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Introduction  

 In this sheet, we discuss the cerebellum; its lobes, fissures and deep nuclei. 

We also go into the tracts and connections in which the cerebellum plays a major 

part. At the end, we analyze cerebellar lesions with their consequences. 

 

Cerebellum; Gross Anatomy 

 

The cerebellum is formed of two hemispheres, connected by a median 

vermis, which is seen from superior and inferior surfaces.  

 

The Fissures 

The main fissures of the cerebellum are: 

Primary fissure: separates the anterior third of the cerebellum (the anterior lobe) 

from the posterior two thirds (the posterior lobe). 

Horizontal fissure: also called transverse fissure, it extends around the 

cerebellum between the middle cerebellar peduncles; it passes from the anterior 

notch (occupied by the brain stem) and reach it again from the other side. This 

fissure divides the cerebellum into superior and inferior surfaces. 

Posterolateral fissure: on the inferior surface, you can see the flocculonodular 

lobe, which is separated from the rest of the cerebellum by this fissure. 

 

Notice the following illustration. When the cerebellum is "unrolled", the 

superior vermis becomes anterior, and the inferior vermis becomes posterior. 

Also notice that the most anterior part of the superior vermis is the lingula, 

whereas the nodule is the most anterior part of the inferior vermis.  

Note: The cerebellar tonsils are on either sides of uvula of inferior vermis. 

Herniation of these through the foramen magnum may press on the medulla 

oblongata.  
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Cerebellar Nuclei; "Don't Eat Greasy Food" 

 

The deep cerebellar nuclei resemble the basal ganglia in the cerebrum. 

These nuclei are: dentate nucleus, interposed nuclei (emboliform and globose) 

and fastigial nucleus, from lateral to medial. The position of these nuclei in the 

cerebellum is important; each nucleus is related to a specific part of the 

cerebellum. These details are discussed in the next section. 

 

Vertical Subdivisions of The Cerebellum 

Vertically, the cerebellum is divided into vermis, paravermis and the rest of 

the hemispheres. Each part has its functions and is related to certain deep 

nucleus. 

Vermis  

  It is the central part on superior and inferior 

surfaces. Vermis is related to fastigeal nucleus, and 

together function in muscle tone regulation. The 

muscles they are responsible for are axial and 

proximal muscles (head, neck, trunk, shoulders and 

hips). Notice that the body is represented upside-

down on the superior vermis.  
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Paravemis  

This area is lateral to vermis, and is also functions in muscle tone 

regulation. It represents muscles of upper and lower limbs. It projects to Globose 

and Emboliform nuclei (the interposed). 

Rest of Cerebellar Hemispheres  

These areas project to dentate nucleus. They are not related to muscle 

tone, they rather coordinate muscles movements. 

The Parts Not Related to Deep Nuclei 

 Flocculonodular lobe is not connected to any nucleus. It is the only lobe to 

be so. It functions in balance regulations. This lobe is formed by the flocculus, the 

parafolliculus and nodule of the vermis. 

 

Note: the detailed divisions of the cerebellar cortex are not 

important. What you need to memorize from them are the 

following (mentioned from anterior to posterior): 

- Parts of superior vermis: lingula, central lobule, 

culmen. 

- First three parts of inferior vermis: nodulus, uvula, 

pyramis (or pyramid). 

 

Histology of Cerebellum 

 To understand the connections the cerebellum has with the rest of the 

central nervous system, we must analyze its histology. 

 

Cortex  

 Cerebellar cortex is a 3-layer grey matter (6 in cerebrum). These layers are: 

outer molecular layer, middle pyrkinje cell layer and inner granular layer. 
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Outer Molecular Layer 

It is composed of stellate and basket cells. It is less important than the other two 

layers 

Middle Purkinje Cell Layer  

This layer is a one-cell thick, which makes it the 

thinnest layer. It is very important because it 

contains Purkinje cells, which are inhibitory to all 

other cells and tracts (including the other two 

layers of cerebellar cortex). The dendrites of 

Purkinje cells are directed to the molecular layer. 

Purkinje cell is the only cell that has axons which 

leave the cerebellum. Accordingly, all efferent 

cerebellar fibers are Purkinje cells axons.  

Inner Granular Layer 

This layer has granule and Golgi cells (2 G's). Granule cell is important in that it is 

excitatory to all other cells.  

00:00 – 10:00 

Corpus Medullare (Medullary Center) 

 The medulla is white matter full with axons. These axons can be afferent or 

efferent. 

Efferent (Purkinje cells axons; inhibitory) 

Afferent these can be: 

- Climbing fibers: olivocerebellar tract is the only example. These fibers 

"climb" directly to Purkinje cells; this is called (direct activation of Purkinje 

cells). 

- Mossy fibers: they end in the granular layer first, activating them. Then 

granule cells activate Purkinje layer (indirect activation of pyrkinje).  

 

Deep Cerebellar Nuclei (discussed earlier) 
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Cerebellum Functions; Neural Connections 

  

The cerebellum is functionally divided into: 

- Archicerebellum (vestibulocerebellum): 

includes the flocculonodular lobe and lingual 

lobule, and is related to balance. (This is 

present in fish; balance is important in them.) 

- Paleocerebellum (spinocerebellum): for muscle 

tone. It includes vermis (axial muscles), 

paravermis (limbs) and the anterior lobe. 

- Neocerebellum (cerebrocerebellum). 

These are discussed below. 

 

Archicerebellum (Vestibulocerebellum) 

Flocculonodular lobe and lingual lobule function in ensuring balance in 

movement. Remember that Flocculonodular lobe is not connected to any deep 

nucleus. Instead, it is connected to the 4 vestibular nuclei in medulla oblongata 

and pons (at the angle of floor of 4th ventricle).  

This connection receives afferent Fibers From vestibular apparatus of 

internal ear via vestibulocerebellar tracts either directly from vestibular ganglia or 

from vestibular nuclei. Pyrkinje neurons of each lobe project its inhibitory axons 

directly to ipsilateral vestibular nuclei.  

Vestibular nuclei give rise to: 

• Vestibulospinal tracts to antigravity extensor muscles for posture and balance. 

• Vestibulo-cerebellar 

• Vestibulo-cortical 

• Vestibulo-ocular fibers: when looking at something, the direction of the eyes 

remains constant when the head is moved. Eyes movement is opposite to the 

head movement. This tract passes through the medial longitudinal fasciculus in 
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the brainstem to control the extra-ocular muscles through cranial nerves 3, 4 and 

6. (MLF is under the control of flocculonodular lobe for memorizing this reflex)   

 

Paleocerebellum (spinocerebellum) 

 

Vermal Zone 

Pyrkinje neurons of each hemivermis projects inhibitory axons to ipsilateral 

fastigeal nuclei. Afferent fibers come through venteral and dorsal spinocerebellar, 

olivocerebellar and cuneocerellar tracts. It projects to fastigeal nucleus, which 

gives bilateral excitatory fibers to the medial mtotor system that controls axial 

and porximal limb muscles through:  

- Fasigeo-vestibulo-spinal (ipsilateral and contralateral vestibular nuclei)  

- Fastigeo- Reticulo-spinal (Ipsilateral and contralateral reticular formation) 

- Anterior cortico-spinal (ipsilateral and contralateral VL nucleus of thalamus, 

which projects to trunk part of area 4, and then fibers descend in the 

ventral cerebrospinal tract). (cerebello-fastigeo-thalamo-cortico-spinal 

pathway.)  

10:00 – 20:00 

Paravermal Zone 

It is concerned with muscle tone (mainly flexors) and regulation of 

voluntary movements of the distal muscles. It receives afferent proprioceptive 

impulses from muscles and tendons via spino-cerebellar tracts (dorsal and 

ventral), olivo-cerebellar and cuneorebellar. This pathway projects to globose and 

emboliform nuclei. 

It sends efferent fibers to lateral motor pathway, by projecting to the 

Contralateral VL nuclei of thalamus, which projects to precenteral gyrus (distal 

limbs area). From there, lateral corticospinal fibers arise (control distal limb 

muscles). (Cerebello-Globose- Embliform- thalamocortical-spinal pathway.) 
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Another projection targets the contralateral red nucleus of midbrain 

(controlling distal limb muscles). (Cerebello-Globose-Emboliform-Rubral-spinal 

pathway.) 

Neocerebellum (cerebro cerebellum) 

It includes most of the cerebellar hemispheres, which are connected to dentate 

nuclei. It receives afferent impulses via cerebro-ponto-cerebellar pathway; 

originating from the cerebral cortex, and then through pons. After that, the fibers 

pass through the transverse pontine fibers, and through the contralateral middle 

cerebellar peduncle, to reach dentate nucleus.  

It sends efferents to contralateral red nucleus (through superior cerebellar 

peduncle) which projects to ventrolateral nucleus of thalamus (VL). After that, 

fibers reach areas 4 and 6 on the cerebral cortex, and then descend in the spinal 

cord. (Cortico-ponto-cerebellar-Dentato-rubro-thalamo-cortico-spinal pathway.) 

 

This pathway is important because it does the following:  

1-  Controls voluntary movements, planning of sequence of intended 

movements (even before execution of motor activity; anticipation). 

2-  Regulation of force and timing of Movement. 

3-  Learning new complex movements the whole pathway. 

The following figure summarizes the cerebellar outputs. 
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Cerebellar Peduncles 

 

 Cerebellar peduncles are fibers entering or leaving the cerebellum (afferent 

and efferent). The following table reviews the major contributors to these 

peduncles. 

Peduncle Afferent (towards cerebellum) Efferent (towards cerebellum) 
Superior cerebellar 
peduncle (major 
efferent)  

Ventral spino-cerebellar tract 
 
Trigimino-cerebellar from 
Mesencephalic nucleus  
 
Tecto-cerebellar fibres 

Cerebello-rubral fibres 
(Globose-Emboliform-rubral) 
Cerebello-thalamic fibres 
(Dentato-thalamo-cortical) 
Cerebello-reticular fibres 
(Fastigeal nucleus) 

Middle cerebellar 
peduncle  

(afferent Pontocerebellar fibres 
(cortico-ponto-cerebellum) to 
dentate nucleus) 

 

Inferior cerebellar 
peduncle (major 
afferent)  

(restiform body)  
Posterior spino cerebellar tract 
Cuneo-cerebellar tract  
Olivo-cerebellar fibres  
Reticulo-cerebellar  
Vestibulo-cerebellar fibres  
Trigemino-cerebellar fibres  
Anterior external arcuate fibers 

(juxta-restiform body) 
Cerebello-olivary fibres  
Cerebello (Fastigio)-vestibular 
fibres  
Cerebello (Fastigio)- reticular 
fibres 

 Mesencephalic nucleus: for proprioception. 

 Anterior external arcuate fibers: in medulla, they are found anterior to pyramids; they cross and make 
medullary striae. 

 Fibers of neocerebellum: afferent in middle peduncle; efferent in superior peduncle. 

 

Blood Supply of Cerebellum 

Cerebellum is supplied by 3 cerebellar arteries: 

- Superior cerebellar artery: from the basilar artery  

- Anterior inferior cerebellar artery: from the basilar artery  

- Posterior inferior cerebellar artery: from the vertebral artery 



9 | P a g e  

 

Cerebellum Versus Basal Ganglia 

Cerebellum and basal ganglia are the two major subcortical centers which 

affect cortical activity. Both of them receive inputs from cortex, and both project 

outputs to the cortex via the thalamus. In the following table, we compare 

between these two centers. 

Cerebellum  Basal ganglia 
Receive cortico-ponto-cerebellar from 
contralateral cerebral cortex 

Receives cortico-striate fibres from 
ipsilateral cerebral cortex 

Projects to VL nucleus of the 
contralateral thalamus projects directly 
to areas 4,6 

Projects to VA nucleus of the ipsilateral 
thalamus which projects first to SMA 
then to areas 4,6 

Controls movement of the ipsilateral 
half of the body; fibers double-cross 

Controls movement of the contralateral 
half of the body; they are part of the 
cerebrum which controls the 
contralateral side of the body 

Diseases result with ipsilateral 
symptoms 

Diseases result with contralateral 
symptoms 

Note: No direct connection exists between the cerebellum and spinal cord, or between the basal ganglia 
and spinal cord. 

 

20:00 – 30:00 

Cerebellar Lesions 

When we discussed the basal ganglia, we saw that 

lesions in these nuclei can result with Parkinson's disease or 

chorea. Cerebellar lesions, on the other hand, result with 

ataxia; which is incoordination of movement. 

Ataxia can be sensory or cerebellar. To investigate the 

cause of ataxia, we use Romberg's test. In this test, the 

standing patient is asked to close his or her eyes. An increase 

loss of balance is interpreted as a positive Romberg's test, 

which is seen in sensory ataxia. Patients with cerebellar ataxia, 

however, can still have unbalance even with eyes opened. 
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Cerebellar ataxia is accompanied with the following symptoms: 

• Decomposition of movement 

• Dysartheria 

• Rebound phenomenon of Holmes 

• Gait ataxia, truncal ataxia 

• Intention Tremor: noticed only at the initiation of movement. 

These are different from rest tremors seen in Parkinson's disease, 

which occur continuously and do not subside but after sleeping.  

• Dysdiadochokinesia, dysmetria, past-pointing: because of 

intention tremors. Movement has three steps: inhibition of 

antagonist muscles, excitation of agonist muscles and stopping the 

movement by stimulating antagonist muscles. If no stimulation to 

agonist muscles occurs, dysdiadochokinesia occurs. But if antagonist 

muscles stimulation is late, dysmetria results.  

• Hypotonia, nystagmus 

 

Lesions may differ in symptoms according to their location. Archicerebellar 

Lesions include medulloblastoma (see later). Paleocerebellar lesions result with 

gait disturbance, tested by heel shin test. Neocerebellar Lesions result with 

hypotonia, upper Limb ataxia, tremor, dysmetria. These lesions are tested by 

finger to nose, or finger to finger tests (distance estimation is impaired). 

 

Cerebellar Medulloblastoma; An Example 

This disease results from cerebellar tumors in vermis. Symptoms include 

truncal ataxia (the patient cannot stand unsupported) and frequent falling. 

 


