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 Association of the movements - synergy of the 
movement  

 Maintenance of the posture with respect to one s 
position in space 

 Maintenance of the tension or firmness (or tone) of the 
muscle 



 150 g, 10% of total neuronal mass 
 Posterior cranial fossa 
 Is attached to the brainstem by three peduncles 
 Inferior and middle peduncles are mainly cerebral 

afferents, whereas superior peduncles are cerebral 
efferents 



 Consists of three lobes: 

 Anterior: primary fissure separates from the posterior            
lobe; receives major spinal cord inputs; is referred as 
SPINOCEREBELLUM 

 Posterior: is separated from the flocculonodular lobe by a 
posterolateral fissure; is referred as CEREBROCEREBELLUM 

 Flocculonodular lobe:  filogenetically is the most primitive; 
receives major inputs from the vestibular system; is 
referred as VESTIBULOCEREBELLUM 





 Medial structure is called FASTIGIAL NUCLEUS 

 Lateral structure is called DENTATE NUCLEUS 

 Between previous two is INTERPOSED NUCLEI (MEDIAL 

STRUCTURE IS CALLED GLOBOSE NUCLEUS AND LATERAL STRUCTURE IS 
CALLED EMBOLIFORM NUCLEUS) 

 

 





AFFERENT PROJECTIONS TO THE CEREBELLUM 
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 SPINOCEREBELLUM (spinal cord) 
 Provides control of muscle tone and movement 
 Pathways include: spinocerebellar tract – dorsal and  

        ventral 
       cuneocerebellar tract 
         rostral spinocerebellar  

     tract 



 Origins from the muscle 
spindles and Golgi tendon 
organs from the lower 
limbs 

 Passes through inferior 
cerebellar peduncle 

 Terminates in medial part 
of ipsilateral anterior lobe 
and adjacent portions of 
the posterior lobe 



 Origins from the Golgi tendon organs detecting whole 
limb movement 

 Passes through superior cerebellar peduncle 

 Terminates close to the regions where dorsal pathway 
terminate 

 



 Upper limb equivalent to the 
dorsal spinocerebelar tract 

 Origins from the muscle 
spindles and Golgi tendon 
organs from the upper limbs 

 Terminates in medial part of 
ipsilateral anterior lobe and 
adjacent portions of the 
posterior lobe 
 



 Upper limb equivalent of the ventral spinocerebellar 
tract not yet identified in humans 

 Provides whole upper limb movement to the anterior 
lobe from the upper limb 



 INFEROR OLIVARY NUCLEUS 

 Receives inputs from the spinal cord (CUTANEOUS 

AFFERENTS, JOINT AFFERENTS, AND MUSCLE SPINDELS) and 
from cerebral cortex (AXONS PASSES TO THE 
CONTRALATERAL CEREBELLAR CORTEX VIA INFERIOR 
CEREBELLAR PEDUNCLES TERMINATING SOMATOTOPICALLY 
WITHIN THE ANTERIOR AND POSTERIOR LOBES) 
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 Receives signals from the otolith organ (macula of 
saccule and utricle) and semicircular canals 

 Enters cerebellar cortex via monosynaptic (called 
juxtarestiform body) or dysinaptic pathway (mainly 
from medial and inferior vestibular nuclei) 

 Provides information about the position of the head in 
space at any time point given 



 Regulate extensor muscle tone, coordinate 
movements, maintain erect posture 

 Arise from the lateral and paramedian reticular nuclei 
of the medulla and from the reticulotegmental 
nucleus of the pons 

 Serves as a relay for the cerebral cortical inputs to the 
vermal and paravermal region of the anterior and 
posterior lobes of the cerebellar cortex 



 There are several ways: 
 1) comes from cortex to the red nucleus 
 2) is from red nucleus to the ipsilateral inferior olivary 

nucleus 
 3) from inferior olivary nucleus to the contralateral 

cerebellar hemisphere 
RED NUCLEUS 
 Serves as relay from cortex to the spinal cord 
 Activates the flexor motor system 
 Red nucleus           inferior olivary nucleus         contralateral 

anterior and posterior lobes of cerebellar cortex 



 Deep pontine nuclei 

 Arises from the frontal lobe (motor system) 

 Parietal, temporal and visual cortices provides sensory 
system information 

 Parietal system provides planning and programming 
information 

 Temporal and occipital lobes provide information 
about auditory and visual system 



 TECTUM- provides auditory and visual information 
projecting to the pontine nuclei then through middle 
cerebellar peduncle to the cerebellar cortex 

 TRIGEMINAL SYSTEM- information from the muscles 
of the face and jaw from the mesencephalic trigeminal 
nucleus 

 MONOAMINERGIC SYSTEM- modulator of the 
cerebellar cortical neurons 





 MOSSY FIBERS 

 They give rise to many branches in the granular layer 

 They terminate forming mossy fiber rosettes; focus of a 
cerebellar glomerulus (synaptic connection of mossy 
fiber axons, granule cells dendrites and Golgi axon 
terminals 

 They are excitatory (glutamate) and arise from all CNS 
regions with exception of the inferior olivary nucleus 

 





 CLIMBING FIBERS 

 Arise from inferior olivary nucleus and reach molecular 
layer to make synapse with dendrites of Purkinje cells 

 Aspartate is neurotransmitter that is believed to be 
released on terminals of climbing fibers 





 Consists of three cell layers: 
 Granular cell layer 
 Purkinje cell layer 
 Molecular cell layer 

 
 Granular cell layer 

 granule cells; excites dedrites of Purkinje cells 
(glutamate) 

 Golgi cells; inhibits (GABA) granule cells and makes 
synaptic contact with axon terminals of mossy fiber 
 



 Purkinje cell layer 

 Contains one cell type, Purkinje cells; these are only 
projecting neurons of the cerebellum; they are 
inhibitory cell type (GABA) 

 Molecular cell layer 

 Contains dendrites of Purkinje cells, parallel fibers and 
two other types referred to as basket cells (inhibitory 
cells) 







 Cortex transmits its signals to the deep cerebellar 
nuclei via Purkinje cell axon (inhibitory) 

 Purkinje cell projections to the deep cerebellar nuclei 
are topographically arranged 

 Purkinje cells associated with VESTIBULOCEREBELLUM 
AND SPINOCEREBELLUM projects to the fastigial 
nucleus  

 Purkinje cells associated with the  
CEREBROCEREBELLUM project to the interposed 
nucleus and dentate nuclei 















 Primary regions involved in motor learning include the 
mossy and climbing fiber connections that are made 
with Purkinje cell 

 Each of sensory modalities that projects to the 
cerebellum  (visual, vestibular, auditory and 
somatosensory) contribute to the learning process 
within the cerebellum 



http://www.google.hr/url?sa=i&rct=j&q=motor+skills+learning+pyramid&source=images&cd=&cad=rja&docid=l8slEhtrNRWdpM&tbnid=-StTiQnYtmEUGM:&ved=0CAUQjRw&url=http://www.visualsupportsandbeyond.co.uk/why/sensory.html&ei=_gFbUcyXJoytPPOmgdAE&bvm=bv.44697112,d.bGE&psig=AFQjCNEKIirN12FQdd9ksH1ssM3oArIguw&ust=1365005093261174


 ATAXIA 

 Involves the cerebellar hemispheres or disruption of 
the feedback circuit between the cerebellar cortex and 
the cerebral cortex 

 If the damage involves flocculonodular lobe or the 
vermal region of posterior or anterior lobes patient will 
display gait ataxia (they walk with legs widely 
separated); these symptoms are often seen in cases of 
alcoholic cerebellar degeneration preferentially 
affecting the anterior lobe 





 HYPOTONIA 

 Has been associated with damage to parts of the 
cerebellar cortex 

 The precise mechanism underlying this disorder 
remains unknown 

 Because the outputs to a brainstem structure are 
typically excitatory, such lesion may cause loss of 
excitation to the lateral vestibular nucleus, resulting in 
loss of excitatory input to spinal cord motor neurons 
and subsequent hypotonia 



 CEREBELLAR NYSTAGMUS AND GIAT ATAXIA 

 Lesions of the vermal region of the cerebellar cortex or 
fastigial nucleus can result in cerebellar nystagmus 







 Primary function of the basal ganglia is to provide a 
feedback mechanism to the cerebral cortex for the 
initiation of the motor response 

 Reduces or dampens the excitatory inputs to the 
cerebral cortex 

 



 CONSISTS OF: 

 

 NEOSTRIATUM (caudate nucleus and 
putamen)=AFFERENT PART 

 PALEOSTRIATUM (globus pallidus) 

 SUBTHALAMIC NUCLEUS 

 SUBSTANTIA NIGRA (pars reticulata and pars 
compacta) 



 Arises from cerebral cortex (motor, sensory, limbic system) 

 Inputs from primary motor, secondary motor and 
primary somatosensory regions project to the 
PUTAMEN (MOTOR FUNCTION) 

 Inputs from cortical association regions, frontal eye 
fields and limbic regions of the cortex project to the 
CAUDATE NUCLEUS (INPUTS INVOLVED IN COGNITION, EYE 

MOVEMENTS AND EMOTINAL CORRELATES OF MOVEMENTS) 

 





 Centromedian nucleus of the thalamus is the source of 
an indirect cortical input to the striatum 
(thalamostriate fibers) 

 

 PROJECTIONS FROM THE NEOCORTEX AND 
TAHALAMUS END AS STRIOSOME (contains peptides 
such as substance P, somatostatin, and encephalin; ) 
and they are surrounded by a larger compartment 
referred as a MATRIX (acetylcholinesterase rich) 



 1) connections of the neostriatum with the globus 
pallidus) 

 THERE ARE TWO PROJECTIONS, ONE TO THE 
INTERNAL (MEDIAL) PART OF THE GLOBUS PALLIDUS 
(GABA) AND ONE TO THE EXTERNAL (LATERAL) PART 
OF THE GLOBUS PALLIDUS (GABA)  

 THERE ARE TWO PATHWAYS, DIRECT AND INDIRECT 
PATHWAY 





 Neostraitum projects to the pars reticulate (GABA 
AND SUBSTANCE P) 

 Projections to the neostriatum arises from pars 
compacta (DOPAMIN) 

 Pars reticulate also projects to the thalamus, superior 
colliculus and locally to the pars compacta 



 FIRST PATHWAY, ANSA LENTICULARIS, arises from the 
medial pallidal segment, projects to the red nucleus, 
then turns rostrally to enter the thalamus 

 SECOND PATHWAY, LENTICULAR FASCICULUS, arises 
from the medial pallidal segment, exits pallidum 
dorsally, they also enter the thalamus et the end 

 THIRD OUTPUT PATWAY, FROM SUBSTANTIA NIGRA 
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Extrapyramidal symptoms could be the  

consequences of antipsychotic drugs usage 



PARKINSON DISEASE 



HUNTINGTON DISEASE 




