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Microstructure Imaging Meets Machine Learning
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Diffusion MRI 
signal + geometry 

challenged by 
distortions 

Networks can learn 
content and style

Utilize deep 
learning to enable 

distortion 
correction
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Susceptibility distortions affect microstructure, 
fiber trajectories, and connectivity
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Irfanoglu et al., NI, 2013Embleton et al., HBM, 2020

MIML – distortion correction13 May 2022



5

St
at

e 
of

 th
e 

Ar
t

EP
I D

ist
or

tio
n

TOPUP

BW ~ 1 kHz BW ~ 1 kHz

Use deep learning to enable susceptibility distortion correction 
with historical and/or limited diffusion datasets that do not 

include specific sequences for distortion correction
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Synb0-DISCO
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Methods - synthesis
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Methods - application
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Validation
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¡ Final images geometrically 
more similar to T1 

¡ Correction using our pipeline 
closely  matches state-of-
the-art processing (reverse 
PE)

¡ Quantitative indices more 
reproducible
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Correcting distortions
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• Enabled diffusion distortion 
correct when otherwise not 
possible
• Faithful to geometry of brain
• No signal loss or pileup
• Reduces variation in diffusion 

modeling
• Applied to legacy datasets or 

clinical datasets with time 
constraints
• Docker, Singularity, DIPY



Trust deep learning in medical imaging?
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• Edges2Cats
• Geometry2b0
• Scaffold for registration
• Anatomically faithful

• Physics informed 
deformation correction
• Signal dropout/pileup
• Motion
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Future work

• Pipeline improvements
1. Inputs both distorted data 

and T1: learns geometry 
and contrast (signal 
intensity)

2. Utilize 3D information
3. Trained on larger cohorts: 

generalizability
• Alternative contrasts
• Other anatomies
• Artifact detection
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singularity run –e \
-B INPUTS/:/INPUTS \
-B OUTPUTS/:/OUTPUTS \
-B license.txt:/extra/freesurfer/license.txt \
synb0_latest.sif
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MASILab/Synb0-DISCO
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Thank you
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