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- Anatomy of the cerebellum & brainstem

- Why MRI?

- Which sequence?

- Examples of typical findings
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Learning objectives:

- Define why MRI is included in a diagnostic work-up

- State the recommended sequences

- Identify common imaging features
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What is your background?

Single choice

Clinical care

Research

other
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How often is MRI part of your clinical diagnostic work up?

Single choice

0 - 25%

25 – 50%

50 – 75%

75 – 100 %



Diagnostic MRIDiagnostic MRI

How often is MRI essential to confirm a diagnosis?

Single choice

0 - 25%

25 – 50%

50 – 75%

75 – 100 %
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* Left and right
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* Left and right

Anterior lobe
Superior posterior lobe
Inferior posterior lobe

Faber et al., Manual sub-segmentation of the cererbellum. medRxiv 2022. 
doi: https://doi.org/10.1101/2022.05.09.22274814 
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Deep cerebellar nuclei:

Nucleus fastigii (F)
Nucleus globosus (G)
Nucleus emboliformis (E)
Nucleus dentatus (D)

Ncl. interpositus
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Wikipedia.org
Illustration from Anatomy & Physiology, Connexions Web site. 
http://cnx.org/content/col11496/1.6/, Jun 19, 2013.

http://cnx.org/content/col11496/1.6/
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Wikipedia.org
Illustration from Anatomy & Physiology, Connexions Web site. 
http://cnx.org/content/col11496/1.6/, Jun 19, 2013.

http://cnx.org/content/col11496/1.6/
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Iglesias JE, et al. Neuroimage. 2015 
doi: 10.1016/j.neuroimage.2015.02.065. 

Midbrain (green)
Pons (red)
Medulla oblongata (yellow)

Superior cerebellar peduncle (blue)
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Sequences:

- T1 weigthed

- T2 weighted

- FLAIR

- Diffusion weighted

- Iron sensitive sequences

- Gadolinium
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Hämosiderosis

Chiari malformation
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Stroke:
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Jung, KH., et al. (2013), Handbook of the Cerebellum and Cerebellar Disorders. 
https://doi.org/10.1007/978-94-007-1333-8_90

Stroke:
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MSA

Abe et al., J Neuroimaging 2006; 
doi: 10.1177/1051228405279988 
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MSA

Abe et al., J Neuroimaging 2006; 
doi: 10.1177/1051228405279988 
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Nicoletti G, et al. Radiology. 2006 
doi: 10.1148/radiol.2393050459

Width of the middle cerebellar peduncle (MCP)
in MSA

Hyperintensities of the MCP
in MSA
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Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2

Is this a hot cross bun sign?

Single choice

Yes

No
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Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2

69-year old female with ataxia. What diagnosis

do you think is probable?

Single choice

MSA-C

Other
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Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2

SCA1
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Stroke

MS lesions

Superficial siderosis

….

Chiari malformation
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Farina L, et al. AJNR Am J Neuroradiol. 
doi: 10.3174/ajnr.A1060. 

Morbus Alexander
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Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2

SCA6
AOA2

SCA3
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Faber, UKB
Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2

SCA6 AOA2 SCA3



Diagnostic MRIDiagnostic MRI



Diagnostic MRIDiagnostic MRI

HC
FRDA



Diagnostic MRIDiagnostic MRIDiagnostic MRI



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters

- Combine clinical and imaging information



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters

- Combine clinical and imaging information

- Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters

- Combine clinical and imaging information

- Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation

- Take brainstem into consideration



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters

- Combine clinical and imaging information

- Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation

- Take brainstem into consideration



Diagnostic MRIDiagnostic MRIDiagnostic MRI

- Essential in the diagnostic work-up

- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters

- Combine clinical and imaging information

- Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation or in a research context

- Take brainstem into consideration
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CAG repeat expansion

<> MRI in research

Cerbellar volumetry as a potential imaging biomarker
For spinocerebellar ataxia type 3/Machado-Joseph Disease (SCA3/MJD)
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Evers et al., Mol Neurobiol 2014 

Antisense 
Oligonucleotides

Disease stages

Biomarker

Clinical scales, e.g. ataxia severity (SARA)

<> MRI in research

Cerbellar volumetry as a potential imaging biomarker
For spinocerebellar ataxia type 3/Machado-Joseph Disease (SCA3/MJD)
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CerebNet
A fast and reliable deep-learning pipeline for detailed

cerebellum sub-segmentation

- Fully automated segmentation of the
cerebellum

- No preprocessing
- 12 sec per subject
- High accuracy outperforming state-of-

the-art methods
SCA Young Investigator Research Grant

Martin Reuter
David Kuegler
Ehmad Bahrami

Artificial Intellegence in Medical Imaging

in co-operation with AI in Medical Imaging, DZNE, Bonn

Faber, Bahrami, Kuegler,  et al., submitted 2022

<> MRI in research
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Pre-ataxic SCA3 vs. HC Ataxic SCA3 vs. Pre-ataxic SCA3

Pre-ataxic SCA3 N=42  |  Ataxic SCA3 N=67  |  HC N=41
Faber, Bahrami, Kuegler,  et al., submitted 2022

<> MRI in research
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Thank you for your attention!
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