Neurology Scribe: Joe Sullivan

Date:  01/05/10  saved as:  N010510

Time:  1000

Professor:  Dr. Border

Note:  all the anatomical information in this lecture is taken from the Barr textbook.  Barr goes into more detail than we need to know, we will only be asked to id the terms listed in Dr. Border’s outline on the web (I typed the terms on that outline in bold throughout the scribe).  Also, there are some differences in terminology between the Barr and Purves texts; we will use the terms from Barr.

I. Cerebellar function

a. Planning, as in thinking about where to place our foot in our next step

b. Imagination of movement, as is done when playing chess

c. Coordination and balance

d. Execution of movement 

e. Postural maintenance

f. Motor learning and adjustment

g. The cerebellum plays no role in cognition

h. All o f the functions are dependent on connections between various parts of the CNS and specific parts of the cerebellum

II. Cerebellar gross anatomy

a. General considerations (3 basic anatomical structures)

i. Cortex (fig 10-4, Barr p 199)

1. Outermost (surface) layer of the cerebellum

2. Composed of neurons and fibers

3. Arranged in transverse folds called folia  (Barr numbers and names these, but we are not responsible for them.

ii. White matter (fig 10-4, Barr p 199)

1. Beneath the cortex

2. Composed of afferent (incoming) and efferent (outgoing) axons

iii. Cerebellar central nuclei (fig 10-9 and 10-10, Barr pp. 204-5)

1. Purves calls these ‘deep cerebellar nuclei’, however there are no superficial, so just use the term cerebellar central nuclei 

b. Blood supply of the cerebellum  (fig 25-1, Barr p 441)

i.  Dr. Border said this will definitely be on the exam

ii. Posterior Inferior Cerebellar Arteries (PICA)

1. Supplies posterior cerebellum

2. Cerebellar central nuclei

3. Inferior surface of cerebellum

4. PICA’s branch off of vertebral arteries

iii. Anterior Inferior Cerebellar Arteries (AICA)

1. Supplies anterior and inferior cerebellum

2. Normally arises from basilar artery (sometimes arises from vertebral a.)

3. It is possible for there to be only one AICA

iv. Superior Cerebellar Arteries

1. Supplies cerebellar hemispheres

2. Cerebellar nuclei

3. White matter

4. Off of basilar

v. These arteries do not occlude often

c. Cerebellar sagittal divisions; anterior and posterior lobes are divided into:

i. Vermis (fig 10-1 and 10-2, Barr p 197): longitudinal strip in the midline that goes all the way around

1. Vermis gets special input from:

a. Spinal cord

b. Vestibular nuclei (structures that help with equilibrium)

c. Vestibular apparatus directly

ii. Hemispheres (fig 10-1 and 10-2, Barr p 197): right and left portions of the cerebellum

1. Each hemisphere is divided into lateral and an intermediate part.  This division is not so much a visible difference.  The distinction is made because specific structures project to that part of the cerebellum.

iii. Tonsils:  part of hemispheres  (fig 10-3, Barr p 199)

1. Will tend to herniated through foramen magnum when intra-cranial pressure is high

2. When intra-cranial pressure is high, it will also tend to put pressure on medulla, and impair its functions

3. A physician should be aware of their patient’s intra-cranial pressure before giving a spinal tap.  If it is high, it could cause herniation to be more severe

iv. Take home message:  on medical images, always I.D. tonsils and be sure they are where they are supposed to be (i.e. not herniated)

d. Cerebellar Lobes (transverse)  

i. Flocculonodular lobe  (fig 10-2, Barr p 197)

1. Two flocculus

2. One nodulus

a. Part of vermis

b. Important in equilibrium

c. Part of vestubulor cerebellum (discussed later)

3. Phylogenetically the oldest lobe

4. Located on the anterior (ventral) cerebellum

ii. Anterior lobe (fig 10-1 and 10-2, Barr p 197)

1. Separated from posterior lobe by the primary fissure (which is easily seen on an intact specimen and in sagital cuts)

2. Smallest lobe, tucked under the cerebrum

3. Subject to degeneration, especially in alcoholics

iii. Posterior lobe (fig 10-1 and 10-2, Barr p 197)

1. Largest lobe

2. Separated from anterior lobe by primary fissure

e. Cerebellar cortex – 3 layers  (fig 10-4, Barr p 199)

i. Molecular layer – outermost

1. Composed of few neurons but many fibers 

ii. Purkinje cell layer – middle

1. Monolayer composed of only purkinje cell bodies

iii. Granular layer – innermost

1. High density of neurons here; synaptic structures called glomeruli

2. (Dr. Border said she thinks that there are more neurons in this layer than in all the rest of the brain) 

iv. A good way to remember this: Miles Per Gallon  = molecular, purkinje, granular (outer to inner)

v. ** Dr. Border strongly encourages us to look at the glass histo slides of this; they will be on exam

vi. All regions of the cerebellar cortex have the same organization and same cells but afferents and efferents to and from each area are unique.  
vii. The cerebellum takes in information and refines it

f. White matter (fig 10-4, Barr p 197)

i. Contains cerebellar afferents and efferents

ii. Afferents are composed of two fiber types:

1. Climbing fibers 

a. Only arise from neurons in the olivary complex (in medulla)

b. Run in inferior peduncle

c. Remember:  climbing and olive both have ‘I’ in them 

d. Synapse directly on purkinje cells

2. Mossy fibers

a. Arise from neurons in the cord, medulla (except olive), and pons

b. Run in both inferior and middle cerebellar peduncles

c. Indirectly affect purkinje cells

g. Cytoarchitecture (fig 10-5, Barr p 200)  

i. Cells of granular layer

1. Granule cells

a. Lots of these small packed neurons in the granular layer

b. Granule cells head toward molecular layer, bifurcate there, and are called ‘parallel fibers’ which directly affect purkinje cell’s dendrites (note: the parallel fibers are drawn, but not labeled in the book

c. Receive input form mossy fibers

d. This will be covered in more detail later this semester

2. Golgi cells

a. Interneurons in granular layer

b. Dendrites in molecular layer

c. Axons synapse on granular cells

3. A circuit exists between Golgi and granule cells.  Granule cells (parallel fibers) affect Golgi cell’s dendrites in molecular layer.  The golgi cell then affects the granule cell in granule layer

ii. Purkinje cells

1. Largest neurons in cerebellar cortex

2. Extensive dendritic tree extending into molecular layer

3. Only neuron whose axon leaves the cerebellar cortex to terminate in central nuclei of cerebellum.  (Dr. Border mentioned in class that some of the axons do actually leave the cerebellum, to synapse in the vestibular nuclei or apparatus, but apparently this is not very common)

4. For the most part, purkinje cell’s send axons out of the cortex to the central nuclei, and the central nuclei cells send axons out of the cerebellum

5. Purkinje cells contains an inhibitory transmitter

iii. Molecular layer

1. Basket cells

a. Axons form a basket around the purkinje cells

b. Cell bodies actually arise in molecular layer

c. Affected by parallel fibers

d. Are inhibitory

2. Stellate cells

a. Inhibitory interneurons

b. Affected by parallel fibers

c. Affect purkinje cell dendrites

h. Intracortical circuitry (temporarily use fig 10-5, Barr p 200)

i. Incoming fibers are called mossy and climbing fibers

1. Climbing fibers terminate on purkinje cell dendrites

2. Mossy fibers can only go up to granule layer and terminate on granule cell dendrites

3. Granule cells send axons to the molecular layer (parallel fibers) to synapse with purkinje cell dendrites

4. Both mossy and climbing fibers give off a collateral axon to the central nuclei (the cells that send axons out of the cerebellum) note: this is not shown in fig 10-5, but it is written in book
ii. How it works

1. Golgi cells receive excitatory input from parallel fibers; golgi axons provide inhibitory input to granule cells (neg feedback loop)

2. Basket cells are excited by parallel fibers and inhibit purkinje cell bodies

3. Purkinje cells either inhibit or excite neurons in the cerebellar nuclei or vestibular nuclei

4. Cerebellar nuclei neurons send axons out of the cerebellum to red nucleus and thalamus

5. This is very complicated, and will be covered in great detail later this semester; for right now we only need to know the basics

i. Central nuclei:   (fig 10-8, 10-9, and 10-10; Barr pp 203-4) four pairs deep within the center of the cerebellar white matter; contain large neurons that send axons out of the cerebellum proper 

i. Fig 10-9 is a mid-sagital and shows arbor vitae (tree of life)  

ii. You cannot see the nuclei on mid-sagital, but you can on para-sagital.  In this view the nuclei look like inferior olive from brain stem

iii. All the nuclei can be seen in transverse section (fig 10-8)

iv. The nuclei from medial to later (fat girls eat donuts)

1. Fastigial: 

a. Most medial

b. Receives afferents form vermis

c. Outputs to vestibular nuclei

2. Globuse and Emboliform
a. Receive input from intermediate zone

b. Send efferents to thalamus, reticular formation, and red nucleus

3.  Dentate

a. Most lateral

b. Receives afferents from lateral hemisphere

c. Outputs to thalamus, reticular formation, and red nucleus

j. Cerebellar Peduncles (fig 10-2, Barr p 197)

i. Are bands of axons connecting cerebellum to various parts of CNS

ii. Inferior cerebellar peduncle (a.k.a. restiform body)

1. Contains axons arising form neurons in spinal cord and medulla, end up in cerebellar cortex

2. Contains climbing fibers

3. A good way to remember:  olive, climbing, and inferior peduncle all contain ‘i’

iii. Middle cerebellar peduncle

1. Contains axons arising form pons, terminating in cerebellar cortex

iv. Superior cerebellar peduncle

1. Contains axons arising from cerebellum (cerebellar nuclei)

2. Contains some axons entering cerebellum from cord: ventral spinocerebellar tract

v. Summary: 

1. Inferior and middle = axons coming to cerebellum

2. Superior = axons leaving cerebellum

vi. Superior Medullary Velum

1.  Bridges the interval between the two sides of the superior cerebellar peduncle

2. Forms the roof of the 4th ventricle

vii. Pons serves as the bridge between cerebellum and cerebrum.  All the axons go into middle cerebellar peduncle and end up in cerebellum

viii. Note:  in a ventral view of brain, you can only see the middle cerebellar peduncle (lateral pons) (fig 2-18, Haines p 22)

k. Clinical cases

i. Atrophy of anterior lobe indicative of alcoholism; folia will be separated much more than that in the posterior lobe

ii. If Cerebral Aqueduct is occluded it will cause lateral ventricles to enlarge and 4th ventricles to be smaller than normal.  This can be caused by tumors and will lead to terrible headaches and aphasia (mumbled speech)

iii. The Cerebellum can sustain a limited amount of trauma and still function due to its redundancy

