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Overview	
  



Cerebellum	
  



Cerebellar	
  Hemispheres	
  

(From	
  Principles	
  of	
  Neural	
  Science,	
  5th	
  ed)	
  



Cerebellar	
  Peduncles	
  (CP)	
  

Three	
  main	
  fiber	
  bundles	
  
that	
  allow	
  communica2on	
  
between	
  the	
  cerebellum	
  
and	
  other	
  regions	
  of	
  the	
  
Central	
  Nervous	
  System	
  	
  	
  



CP	
  Pathways	
  
•  IntegraNon	
  and	
  analysis	
  of	
  

sensory	
  and	
  motor	
  
informaNon	
  	
  

•  Input	
  
–  Inferior	
  Peduncle	
  (ICP)	
  

•  Where	
  am	
  I?	
  
–  Middle	
  Peduncle	
  (MCP)	
  

•  Where	
  do	
  I	
  want	
  to	
  be?	
  
•  AssociaNon	
  areas	
  

•  Output	
  
–  Superior	
  Peduncle	
  (SCP)	
  

•  Convey	
  informaNon	
  to	
  cortex	
  

(Retrieved	
  from	
  hTp://www.eneurosurgery.com/cerebellum.html)	
  	
  



Afferents	
  and	
  Efferents	
  



Inputs	
  and	
  Outputs	
  

•  Afferent	
  fibers	
  	
  
–  Spinal	
  Cord	
  
–  Cerebral	
  Cortex	
  	
  
–  VesNbular	
  Nerve	
  

•  Efferent	
  fibers	
  from	
  
deep	
  cerebellar	
  nuclei	
  
–  Thalamus	
  
–  Red	
  Nucleus	
  
–  ReNcular	
  FormaNon	
  
–  VesNbular	
  Nucleus	
  

(From	
  Neuroscience	
  Online,	
  Chapter	
  5	
  



ICP	
  Pathway	
  

Primarily	
  Afferents	
  
	
  Spino-­‐cerebellar	
  
	
  Cuneo-­‐cerebellar	
  
	
  VesNbulo-­‐cerebellar	
  
	
  Olivo-­‐cerebellar	
  
	
  ReNculo-­‐cerebellar	
  

Some	
  Efferents	
  
	
  Cerebello-­‐vesNbular	
  
	
  Cerebello-­‐reNcular	
  



MCP	
  Pathway	
  

LARGEST	
  OF	
  THE	
  3	
  
CEREBELLAR	
  PEDENCLES	
  
	
  	
  

Exclusive	
  Afferent	
  
	
  CorNco-­‐ponto-­‐cerebellar	
  



SCP	
  Pathway	
  

Primarily	
  Efferent	
  Fibers	
  
(Major	
  Output)	
  

	
  Dento-­‐rubro-­‐thalamic	
   	
  	
  
	
  Globose-­‐emboliform-­‐rubral	
  

Some	
  Afferent	
  Fibers	
  
	
  Spino-­‐cerebellar	
  



Neurochemical	
  Systems	
  



Neurochemical	
  Systems	
  

•  Excitatory	
  
–  Glutamate	
  

•  Mossy	
  Fibers	
  
•  DCN	
  (contralateral)	
  

–  Aspartate	
  
•  Climbing	
  Fibers	
  

•  Inhibitory	
  
–  GABA	
  

•  Purkinje	
  	
  
–  Glycinergic	
  

•  DCN	
  (ipsilateral)	
  
	
  

(From	
  Duus’	
  Topical	
  Diagnosis	
  in	
  Neurology,	
  5th	
  ed)	
  



Cerebellar	
  Circuits	
  

(From	
  Neuroscience,	
  4th	
  Ed)	
  

•  Three	
  Cerebellar	
  Layers	
  
– Molecular	
  
–  Purkinje	
  cell	
  	
  
–  Granule	
  cell	
  



Neurophysiology	
  



Simple	
  vs.	
  Complex	
  
PaTerns	
  of	
  Firing	
  

•  Mossy	
  –	
  Purkinje	
  
–  Brief	
  EPSP	
  

•  Climbing	
  –	
  Purkinje	
  
–  Prolonged	
  
depolarizaNon	
  	
  

(From	
  Principles	
  of	
  Neural	
  Science,	
  5th	
  ed)	
  



Physiological	
  CharacterisNcs	
  
Output	
  

(From	
  Bagnall	
  et	
  al.	
  2009)	
  

	
  
1.	
  Gly	
  neurons	
  project	
  to	
  ipsilateral	
  brainstem	
  
2.	
  Glu	
  neurons	
  project	
  to	
  contralateral	
  regions	
  

High	
  
Baseline	
  
Firing	
  Rates	
  	
  

Iden2fica2on	
  of	
  Glycinergic	
  
neurons	
  in	
  fas2gial	
  nuclei	
  

Most	
  fas2gial	
  neurons	
  are	
  Glu,	
  
however	
  some	
  are	
  Gly	
  	
  



Physiological	
  Correlates	
  



Orafacial	
  and	
  RespiraNon	
  

DCN	
  spike	
  acNvity	
  correlated	
  with	
  
RespiraNon,	
  Licking,	
  and	
  Whisking	
  	
  

(From	
  Lu	
  et	
  al.	
  2013)	
  



Behavioral	
  Correlates	
  



Motor	
  CorrelaNons	
  

SCP	
  predicts	
  Motor	
  scores	
  
for	
  both	
  Normal	
  controls	
  
&	
  individuals	
  with	
  FXTAT	
  
	
  

(From	
  Wang	
  et	
  al.	
  2013)	
  



CogniNve	
  FuncNon	
  

Bilateral	
  CP	
  related	
  to	
  
Sustained	
  ATenNon	
  &	
  
Working	
  Memory	
  

(From	
  Takahashi	
  et	
  al.	
  2010)	
  



EducaNonal	
  Outcomes	
  
Hearing	
  Loss	
  	
  

(From	
  Rachakonda,	
  Shimony,	
  Coalson,	
  &	
  Lieu	
  2014)	
  



Clinical	
  RelaNons	
  

Pathological	
  changes	
  in	
  MCP	
  correlates	
  with	
  
Lesser	
  Motor	
  Gains	
  

(From	
  Liang	
  et	
  al.	
  2014)	
  



Clinical	
  Pathologies	
  



Sources	
  of	
  Injury	
  

•  GeneNcs	
  
–  Inherited	
  cerebellar	
  degeneraNon	
  

•  Lesions	
  
– Tumor,	
  stroke,	
  etc	
  

•  Toxins	
  
– Ethanol,	
  chemotherapy,	
  anNepilepNc	
  drugs	
  	
  

•  AutoanNbodies	
  
– Autoimmune	
  disorders	
  



Cerebellar	
  Ataxia	
  

Damage	
  or	
  degenera2on	
  of	
  nerve	
  cells	
  in	
  focal	
  
regions	
  of	
  the	
  cerebellum	
  

(From	
  Vedolin	
  et	
  al.	
  2013)	
  

Damage	
  to	
  vesNbular,	
  fasNgial	
  nuclei	
  &	
  
vesNbulo-­‐cerebellum	
  
	
  
Loss	
  of	
  neurons	
  in	
  the	
  intermediate,	
  
dentate	
  nuclei	
  &	
  associated	
  cortex	
  
	
  
Atrophy	
  of	
  transverse	
  fibers	
  of	
  pons	
  &	
  
MCP	
  



Motor	
  DysfuncNons	
  

•  Spino-­‐cerebellum	
  
–  Gait	
  impairment	
  

•  VesNbulo-­‐cerebellum	
  
–  Impaired	
  eye	
  
movements	
  

•  Cerebro-­‐cerebellum	
  
–  Voluntary,	
  planned	
  
movement	
  impairment	
  

(From	
  Fundamental	
  Neuroscience,	
  4th	
  ed)	
  



MulNple	
  System	
  Atrophy	
  

Increase	
  in	
  ADC	
  value	
  of	
  the	
  middle	
  
cerebellar	
  peduncle	
  precedes	
  the	
  
appearance	
  of	
  cerebellar	
  ataxia.	
  

DTI	
  can	
  separate	
  MSA-­‐p	
  from	
  
PD	
  even	
  when	
  the	
  pa2ent	
  
shows	
  parkinsonism	
  only.	
  

(From	
  Park	
  et	
  al.	
  2009)	
  



Cerebellar	
  CogniNve	
  AffecNve	
  
Syndrome	
  

•  Overall	
  disturbance	
  in	
  
cogniNve	
  funcNoning	
  
–  Impaired	
  spaNal	
  
cogniNon	
  

– Personality	
  changes	
  	
  
– ExecuNve	
  funcNoning	
  
impairment	
  

– LinguisNc	
  impairments	
  	
  
Posterior	
  Lobe	
  =	
  
Severe	
  Symptoms	
  

(From	
  Schmahmann	
  &	
  Sherman	
  1998)	
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