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NEUROANATOMY

NOTES FOR FINAL EXAM

--Auditory and Vestibular systems----

-CN VIII :  Vestibulocochlear Nerve


Auditory component:    auditory info from the cochlear


Vestibular component:  balance info from the semicircular canals

-CN VIII course:   sensory receptors send impulses via the peripheral processes of primary sensory neurons to the nerve cell bodies in the cochlear apparatus forming the spiral ganglion and in the vestibular apparatus forming the vestibular ganglion.   The processes form CN8 which travels through the internal auditory meatus along with CN 7 and enters at medulla-pons junction.

-Lesion of cochlear component:  hearing loss and tinnitus

-Lesion of vestibular component:  disequilibrium, vertigo, and nystagmus

-Acoustic Neuroma:  tumor of CN 8

Located at cerebellopontine angle or in the IAM;    Unilateral hearing loss and tinnitus, facial weakness and loss of corneal reflex (due to 7 involvement), ipsilateral loss of pain/temp due to spinal trigeminal tract as tumor expands.

-Auditory System-


-The auditory info from an ear ascends in tracts on both sides of the brain stem

-This bilateral central projection of auditory info means that sounds stimulating one ear will reach consciousness in the primary auditory areas of both temporal lobes of the brain.

I.   Peripheral Portion 


A.  Conductive Portion:    damage leads to conductive deafness (hearing deficit), ipsilaterally

1. External Ear

2. EAM

3. Tympanic membrane

4. Middle Ear bony ossicles

5. Inner Ear fluid

B.  Nerve Portion:   damage leads to nerve deafness, ipsilaterally


6.  Organ of Corti:   hair cells in cochlear duct, basilar membrane


7.  Cochlear division of CN 8    (includes spiral ganglion and cochlear nerve)

8. Cochlear nuclei in rostral medulla;  fibers from hair cells in inner portion synapse on second order neurons in dorsal cochlear nucleus, where as fibers from outer portion hair cells synapse on ventral cochlear nucleus.

II.  Central Portion:  damage leads to relatively minor hearing loss—most difficulty in locating direction of source of sounds and in understanding speech in areas of high background noise.

9.  Lateral lemniscus:      crossed and uncrossed; the majority of fibers will cross at the                        trapezoid body in the caudal pons before entering lateral lemniscus.



10.  Inferior colliculus:    midbrain



11.  Inferior brachium:     axons from the inf. colliculus

12. Medial geniculate nucleus of thalamus

13. Auditory radiations:    axons from MGN

14. Transverse temporal gyrus (areas 41, 42 in temporal lobe)

-Unilateral damage to the peripheral portion results in a significant ipsilateral hearing loss

1.  Conductive deafness:  damage to the conductive portion by interrupting passage of sound through external or middle ear.  Ex:  wax, foreign bodies in EAM, otosclerosis (fixation of stapes) and otitis media.

2.  Nerve deafness:   disease of the cochlea (hair cells, organ of corti), cochlear nerve and cochlear nuclei in the medulla.  Ex:  organ of corti damaged by drugs, prolonged exposure to loud noise, rubella, aging.

--Tests for hearing deficits-      see p. 106-107

A.  Tuning fork Tests:    to distinguish between conductive and nerve deafness

1.  Rinne’s Test:   usually performed by placing the stem of vibrating tuning fork on the mastoid process (bone  conduction) until it is no longer heard;  then it is held in front of ear (air conduction)

a.  normal response (positive)- air conduction is better than bone conduction, pt. still hears vibration in

      the air after bone conduction is gone

b.  conductive hearing deafness- gone conduction is better than air conduction, pt. fails to hear vibrations

     in the air after bone conduction is gone

c.  nerve deafness- air conduction is better than bone conduction, pt. hears vibrations in the air after bone

      conduction is gone.

2. Weber’s Test:  performed by placing the stem of vibrating tuning fork against the vertex of the skull and asking the pt. which ear the sound is heard better.

a. normal response:  pt. hears sound equally on both sides

b. conductive deafness:  sound is heard better in ear with hearing deficit

c. nerve deafness:  sound is heard better in the ear without a hearing deficit

B.  Brain Stem auditory evoked potentials-   can diagnose hearing in infants and brain stem lesions 

---Vestibular System------

-maintains posture and equil. And coordinates head and eye mov’ts.;  Works closely with the cerebellum and the visual system in this function.

-Receptors:  hair cells located in the membranous labrinyth of the inner ear, function as proprioceptors detecting movement and changes in position of the head.

Static Labyrinth: receptors in macula utriculi and macula sacculi that detect cnages in position of head relative to

gravity and detect linear acceleration and deceleration of the head.  Responsible for proper alignment of

head, eyes, and body realative to gravity.


Kinetic Labyrinth:  receptors in cristae ampullaris of the semicircular ducts that detect angular acceleration and

deceleration movements of the head.  Associated with restoration of balance, and mov’t of eyes to maintain orientation.

-Vestibular pathways—

A.  Receptor (hair cells) in the labyrinth are innervated by bipolar neurons in the vestibular ganglia.  The vestibular ganglion sends axons (forming vestibular nerve) to the vestibular nuclei (and cerebellum).

B.  Vestibular nuclei- project fibers to:

1. cerebral cortex – for conscious awareness of position and mov’t of head

2. cerebellum

3. spinal cord via

a. lateral vestibulospinal tract (ipsilateral) to LMN innervating antigravity muscles

-assoc. with static labyrinth

b. medial vestibulospinal tracts (bilateral) in descending portion of the MLF, especially to LMNs  

        innervating head and upper extremities, for recovering balance, assoc. with kinetic labyrinth.

4. ocular motor nuclei and gaze centers of the brainstem via the ascending portion of the MLF, for coordination

of eye mov’ts to align the eyes in the proper position and to turn the eyes to maintain orientation when balance is disturbed.   (see diagram p. 109)

*summary of MLF involvement:  Vestibular nuclei project fibers via the ascending MLF to the ocular motor nuclei and subserve the vestibulo-ocular reflexes; they also project fibers, via the descending MLF to the lateral vestibulospinal tracts, to the ventral horn LMN to mediate postural reflexes.

-Vestibular-Ocular Reflexes-   

The following structures are involved in reflex turning of eyes to left when is turned to right:

1. Right lateral semicircular duct receptors in cristae ampullares are stimulated and the frequency of impulses in the right vestibular nerve is increased.

2. Left lateral semicircular duct receptors become less excitable and the frequency of impulses in the left nerve is decreased.

3. Increased activity of the right nerve leads to a turning of the eyes to the left as a result of:

a. Right nerve excites the right vestibular nuclei

b. Right vestibular nuclei send axons to synapse on the

i. Left abducens nucleus (contracting the left LR muscle)

ii. Left lateral gaze center near or in the left abducens nucleus.  Axons from LGC ascend in MLF to right occulomotor nucleus (contracting the right MR muscle)

--Symptoms of damage to vestibular system---

1. Vertigo:   sensation of whirling in a stationary environment

2.  Nystagmus:  noticeable,  to and fro movements or oscillations of the eyes

3.  Loss of Balance

-Testing the intergrity of the Vestibular System-

A. Doll’s eye phenomenon- testing in unconscious pt.   If the reflex is intact, mov’t of the head will be accompanied by

     conjugate mov’t of eyes in opposite direction.

B.  Caloric Testing:   using cold or warm water to assess the status of the vestibular prtion of the inner ear, pt. is positioned (on back, elevating head 30 degrees) to test lateral semicircular ducts.

1. Warm Water against the right tympanic membrane stimulates the receptors in right lateral semicircular duct causing a right horizontal nystagmus which includes:  slow mov’t of eyes to left and fast return of the eyes to the right.  Pt also feels as though they were falling to the right.

2. Cold Water against the right tympanic membrane reduces the activity of the receptors in the right lateral semicircular ducts which leads to a left horizontal nystagmus due to the now unopposed activity of the receptors in the left lateral semicircular duct.  A left horizontal nystagmus has a sow mov’t to the right, fast snap back to the left and a perception of falling to the left.

-----Visual System I:    Anatomy--------------

Anatomical Pathway:   Ganglion cells, optic nerve, chiasm, tract, LGN thalamus, visual projection fibers to Cerebral cortex.

-The retina can be divided into halves (hemiretina) using fovea as the center:

Temporal, Nasal, superior, Inferior

-Visual Field = area of the environment seen by each eye when the other eye is closed.  The visual field can be divided into nasal and temporal halves, or superior and inferior halves.

-The lens projects the visual fields upside-down and backwards on the retina

Temporal visual fields
=
nasal hemiretina


Nasal Visual fields
=
Temporal hemiretina


Superior visual fields
=
Inferior hemiretina


Inferior Visual Fields
=
Superior hemiretina

-Pathway for conscious Vision:

1. Retina:  conversion of light excitation into neuronal excitation

2. Optic nerve  contains all fibers (ganglion cell axons) from retina, myelinated by oligodendroctes

3. Optic chiasm:  crossing of nasal retinal fibers to contralateral optic tracts (temp. fibers don’t cross)

4. Optic tract:  fibers from ipsilateral temp. retina and contralateral nasal retina.  Thus the tract carries information from the visual fields of both eyes.  Ex:  right optic tract carries info. From left visual fields of both eyes.

5. LGN of thalamus:  termination of tract; LGN sends axons to cerebral cortex.

6. Visual projection fibers (optic radiations geniculocalcarine tract) axons from LGN first travel in the internal capsule, then some axons go through the parietal lobe and some through the temporal lobe to eventually reach the primary visual cortex in occipital lobe

7. Primary Visual Cortex:  (striate cortex, Brodmann’s area 17) surrounds calcarine fissure on the medial side of occipital lobe.

-upper lip (lingual gyrus) corresponds to upper vision, receives fibers that traveled through temp. lobe

-upper lip (cuneus):  corresponds to lower vision, receives fibers that traveled through the parietal lobe.

-Superior Nasal fields -------Inferior Retina----LGN------Temporal lobe (meyer’s loop)-------lingual gyrus (inf. visual cortex)

-Inferior Visual Fields-----Superior Retina-----LGN-----Parietal lobe-------Cuneus (sup. Visual cortex)

*Macular vision is represented in the posterior portion of the visual cortex (post. Portions of both lingual and cuneus)

*The primary visual cortex is supplied with blood from the posterior cerebral artery
-Look at diagram on p 115 for visual pathway (temp. fibers stay lateral and don’t cross; nasal fibers stay medial and cross)

-Also note in diagram that the papillary reflex is intergrated in the visual system pathway

-------Visual System II:   Lesions--------

Confrontation method of testing visual fields:    Dr. compares their visual fields to pt visual fields.  Each eye tested separate


-loss of vision is represented by darkening in the region of visual field loss in diagrams.  These diagrams are represent

  the view as the pt. sees it.

1.  Anopia:  defect of vision

2.  Hemianopia:  defect in vision of ½ of an eyes visual field

3.  Quadrantonopia:  defect in vision of ¼ of a visual field

4.  Homonymous:  defect in vision in same portion of the visual fields in both eyes

-Examples:


Right homonymous hemianopia:   defect in right ½ of visual fields of both eyes


Left Superior homonymous quadrantamopia:  defect in L sup. ¼ of both eyes

Visual field defects caused by lesions at various levels of visual pathway (p. 118-119)

A.    Right Optic Nerve lesion
1.  Monocular blindness (right eye)

2.   Also destroys afferent limb of papillary light reflex in that eye***

B.  Optic Chiasm in midline lesion
1. bitemporal hemianopia

2. destroys crossing nasal fibers

3. Frequent causes:   pituitary gland tumor, aneurysm in anterior cerebral or ant. Communicating artery

C.  Right lateral margin of optic chiasm
1. Nasal hemianopia, right eye

2. Frequent cause:  aneurysm or atherosclerotic plaque enlargement of internal carotid artery

D.  Right optic tract
1. Left homonymous hemianopia

2. same defect if destroy right LGN, or all the visual radiations, or entire right side of primary visual cortex, internal capsule

E.  Right side Visual Radiation fibers in Meyer’s loop pathway
1. Left superior homonymous quadratanopia

2. Due to lesions of temporal lobe, enlargement of lateral ventricles, tumors

F.  Right side visual radiation fibers running through parietal lobe
1. Left inferior homonymous quandrantanopia

G.  Right Primary visual cortex
1. Left Homonymous hemianopia

2. left homonymous hemianopia with macular sparring

H.  Bilateral Central scotoma:  blow to back of head

I.  Visual agnosias:  inability to recognize an object due to lesions in visual association areas

-Forebrain consists of:

1. Diencephalon:  thalamus, hypothalamus

2. Internal Capsule:  where optic radiations come from, and other fibers ascend and descend

3. Telencephalon (cerebral hemispheres)

-Cerebral cortex, medullary center, subcortical gray nuclei (caudate nucleus, globus pallidus, putamen, amygdala, claustrum), and lateral ventricles.

-The Telencephalon, growing more rapidly that other vesicles, folds down besides and above the diencephalons, fusing with it.  This explains why the diencephalons is almost completely covered by the telencephalon.       (see diagram on p 121)

---------THALAMUS---------------

*The only sensory cranial nerve not synapsing in thalamus is olfactory (CN1)

-Thalamus = sensory relay and intergration center connecting with many areas of brain including Cerebral cortex, basal ganglia, hypothalamus, and brain stem.

-Capable of perceiving pain but not of accurate localization of pain;  Example, pts withtumore of thalamus may experience thalamic pain syndrome—a vague sense of pain w/o ability to accurately localize it.  

-Sensory fibers ascending through brain stem synapse in thalamus and are relayed to cerebral cortex via internal cortex.

-Motor fibers descending from c.c. pass to brain stem via the internal capsule w/o synapsing in thalamus

-Thalamus consists of two major components:   fiber bundles and nuclei

Note:  lateral side of Thalamus faces internal capsule

-Thalamic Fiber bundles:


External medullary lamina:  passing externally and deep to Reticular nuclei


Internal meduallary lamina:  running ant. to posterior, it forms an intralaminar space posteriorly.

-Anatomical Organization of Thalamic Nuclei:   (see diagram p 122)

1. Reticular nuclei:  located anterior/ lateral

2. Anterior nuclei:  anterior and dorsally

3. Medial Nuclear Mass

a. Dorsomedial nucleus (DM)

b. Midline nuclei

4. Lateral Nuclear Mass

a. Dorsal Tier:

i. Lateral Dorsal nuclei (LD)

ii. Lateral Posterior (LP)

iii. Pulvinar

b. Ventral Tier:

i. Ventral Anterior (VA)

ii. Ventral Lateral

iii. Ventral posterior

1. Ventral posterior lateral (VPL)

2. Ventral posterior medial (VPM)

iv. Medial Geniculate Nucleus (MGN)

v. Lateral Geniculate Nucleus (LGN)

5. Intalaminal nuclei (centromedian)   bound on both sides by the Internal Medullary lamina

-Functional divisions of thalamic Nuclei:

1.  Specific Relay nuclei:  receive specific motor or sensory inputs, processes input, then sends to primary motor or sensory

     areas of cerebral cortex


LGN (vision)

MGN (hearing)

VPL (pain/temp, epicritic for body)


VPM (pain/temp, epi for head)
VA and VL (motor relay)

2.  Association Nuclei:  have reciprical connections with assoc. areas of cerebral cortex


DM nucleus = emotion and behavior (limbic), memory


Anterior nucleus = emotion and behavior (limbic), Papez circuit


LP and LD and Pulvinar = sensory integration


Inputs






Nucleus



Outputs

-Mammilothal. Tract of hypothalamus;


ANTERIOR

Cingulate Gyrus



Cingulated gyrus


-Prefrontal Cortex, hypothl, uncus



DORSOMEDIAL
Prefrontal Cortex


-Assoc. areas parietal, temp., occipital lobes


PULVINAR

Assoc. areas of these lobes


-Assoc. areas of parietal, occipital lobes


LP, LD


Assoc. areas of these lobes

3.  Non-specific Nuclei:  receive widespread diffuse connections with other thalamic nuclei, brainstem, reticular formation,

               basal ganglia, cerebral cortex.;   Functions with RAS for mod. Of CNS activity;  includes CM nucles, Reticular

                nuclei, and midline nuclei

**KNOW RELAY PATHWAYS ON PAGE 124*******
**KNOW DIAGRAM OF CORTEX AND ITS RELATION TO THALAMIC NUCLEI ON PAGE 126******
Summary of Thalamic Function

-Major Source of afferents to cerebral cortex

-Almost all sensory systems (except olfactory) are relayed through the thalamus on their way up to the cerebral cortex

-Involved in motor integration, including relaying info to the c.c. from basal ganglia and cerebellum

-Fibers going to or from c.c. and thalamus travel in the internal capsule

-Thalamus linked with ipsilateral cerebral cortex

-Supplied by the Posterior Communicating artery, post. Cerebral artery, and anterior choroidal artery (LGN)

Thalamic Lesions
1. LGN damage:  results in a contralateral homonymous hemianopia

2. Thalamic syndrome (Dejerine-Roussy):  initially contralateral sensory loss, eventually sensation returns, often accompanied by an elevated threshold, considered a pain syndrome, perversion of pain

3. VA/VL damage:  results in motor disturbances, especially involved in basal ganglia

4. DM and Anterior nuclei damage:  results in abnormal behavior, limbic disturbances

5. Prefrontal lobotomy:  destroy interconnections b/t DM and prefrontal cortex:  results in behavior abnormalities

6. Korsakoff’s syndrome:  damage to DM nucleus by chronic alcoholism;  causes memory problems

-------Motor Systems-----------------

--Pyramidal System of UMN-

-Originates from cerebral cortex neurons in Primary motor cortex, premotor cortex, supplementary motor cortex, and primary somatosensory cortex.

--Corticospinal division of pyramidals

-Fibers from c.c. descend in internal capsule (w/o synapse in thalamus  and synapse on or near LMN of spinal cord.


-facilitates flexrs, especially of distal musculature


-voluntary, discrete, skilled mov’t especially of hands and fingers


-medullary pyramid lesion is the only pure corticospinal lesion

--Corticobulbar Division of pyramidals

-From c.c. and terminates on LMN of cranial nuclei in brainstem


-UMN from cerebral cortex distributes to all cranial motor nuclei (LMN) bilaterally with the exception of the

                facial nucleus (lower face portion of facial nucleus)


-UMN lesion would paralyze lower half of face on contralateral side


-LMN lesion would paralyze complete half of face on ipsilateral side


-Corticobulbar lesions are only represented by these facial effects, because all other cranial nuclei are provided for by

                both sides of the corticobulbar tracts  (p. 130, 131)

Extrapyramidal System

-Fibers from the brainstem that descend and synapse on or near LMNs.


-Are more diffuse and multisynaptic than corticospinal tracts


-More involved in non-skilled movt’s (posture, balance, assoc. mov’ts)


-The cerebral cortex can influence the extrapyramidals through descending fibers sent to the brainstem from 

                the cortex.
1. Rubrospinal tract:  from red nucleus in midbrain; crosses in midbrain

2. Pontine Reticulospinal tract:  from reticular formation in pons (stays ipsilateral)

3. Medullary reticulospinal tract: from reticular formation in medulla (stays ipsilateral)

4. Lateral Vestibulospinal tract:  from vestibular nucleus in medulla (stays ipsilateral)

5. Medial Vestibulospinal tract:  from vestibular nucleus;  bilateral (crossed and uncrossed)

-Typical Extrapyramidal UMN lesion involves damage to :  Pyramidal fibers, cortical input to extrapyramidal UMN, and

   extrapyramidal UMN.

----Motor Systems II:    BASAL GANGLIA---------

-Basal ganglia = collection of subcortical nuclei that function together in motor control.   Part of Extrapyramidal motor
-Components of Basal Ganglia:  Caudate nucleus, putamen, globus pallidus, subthalamic nucleus (diencephalons), and

  Substantia nigra (midbrain)     See page 133

-Corpus striatum = Caudate, puatmen, globus.    Striatum = caudate, putamen;     Lenticular nucleus = globus pallidus

- Main Circuit of Basal Ganglia:        Cerebral cortex, caudate + putamen (striatum), globus, thalamus (VA/VL), cerebral

   cortex

-Thus, main function of basal ganglia is to plan and initiate mov’t

-Additional basal ganglia circuits

1.  Cerebral cortex, striatum, globus pallidus, VA/VL, cortex


note: globus also sends/receives info with subthalamus

2.  cerebral cortex, striatum, globus pallidus, VA/VL, cortex


with globus sending to intralaminar thalamic nuclei, and centromedian nucleus sending back to striatum

3.  cerebral cortex, striatum, globus, pallius, VA/VL, cortex


with striatum sending/ receiving info with substantia nigra, which also sends info to VA/VL

-Basal ganglia do not directly effect motor neurons, but they influence motor control indirectly by modifying the output of the descending fibers from the cerebral cortex
-Basal ganglia linked with ipsilateral cerebral cortex and thalamus

-Basal ganglia linked with contralateral side of body

-DISORDERS OF BASAL GANGLIA-
A.  General Deficits:

1. Changes in muscle tone (hyper or hypotonia)

2. Dyskinesias:  involuntary abnormal mov’ts

a. Resting (repose) tremors:  rhythmic oscillations of the hand or head

b. Chorea:  dancing, rapid jerky mov’ts

c. Athetosis:  snake-like, slow writhing mov’ts

d. Dystonia:  slow, sustained contractions of head and trunk

e. Ballism: violent flinging mov’ts of limbs, like throwing a ball

B.  Specific Disorders of the Basal Ganglia:

1. Parkinson’s disease (paralysis agitans):  slowly progressive neurological disease, 3rd most common

a. Resting tremor, rigidity, akinesia, bradykinesia, impaired postural reflexes (shuffling gait), masked gait

b. Due to degeneration of substantia nigra (dopaminergic neurons)

2. Drug induced Parkinson diseases:  MPTP:  acute, immediate, permanent Parkinson’s

3. Huntington’s chorea:  autosomal dominant disease, progressive and fatal

a. Chorea, dementia, hypotonia

b. Degeneration of the striatum (caudate/putamen) and cerebral cortex
4. Tardive dyskinesia:  drug induced

5. Cerebral Palsy:  associated with oxygen deficiency in or near birth.;

a. Athetosis, dystonia

6. Hemiballism:  usually resulting a stroke in the subthalamus

a. Violent, flinging mov’ts of contralateral arm and/or leg

7. Other diseases of interest:

a. Dystonia musculorom deformans

b. Wilson’s disease:  due to Copper toxicity

c. Sydenham’s chorea (St. Vitus dance)

d. Tourette syndrome

-----CEREBELLUM--------

-Primary fissure:  separates Anterior lobe and Posterior lobe

-Functional parts of the cerebellum:

1. Spinocerebellum (medial) includes the Vermal Zone, and Paravermal zone

2. Cerebrocerebellum:  includes the lateral zone

3. Vestibulocerebellum:  flocculonodular lobe

-Superior, Medial, Inferior Peduncles connect cerbellum to Brainstem

-Cerebellar nuclei:  fastigial, globose, emboliform, dentate.

-Cerebellar Cortex-
-Contains 3 layers:  molecular, purkinje, granular layers

-Mossy fibers and climbing fibers proved the input to cerebellar cortex, Purkinje cells provide the output fibers from the

  cortex, and deep nuclei provide the final cerebellar output.

-Climbing fibers from contralateral inferior olivary nucleus provide input to cell body of purkinje cells.

-Mossy fibers from everywhere else synapse on granule cells, which provide input to purkinje.

-Purkinje fibers send output to deep cerebellar nuclei and then through peduncles

Summary of pathway:

1. Fibers from SC and brainstem enter and synapse in both cerebellar deep nuclei and cerebellar cortex

2. Purkinje cells in the cortex send axons to the deep nuclei, modulating the output of the nuclei

3. Deep nuclei send fibers out of the cerebellum to the brainstem and thalamus

-Vestibulocerebellum-      located in region of flocculonodular lobe

-Function:  Balance and Associated movements (eyes, arms, head)

-Modifies output of the vestibular nuclei (UMN)

-Input:  vestibular nerve to vestibular nuclei to cerebellar cortex

-Output:  from cerebellar cortex to vestibular nuclei (gives rise to UMN of vestibulospinal tracts) to reticular nuclei (gives rise

  to UMN of reticulospinal tracts)

-Spinocerebellum—    (globose + emboliform)

-Anatomical Location:  vermal and paravermal region of anterior and posterior lobes; globose and emboliform, fastigial nuclei

-Function:  Motor Execution especially of stereotyped mov’ts of trunk and extremities, particularly the legs (walking,

  running), mov’ts typically slow and unskilled that can be monitored by sensory feedback

-Functions as a servomechanism, comparing motor commands from the cerebral cortex to what is actually occurring (via

  sensory input, esp. from spinal cord).  The cerebellum then makes the necessary adjustments in the program (through UMN’s

  of the brainstem) to compensate for the deviations from the desired mov’ts.  

-Input:  Cerebral Cortex (program) and sensory input (what’s going on, sp. Cord info)

-Output:  makes adjustments through UMN’s of brainstem (red, reticular, vestibular nuclei) to LMN

Spinocerebellum pathway  (see p 141)

1. Pyramidal UMN discharge starts program

2. Descending Pyramidal fibers send axons to the pontine gray nucleus in the pons and the inferior olivary nucleus in the medulla, both of which relay the information to the globose and emboliform

3. Spinocerebellum monitors the program by receiving sensory inputs, especially from the ascending dorsal spinocerebellar tract which relays nonconscious proprioception

4. Cerebellum corrects the program by sending impulses to the extrapyramidal UMN’s such as the contralateral red nucleus, ipsilateral reticular, and ipsilateral vestibular nuclei.

5. Extrapyramidal UMNs send impulses to LMN to alter the program in progress

-Cerebrocerebellum—

-Region:  lateral portions of anterior and posterior lobes; dentate nucleus

-Function:  Motor planning:  especially of voluntary skilled, learned mov’ts of extremities.  Ex. Writing, piano

-Circuitry:  Cerebral cortex to pontine gray in pons then crosses over to contralateral cerebellum then cross back to the red

  nucleus of midbrain and VA/VL of thalamus and to the cerebral cortex

-Inputs:  contralateral cerebral cortex (indirectly via pons)

-Outputs:  to contralateral red nucleus (to VA/VL) and to contralateral thalamus (VA/VL), and thalamus relays up to c.c.

--Cerebellar Peduncles:

1.  Superior Peduncle:  out to contralateral thalamus (VL/VA) and out to contralateral red nucleus of midbrain

2.  Middle Peduncle:  inward fibers of contralateral pontine nuclei in pons  (pontocerebellar fibers)

3.  Inferior Peduncle:  (connects the medulla and spinal cord)


-inward fibers from ipsilateral spinal cord (dorsal spinocerebellar tract)


-outward and inward to ipsilateral vestibular nuclei


-to and from reticular nuclei


-inward from contralateral inferior olivary nucleus (olivocerebellar fibers)

*Cerebellum supplied by vertebral-basilar system including:  superior cerebellar artery, anterior inferior cerebellar artery, and posterior inferior cerebellar artery
*Review side relationships on page 145

Note:   

Basal Ganglia disorders are characterized by meaningless, unintentional mov’ts occurring unexpectedly but Cerebellar disorders are characterize by awkward, intentional mov’ts.

-Cerebellar damage signs and symptoms

1. Cerebellar lesions produce defects in coordination of voluntary mov’t, which become clumsy and inaccurate:  cerebellar ataxia or asynergy (dysnergy).

2. Tremor: intention:  action tremor

3. Dysarthria  difficulty in speaking

4. Hypotonia decrease in muscle tone

5. nystagmus  oscillating mov’ts of the eyes

-Cerebellar lesions produce ipsilateral defects
-Somatotopic organization of the cerebellum is reflected in the defects


lateral or himespheric lesion:  effect limbs, especially arms and hands


Midline or vermal lesions:  effect the trunk


Flocculonodular lesions:  effect equilibrium


Anterior lobe lesions:  legs

-Lesions that include the deep cerebellar nuclei produce symptoms more sever than lesions affecting only the cortex

-Vestibulocerebellar lesions:

1. Medullobalastoma of the flocculonodular lobe, occurs in children

2. Symptoms:  defect in equilibrium: ataxic stance, ataxic gait, nystagmus, vertigo, normal mov’t of arms and legs only with the pt is lying down.

-Spinocerebellar lesions-

1. Anterior lobe syndrome:  common result of alcoholism.

a. Symptoms:  defects in trunk (posture/gait) and legs; mov’t not improved when trunk is supported

-Cerebrocerebellar lesions- lesions of the lateral hemispheres.

1. Ataxia or asynergy of the ipsilateral extremities:  including dysmetria, decomposition of mov’t, intention tremor, dysdiadochokinesia

2. Dysarthria:  disorders of speech due to asynergy, awkward use of speech muscles (slurring)

3. Hypotonia

-Lesions of Cerebellar Peduncles  cause the most severe and enduring cerebellar symptoms:

1. Superior cerebellar peduncle lesion: similar to widespread lesions like  cerebrocerebellar type lesion

2. Inferior cerebellar peduncle lesion:  ataxia of ipsilateral extremities, and nystagmus

---------------------------CEREBRAL CORTEX--------------------------------------

1. Association fibers:  connect cortical areas within the same hemisphere

a. Superior longitudinal fasciculus

b. Uncinate fasciculus  

c. Inferior fronto-occipital fasciculus

d. Cingulum

2. Commissural fibers:  connect cortical areas between the two hemispheres

a. Corpus callosum

b. Anterior Commissure

3. Projection fibers:  connect the cortex to subcortical regions, travel in the internal capsule

a. Descending fibers:  from the cortex to subcortical areas

b. Ascending fibers:  to the cortex from subcortical areas

-Internal Capsule-   compact band of projection fibers between the basal ganglia and the thalamus, continuous with the corona radiata (above) and the crus cerebri (below)

1. Anterior Limb:  between the lentiform nucleus (globus pallidus and putamen) and the head of the caudate nucleus.

a. Anterior thalamic radiations:  fibers between thalamus (DM and ant. nuclei) and cerebral cortex.

i. Damage results in behavioral disturbances

2. Genu:  junction between anterior and posterior limbs

a. Descending corticobulbar UMNs

b. Damage results in contralateral paralysis of lower face

3. Posterior limb:  between lentiform nucleus and the thalamus

a. Descending motor fibers

i. Corticospinal fibers (pyramidal umn)

ii. Fibers from cortex to brainstem to influence extrapyramidal UMNs

iii. Damage causes contralateral hemiplegia

b. Thalamic radiations (afferent/ascending)

i. VPL/VPM:  damage causes contralateral loss of epitcritic sensations

ii. MGN:  damage causes no obvious defect

iii. LGN :  damage causes homonymous hemianopia

-Neocortex: 90% of the cerebral cortex; 6 histological layers; homotypical and heterotypical associations

-Allocortex:  “other” cortex, most primitive, organized into only a few layers;


found in the primary olfactory cortex (uncus) and the hippocampal formation (dentate gyrus)

-6 layers of Neocortex:  Molecular layer, external granular layer, external pyramidal layer, internal granular layer, internal pyramidal layer, multiform layer

-Stellate (granule):  main interneuron, cell bodies found in internal granular layer

-Pyramidal cell= main output neuron of cortex;  cell bodies found in the internal pyramidal layer

Divisions of the Neocortex
1.  Homotypical cortex:  6 layers; found in assoc. cortex; most common in association cortex; most common type of cortex

2.  Heterotypical cortex:  as the cortex differentiates, these areas become specialized for primary motor or sensory functions,

as differentiation continues, the typical 6 layers found in most other cortical areas is lost.

a. Agranular heterotypical cortex:  increased pyramidal cells

i. Primary Motor Cortex (Brodmann area 4) (precentral gyrus)

b. Granular heterotypical cortex:  increased granule cells

i. Primary visual cortex (area 17)

ii. Primary auditory cortex (areas 41,42)

iii. Primary somatosensory cortex (3,1,2)

-Result of brain tumor:  increase intracranial pressure, nausea, papilledema

-see diagram on p 153 for homunculus or cerebral cortex
I.  Parietal Lobe
A  Primary somatosensory cortex
1. Brodmann’s area 3,1,2:   postcentral gyrus and posterior part of paracentral lobule;  termination of epi/proto

     pathways

2.  Sensory homunculus:



Lateral surface:  lower 40% = face;     middle 40% = hand;   upper 20% = trunk



Medial surface
(paracentral lobule):  lower extremities

3.  Lateral surface supplied by the middle cerebral artery; medial surface supplied by anterior cerebral artery
4.  Lesion:  contralateral loss of 2-point tactile, propioception, vibration sense (crude touch/pain remains)

B.  Somatosensory Association cortex
1. Superior parietal lobule and medial (precuneus) protion of parietal lobe;   Higher sensory processing

2. Lesion:  astereognosis:  inbability to recognize familiar objects by touch;  tactile form of agnosia, which is an inability to recognize objects in absence of primary motor or sensory deficit

3. Double simultaneous extinction test; empirical test for parietal lobe lesion

C.  Inferior parietal lobule (association area)

1. supramarginal gyrus and angular gyrus

2. Lesions:

a. Parietal lobe syndrome:  nondomimant hemi lesion, loss of spatial relationships, may ignore one side of the body and environment, usually unaware of deficit

b. Apraxias:  loss of previously acquired ability to perform skilled acts in the absence of a primary sensory or motor deficit; examples include dressing, constructional, ideomotor, facial apraxias

c. Language deficits (aphasia), dominant hemisphere (specialized for language)

II.  Occiptial Lobe
A.  Primary visual cortex
1. Area 17 (striate cortex, calcarine cortex):  surrounds calcarine fissure, primarily on medial side

2. Lesion:  contralateral homonymous hemianopia (macular sparing due to overlap of blood supply)

B.  Visual association cortex
1. Extends onto lateral surface of occipital lobe

2. Functions

a. Gives meaning to visual info from area 17:       Lesions result in visual agnosias
b. Automatic scanning mov’ts and accommodation of eyes for near vision

III.  Frontal Lobe
A.  Primary Motor Cortex
1. Area 4:  most of precentral gyrus and anterior part of paracentral lobule

2. Stimulation:  contraction of muscles, usually contralateral in line with motor homunculus

3. Lesion:  UMN lesions, usually contralateral spastic hemiplegia

B.  Supplemental motor cortex
1. portion of area 6, on medial side;  higher order motor cortex, motor planning

C.  Premotor cortex

1. portions of superior, middle frontal gyrus on lateral side;  higherorder motor cortex, motor programming, initiating;

2. Stimulation of premotor and supplementary motor:  complex patterns of mov’ts

3. Lesions of premotor cortex and/or supplementary motor cortex may result in apraxias
D.  Broca’s motor speech area
1. pars triangularis and pars opercularis;

2. Lesions in dominant hemisphere produce language deficits (aphasia), form of motor apraxia

E.  Frontal eye field
1. portion of middle frontal gyrus;

2. lesion:  loss of voluntary gaze to opposite side, usually transient

F.  Prefrontal lobe (association cortex)
1. Portions of superior, middle, and inferior frontal gyri

2. functions in dognitive behavior and emotion (limbic)

3. Lesions:  cause reductions in judgement, planning, social inhibitions
IV.  Temporal Lobe
A.  Primary Auditory cortex
1. Areas 41,42:  Transverse temporal gyri (mentioned in class as a possible function question on lab practical)

2. Tonotopic representation of sound;  Lesion:  bilateral-  cortical deafness

B.  Auditory Association cortex (Wernicke’s area)
1. posterior portion of superior temp. gyrus; area 22

2. Lesion:  auditory agnosia:

a. Dominant hemisphere:  language deficit, word-deafness, Wernicke’s aphasia

b. Nondominant hemisphere:  inability to recognize sounds, music

C.  Anterior portion of temporal lobe (association)
1. functions in memory and behavior (limbic)

2. electrical stimulation, temporal lobe epilepsy:  illusions, hallucinations, behavioral alterations

3. Lesions near uncus:  uncinate fits, unpleasant smells

4. Lesions near hippocampus:  memory deficits (short term memory loss)

-LATERALIZED CEREBRAL FUNCTIONS

-Dominant hemisphere:  hemishere with major function in language, usually left hemi

A.  Major language association areas:

1. Wernicke’s area (22)
a. Temporal lobe, auditory association cortex

b. Function:  comprehension of language, translation of sounds, and visual (written) symbols into meaning

c. Inputs from primary auditory cortex when words are spoken

d. Outputs to Brocka’s motor speech area via superior longitudinal fasciculus
2. Broca’s motor speech area
a. Portions of inferior frontal gyrus (pars triangularis and opercularis)

b. Function:  thoughts from Wernicke’s organized into grammatically correct words and sentences, spelling;  Programs proper muscles for speech and writing

c. Inputs from Wernicke’s area

d. Outputs to Primary motor (4), premotor area, and supplementary motor cortex, the proper muscles are organized for speech and writing

B.  Aphasias:  language disorders (when dominant hemisphere) involving the loss of the ability to comprehend or express the sings and symbols by which we communicate.  Pure aphasias occur in absence of a primary sensory or motor deficit
1. Wernicke’s aphasia (fluent, receptive, sensory aphasia)

a. Damage to wernicke’s results in lack of comprehension of written and spoken language

b. Includes word deafness, word blindness, agraphia.

c. Speech is fluent but empty of meaning.  Pt. usually unaware of deficit

2. Broca’s aphasia (nonfluent, expressive, motor aphasia)

a. Damage results in intact comprehension of motor or spoken word, but speech is very deliberate and slow, Pt usually is aware of deficit.   

b. Commonly present with motor paralysis and a homonymous hemianopia

3. Global aphasia:  extensive damage to dominant hemisphere can result in loss of all language ability;  when Wernicke’s and Broca’s is damaged

4. Dejerine’s aphasia:  lesion of angular gyrus + visual association areas can result in alexia (word blindness) and agraphia (inability to write)

5. Conduction or repetitive aphasia:   Lesions in superior longitudinal fasciculus cause difficulty in repeating words or phases.  Essentially, Broca’s is dissociated from Wernicke’s
6. Gerstmann’s syndrome:   Lesions in supramarginal gyrus and angular gyrus resulting in:  agraphia, dyscalculia, right-left confusion, finger agnosia
7. Subcortical aphasias:  lesions in left thalamus, caudate, and putamen result in transient aphasias
-Non dominant Hemisphere role in language

1. Non-dominant hemi is responsible for affective component of laguage, including rhythm, timing, tone, emotion, pitch accents and intonational dynamics.

2. Lesions to non-dominant hemi result in aprosodias, which include to inability to add the affective component to their speech or the inability to interpret the affective component of another’s speech.

-Lateralized Functions of the Non-dominant Hemisphere

Language, music, spatial relationships (reading maps, drawing, doing puzzles), body image (parietal lobe syndrome)

BLOOD SUPPLY TO THE BRAIN
-Stokes = neurological symptoms that occur when there is a sudden interruption of the blood supply

-Ischemia= insufficiency of the blood supply to the brain.   When severe, it results in area of cell death (infarct)

-Embolus= results when foreign matter become lodged in an artery, blocking its flow. 

-Thrombus= when degenerative changes (atherosclerotic plaque) eventually occludes an artery.

-Stroke also caused when an artery hemorrhages or ruptures

-Blood suppied to brain depends on two sets of arteries, the vertebral arteries (from subclavian arteries) and the internal carotid arteries (branch of common carotid).  Their main branches anastomose on the inferior surface of the brain to for the Circle of Willis
VERTEBRAL/ BASILAR SYSTEM  2 vertebral arteries unite at pontomedullary junction to form the single basilar artery which eventually terminates in the two posterior cerebral arteries.

1.  Posterior Cerebral artery:    cortical branches supply the medial surfaces of the temporal and occipital lobes


Occlusion of the cortical branches of the posterior cerebral artery results in:  


-Contralateral homonymous heminopia with macular sparing

(primary visual cortex)


-Visual agnosias, dyslexia in dominant hemisphere


(visual association areas)


-Memory defects (usually bilateral)




(medial temporal lobe, hippocampus)

INTERNAL CAROTID SYSTEM:  each carotid bifurcates at level of optic chiasm to ant. and middle cerebral arteries:

1.  Anterior Cerebral Artery:  cortical branches supply the medial surfaces of frontal and parietal lobes


Occlusion of the cortical branches of the anterior cerebral artery results in:

-Paralysis of contralateral lower limb



(primary motor cortex/paracentral lobule)


-loss epicritic contralateral lower limb



SAME


-Behavioral disturbances (bilateral damage)



prefrontal cortex, cingulated gyrus

2.  Middle Cerebral Artery:  

-cortical branches supply most of blood to lateral surfaces of cerebral hemispheres.


Occlusion of cortical branches of middle cerebral artery can result in:

-Paralysis contralateral upper body and part of face


(primary motor/ precentral gyrus)


-Loss epicritic contralateral upper body



(primary somatosensory/postcentral gyrus)


-Loss voluntary gaze to contralateral side



(frontal eye field)


-Apraxias






(premotor/supplementary motor/parital lobe)


-Aphasias






(dom. Hemi speech areas/Wernicke/broca)


-Tactile agnosias (paretial lobe syndrom)



(paretial lobe, dom. And non-dom. Hemi)

-Central/ganglionic branches of middle cerebral artery:  supply deeper structure of telencephalon/diencephalons.  Include lateral striate arteries, which supply parts of corpus striatum and the post. limb. of internal capsule.


Occlusion of deep branches of middle cerebral artery can result in

-Paralsyis contralateral body, portion of face



(pyramidal fibers in internal capsule)


-Loss epicritic contralateral body




(projection fibers from VPT to thalamus)


-Contralateral homonymous hemianopia



(visual radiations from LGN to cortex)

OLFACTORY SYSTEM
-ipsilateral, first synapse in telencephalon (olfactory bulb), not in the thalamus, poor olfactory but strong input into primitive drives and emotions (limbic)

--Olfactory Pathway—

1. Olfactory mucosa:  chemorectors in epithelium, bipolar neurons, can replicate, axons form olfactory nerve

2. Olfactory nerve:  axons of the chemoreceptive neurons

3. Olfactory bulb:  primitive extension of the telencephalon

4. Olfactory stalk:  contains olfactory tract, axons of neurons in the bulb

5. Lateral olfactory area (temoral lobe)

a. Primary olfacotory cortex:  cortex over uncus, primitive paleocortex, conscious awareness of smell:  may relay via DM thalamic nucleus to ortitofrontal Neocortex for smell discrimination

b. Entorhinal cortex:  portion of parahippocampal gyrus (input to hippocampus)

c. Amygdala:  telencephalic nucleus (input into hypothalamus)

6. Medial olfactory area:  septal area (input to hypothalamus)

7. Olfactory areas connected via anterior commissure

-Loss of smell (anosmia)

1. head injuries damage CN1 (unilateral or bilateral)

2. may be an important symptom of intracranial neoplasms

3. Associated with Alzheimers, Korsakoff’s, parkinson’s

-Olfactory Hallucinations

1. individual perceives an odor that is disagreeable

2. assoc with temperal lobe seizures, lesions near the lateral olfactory area (uncus, entorhinal cortex, amygdala):  uncinate fits.

-Major inputs to the Hypothalamus
1. Info from the blood temp (thermoreceptors) osmolarity (osmorecptors), glucose conc, hormones

2. Brainstem (sensory, reticular) via medial forebrain bundle, dorsal longitudinal fasciculus

3. Hippocampus (limbin, memory, emotion) via fornix

4. Amygdala (olfaction, limbic) via stria terminalis

5. Septal area (olfaction, limbic) via medial forebrain bundle

-Major outputs from the Hypothalamus to
1. Endocrine system (pituitary):  neurosecretory cells secrete hormones- oxytocin, vasopressin releasing hormones

2. Brainstem to modify autonomic function by snapsing directly on preganglionic  ANS or indirectly via reticular formation.       Via forebrain bundle, dorsal long. Fasciculus

3. Thalamus (anterior thalamic nucleus) via mammillothalamic tract

4. Amygdala via stria terminalis

5. Septal area via medial forebrain bundle

-FUNCTIONS OF HYPOTHALAMUS:  maintains constant internal environment through control of:

1. Endocrine system control:  Hypothalmus regualates hormone release from pituitary

a. Posterior pituitary:  (supraoptic, paraventricular nuclei) release vasopressin and oxytocin

b. Anterior pituitary

c. *most common lesions of hypothalamus involve altered endocrine function

2. Water Regulation:

a. Vasopression increases reabsoption of water in kidney, released in post. pituitary, lesion cause diabetes insipidus (excessive amounts of dilute urine and extreme thirst)

3. ANS control

a. Descending axons from hypothalamus regulate autonomic function by snapsing on or near preganglionic symp. And parasymp neurons in brainstem and spinal cord

b. Parasymp. Responses occur with stimulation of anterior hypothalamic regions

c. Symp. Responses occur with stimulation of posterior and lateral regions

4. Thermoregulation:

a. Stimulation of ant. region promote heat loss (sweating, vasodilation).  Destruction results in Hyperthermic syndrome

b. Stim of post. regions promte heat conservation (shivering, vasoconstriction)

5. Food Regulation

a. Stim of lateral region induces eating; lesions cause aphagia and starvation

b. Stim of ventromedial nucleus inhibits eating; lesions cause hyperphagia, obesity

6. Limbic System

a. Hypothalamus is part of limbic system which is involved in primitive drives, behavior and memory

b. Memory:  the mammillary bodies is damaged in Korsakoff’s syndrome:  memory defects

7. Hypothalamus syndrome:  includes adiposity, diabetes insipidus, disturbance of temp reg. And somnolence

8. see diagram on page 174
LIMBIC SYSTEM
1. Limbic lobe:  ring of cortical tissue that includes the :  cingulated gyrus, subcallosal gyrus, parahippocampal guys, hippocampal formation (hippocampus)

2. Amygdala:  nucleus at tip of temp. lobe 

3. Septal area:  collection of small nuclei near septum pellucidum

4. Hypothalamus

5. Thalamus (DM and anterior nuclei)

HIPPOCAMPAL FORMATION
1.  Structure:  enfolded portion of temporal lobe, extends from the rostral end of the inerior horn of the lateral ventricle to the back of the corpus callosum:   primitive 3-layered cortex (archicortex)

2.  Main inputs:  parahippocampal gurus receives widespread neocortical connections

3.  Main outputs:  fibers exit forming the fornix, which terminates primarily in the mammillary bodies of the hypothalamus

-Pathways of the limbic system:

1.  Papez circuit (2-way):    hippocampal formation (fornix) ----–mammillary body (mammillothalamic tract)---anterior thalamic nucleus---cingulate gyrus (cingulum)------parahippocampal gyrus

2.  Other connections

a. Amygdala:  which is interconnected with the hypothalamus and prefrontal cortex and the anterior portion of the temporal lobe cortex

b. Septal area:  which is interconnected with the hypothalamus and the prefrontal cortex

c. Brainstem:  which connects with the reticular and autonomic system

-Function of the limbic system-
-has reciprocal connections with Neocortex and brainstem.  Its output coordinates these regions in the expression of primitive drives, emotions, and memory.  The limbic system expresses itself through the cerebral cortex and the hypothalamus.  The limbic system has been implicated in schizophrenia, manic depression, and anxiety disorders

1. Bilateral removal of large areas of Temporal Lobe results in Kluver-Bucy Syndrome which includes lack of emotional responses (loss of fear), hypersexuality, oral tendencies, and visual agnosia

2. Hippocampal formation:  essential for consolidation short term memory into long-term memory
3. Mammillary bodies:  Chronic alcoholics can develop Korsakoff’s syndrome.   Lesions occur in mammillary bodies and the DM of thalamus.  Syndrome includes memory disturbances

4. Amygdala:  involved in emotions and their behavioral expressions, such as rage.  It adds emotional responses to stimuli and memories.   Stimulation causes anxiety, feelings of intense fear and dread.

5. Temporal lobe epilepsy:   see page 178

6. Alzheimer’s disease
