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Learning Objectives
To:
Describe the functional anatomy of the cerebellum - its lobes, their input and 

output connections and their functions

Draw and label the circuitry of the cerebellum cortex, assign the functional role of 
each neuron type and give its synaptic action (excitatory/inhibitory)

Describe the 
role

the role of the cerebellum in the regulation of skilled movement and in 
motor learning

Explain servo-control mechanisms as a model for cerebellar regulation of 
movements

Predict the neurological disturbances that can result from disease or damage 
in different regions of the cerebellum



Introduction
The basal ganglia and cerebellum 
modify movement on a minute-to-
minute basis

The motor cortex sends information to 
both, and both structures send 
information back via the thalamus (no 
direct projections to lower motor 
neurons of skeletal muscles)

The balance between these two 
systems allows for smooth, 
coordinated movement,and a 
disturbance in either system will show 
up as movement disorders



The Cerebellum

Å10% total volume of the brain but has more than half of all its
neurons

Åis arrangedin a highly regular manner as repeatingunits but with
input and outputs from virtually all motor cortical regionsaswell as
the spinalcord- proprioceptiveinput

Åis providedwith extensiveinformation - 40 times more axonsproject
into the cerebellumthan exit from it

Åisnot necessaryto basicelementsof perceptionor movement

Damageto the cerebellumdisruptsthe spatialaccuracyand temporal
coordination of ƳƻǾŜƳŜƴǘҦIt impairs balanceand reducesmuscle
tone andmotor learningandcertaincognitivefunctions.



The Cerebellum - Gross Anatomy

ÅShape:Oval shaped, with an 
approximate weight of 150 gm 

ÅLocation: Situated in the 
posterior cranial fossa, dorsal 
to the pons and medulla, 
separated from the overlying 
cerebral cortex by a tough flap 
in the dura, the cerebellar 
tentorium

ÅOuter mantle of grey matter

Å Internal layer of white matter 
that contain deep nuclei



General view

A. Dorsalview. Partof the right hemispherehasbeencut
out to showthe underlyingcerebellarpeduncles.
B. Ventralviewof the cerebellumdetachedfrom the brain
stem.
C. Midsagittal section through the brain stem and
cerebellum, showing the branching structures of the
cerebellum. (Adaptedfrom Nieuwenhuyset al. 1988)



The Cerebellum - Three 
Functionally Distinct Regions

The three functional regions of the cerebellum have different inputs and outputs. 



Functional organization of 
cerebellum- connections

Cerebellar peduncles = Three fiber bundles 
carry the input and output of the 
cerebellum.

1. Theinferior cerebellar 
peduncle primarily contains afferent 
fibers from the medulla, as well as 
efferentsto the vestibular nuclei

2. Themiddle cerebellar 
peduncleprimarily contains afferents 
from the pontine nuclei

3. Thesuperior cerebellar 
peduncleprimarily contains efferent
fibers from the cerebellar nuclei, as 
well as some afferents from the 
spinocerebellar tract.



Histology and Connectivity of 
CerebellarCortex

Simple three-layer 
arrangement:

1. Molecular
2. Purkinje
3. Granule

Five cell types:
1. Granule Cells 

(excitatory)
2. Purkinje Cells 

(output cells)
3. Golgi Cells
4. Basket Cells
5. Stellate Cells 

(these are all 
inhibitory)



Internal Circuitry

1. Granule cells Layer (innermost)

ÅVery small, densely packed neurons - most 
neurons in the cerebellum -10 billion granule 
cells + interneurons known as Golgi cells

ÅThese cells receive input from mossy fibers 
and project to the Purkinje cells

ÅCerebellar  glomeruli ςconfluence of mossy 
fibers on granule cells and Golgi cells



Internal Circuitry 

2. The Purkinje cell Layer (middle)

ÅConsists of Purkinje cell bodies (50-80 
micrometers)

ÅThe Purkinje cell is one of the most striking 
cell types in the mammalian brain. Its apical 
dendrites form a large fan of finely 
branched processes that extends into the 
outer molecular

ÅThe dendritictree is almost two-
dimensional; looked at from the side, the 
dendritictree is flat. All Purkinje cells are 
oriented in parallel. This arrangement has 
important functional considerations

ÅAxons descend to the deep nuclei

ÅRelease GABA



Internal Circuitry 

3. Molecular Cell Layer 
(outermost)

ÅParallel fibers ςaxons from granule 
cells which synapse with Purkinje cells. 

ÅThe transverse connections of the 
parallel fibers and the sagittal 
connections of the climbing fibers thus 
form an orthogonal matrix. 

ÅInterneurons ςbasket cells and 
stellate cells



Input to the 
cerebellum

Cerebellar input can be divided into two 
distinct classes:

1. Mossy fibersoriginate in the: 
pontine nuclei, the spinal cord, the 
brainstem reticular formation, and the 
vestibular nuclei. They make excitatory 
projections onto the cerebellar nuclei 
and onto granule cells in the cerebellar 
cortex; 

2. Climbing fibersoriginate exclusively in 
the inferior olive and make excitatory 
projections onto the cerebellar nuclei 
and onto thePurkinjecellsof the 
cerebellar cortex. Climbing fibers 
branch in the sagittal dimension to 
excite 10 or so Purkinjecells anterior 
and posterior to the branch point. 



Climbing Fibers: Firing Patterns 

It is believed that during movement, climbing fibers 
provide an error signal that depresses parallel fibers that 
are active concurrententlyand generate the simple spikes

¢Ƙƛǎ ŀƭƭƻǿǎ ǘƘŜ άŎƻǊǊŜŎǘέ ƳƻǾŜƳŜƴǘǎ όǿƛǘƘƻǳǘ ǘƘŜ ŜǊǊƻǊύ 
to emerge

It is also supposed to be important for motor learning



Functional organization of 
cerebellum - output

All output is via the deep nuclei except 
flocculonodularlobe which outputs via 
lateral and medial vestibular nuclei

40 times more input than output fibers

Cerebellar lesions lead to ipsilateral 
symptoms because of a double 
crossing of the output fibers

The cerebellum projects to the 
contralateral motor cortex, via the 
thalamus, and the corticospinal pathway 
recrossesthe midline at the lower 
medulla



Functions of the Cerebellum

Maintenance of balance and posture.Through its input from vestibular receptors and 
proprioceptors, it modulates commands to motor neurons

Coordination of voluntary movements.Several different muscle groups acting together in a 
temporally coordinated fashion

Motor learning.The cerebellum - a major role in adapting and fine-tuning motor programs to 
make accurate movements through a trial-and-error process 

Cognitive functions. Involved in certain cognitive functions - language

Thus, like the basal ganglia, the cerebellum is historically considered as part of the motor 
system, but its functions extend beyond motor control in ways that are not yet well understood.



Functions of the cerebellum
The primary function of the cerebellum is to modulate 
motor output.
Å It compares what will happen with what is intended to 

happen and makes adjustments.
ÅThis is referred to as a feed-forward mechanism



ÅFeed Forward System:
ÅAnticipatory

ÅDepends on sensory 
information but also 
through experience

ÅCan modify the 
operation of negative 
feedback mechanisms

ÅEssential for rapid 
action

Functions of the cerebellum



Internal Circuitry 

Output from Purkinje

neurons through deep

nuclei to:

ÅCerebral cortex

ÅBrainstem

ÅSpinal cord

Output of Purkinje cells is inhibitory.

Output of deep nuclei is excitatory



Functions of the cerebellum

Smoothening postural and skilled movements 
resulting from skeletal muscle contraction 
(including eyeball movements)

Comparison of intent and action (ie., errors) and 
generates corrective signals

Motor learning and adaptation - plays a role in 
automating and optimizing behavior



The cerebellum and memory

ÅAlthough the hippocampus seems to be 
more of a processing area for explicit 
memories, you could still lose it and be 
able to create implicit memories 
(procedural memory, motor learning, 
and classical conditioning), thanks to 
the cerebellum

ÅOne classical conditioning experiment is 
to accustom subjects to blink when they 
are given a puff of air. When 
researchers damaged the cerebellums 
of rabbits, they discovered that the 
rabbits were not able to learn the 
conditioned eye-blink response 

(Steinmetz, 1999; Green & Woodruff-Pak, 2000).



The cerebellum and memory

The motor memory we use everyday-for sport, playing a musical 
instrument and even typing-is acquired through repeated practice and 
stored in the brain.

New motor skills can be learned through practice, but often those skills can 
be all but lost by the following day.

This loss of motor skills can be attributed to the storage of newly learned 
motor skills in short-term memory. 

By repeating the exercises daily, however, these skills become stored in 
long-term memory.



Disfunctions of the cerebellum

Referred to as a silent area as electrical stimulation 
produces:
ÅNo movement

ÅNo sensation

However removal or lesions cause severe

motor deficits:

ÅMovements become uncoordinated and erratic



Vestibulocerebellum

ωCoordination of movements of head & eyes

ωControl of axial muscles & limb extensors

ωMaintenance of balance/ posture

Functions:

ωNystagmus: loss of ability to focus

ωVertigo: loss of balance

ωAtaxia: wide gait

Lesions:



Nistagmus:



Spinocerebellum

Vermis lesion 
(spinocerebellum

or associated 
nucleus):

Example:

Ataxia 

Titubation  (head or truncal tremor)

Functions: 

Control of axial and proximal muscles (ongoing movements)

Maintenance of balance

Coordination of head & eye movements



Ataxia



SpinocerebellumLesions 

ωmotor speech disorder

1.Dysarthria

ωloss of control of movement often characterized 
by overshooting of undershooting the target

ωresults from loss of the feed-forward 
anticipatory control of movement

2.Dysmetria 




