
Contrôle qualité et analyse des 
données IRM de diffusion (DWI)

exemples d'outils performants et standardisés 

Réunion Mensuelle de Neuro-Imagerie
23 / 11/ 2023

Julien Sein (INT)



Introduction / Motivation for this talk
• Diffusion weighted MRI is one of the oldest MRI technique
Stejskal EO, Tanner JE. 1965
Le Bihan et al. 1986
Moseley et al. 1990
• Many choices in acquisition
• Complicated preprocessing/ analysis steps and many ways and tools to do so 
• Functional MRI much more used in the MRI Center – INT @ CERIMED:

tools in place: SPM, FSL, fmriprep, nilearn
• Acquisition shorter for DWI experiments than fMRI in general
• 3T Siemens Prisma scanner (and soon Cima.X) is particularly performant for DWI with strong 

gradients and limited Tx bias and susceptibility distorsion.

• Can we get more studies using DWI at the MRI Center / Can we analyse now studies that already 
acquired DWI ?
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• Documentation: https://qsiprep.readthedocs.io/en/latest/

• BIDSApp: understands your dataset

• Integrates cutting edge tools from different software: MRTrix, FSL, 
Dipy, pyAFQ, DSI Studio, AMICO, …

• Very versatile: able to deal automatically with different sampling 
schemes: DTI, HARDI, DSI, single shell, multi-shells, multi-runs… 

• Very modular: possibility to remove some steps, or use very 
advanced step (eddy_cuda available with almost all its options)

• Well maintained, good support (github and neurostars), frequent 
releases

• Easy installation: Docker and Singularity images 

QSIPREP: Standardized Preprocessing and reconstruction 
tool for DWI

https://qsiprep.readthedocs.io/en/latest/
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• Usage on the mesocentre (SLURM):
singularity run --cleanenv -B /scratch/jsein/BIDS:/work \

--nv /scratch/jsein/my_images/qsiprep-0.18.1.sif /work/$study  \

/work/$study/derivatives participant --participant_label $sub     \

-w /work/temp_data_${study}_test  --output-resolution 1.8  --fs-license-file /work/freesurfer/license.txt \

--eddy-config /work/$study/code/qsiprep/eddy_params.json \

--b0-threshold 50 --unringing-method mrdegibbs --denoise-method dwidenoise \

--anat-modality T1w --distortion-group-merge none --recon-spec 
/work/qsirecon_custom/mrtrix_multishell_msmt_pyafq_tractometry_JS.json \

--freesurfer-input /work/$study/derivatives/fmriprep/sourcedata/freesurfer

• 8h execution

QSIPREP: Standardized Preprocessing and reconstruction 
tool for DWI

FreeSurfer run by FMRIPREP
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• Several acquisition cases:

Organization of BIDS dataset for DWI
(BIDS valid)

Few b0 volumes in one direction and all diffusion 
volumes in the opposite direction (UK BioBank- style)

All the diffusion volumes (along with extra b0s) in 
both phase encoding direction (HCP-style)
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Organization of BIDS dataset for DWI
(BIDS validation necessary)

sub-test
├── anat
│  ├── sub-test_T1w.json
│  └── sub-test_T1w.nii.gz
└── dwi
  ├── sub-test_dir-AP_dwi.bval
  ├── sub-test_dir-AP_dwi.bvec
  ├── sub-test_dir-AP_dwi.json
  ├── sub-test_dir-AP_dwi.nii.gz
  ├── sub-test_dir-PA_dwi.bval
  ├── sub-test_dir-PA_dwi.bvec
  ├── sub-test_dir-PA_dwi.json
  └── sub-test_dir-PA_dwi.nii.gz

• Several acquisition schemes, all automatically understood by QSIPREP

DWI in one direction + external fieldmap

sub-test
├── anat
│  ├── sub-test_T1w.json
│  └── sub-test_T1w.nii.gz
├── dwi
│  ├── sub-test_dir-AP_dwi.bval
│  ├── sub-test_dir-AP_dwi.bvec
│  ├── sub-test_dir-AP_dwi.json
│  └── sub-test_dir-AP_dwi.nii.gz
└── fmap
  ├── sub-test_dir-PA_epi.json
  └── sub-test_dir-PA_epi.nii.gz

or

Full PEPOLAR: DWI repeated in AP and PA

+ other more “exotic schemes: DSI, CS-DSI, …
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QSIPREP: Preprocessing

• Each preprocessing step is modular and scalable

• BIDS organization is essential

• Possibility to use and configure eddy_cuda (with GPU) 
with specific parameters defined in a JSON configuration file.

• Output in T1w-ACPC space

• QC measures provided at the end of the preprocessing



Julien SEIN Réunion Mensuelle de Neuro-imagerie                                     23/11/2023

QSIPREP: QC 

• HTML report (similar to FMRIPREP report)
• dwiqc.json file to be read by dmiprep-viewer 

http://www.nipreps.org/dmriprep-viewer/#/ 
• Possibility to run EddyQc by saving temporary nipype files

Dmriprep-viewer EddyQCQSIPREP-HTML
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dmriprep-viewer : group QC 

• dmiprep-viewer http://www.nipreps.org/dmriprep-viewer/#/ 
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EddyQC : group QC 

• EddyQC: command suad



Julien SEIN Réunion Mensuelle de Neuro-imagerie                                     23/11/2023

EddyQC : group QC 

Example with Aging study (Kavounoudias et al.) : 
• two populations: Young (JEU) and Elderly (OLD)
• 2 b-values: 500 (6 dir) and 2000 (64 dir) s/mm2

Open question: impact on Tractography and Tractometry?

SNR

CNR b500

CNR b2000

OLD

OLD

OLD

JEU

JEU

JEU

JEUOLD
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DWI Reconstruction with qsiprep

+ custom 
reconstruction 
through 
configuration files !
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DTI metrics

DTI scalar metrics:

• FA = 

• MD =

• RD =

• AxD =
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DTI metrics and usage

DTI scalar metrics interpretation

• Increased FA:  higher fiber density, lower membrane permeability, greater myelination, … 

• MD : more robust than FA, RD and AxD to crossing fibers

Figley et al.  Potential Pitfalls of Using Fractional Anisotropy, Axial Diffusivity, and Radial Diffusivity as 
Biomarkers of Cerebral White Matter Microstructure. (2022)

Recommends complimented measures:
- DKI, CSD, NODDI, Fixel Based Analysis
- other than DWI:  T1w/T2w, ihMT, MWF
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DWI Reconstruction : Tractometry

“Taken together, computational tractography, bundle recognition, and diffusion modeling 
provide so-called tract profiles: estimates of microstructural properties of tissue along the length 
of major pathways. This is the basis of tractometry: statistical analysis that compares different 
groups or assesses individual variability in brain connection structure”

Kruper et al. Aperture Neuro 2021

Andica et al. 
Automated Three-Dimensional Major White 
Matter Bundle Segmentation Using Diffusion 
Magnetic Resonance Imaging. 
Anat Sci Int 2023
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pyAFQ Reconstruction within qsiprep

Andica et al. 2021, Yeatman et al. 2012
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pyAFQ Reconstruction within qsiprep
"description": "Use pyAFQ to perform the 
Tractometry pipeline, with tractography from 
qsiprep with DKI in addition",

"space": "T1w",
"name": 

"mrtrix_multishell_msmt_pyafq_tractometry_JS
",

"atlases": [],
"nodes": [

{
"name": "msmt_csd",
"software": "MRTrix3",
"action": "csd",
"output_suffix": "msmtcsd",
"input": "qsiprep",
"parameters": {

"mtnormalize": true,
"response": {
"algorithm": "dhollander"
},
"fod": {
"algorithm": "msmt_csd",
"max_sh": [8, 8, 8]

"name": "track_ifod2",
"software": "MRTrix3",
"action": "tractography",
"output_suffix": "ifod2",
"input": "msmt_csd",
"parameters": {

"use_5tt": false,
"use_sift2": true,
"tckgen":{
"algorithm": "iFOD2",
"select": 1e6,
"max_length": 250,
"min_length": 30,
"power":0.33
},
"sift2":{}

"name": "pyafq_tractometry",
"software": "pyAFQ",
"action": "pyafq_tractometry",
"input": "track_ifod2",
"output_suffix": "PYAFQ_TRACTOMETRY_ET",
"parameters": {

"use_external_tracking": true,
"export": "all",
"directions": "prob",
"max_angle": 30.0,
"sphere": "",
"seed_mask": "",
"seed_threshold": 0,
"n_seeds": 1,
"random_seeds": false,
"rng_seed": "",
"stop_mask": "",
"stop_threshold": 0,
"step_size": 0.5,
"min_length": 50,
"max_length": 250,
"odf_model": "CSD",
"tracker": "local",
"nb_points": false,
"nb_streamlines": false,
"seg_algo": "AFQ",
"
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pyAFQ Reconstruction within qsiprep

"scalars": 
"['dti_fa','dti_md','dti_rd','dti_ad','dki_fa','dki_md']",

Specific option in pyAFQ (through QSIPREP): 

sub-SUB_space-T1w_desc-preproc_dwi_space-RASMM_model-probCSD_algo-AFQ_desc-profiles_dwi.csv
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Andica et al. 2021, Yeatman et al. 2012
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pyAFQ Reconstruction within qsiprep

Demo on Web browser and image viewers
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Another Tractometry tool: TractSeg
• https://github. com/MIC-DKFZ/TractSeg/
• 72 white matter tracts automatically segmented
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Another Tractometry tool: TractSeg
• https://github. com/MIC-DKFZ/TractSeg/
• 72 white matter tracts automatically segmented

Wasserthal et al. 2018
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TractSeg bundles
Wasserthal et al. 2018
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Exemple with TractSeg: project Aging (A. Kavounoudias)

Tractometry

Pinzon et al. 
OHBM 2022
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Examples of Tractometry studies

Wasserthal et al. Multiparametric Mapping of White Matter Microstructure in Catatonia. Neuropsychopharmacol. 2020

( TractSeg)
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Examples of Tractometry studies

Kruper et al. Optic Radiations Representing Different Eccentricities Age Differently. Human Brain Mapping 2023

( pyAFQ)

dMRI data from 5382 subjects of UK BioBank , age 45-81
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Examples of Tractometry studies
(  Baby AFQ)

Grotheer et al. Matter Myelination during Early Infancy Is Linked to Spatial Gradients and Myelin Content at Birth. 
    Nat Commun 2022
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Examples of Tractometry studies
(  Baby AFQ)

• Grotheer et al. . Human White Matter Myelination Rate Slows down at Birth; preprint; Neuroscience, 2023.
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Tractometry tools

• AFQ (matlab) and its successor pyAFP (python) ( implemented within QSIPREP )
Yeatman et al. Tract Profiles of White Matter Properties: Automating Fiber-Tract Quantification. PLOS ONE 2012.
Kruperet al. Evaluating the Reliability of Human Brain White Matter Tractometry. Aperture Neuro 2021

•
Comparison between TRACULA, AFQ and TractSeg :

Andica et al. Automated Three-Dimensional Major White Matter Bundle Segmentation Using Diffusion Magnetic Resonance Imaging. Anat Sci Int 
2023, 98 (3), 318–336. https://doi.org/10.1007/s12565-023-00715-9

• Atlas based on different Bundle Segmentation Algorithms: TRACULA, AFQ, XTRACT, RecoBundles, TractSeg 
Hansen et al. Pandora: 4-D White Matter Bundle Population-Based Atlases Derived from Diffusion MRI Fiber Tractography. Neuroinformatics 2021

https://doi.org/10.1007/s12565-023-00715-9
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Pandora atlas
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Methodological use case: Upsampling during preprocessing?

ODFs after 
preprocessing 
at original 
resolution: 
1.8mm iso

ODFs after 
preprocessing at 
upsampled
resolution: 
1.2mm iso



Julien SEIN Réunion Mensuelle de Neuro-imagerie                                     23/11/2023

Upsampling during preprocessing?

ODFs after preprocessing at 
original resolution: 1.8mm iso

ODFs after preprocessing at 
upsampled resolution: 1.2mm iso
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Upsampling during preprocessing?

Original 
resolution: 
1.8mm iso

Preprocessed 
data 
upsampled at  
1.2mm iso
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DWI acquisition with only bvec in AP?

Full 
PEPOLAR 
acquisition

Only Diffusion 
direction in AP
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Extra slice on Eddy definition of CNR
FSL course: 
fsl.fmrib.ox.ac.uk/fslcourse

https://www.youtube.com/redirect?event=channel_description&redir_token=QUFFLUhqbFcxZzlkVzR2TWhnbjZLdWFzWnNUbjg5WE9oZ3xBQ3Jtc0trZ3l5UWxwWFJna2V4QnZzNVBHZWxnZURPR1h3OUtBcXEwWjhIalQ2YTBtcmd6N21JczRtMEF0YkRqZFkyVGNFd3IwcmNNUGVMU0gzeXJRZWRHdkJoU1RZVlN6YXBoeDh3Rk1GVXhKeFQ4alN1ZW5LVQ&q=https%3A%2F%2Ffsl.fmrib.ox.ac.uk%2Ffslcourse%2F
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Extra slice on Eddy definition of CNR
FSL course: 
fsl.fmrib.ox.ac.uk/fslcourse
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Extra slice on Eddy definition of CNR
FSL course: 
fsl.fmrib.ox.ac.uk/fslcourse
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Extra slice on Eddy definition of CNR
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Extra slice on Eddy definition of CNR
FSL course: 
fsl.fmrib.ox.ac.uk/fslcourse
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