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Key Concepts:

1. The major inputs to the cerebellum are from spinal cord, vestibular system via the inferior olive, and cerebral cortex via the pons.  These inputs go primarily to cerebellar cortex, with collateral branches to deep cerebellar nuclei.

2. The deep cerebellar nuclei receive input from specific areas of cerebellar cortex:  fastigial nucleus receives information from the vermis; globose and emboliform nuclei receive information from the paravermis; and dentate nucleus receives information from cerebellar hemispheres.

3. Each region of the cerebellar cortex coordinates movement of specific regions of the body: vermis control movement of the trunk; paravermis controls movements of proximal extremities; and cerebellar hemispheres control distal movement of extremities.

4. Excitatory input to cerebellar Purkinje cells comes directly from climbing fibers and indirectly from granule cells and their parallel fibers.

5. Vestibular information from the inferior olive enters the cerebellum via climbing fibers, while information from other sources enters via mossy fibers which synapse on granule cells.

6. Output from the cerebellum is inhibitory and comes from Purkinje cells.

The cerebellum is located in the posterior fossa of the skull, separated from the cerebral hemispheres by an infolding of the dural called the tentorium cerebelli.  The cerebellum overlies the dorsal aspects of the medulla and pons and contributes to the roof of the fourth ventricle.  It constitutes about 10% of the weight of the brain.  It consists of a midline vermis and two lateral hemispheres.  From the dorsal side of the cerebellum, it is not possible to observe these distinctions, but they are obvious from the ventral side because the vallecula, a deep midline groove, reveals the vermis.  The cerebellum “smoothes out” motor activity by comparing the position of body parts in space with the intended movement of the body.

· The vermis is responsible for coordination movement of the trunk.

· The region adjacent to the vermis on either side, the paravermis, is responsible for coordinating movement of proximal arm and leg movements.

· The cerebellar hemispheres are responsible for coordinating movement of distal arm and leg movements.

When viewed in the mid-sagittal plane, it is possible to see three lobes of the cerebellum:

· anterior lobe – this is the most superior lobe; if the cerebellum in vertical cross section is viewed as a clock, this lobe ranges from 10 o’clock to 2 o’clock.  It forms the rostral part of the “tent” of the roof of the fourth ventricle.

· posterior lobe –  this is the largest lobe; it is inferior, occupying the region from 2 o’clock to 7:30 o’clock.  The inferior portion of this lobe consists of the cerebellar tonsils, which typically form a rounded bottom for the cerebellum.  Abnormally increased pressure in the posterior fossa may force these tonsils into the foramen magnum, causing tonsillar herniation with symptoms of spinal cord dysfunction as well as increased intracranial pressure.

· floccular-nodular lobe – this is the smallest lobe, with the nodulus being a single midline structure and the flocculus a lateral structure appearing in both hemispheres.  This occupies a position from 7:30 o’clock to 8 o’clock and forms the caudal part of the “tent” of the roof of the fourth ventricle.
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The cerebellum is connected to the brainstem by three pairs of cerebellar peduncles:

· brachium conjunctivum (superior cerebellar peduncle) – carries fibers that originate in the deep cerebellar nuclei and converge on and around the red nucleus in the midbrain.
· brachium pontis (middle cerebellar peduncle) – carries fibers from the pontine nuclei in the pons to the cerebellum.  About 2/3 of the fibers travel to the cerebellar hemispheres and 1/3 travel to the vermis.  Most of the pontocerebellar fibers cross to the contralateral side, but about 30% of those to the vermis and 10% of those to the hemispheres are ipsilateral. 

· restiform body
 (inferior cerebellar peduncle) --  this carries several tracts between the dorsolateral medulla and the cerebellum.  The largest afferent pathway arises from the inferior olive.  Other afferent pathways arise from the nucleus dorsalis of Clarke, reticular formation, accessory cuneate nucleus, arcuate nucleus, and the spinal (medulla) and principal(pons) nuclei of the trigeminal nerve.  The largest efferent pathway projects to the inferior olive. 
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Cerebellar cortex.  Like the cerebral hemispheres, the cerebellum has both cortex and deep nuclei.  The cerebellar cortex is highly convoluted with fine ridges called folia (compared to gyri in cerebral cortex).  The cerebellar cortex is made up of three layers:
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· outer molecular layer – this contains dendrites of Purkinje cells, parallel fibers that arise from granule cells, climbing fibers that come from the inferior olivary nucleus, along with basket and stellate cells.

· middle Purkinje layer – this layer contains Purkinje cells¸ which are the major efferent cells of the cerebellar cortex. 
· inner granule cell layer – this layer contains granule cells, mossy fibers, and Golgi II cells.

Deep cerebellar nuclei.  These are the major source of output for the cerebellum.  There are four pairs of deep cerebellar nuclei, each associated with a different anatomical region of the cerebellum.  All nuclei receive excitatory input from mossy fibers and climbing fibers:

· fastigial nucleus – this nucleus receives inhibitory input from Purkinje cells in the vermis

· globose nucleus

· emboliform nucleus – these together are sometimes called the interposed nucleus.  They receive inhibitory input from Purkinje cells in the paravermis region
· dentate nucleus – shaped like the inferior olivary nucleus, this nucleus receives inhibitory input from Purkinje cells in the cerebellar hemispheres
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Cerebellar connectivity.  This is quite complex and will be discussed in detail in another lecture.  Briefly, it is helpful to know that inputs to the cerebellum come from spinal cord, inferior olive, and cerebral cortex.  Most inputs enter the cerebellum via the inferior and middle cerebellar peduncles.  Input comes via two types of fibers:

· climbing fibers -- these carry information from the inferior olive only.  They synapse on Purkinje cell dendrites directly, and they send collaterals to the deep cerebellar nuclei.

· mossy fibers -- these carry information from all other sources.  They synapse on granular cells, who axons called parallel fibers synapse on Purkinje cell dendrites.  Mossy fibers also send collaterals to the deep cerebellar nuclei.

· The activity of climbing fibers, mossy fibers, and parallel fibers is modulated by numerous local cells.  These include stellate cells, basket cells and Golgi II cells. 
· While mossy fibers and climbing fibers bring ​excitatory input, the only cell in the cerebellar cortex which is excitatory are the granular cells.  All other cells, including Purkinje cells, are inhibitory.

Cerebellar output is primarily via the superior cerebellar peduncle.  Fibers travel to the red nucleus, from which they descend to the inferior olive and the spinal cord.  Or fibers ascend to the VL nucleus of the thalamus, from which the project to cerebral cortex.  There is secondary output via the inferior cerebellar peduncle.  Fibers travel to vestibular nuclei and reticular nuclei.
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This and other information is summarized in the following chart:

	SYSTEM
	NAME 
	CONNECTIONS

	
	EMBRYOLOGIC
	ANATOMIC
	INPUT
	NUCLEI
	OUTPUT
	TARGET

	Vestibulo-cerebellum
	Archi-cerebellum
	Vermis; flocculo-nodular lobe
	Vestibular system
	Fastigial
	Vestibular nuclei; reticular formation
	Vestibulospinal & reticulospinal tracts

	Spino-cerebellum
	Paleo-cerebellum
	Paravermis
	Spinocerebellar tracts
	Globose; emboliform
	Red nucleus
	Rubrospinal tract

	Ponto-cerebellum
	Neo-  cerebellum
	Lateral hemispheres
	Cortico-pontine fibers
	Dentate
	VL thalamus
	Cortex and corticospinal tract


BLOOD SUPPLY TO THE CEREBELLUM

As noted before the striatum and pallidum receive their blood supply from fine branches of the anterior cerebral artery, the middle cerebral artery and the internal carotid artery – all divisions of the anterior circulation.  The cerebellum is supplied by three long circumferential arteries from the vetebro-basilar system – the foundation of the posterior circulation.
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	BLOOD SUPPLY
	NUCLEI

	ARTERY
	BRANCH
	

	Basal Ganglia

	Anterior cerebral
	Medial lenticulostriate
	head of caudate

	Middle cerebral
	Lateral lenticulostriate
	caudate and putamen

	Internal carotid
	Anterior choroidal
	globus pallidus; tail of caudate; caudal putamen

	Cerebellum

	Basilar (rostral)
	Superior cerebellar (SCA)
	deep nuclei; vermis; superior hemispheres

	Basilar (caudal)
	Anterior inferior cerebellar (AICA)
	anterolateral cerebellum

	Vertebral
	Posterior inferior cerebellar (PICA)
	tonsils; inferior vermis & hemispheres
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� And juxtarestiform body, which carries projections from the vestibular nuclei to the cerebellum.








