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* Artefacts
 Workflow
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Theory: Diffusion
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Theory: Diffusion
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Theory: Diffusion
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Theory: Diffusion tensor
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Theory: Diffusion tensor

principal
eigenvector

Tensor derived from Eigenvalues

directional diffusivities Matrix of 3 DE = EA
(AD C ’ S) elger,VGCto rs Dy Dx_u Dy U1y U2y U3y Uly |2y U3y Ay 0 0
D_t.l.‘l.‘ D_l;y D_t.l: Dpy T2y U3y ) = 1 U1y Uy Udy 0 A 0
Dy Dy D v: Uy Ui Uz |V Uiz 00 A

and
DEE" = D — EAE’

eigenvalues E'EA = A = E'DE.

Mori et Barker 1999 Mori et Zhang et al. 2006
Jellison et al. 2004 http://support.brainvoyager.com




Theory: Diffusion tensor

e Scalar measures

» Trace Tr=A+A, +A,
* Mean diffusivity MD =Tr/3
 Axial (longitudinal)

diffusivity D, =A,
« Radial (perpendicular)

diffusivity D =(A,+A)/2

* Fractional anisotropy

3[(\, —D,)* + (\, = D,)* + (\s — D,)*]
20N+ N+ N

FA =

Kingsley 2006




Theory: Diffusion tensor
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Theory: Diffusion weighting
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Theory: Diffusion weighting
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Theory: Diffusion weighting
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Theory: Diffusion weighting
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Theory: Diffusion weighting
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Deichmann 2007 Alexander et al. 2007




Theory: Diffusion weighting
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Theory: Diffusion tensor imaging
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Mori et Zhang et al. 2006




Theory: Crossing fibres

* Problem: DT ignores partial
voluming and crossing fibres

e Solution: more complex /)
diffusion models AN W7
* balls and sticks g
(Behrens et. al 2003) "“’30“0 0 0 0 0

 g-ball orientation distribution ‘é%‘c’. 0 0 0 0

function (ODF) (Tuch 2004)

« constant solid angle (CSA) @egQ$+++++
ODF (Aganj et al. 2010) N I ++++

http://Fsl.fFmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Theory: DTI artefacts

 Motion
* signal loss — check your data!
* Diffusion gradients

e eddy currents — geometric
distortions (typically skewing
and compression) that vary
among volumes — preprocessing

 EPI

e constant geometrical distortions
around air/tissue boundaries — acquire fieldmap or
image with opposite PE direction!

Le Bihan et al. 2006




Applications: Clinical routine
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Ernesto Roldan-Valadez and
Mariana Lopez-Mejia 2014 Chokkappan et al. 2016




Applications: DTI group statistics

Neurolmage: Clinical 5 (2014) 291-297

Contents lists available at ScienceDirect

Neurolmage: Clinical

SR
SRR “A .
M journal homepage : www_elsevier.com locate/ynicl

Diminished white matter integrity in patients with systemic
lupus erythematosus

. .
[ ] — Tobias Schmidt-Wilcke**", Patricia Cagnoli®', Page Wang®, Thomas Schultz®¢, Anne Lotz",
William J. Mccune®, Pia C. Sundgren®®
*Dey of Neurole iver chum,

partment

Universitit
° ey ‘of Michigan,.
“Depa iversiy of Ann Arbor, USA
“Max. ms, Ttibingen Germany
“Department of Computer Science, Uriversity of Bonn, Bonn, Germany
“institute o the. il Acci
5

tute for
partment of Radiology, Department of Clinical Sciences, Lund University, Lund Sweden

* MD - rapid plasticity
e Methods Schmidewilcke t o, 2014

 Voxel-based

* how to align FA images?
» Tract-based spatial statistics (TBSS) — FSL
e projection onto a "mean FA skeleton"

http://fsl.Fmrib.ox.ac.uk/fsl/Fslwiki/TBSS




Applications: Tractography

Probabilistic tractography

deterministic: probabilistic:
one direction distribution of directions

Tournier et al. 2011



Applications: Tractography

* Clinical
* Pre-surgical

mapping
 Research

e Structural connectivity
* Priors for brain connectom
* Connectivity-based parcellation

http://blog.myesr.org
Hok et al. in preparation
http://fsl.fFmrib.ox.ac.uk/fsl/fdt




Acquisition parameters

* Different parameters based on application and hardware

 Example acquisition parameters (Soares et al. 2013)

Spin Echo (SE) EPI, but also Fast Spin Echo (FSE),
Stimulated Echo Acquisition Mode (STEAM)

parallel imaging (GRAPPA) reduces EPI artefacts

 HCP: multi-band factor 3 for faster imaging
resolution 2-2.5 mm isotropic, no gap between slices

« HCP: 1.25 mm isotropic
acquisition matrix 96 x 96—128 x 128, FOV 240-256 mm

TE 50-70 ms, TR 8.5-12 s
* HCP: TE 89.5 ms, TR 5520 ms




Acquisition parameters

- Diffusion gradient directions R U
_ . :d%k— * *aj ; *jﬁ
« 3 —clinical routine ADC Wt %*%

» 6 — minimum for tensor estimation AR

e 20-30 — borderline for tractography

* >60 high-angular-resolution diffusion imaging (HARDI)
e up to ~300 per session in Human Connectome Project
» preferably full-sphere sampling, no co-linear directions
- one b_image per 5-10 diffusion directions

« Multi-shell acquisition

e several b values (HCP: 1000, 2000, and 3000)
e more sensitive to crossing fibres

http://fsl.Fmrib.ox.ac.uk/fsl/Fslwiki/eddy




Acquisition: DTI extensions

* DTlissues:

» classical DTl assumes Gaussian (normal) displacement
distribution of water, but

 violated in the presence of cellular membranes
« diffusion becomes non-monoexponential at higher b
 at least 2 diffusion components
« Solutions:
* Q-space imaging (Assaf et al. 2002)

* b~14,000 s/mm?
» diffusion spectrum imaging (DSI) (Wedeen et al.2005)

 diffusion kurtosis imaging (DKI) (Jensen et al. 2005)
* b value ~2000 s/mm?




Analysis: Toolboxes

 FMRIB Software Library (FSL)
* MedINRIA

* FreeSurfer

 DTI-TK

* BrainVoyager

* TrackVis

 DTIStudio

e preprocessing: AFNI, SPM




Analysis: FDT
FMRIB's Diffusion Toolbox

The Oxford Centre for
Functional MRI of the Brain,

' http: fmrib.ox.ac.uk
NufField Department of ttp://www.fmrib.ox.ac.uk/

Clinical Neurosciences




Analysis: FDT pipeline
DICOM — NIFTI; model estimation:
dcm2nii BEDPOSTX

Motion + eddy registration:
cur.rents.+ EPI FLIRT, ENIRT
distortions
brain extraction: tractography:
BET PROBTRACKX
http://fsl.Fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Analysis: FDT pipeline
DICOM — NIFTI: MRIcron: dcm2nii, dcm2niigui
dcm?2nii

Output Format: Compressed FSL (4D NIFTI nii)

Chris Rorden's dcm2nii :: 28 August 2013 (Debian) 32bit
reading preferences file fhome/pavel/.dem2niigui/dcm2niigui.ini

Motion + eddy
currents + EPI
distortions

brain extraction:
BET

http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Analysis: FDT pipeline

DICOM — NIFTI: FMRIB's Diffusion Toolbox
dcm2nii

* FDT - FMRIB's Diffusion Toolbox 3.0

Eddy current correction — |

MOtion + eddy Diffusion weighted data:|

currents + EPI Corrected output data:
distortions i
Go | Exit Help |

motion + eddy currents onl
http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Analysis: FDT pipeline

DICOM = NIFTI:
dcm2nii

Motion + eddy
currents + EPI
distortions
brain extraction: = 4 st
BET EPI distortions

http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/TOPUP




Analysis: FDT pipeline
DICOM - NIFTI:
dcm2nii

Motion + eddy
currents + EPI
distortions

brain extraction:
BET (EPI distortions) + motion + eddy
http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/EDDY




Analysis: FDT pipeline
DICOM — NIFTI: Brain Extraction Tool
dcm?2nii

BET - Brain Extraction Tool - v2.1

Input image | S
Output image| ]
Fractional intensity threshold; smaller values give larger brain outline estimates| 0.5 ill

Motion + eddy
currents + EPI
distortions

: : G0 |
brain extraction:
BET

Run standard brain extraction using bet2 — |

[ Advanced options

Exit

http://fsl.Fmrib.ox.ac.uk/fsl/fslwiki/BET




Analysis: FDT pipeline

Bayesian Estimation of Diffusion model estimation:
Parameters Obtained using BEDPOSTX

Sampling Techniques

¢ FDT - FMRIB's Diffusion Toolbox 3.0 * reg ISl'_l'a t| on.
BEDPOSTX Estimation of diffusion parameters — | F LI RT (F N I RT)

Input dlrvectur]r:| ﬂ
[» Advanced Options

| e e | tractography:
PROBTRACKX

http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Analysis: FDT pipeline
built-in FMRIB's (Non-)Linear model estimation:
Image Registration Tool BEDPOSTX

* FDT - FMRIB's Diffusion Toolbox 3.0

Registration —l| . .
BEDPOSTX directory:| FGQIStratIOn:
iy FLIRT, FNIRT

v |7 /usr/share/isV/5.0/data/standard/MNI152_T1_2mm_brai

Mormal search — | 12 DOF — | Correlation ratio — |
| tractography:
e ] e PROBTRACKX

http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Analysis: FDT pipeline

Probabilistic Tractography model estimation:
with Crossing Fibres BEDPOSTX
° registration:
FLIRT, FNIRT

tractography:
PROBTRACKX

http://Fsl.Fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide




Analysis: PROBTRACKX

* FDT - FMRIB's Diffusion Toolbox 3.0 ¢ e FDT - FMRIB's Diffusion Toolbox 3.0

PROBTRACKX Probabilistic tracking — PROBTRACKX Probabilistic tracking —

oue | cptons] osa. optons |

— Basic Options

BEDPOSTX dlrectorf|dtl.bedp05tx ﬂ B
Mumber of samples|5000

—Seed Space
Curvature thresholdl{]_Q =
Single mask — |

[ Verbose

Seed Image/Surface: |mash5fmy_seed.nll.gz ﬂ v Loopcheck

v Seed space is not diffusion
=~ Advanced Options

v nonlinear v Use modified Euler streamlining
Select Seed to diff transform |dt|.bedpost)(.-’xfmsfstn?dlﬁ_warp.nll.gz ﬂ Mo smbear of stepe:l o002
=

Select diff to Seed transform dti.bedpostX/xims/difi2str_warp.ni.gz R - =
S v

[ surface
[ Use anisotropy to constrain tracking
— Optional Targets [ Use Distance correction

[ Waypoints masks Subsidary fibre volume fraction tnresnolulu.m =
. Minimum length thresheld (mm)|0.0 ﬁ
v Termination mask |masksfmldllne+csf.nll.gz = =

Seed sphere sampli 0.0 %
[ Classification targets sphere sampling (Mm)|0.0 )

[ Waypoint Options
[ Matrix Options

Go Exit Help Go Exit Help

Cutput directory: |pmbtrac kX/my_seed = |




Analysis: FSLView

http://Fsl.Fmrib.ox.ac.uk/fsl/Fslview/



Pitfalls: T -weighted template

BET fails




PitFalls: b vectors

bvecs BAD &




PitFalls: Registration/Unwarping

non-linear




Bottom line

Thank you fFor your attention!
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