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Learning objectives
- Identify common imaging features

- Understand the recommended sequences

- Recognize the MRI patterns in the respective disease(s)

- Interpret and apply the results of neuroimaging accurately in the 

clinical context



Outline
- Anatomy

- Conventional MRI – Sequences

- Conventional MRI findings in main hereditary ataxias

- Neuroradiological diagnostic algorithm



Brain anatomy

7



Cerebellar anatomy (1)

- Three layers:

Molecular layer, Purkinje cell layer, granular layer
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Cerebellar anatomy (2)
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- Three lobes: 

Anterior, Posterior and Flocculonodular



Cerebellar anatomy (3)
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- Three nuclei:

Fastigial, Interposed (emboliform + globose nuclei) and Dentate nuclei



Cerebellar anatomy (4)
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- Three peduncles:

superior, middle and inferior
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Cerebellar anatomy (5)



- Fastigial nucleus

- Interposed nucleus (emboliform + globose nuclei)

- Dentate nucleus

Cerebellar anatomy (6)



Brainstem
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Midbrain Pons medulla oBlungata

M

P

B
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Midbrain

M
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Midbrain
- Cerebral peduncles

- Substantia Nigra

- Red Nucelus

- Quadrigeminal plate
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Pons

P
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Pons
- Superior

cerebellar peduncles

- Middle 
cerebellar peduncles
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Medulla

B
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Medulla
- Pyramids

- Olives

- Inferior
cerebellar peduncles
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Outline
- Anatomy

- Conventional MRI – Sequences

- Conventional MRI findings in main hereditary ataxias

- Neuroradiological diagnostic algorithm



Conventional MRI sequences
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- T1-weighted

- T2-weighted

- DWI

- SWI



Conventional MRI sequences
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Ideally: all sequences, all planes!
- T1-weighted

- T2-weighted



Conventional MRI sequences

48“Gray is gray, white is white”

- T1-weighted

- T2-weighted



Conventional MRI sequences
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GrE-T1w

- T1-weighted

- T2-weighted



Conventional MRI sequences
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- 3D-GrE-T1

- T2-weighted

“Gray is white, white is gray”



Conventional MRI sequences
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- 3D-GrE-T1

- T2-weighted



Conventional MRI sequences

- 3D-GrE-T1

- T2-weighted



Conventional MRI sequences



Conventional MRI sequences



Conventional MRI sequences



-Three major groups: acquired, sporadic and hereditary ataxias 1

HA: classification

1 Klockgether T. Curr Opin Neurol 2011
90
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- Mild atrophy only in advanced stages of the disease 1

Conventional MRI: FRDA

1 Mascalchi M. AJNR Am J Neuroradiol 2013
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A B

SCA1 vs SCA2



1 Velázquez-Pérez LC, et al. Front Neurol. 2017
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- Significant diffuse cerebellar +  pontine atrophy + cruciform pontine 

T2-hyperintensity (“hot cross bun” sign) reported, due to ponto-

cerebellar fibers degeneration 1

Conventional MRI: SCA2
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- Olivo-ponto-cerebellar atrophy with a similar distribution but less 

severe than SCA2 1

Conventional MRI: SCA1

A B

1 Guerrini L, et al. Brain 2004
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- “Hot cross bun” sign also reported 1

Conventional MRI: SCA1

1 Namekawa M, et al. Intern Med. 2015
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HCB sign
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A B

HCB sign

Shuzhen Z, et al. Frontiers in Aging Neuroscience 2020
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A B

HCB sign in SCAs

SCA1 SCA2 SCA3



1 Eichler L, et al. AJNR Am J Neuroradiol. 2011
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- Variable degree of ponto-cerebellar atrophy, less severe compared to 

the one found in SCA1 and SCA2 1

Conventional MRI: SCA3

A B



1 Cocozza S, et al. Neuroradiology 2021
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- Superior vermis atrophy + linear pontine T2w hypointensities + 

thickened MCP + bilateral parietal atrophy 1

Conventional MRI: ARSACS

A B



1 Cocozza S, et al. Neuroradiology 2021
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- Mainly vermian atrophy + supratentorial SWI hypointensities 1

Conventional MRI: AT



1 Cocozza S, et al. Neuroradiology 2021
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- Variable degree of cerebral and cerebellar atrophy + SWI hypointensity

& non-homogeneous T2w hyperintensity signal in dentate nuclei and 

surrounding cerebellar white matter (vacuolization + calcification) 1

Conventional MRI: CTX



1 Cocozza S, et al. Neuroradiology 2021 ; 2 Hall DA, et al. Neurodev Disord. 2014
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- Two major radiological features (white matter lesions in middle 

cerebellar peduncles and in corpus callosum splenium) 1 are part of the 

revised FXTAS diagnostic criteria 1

Conventional MRI: FXTAS

1 1 2



Conventional MRI “checklist”
- Pattern of atrophy



Conventional MRI “checklist”
- Pattern of atrophy

“Pure” cerebellar

Mainly vermian

Mainly hemispheric

Diffuse

Cerebellar + brainstem

Mainly pontine

Pontine + Midbrain

Diffuse

- Infratentorial signal changes

- Supratentorial involvement (atrophy and/or signal changes)



Pattern of 
cerebellar atrophy

Global (vermian + 
hemispheres)

Regional/absent

With infratentorial 
T2w changes

Without infratentorial 
T2w changes

Neuroradiological algorithm



With infratentorial 
T2w changes

Without infratentorial 
T2w changes

DN T2w 
hyperintensities

Other T2w 
hyperintensities

HCB

Neuroradiological algorithm

CTX

AOA1

AOA2

SPG7

SCAR10



With infratentorial 
T2w changes

Without infratentorial 
T2w changes

DN T2w 
hyperintensities

Other T2w 
hyperintensities

HCB

Neuroradiological algorithm

SCA8

SCA7

SCA1

SCA2

SCA3



With infratentorial 
T2w changes

Without infratentorial 
T2w changes

DN T2w 
hyperintensities

Other T2w 
hyperintensities

HCB

Neuroradiological algorithm

ARSACS

FXTAS



With infratentorial 
T2w changes

Without infratentorial 
T2w changes

Cerebellar and 
brainstem atrophy

“Pure” cerebellar 
atrophy

Neuroradiological algorithm



Cerebellar and 
brainstem atrophy

“Pure” cerebellar 
atrophy

Neuroradiological algorithm



Cerebellar and 
brainstem atrophy

“Pure” cerebellar 
atrophy

Neuroradiological algorithm

SCA7

SCA1

SCA2

SCA3



Cerebellar and 
brainstem atrophy

“Pure” cerebellar 
atrophy

Neuroradiological algorithm

AOA1

AOA2

AT

Juvenile onset

Adult onset



Cerebellar and 
brainstem atrophy

“Pure” cerebellar 
atrophy

Neuroradiological algorithm

SCA6

SCA8

SCA17

SCAR10

Juvenile onset

Adult onset



Pattern of 
cerebellar atrophy

Global (vermian + 
hemispheres)

Regional/absent

Neuroradiological algorithm



Pattern of 
cerebellar atrophy

Global (vermian + 
hemispheres)

Regional/absent

Neuroradiological algorithm

Mainly hemispheric

Absent

Mainly vermian



Regional/absent

Neuroradiological algorithm
Mainly hemispheric

Absent

Mainly vermian



Regional/absent

Neuroradiological algorithm
Mainly hemispheric

Absent

Mainly vermian

AVED



Regional/absent

Neuroradiological algorithm
Mainly hemispheric

Absent

Mainly vermian

FRDA

AVED

AT



Regional/absent

Neuroradiological algorithm
Mainly hemispheric

Absent

Mainly vermian

With infratentorial 
T2w alterations

Without infratentorial 
T2w alterations



Neuroradiological algorithm

Mainly vermian

With infratentorial 
T2w alterations

Without infratentorial 
T2w alterations



Neuroradiological algorithm

Mainly vermian

With infratentorial 
T2w alterations

Without infratentorial 
T2w alterations

ARSACS

SPG7



Neuroradiological algorithm

Mainly vermian

With infratentorial 
T2w alterations

Without infratentorial 
T2w alterations

FRDA

ARSACS

SPG7

AT



Take home messages
- With conventional MRI it is possible to study almost all the structures 

of the infratentorial compartment

- 3D-GrE-T1w >>> SE-T1w

- TSE-T2w > FLAIR-T2w

- Lack of “pathognomonic” MRI signs (unfortunately)

- Accurate evaluation and combination of different conventional MRI 

signs might provide crucial diagnostic information



e-mail: 
sirio.cocozza@unina.it 


