cord: the ventral corticospinal tract, the reticulospinal tracts, the medial vestibulospinal tract (aka descending medial longitudinal fasciculus), and the tectospinal tract.  These pathways terminate in the medial ventral horn where axial and girdle motor neurons are located, and the medial intermediate zone.  NA fig 9-4, 9-5.

	Rubrospinal tract
	One of the two lateral descending pathways that controls limb muscles and regulates voluntary movement.  Originates from the magnacellular portion of the red nucleus and terminates in the cervical cord.  It decussates in the midbrain.  Smaller than the lateral corticospinal tract, it is clinically significant because it is thought to subserve some residual motor functions after damage to the lateral corticospinal tract.  NA 259-260, fig 9-3b.

	Vestibulospinal tracts
	The lateral vestibular nucleus is the origin of the lateral vestibulospinal tract, which descends ipsilaterally to all spinal levels and is crucial to maintaining balance.  The medial vestibular nucleus (with minor contributions from the superior and inferior vestibular nuclei) is the origin of the medial vestibulospinal tract, which descends bilaterally to the cervical and upper thoracic spinal levels and is important in controlling head position.  NA 261, fig 9-4c, 9-5.


	Reticulospinal tracts
	These two tracts (pontine reticulospinal and medullary reticulospinal) originate from respective portions of the reticular formation.  The pontine reticulospinal tract descends ipsilaterally in the ventral column while the medullary descends ipsi in the ventrolateral column.  Both terminate on the medial intermediate horn and ventral horn at all levels and are important in automatic movement of axial and limb muscle (ie walking).  NA p 254-255, 261, fig 9-4b, 9-5.

	Tectospinal tract
	One of the 4 medial descending pathways.  Originates from the deep layers of the superior colliculus, decussates at the level of the dorsal tegmentum, and descends to the cervical spinal cord.  This pathway plays a role in coordination of head and eye movements.  NA 273-274, fig 9-4b, 9-5.
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CEREBELLUM

	Stellate cells
	Function: Inhibitory interneuron. Receive excitatory input from parallel fibers & establish inhibitory synaptic contacts with Purkinje neurons at level of distal dendrites.  Location: Molecular layer.  Ref: NS fig 42-6, NA Fig 10-12.

	Basket cells
	Function: Inhibitory interneuron. Receive excitatory input from parallel fibers & establish inhibitory synaptic contacts with Purkinje neurons at level of proximal dendrites and soma.  Location: Molecular layer. Ref: NS Fig 42-6, NA Fig 10-12

	Golgi cells
	Inhibitory interneuron. Receives principal input from parallel fibers in molecular layer but distributes its terminals back to granule cells. Along with mossy fibers, forms other presynaptic element of cerebellar glomeruli in granular layer.  Location: Granular layer.  Ref: NS Fig 42-6, NA Fig 10-12.

	Granule cells
	Function: Receive excitatory input of mossy fibers. Send their axons into the molecular layer where bifurcate into parallel fibers that intersect dendrites of Purkinje cells making one to a few synapses with each Purkinje cell. Major postsynaptic element of cerebellar glomeruli.

Location: Granular layer.  Ref: NS Fig 42-6, NA Fig 10-12.

	Purkinje cells
	Function: Output neurons of cerebellum. Purkinje cells send their axons to deep cerebellar nuclei and vestibular nuclei where they inhibit ongoing activity of neurons in these nuclei.  Location: Purkinje layer.


Layers

	Molecular
	Relatively acellular layer lying just beneath the pial surface. Contains 2 types of neurons: 1) Stellate cells (located in the outer 2/3 of layer); 2) Basket cells (located near Purkinje cell bodies).

	Purkinje
	Intermediate layer of cortex containing single layer of purkinje cells (whose dendrites arborize into molecular layer and whose axons descend into white matter beneath cortex).

	Granular
	Innermost layer of cortex. Packed with neurons, primarily granule & golgi cells. Occasional clear spaces are sites of cerebellar glomeruli.


Cerebellar Peduncles:

	Inferior
	Function: Attaches cerebellum to brainstem. Carries both afferent and efferent cerebellar axons. Cerebellar afferents include: DSCT, RSCT, Cuneocerebellar tract, lateral reticular axons, inferior olivary axons, and afferent fibers from vestibular nuclei to flocculonodular lobe & vermis.  Location: Medulla.  Ref: NA Table 10-1, NA syllabus.

Lesion Sequelae: Infarction of inferior cerebellar peduncle (due to PICA occlusion) = ataxia & nystagmus (cerebellar signs of lateral medullary/ Wallenburg’s syndrome) – NA p.319

	Middle
	Function: Attaches cerebellum to brainstem. Carries only afferent cerebellar axons. Axons of pontine nuclei enter cerebellum via middle cerebellar peduncle.  Location: Pons.  Ref: NA Fig 10-9.

	Superior
	Function: Attaches cerebellum to brainstem. Carries mostly efferent cerebellar axons. Decussates at junction of pons & midbrain and continues until caudal midbrain (level of inf. colliculus). Cerebellar afferents: VSCT. Cerebellar efferents: ascending projections from all deep cerebellar nuclei terminating primarily in red nucleus and ventral lateral nucleus of thalamus.  Location: Pontine tegmentum.  Lesion Sequelae: Damage to superior cerebellar peduncle decussation manifests bilateral signs.


Cerebellar Subdivisions & Nuclear Groups:
	Anterior Lobe
	Lobules I-V. Important in planning, execution, control of movements of limbs and trunk.  Ref: NS Fig 42-1, 42-2.

	Posterior Lobe
	Separated from anterior lobe by primary fissure. Lobules VI-IX. Important in planning, execution, control of movements of limbs and trunk.  Ref: NS Fig 42-1, 42-2.

	Flocculonodular Lobe
	Separated from posterior lobe by posterolateral fissure. Lobule X. Consists of nodulus (located in midline) & flocculus (on either side). Key role in maintaining balance & eye movement control.  Ref: NS Fig 42-1, 42-2.

	Vermis
	Medial cerebellar cortex; defined by elevated midline ridge. Projects to fastigial nucleus. Component of spinocerebellar circuit.

	Intermediate Hemisphere
	Paravermal cerebellar cortex. Projects to interposed nuclei (globose & emboliform). Component of spinocerebellar circuit.

	Lateral Hemisphere
	Lateral cerebellar cortex. Projects to dentate nucleus. Component of cerebrocerebellar circuit.

	Fastigial nucleus
	Most medial of deep cerebellar nuclei. Projects axons to medial descending pathways including reticulospinal and vestibulospinal tracts. Also sends small ascending projection via thalamic VLN to cells of origin of ventral corticospinal tract. Important in motor execution.

Ref: NA 10-8, NS 42-3, 42-10.

	Interposed nuclei
	Lateral to fastigial nucleus. Include globose and emboliform nuclei. Project axons to lateral descending pathways including rubrospinal and lateral corticiospinal tracts. Project through superior cerebellar peduncle to magnocellular component of red nucleus and via VLN of thalamus to portions of motor areas of frontal lobe to give rise to lateral descending systems. Important in motor execution.

Ref: NA 10-8, NS 42-3, 42-12.

	Dentate nucleus
	Largest and most lateral deep nucleus. Projects via superior cerebellar peduncle to: 1) VLN of thalamus which, in turn, projects to primary and premotor areas of frontal lobe; 2) Parvocellular portion of red nucleus, which projects to ipsilateral inferior olivary nucleus which, in turn, projects back, via inferior cerebellar peduncle to contralateral cerebellum, forming a feedback loop. Important in motor planning.

Ref: NA 10-9, NS 42-3, 42-12

	Vestibular nucleus
	Give rise to the medial vestibulospinal tract as well as fibers in the medial longitudinal fasciculus. Important in balance and eye movement. 

Ref: NA 10-6, NS 42-10.


Thalamic Nuclei:
	Ventral Lateral Nucleus
	Relays to primary motor cortex (area 4) & premotor cortex (lateral area 6). Each of the deep cerebellar nuclei has ascending projection that synapses in the VLN: Dentate (densest projection), Interposed (intermediate projection), Fastigial (lightest projection). This collective projection from all the deep cerebellar nuclei is known as the cerebellothalamic tract.  Ref: NA 316-317.


Fiber Bundles & Paths:
	Dorsal spinocerebellar Tract (DSCT)
	Relays information from peripheral regions in the leg & lower trunk to cerebellum. Primary afferent fibers synapse on cells of Clarke’s nucleus in medial part of lamina VII (T1-L2) and DSCT arises from cells of Clarke’s nucleus. Enter cerebellar cortex via inferior cerebellar peduncle in medulla & terminate in ipsilateral leg areas of cerebellar cortex.  Ref: NA Fig 10-7A.  Lesion Sequelae: Friedrich’s ataxia. Lesions of spinocerebellar pathways occur in important degenerative diseases like Friedrich’s ataxia where stricken individuals make uncoordinated movements. Usually attributable to demyelination of spinocerebellar tracts.  NA 298-299.


	Spino-olivo-cerebellar
	Unclear term – may be referring to cerebellar afferents from the inferior olivary nuclear complex?  All of the climbing fibers to the cerebellum originate from this complex.  The inferior olivary nucleus in turn receives its input from the parvocellular division of the red nucleus.  Not exactly sure where the spino- part of this tract comes in.  NA 302, 311-312.

	Ponto-cerebellar
	Unclear Term – may be referring to cerebellar afferents from the pontine nuclei.  In which case this tract is important in relaying input from the cerebral cortex to the cerebrocerebellum.  Fibers decussate in the pons and enter the cerebellum via the middle cerebellar peduncle.  NA 313-314.

	Rubro-olivo-cerebellar
	Unclear Term – may be referring to cerebellar projections to the  parvocellular division of the red nucleus from the dentate nucleus.  The parvocellular division of the red nucleus then projects to the ipsilateral inferior olivary nucleus, which in turn is a major input back into the cerebellum.  NA 302.


Arteries:
	Posterior Inferior Cerebellar
	Bilateral arteries off the vertebral arteries. Supplies the posterior cerebellum and lateral medulla. The lateral medulla receives no other collateral supply so occlusion of PICA almost always leads to: 1) Infarction of the dorsolateral medulla with interruption of ascending fibers of the anterolateral system and trigeminal spinal tract & nucleus; 2) Infarction of the inferior cerebellar peduncle, giving rise to ipsilateral signs of ataxia [inaccuracy in speed, force, & distance of movement] and nystagmus [involuntary rhythmic oscillations of the eye] and is also associated with Wallenburg syndrome / Lateral Medullary syndrome – loss of facial pain sensation on the same side and sense of touch on the opposite of limbs and trunk.  May become hoarse because of loss of motor neurons to muscles of larynx.  Ref: NA 319, fig 4-2, 4-3.

	Anterior Inferior Cerebellar
	One of the long circumferential arteries off the basilar artery at the level of the caudal pons. Supplies the dorsolateral pons and cerebellum. Regions dorsal to this are supplied by the superior cerebellar artery.  NA fig 4-2, 4-3.

	Superior Cerebellar
	Supplies the dorsal pons and rostral cerebellum. Another long circumferential branch off basilar artery at level of midbrain. NA fig 4-2.
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