
Additional and new FSL tools

• 2 more modalities supported
• MR Spectroscopy
• Arterial Spin Labeling

• More tools!
• Registration: MMORF
• Segmentation: TrUE-Net
• Data pipelines: File-tree and FSL-pipe
• Resting state: PROFUMO
• Diffusion MRI: BENCH & WHIM



FSL-MRS



FSL-MRS = a complete pipeline



Data conversion



Processing



Fitting



Visualisation & QC



Whole brain high-resolution MRSI fitting - Siemens WIP - 28k voxels fit in 30 minutes

High-resolution MRSI – process, fit, and view results



Spectroscopy book



Arterial Spin Labelling
• Don’t forget physiology: ASL the one extra thing you should include in 

your study*
• Perfusion is a measurement of delivery of blood to capillary bed
• Related to nutrient delivery.
• Altered by task activity.
• Changes in disease.

• ASL uses blood-water as an endogenous tracer.
• Non-invasive.
• Measures absolute Cerebral Blood Flow (CBF).
• Can measure changes separated in time.

• Quick to acquire and easy to quantify
• 2-5 min scan.
• Vendor sequences available.
• Built into FSL: BASIL.

*along with all those other ‘just one more thing’…



Oxford Neuroimaging Primers: 

Introduction to Perfusion Quantification using Arterial Spin Labelling
Based on FSL course materials.
www.neuroimagingprimers.org

Examples using BASIL

FSL: The FMRIB Software Library
BASIL: www.fmrib.ox.ac.uk/fsl/basil

User guide & tutorials for FSL v6.0+

Quantified Imaging
www.quantified-imaging.com

QASL: For clinical research/applications (FDA-cleared)

Arterial Spin Labelling

http://www.fmrib.ox.ac.uk/fsl/basil


Lesion/WMH Segmentation in FSL
Two tools now available in FSL!

Triplanar U-Net Ensemble Network (TrUE-Net) is the first deep 
learning tool in FSL for lesion segmentation



Triplanar ensemble U-Net 
(TrUE-Net) Methodology

Sundaresan et al., 2021 MEDIA



TrUE-Net vs BIANCA
Similarities

• Designed for WMH
• Supervised (needs training 

labels or pretrained model)
• Multimodal
• Return lesion probability 

map

Differences
• TrUE-Net is better at detecting 

small deep WM lesions
• Possibility for TrUE-Net to fine-tune 

an existing model
• Promising results of TrUE-Net on 

different types of lesions
• TrUE-Net is available in FSL but 

needs add-on module to install in 
FSL

• GPU needed for TrUE-Net best 
performance (essential for training 
and fine tuning)

• BIANCA more widely used (e.g. UK 
Biobank), TrUE-Net newer, less 
tested.



MMORF
FSL’s MultiMOdal Registration Framework



Multimodal registration:

Frederik Lange



Multimodal registration:

Frederik Lange



Multimodal registration:

Frederik Lange



Multimodal registration:

Frederik Lange



Potential Advantages of MMORF
• Better overall accuracy (with less distortion)

• More modalities = more information driving alignment

• Single warp for multimodal datasets
• No need to register each modality individually
• Within-subject correspondence across modalities maintained in standard 

space

• Structural analyses (VBM, TBM, segmentation propagation)
• Benefits from MMORF’s anatomically plausible regularisation

• Voxelwise diffusion analyses
• When driving registration with DTI

• Fixelwise diffusion analyses
• Using the new WHIM tool from Hossein Rafipoor



Oxford Multimodal 
Template
(OMM-1)

- 240 UKB individuals
- 50-55 YOA
- 50% female
- T1w, T2 FLAIR, DTI modalities
- A new standard for multimodal 

imaging analysis
- Unifying volumetric analysis space 

across modalities in UKB
- Available in FSL 6.0.7.6 and up

Arthofer C. et al; Internally-consistent and fully-
unbiased multimodal MRI brain template 
construction from UK Biobank: Oxford-MM
bioRxiv 2023.11.30.569378; 
https://doi.org/10.1101/2023.11.30.569378 
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(White matter Hierarchical Model)
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WHIM
(White matter Hierarchical Model)

Creates a group level
white matter Fibre Template

Allows for:
Fibre specific statistical inference 
within each voxel across subjects



Control Patient

What does this mean?
FA ↓, MD↑

BENCH
(Bayesian EstimatioN of Change)

Biophysical ModellingTissue Microstructure



BENCH compares change 
fingerprints

Dispersion Extra axonal waterIntra axonal water

Actual Change: 

BENCH Output:
Probability of change in each 

parameter between two groups

Change Models:



File-tree and FSL-pipe
Pipelines

Raw diffusion data Inverse b0

topup

Field map

eddy

Preprocessed diffusion data

dtifit

MD V1 FA

Visualisation
(Quality Control)



sub-{subject}
 T1w.nii.gz
 

File-tree: describing your directory structure
data.tree



sub-{subject}
 T1w.nii.gz
 T1w_brain.nii.gz
 

File-tree: describing your directory structure
data.tree



File-tree: describing your directory structure
Visualisation

(Quality Control)



FSL pipeline tools
File-tree describes the directory structure FSL-pipe describes how these files are produced

input
    sub-{subject}
        session-{session}
            session-{session}_sub-{subject}_T1w.nii.gz (T1w)
output
    sub-{subject}
        session-{session}
            T1w_brain.nii.gz
            gm_segmentation.nii.gz
            xfms
                gm_pve2standard.nii.gz (nonlinear_reg)
                gm_pve_in_standard.nii.gz
    template
        gm_pve_avg.nii.gz (gm_pve_template)

Run FSL BET

Run FSL FAST

Run FSL FNIRT

fsladd -m



FSL-pipe: Defining individual jobs

brain_extract

T1w_brain

T1w

@pipe
def brain_extract(T1w: In, T1w_brain: Out):
       run(f“bet {T1w} T1w_brain”)

defines directions of arrows

Actual command to be run



Conclusions

• Just define jobs/recipes
• FSL-pipe will determine in which order they should run

• Smart restart (only failed jobs are rerun)
• Users can run part of the pipeline
• Jobs can be run locally or on cluster
• Update input/output directory structure using file-tree
• Same pipeline works for single-session or multi-session data

• Documentation & tutorial
• https://tinyurl.com/file-tree
• https://tinyurl.com/fsl-pipe

https://tinyurl.com/file-tree
https://tinyurl.com/file-tree
https://tinyurl.com/file-tree
https://tinyurl.com/file-tree
https://tinyurl.com/fsl-pipe
https://tinyurl.com/fsl-pipe
https://tinyurl.com/fsl-pipe
https://tinyurl.com/fsl-pipe

