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Structure and Function of Cerebellum

* Precision, Coordination, and Balance in Motion and Mind

Design Thinking Cycle for Cerebellum Study

Empathize

Un n
cerebellum’s role in life

~

tio
coordination Identify its structure

Define

Prototype

Visualize paris Explore sensory-motor
integration




Position and Relations
« Second largest part of brain Cerebellum Structure e o

 Lies posterior to pons and medulla
 Divided into two hemispheres by vermis e spaneotion between
 Located in posterior cranial fossa  Hemispheres

Lateral divisions for coordination

» Covered superiorly by tentorium cerebelli

* Lies dorsal to the 4th ventricle
ANATOMICAL LOBES AND FUNTIONAL LOBES

 Anterior(spinocerebellum) lobe: control axial(trunk), limb muscles and
postural reflexes. Cerebrum

entral control of movement

Cerebellum

 Posterior(neocerebellum) lobe: control skilled voluntary muscles.

» Flocculonodular lobe: (related to vestibular apparatus) control body
posture balance, equilibrium and maintaining visual fixation.

Cerebellum

Spinal cord ///\




External Surface Anatomy
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« Two hemispheres connected by vermis
» Three surfaces: superior, inferior, anterior
 Horizontal fissure divides lobes

Lobes of the Cerebellum
Anterior lobe — limb movement
Posterior lobe — fine motor control

Flocculonodular lobe — balance and eye movement

Primary
fissure

[] Anterior lobe
] Posterior lobe
I Flocculonodular lobe

Posterolateral
fissure

| . ' L
-



Functional Subdivisions

 Vestibulocerebellum — equilibrium
Hemispere Vermiis

i gty

Primary Flssone:

 Spinocerebellum — posture and tone

 Cerebrocerebellum — planning and coordination
Internal Organization

* Cortex — gray matter

* Medulla — white matter

« Deep nuclei: dentate, emboliform, globose,

fastigial
Flacoulonodular
i <




Cerebellar Cortex Layers & Cerebellar Peduncles
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Sagittal Section of the Brain: Anatomy and Functions

Frontal Lobe * '
. Cerebral

Hemispheres

Porietal Lobe

" Hemispheres
RLLLERY Cerebellum

- , ........ Sogittal Section |
b of the Brain ;

REEEEEE Neural Pathways
e Sensory Pathwoys

"o Vermis

,+** Motor Pathways

Stroke ‘.
* .. Neurological
Disorders

Alzheimer's Disease



Cerebellar Cortex Layers & Cerebellar Peduncles
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Cortex layers

1. Molecular layer — stellate & basket Cerebellar Peduncles: Connecting the Cerebellum to
the Brainstem

cells

2. Purkinje cell layer — output neurons

3. Granular layer — granule & Golgi cells
Peduncles

 Superior — efferent to midbrain

« Middle — afferent from pons

* Inferior — connects medulla & spinal

cord

Superior : Inferior Cerebellar

Cergbellar Middle Cerebellar Peduncle
Peduncle

Peduncle
Connects the Connects the

Connects the cerebellum to the pons cerebellum to the

cerebellum to the medulla oblongata
midbrain



Which lobe of
the cerebellum
is being

discussed?

0

Anterior Lobe

Involved in motor coordination and
muscle tone.

Posterior Lobe

Regulates fine motor skills and
sensory integration.

Flocculonodular Lobe

Maintains balance and eye
movements.

Cacebellar Paduncies

ZrOUNE. GO
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Cerebellar Cortex Layers

Outermost layer with sparse
neurons and fibers

Single layer of large, inhibitory
neurons

Dense layer of small neurons

Core of the cerebellum,
containing nerve fibers




Functional Divisions of the Cerebellum
Spinocerebellum

Cerebellar Region for Proximal Limb and Trunk Control

Vermis Spinal Cord

Connections

Paravermis

Regulates axial muscle

tone and posture Controls proximal limb

movements Facilitates
communication between

cerebellum and spinal
cord



Cerebrocerebellum
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Cerebrocerebellum Function

Complex Movement
Planning

Orchestrates intricate motor
sequences

Movement
Coordination

Ensures smooth and

Core structure for motor
precise execution

control

Cerebral Cortex

Pontine Nuclei .
Connection

Relays signals between

cortex and cerebellum Receives input for

movement initiation




Cerebrocerebellum
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Cerebellar Coordination

Cerebral Cortex Coordinated

Provides motor commands and sensory

R Movements

Pontine Nuclei

Relay signals between cortex and
cerebellum.

Made with 2 Napkin



Vestibulocerebellar Function Cycle I yrouns oo

Maintains
Balance

i Receives signals
N from vestibular
ke system

Regulates body
posture and
equilibrium

&
v
—F
+J

Coordinates Processes

Eye Sensory
Movements Information
Adjusts eye position Integrates vestibular

for stability and visual data
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Cerebellar Input and Output Pathways

Input from input from
Cerebral Cortex Vestibular
Signals from the System
cerebral cortex are Signals from the
j;‘;},;‘?,f,hnﬁ_ vf}te'bs"ggz ;sgmm Climbing Fibers Deep Cerebellar
cerebellum. Climbing fibers Nuclet st 160 Red
carry input signals Deep cerebellar
to the cerebellum. nuclei receive LIS
processed signals Signals are sent
from Purkinje cells. from the

cerebellum to the
red nucleus.

Iinput from Spinal

Cord )
Signals from the Mossy Fibers
spinal cord are sent Mossy fibers carry .
to the cerebellum. input signals to the Purkinje Cells
cerebellum. Purkinje cells )
process input gutip‘.’xt bt
signals within the naiamus Output 10

cerebellum. Signals are sent o , .

from the Vestibular Nuciei

cerebellum to the Signals are sent
thalamus. from the

cerebellum to the
vestibular nuclei.

L F= 182 4




Physiotherapy for Cerebellar Disorders

- - =
P '
Frenkel Exercises Balance Training
Exercises to improwve Technigues to enhance

coordination and motor stability and balance.
control.

S

Coordination Exercises

Activities to refine movement synchronization.
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Neural Pathways

 Afferent: Corticopontocerebellar, olivocerebellar, vestibulocerebellar
 Efferent: Dentatothalamic, fastigiovestibular

Cerebellar system

T e T
eeme




Blood Supply

 Arteries: SCA, AICA, PICA
 \enous drainage: Superior and inferior cerebellar veins




Functions of the Cerebellum

* Coordinates voluntary movements
e Maintains muscle tone & posture

e Controls balance

* Motor learning and adaptation
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Clinical Correlation

ATAXIA 11 3 Clinical Manifestation
Iadicating DYSFUMITION of the Parts

Ataxia - loss of coordination

Intention tremor

Dysmetria - overshooting

Hypotonia




Dysmetria

Inaccurate
movements,
overshooting or
undershooting
targets.

Gait
Disturbances

Unsteady and
uncoordinated
walking patterns.

/R

Cerebellar Ataxia Signs

v
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Intention
Tremor

Tremor that worsens
as the target is
approached.




Prototype: Real-Life Examples

* Standing balance on one leg

 Catching a ball

* Learning to play piano




Test: Functional Evaluation

* Finger-to-nose test o L | il
* Heel-to-shin test ' - Bs....4
* Rapid alternating movement . e 2

Romberg’s test [ S




Summary

Empathize - Role in coordination

Define - Structure and divisions

Ideate — Feedback integration

Prototype - Motion simulation

Test — Clinical assessment

"The cerebellum is the designer of precision.’



FACTS TO REMEMBER

e TR

 Cerebellum or a little brain acts like younger sibling of the large cerebrum.

* [t control tone, posture, equilibrium and fine movements of the body. It cannot initiate the movement.
* Its is connected by cerebellar peduncle (inferiorly, middelly and superiorly).

* Number of the neurons is about half of the cerebrum, though is much smaller than the cerebrum.

* |ts structure is uniform through out, i.e. homotypical.

* Its control is ipsilateral.
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Cerebellar Design Process

Test Empathize

Evaluating function Understanding the
through clinical r% cerebellum’s role in

assessment. coordination.

Cerebellum

Define

Prototype
yp Identifying the
cerebellum's
structure and

divisions.

Simulating motion to
refine precision.

Integrating feedback
for improved
function.




CASE: “LOCALISE BEFORE YOU
REHABILITATE”

Case Scenario (Given to Students)

A 58-year-old right-handed male presents
with:

*\Weakness of right face and upper limb >
lower limb

*Expressive speech difficulty

Increased tone and exaggerated reflexes on
the right side

Impaired fine touch and proprioception in
the right hand

MRI shows cortical involvement of the left
cerebral hemisphere.

In-Class Assessment

v

Q1. Problem Framing

*Which hemisphere is involved?

*Is this the dominant or non-dominant
hemisphere?

Students must justify based on symptomes.

Q2. Functional Mapping

Identify three cortical regions involved
and link each to a symptom:

*Motor cortex

*Sensory cortex

*Language area

Q3. Vascular Decision

*Which cerebral artery is most likely
affected?

*Why is the lower limb relatively
spared?
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