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hMRI toolbox developments

Past, present & future!




Originally “Voxel-Based Quantification”, aka. VBQ toolbox

» Some code from 2008 (C. Hutton on B1map), then “bits and pieces” added.
» 15trelease (public?) in 2011, around Draganski et al.

» Started versioning (with SVN) in 2014(?), around Callaghan et al.

Original contributors (from names in code)

» J. Ashburner, E. Balteau, B. Draganski, G. Helms, C. Hutton, F. Kherif,
A. Lutti, C. Phillips, N. Weiskopf

Draganski et al., https://doi.org/10.1016/j.neuroimage.2011.01.052
Callaghan et al., https://doi.org/10.1016/j.neurobiolaging.2014.02.008



https://doi.org/10.1016/j.neuroimage.2011.01.052
https://doi.org/10.1016/j.neurobiolaging.2014.02.008

Now named “hMRI toolbox”, based on VBQ code...

» Hosted on Github, local then international,
- 15t recorded commit on GitHub (actually SVN) on October 20, 2014
- Public release: beta (v0.1.0) on Nov. 23, 2018, then alpha (v0.2.0) on Dec. 21, 2018
- Latest release: v0.6.1 on November 3, 2023
- So far: 1375 commits, 16 releases, 44 forks, 45 branches, 68 PRs (59 closed)

More contributors

» J. Ashburner, E. Balteau, B. Draganski, G. Helms, C. Hutton, F. Kherif,
A. Lutti, C. Phillips, N. Weiskopf

» E.Reimer, L. Edwards, P. Scheibe, M. F. Callaghan, B. E. Ugurcan, T. Leuritz,

N. Beliy, et al. OHBM & ISMRM-ESMRMB, 2018

Tabelov et al., https://doi.org/10.1016/j.neuroimage.2019.01.029
Callaghan et al., https://doi.org/10.1016/j.dib.2019.104132



https://doi.org/10.1016/j.neuroimage.2019.01.029
https://doi.org/10.1016/j.dib.2019.104132

hMRI toolbox and SPM ¥

the hMRI toolbox available on GitHub
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MPM (Multi-Parameter Mapping) Protocol & |V|apS Creat|0n=’

Bias field correction

40p.u. lOOp u.

Bl' Bl. -
Measurement

or
Image processing

Raw images

MTw (TE) Tiw (TE)

NIfTl images and JSON metadata (acquisition NIfTI images and JSON metadata
parameters: flip angle, TE, TR, MT on/off, ...) (processing parameters & description)

Tabelov et al., https://doi.org/10.1016/j.neuroimage.2019.01.029



https://doi.org/10.1016/j.neuroimage.2019.01.029
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Weiskopf et al., https://dx.doi.org/10.3389%2Ffnins.2013.00095



https://dx.doi.org/10.3389/fnins.2013.00095

Raw data are mess ik it
[ N ]

gre_field_mapping_lacqg_rl_0005

gre_field_mapping_lacq_rl_000G
. mfc_seste_bimap_vle_0004
MRI relies on e
mfc_smaps_v1a_Array_0010
mfc_smaps_v1a_Array_0013

* multiple series of images (different weighting & field maps) i 1.GEC 00

* specific acquisition parameters (echo times, flip angles,...) O

S e LR S e—
t1w_mfc_3dflash_v1i_R4_00135

4 mfc_seste_blmap_vle B;* Mapping Data T

Image Series No.  Sequence Name Description

5 gre_field_mapping lacq_rl B Mapping Magnitude .
Mame Type Size
6 gre_field_mapping lacq_rl Bg Mapping Phase Difference
[5l anon_s2018-02-22_18-26-130921-00001-00224-1,json JSON File 101 KB
7 mfc_smaps._vla_Array Net Receive Sensitivity Mapping of Array 28 anon_s2018-02-28_18-26-150921-00001-00224-1.nii NIl File 39.201 KB
'_,__:| " . » 3 _EEED _33115_ - . e ”
8 mfc_smaps_vla_QBC Net Receive Sensitivity Mapping of Body Coil = anan_s2018-02-28_18-26-190621 L 2json JSON File 10TKE
2 anon_s2018-02-28_18-26-190921-00001-00448-2.nii NI File 39.201 KB
9 pdw_mfc_3dflash v1i R4 Lower flip angle multi-echo FLASH [5 anon_s2018-02-28_18-26-190921-00001-00672-3.json JSON File 101 KB
AL w15 ko oo o sy Fotilion abowtz 2% anon_s2018-02-22_18-26-130921-00001-00672-3.nii NI File 32.201 KB
[5l anon_s2018-02-22_18-26-130921-00001-00896-4,json JSON File 101 KB
10 miC_smaps_v1a_Array Bet Reestve Senpltiviy Mopplogiof Arzy ¥ anon_s2018-02-28_13-26-190921-00001-00896-4.nii NI File 39.201 kB
1 SR GRE Net:Riciive Seisitivity Mappiiig of Body Coil [5 anon_s2018-02-23_18-26-130921-00001-01120-5.json JSON File 101 KB
2% anon_s2018-02-28_18-26-190921-00001-01120-5.nii NI File 39.201 KB
» mtw_mfc_3dflash v1i R¢ FLASH acquisition with MT pre-pulse [5] anon_s2018-02-28_12-26-190921-00001-01344-6json  JSON File 101 KB
Participant returned to approximate alignment with the original position # anon_s2018-02-28_18-26-190021-00001-01344-6.nii NIl File 35.201 kB
[5] anon_s2018-02-22_18-26-130921-00001-01568-7 json JSON File 101 KB
18 miC_smaps_v1a_Array Bet Reestve Senpitiviy Mipplogiof Arzy <8 anon_s2013-02-28_18-26-190821-00001-01568-7.nii NIl File 39.201 KB
14 mfe_sinaps v1a_QBC Net Receive Sensitivity Mapping of Body Coil [5 anon_s2018-02-28_18-26-190921-00001-01792-8 json JSON File 101 KB
28 anon_s2018-02-23_18-26-130921-00001-01792-B.nii NI File 39.201 KB

I 15 tlw_mfc_3dflash_v1i_ R4 Higher flip angle multi-echo FLASH =

Callaghan et al., https://doi.org/10.1016/j.dib.2019.104132



https://doi.org/10.1016/j.dib.2019.104132

BIDS, with gMRI extension...
Brain Imaging Data Structure

derivatives/

Structure

BEPOO1 splits anatomical imaging data
into 3 subgroups to address different
USE (ases.

Conventional images
Images with typical weightings,
given in an arbitrary grayscale.

——Quantitative maps
Individual images containing
quantitative parameters in a

certain unit.

« Grouped scans
A group of images acquired for the

l:lpurpose of calculating quantitative
maps.

Naming entities and conventions suggested
by BEPOO1 allow easy scaling to describe
new quantitative methods.

* Naming

_suffix entity
Describes the type and identity.

(]
T'lmap

Y=Y A
RAGE

e gMRI relevant entities

FlipAngle MTState

echo flip inv mt
EchoTime InversionTime
ws sub-01_flip-1_inv-1_MPZ2RAGE.nii.qz
ws sub-01_flip-1_inv-2_MP2ZRAGE.nli.gz
an Sub-01_mt-on_MTR.nii.gz

a Sub-01_mt-off MTR.nii.g

aal sub-01_echo-1_MEGRE.nii.gz

Karakuzu et al., https://doi.org/10.1101/2021.10.22.21265382



https://doi.org/10.1101/2021.10.22.21265382
https://doi.org/10.1101/2021.10.22.21265382

- & sub-01 - & sub-01

Raw data sorted
[N} =
[8) sub-01_acq-MTw_echa-1_flip-1_mt-on_MPM.nii 40,1 MB =] sub-01_acq-bodyMTw_RB1COR.json 1.2kB
( [ sub-01_acq-MTw_echo-2 flip-1_mt-on_MPMjsan 804 B B “5ub-01. acq-bodyMTw _RB1COR.ni N
"Manufacturer™: "SIEMENS ", [ sub-01_acg-MTw_echo-2_flip-1_mt.on_MPM.nii 40.1 MB B 5ub-01_acq-bodyPOW_RBICOR json 138
ManlllfacturersmadelName : "Prisma_fit", [ sub-01_acq-MTw_echo-3_flip-1_mt-on_MPM.json 8188 #) sub-01_acq-bodyPDw_RB1COR.nii 39.8kB
"DeviceSerialNumber”: "167@25", 3 subo1 bodyTiw RBICOR 1348
"StationName": "MRC35437", [ sub-01_acq-MTw_echo-3_flip-1_mt-on_MPM.nil 40.1 MB AT Ac ey s :
" S ", E sub-01 -bodyT1w_RB1COR.nii 39.8kB
MagneticFieldStrength”: 3, B sub-01_acq-MTw_echa-d_flip-1_mt-on_MPM jsan 804 B i e o
ScanningSequence”: "RM", i B [5) sub-01_acq-headMTw_RB1COR json 1.2kB
"SequenceName”: "fl3d_1i3ds", [ sub-01_acg-MTw_echo-4_flip-1_mt-on_MPM.nii 40.1 ME B o st A 1COR e
" : " " s " =] Sub-01_acqg-hea w_ i
mbldlseSeguencebetaile by e 2dflach vyl Ra [ sub-01_acq-MTw_echo-5_flip-1_mt-on_MPM.json 804 B = S :
"RepetitionTimeExcitation™: 0.825, _ 3 sub-01_acq-headPDw_RB1COR json 13kB
" . [#) sub-01_acq-MTw_echo-5_flip-1_mt-on_MPM.nii 40.1 MB
EchoTime": 0.0092, B sub-01_acq-headPDw_RB1COR.nii 398kB
"FlipAngle": 6, [£] sub-01_acq-MTw_echo-6_flip-1_mt-on_MPM json 804 B
= w. h [3] sub-01_acg-headT1w_RB1COR json 1.3kB
MTState™: 1, & sub-01_acq-MTw_echo-6_flip-1_mt-on_MPM.nii 40.1 MB
"NumbersShots": 1, [3) sub-01_acq-headT1w_RB1COR.nil 39.8 kB
_PhaseEncodingDirectionsign”: 1, 8 3ub-01.acaPOw_cche-1_fig-1.mi-ofL_MFM json e 3 sub-01_echo-1_flip-01_TB1EPLjson 22kB
"history™: { [F sub-01_acq-POw_echo-1_flip-1_mit-off_ MPM.nii 40.1 MB :
“procstep”: { &) sub-01_echo-1_flip-01_TB1EPLnii 2953 k8
. o . . [3) sub-01_acq-POw_echo-2_flip-1_mt-off_MPM json 804 B
descrip”: "dicom to nifti import™, 3) sub-01_echo-1_flip-02_TB1EPLjson 22kB
“version”: "spm_dicom convert.m - version 6899 - SPM12 (12.3)", [F] sub-01_acq-PDw_echo-2_flip-1_mt-off_MPM.nii 40.1 MB
" . - - (3] sub-01_echo-1_flip-02 TB1EPLnii 2953 kB
procpar”: [] [F sub-01_acq-PDw_echo-3_flip-1_mt-off_MPM.json B18B =
P =] sub-01_echo-1_flip-03_TB1EPIjson 2.2kB
s w, =) b-01 -PDw_echo-3_flip-1_mt-off_MPM.nii 40.1 MB
input”: { B sub-01_acq-PDw_echo-3 flip-1_me-off MPM.nii @ sub-01_echo-1_flip-03_TB1EPL.nii 2053k8
"filename”: "AnonymousFileName"” 3 -01 P! ho-4_flip-1_mt-off MPM.j
"history™: [] Y ’ B sub-01_acq-PDw_echo-4 fiip-1_mt-off Jeon 4 3 sub-01_echo-1_flip-04_TB1EPL.json 22k8
[#] sub-01_acq-PDw_echo-4_flip-1_mt-aff_MPM.nii 40.1 MB 3) sub-01_echo-1_flip-04_TB1EPnii 295.3 kB
[F sub-01_acq-PDw_echo-5_flip-1_mt-off_MPM.json 804 B 2 sub-01_echo-1_flip-05_TB1EPLjson 2248
"ORIGINAL\\PRIMARY\\M\\ND ", > i ii
SN [ sub-01_acq-PDw_echa-5_flip-1_mt-off_MPM.nii 40.1 M8 @ sub-01_echo-1_flip-05_TB1EPLnii 2953 k8B
} [§) sub-01_acq-PDw_echo-6_flip-1_mt-off_MPM.json 804 B [ sub-01_echo-1_flip-06_TB1EPLjson 22kB
) ¥ [3) sub-01_acq-PDw_echo-6_flip-1_mt-off_MPM.nii 40.1 MB 2 sub-01_echo-1_flip-06_TB1EPLnii 2053 k8
[F sub-01_acq-PDw_echo-7_flip-1_mt-off_MPM.json B804 B @ sub-01_echo-1_flip-07_TB1EPLjson 22kB
[2) sub-01_acq-POw_echo-7_flip-1_mt-off_MPM.nii 40.1 MB 3 sub-01_echo-1_flip-07_TB1EPLnii 2953 k8
“” BI DSm e” tOOI [ sub-01_acq-POw_echo-8_flip-1_mt-off_ MPM json 804 B B sub-01_echo-1_flip-08_TB1EPIjson 22kB
[£] sub-01_acq-PDw_echo-8_flip-1_mt-off_MPM.nii 40.1 MB 3 sub-01_echo-1_flip-08_TB1EPL.nii 2953 kB
Belly et a/'l https//dOIOI’g/1021105/|0$$05575 & [F sub-01_acq-Tiw_eche-1_flip-2_mt-off_MPM.json 805 B 3] sub-01_echo-1_flip-09_TB1EPljson 2.2kB

https://github.com/CchotronResearchCentre/bidsme [& sub-01_acq-Tiw_echo-1_flip-2_mt-off_MPM.nii 40,1 MB 3 sub-01_echo-1_flip-09_TB1EPI.nii 2953 kB

[


https://doi.org/10.21105/joss.05575
https://github.com/CyclotronResearchCentre/bidsme

hMRI toolbox and SPM

the hMRI toolbox available on GitHub
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» Spatial processing:

- Unified Segmentation, Normalization & DARTEL
=>» wrapping around SPM,
MatlabBatch GUI tailored for gMRI... but same SPM functions called !

- Smoothing & mask creation
=>» specific tools for quantitative maps

» Statistics & inference
=>» standard univariate RFX analysis (but issue of multiple GLMs?)



s;j = signal of i'" map from jt" subject
0 x(wsy) -
Sij Wi =gt
* W] = modulated warped posterior probability tissue map

WM-mask

MTsat GM-smoothed MTsat WM-smoothed

A Note: Float vs. Integer data = different implicit masking in GLM ! A



Now named “hMRI toolbox”, based on VBQ code...

» Hosted on Github, local then international,
- 15t recorded commit on GitHub (actually SVN) on October 20, 2014
- Public release: beta (v0.1.0) on Nov. 23, 2018, then alpha (v0.2.0) on Dec. 21, 2018
- Latest release: v0.6.1 on November 3, 2023
- So far: 1375 commits, 16 releases, 44 forks, 45 branches, 68 PRs (59 closed)

Release of v1.0.0, planned for early October 2025
» Presentations at OHBM & ESMRMB conferences

» New features: denoising, error maps, quality index weighted
RFX, compilation & Neurodesk integration



Publicly available
denoising methods
implemented in Java

=» interfaced in hMRI
toolbox MatlabBatch

GUI (thanks to a Java-Matlab
interface)

R2s output: obtained from PDw, T1w, MTw of toolbox demo data (/eft)
and the same data first denoised in the with the ‘LCPCA-denoising’ (right)

Edwards et al., https://tinyurl.com/2w4dv3yk



https://tinyurl.com/2w4dv3yk

Novelty #2: error maps output e

MTsat

120
100
8o 3
60
40

3
2

=
p.U.

R1 error MTsat error

Error maps created from demo dataset

+ additional submodule (‘Combine two successive hmri datasets')
=>» robust combination of quantitative maps from successive acquisitions

Mohammadi et al., https://doi.org/10.1016/j.neuroimage.2022.119529



https://doi.org/10.1016/j.neuroimage.2022.119529

<
N OVG |ty #3 . QU I QI (Analysis of QUantitative Imaging data using a Quality Index) i’

(@)  Raw multi-echo data R,* map
(d)
General Linear Model
(b) Weighted-Least Square analysis
high Image quality ol ", : N > W= i
00 MDI [s] oise covariance matrix (V) \/l—’
B V= Z AMDI
50 lea

Quality index, e.g. Motion Degradation Index, used to model noise covariance
matrix of the GLM (ReML)

=>» QUIQI restores homoscedasticity of the residual noise distribution

Lutti et al., http://dx.doi.org/10.1002/hbm.25767



http://dx.doi.org/10.1002/hbm.25767

Overview  Getting Started  Tutorials & Examples

Overview « hmri_0.6.0_20230901 quantitative imaging structural imaging

« hmri_0.6.1_20231107 qguantitative imaging structural imaging 10.507 2/zenodo.326640

Acknowledgments
gm o hmri_0.6.1_.20231107 quantitative imaging structural imaging

Code of Conduct
R T 2 20771117 alastranbcinlame

» Standalone alone version = no reliance on Matlab instalation
» Neurodesk integration =» combination with any other tool



Objectives

» More advanced acquisition techniques & quantitative maps
=>» see Nick’s presentation

» Better and easier to use reconstruction tools
=» data curation: image organisation + parameter extraction
=» BIDS standard, to be extended/stretched ?

» Improved image processing
=>» spatial and statistics



Improved image spatial processing

» Segmentation:
uni-/multi-channel, parameter definition, lesion/abnormalities,
extented TPM or region specific,...

» Warping:
DARTEL =» SHOOT ?

» Smoothing:
tissue-weighted vs T-SPOON (“tissue-specific, smoothing-compensated” for DWI)
=>» To be applied to other modalities (owi/nobb, PET,...)?

Lorio et al., https://doi.org/10.1016/j.neuroimage.2016.01.062
Lee et al., https://doi.org/10.1016/j.neuroimage.2008.09.041



https://doi.org/10.1016/j.neuroimage.2016.01.062
https://doi.org/10.1016/j.neuroimage.2016.01.062
https://doi.org/10.1016/j.neuroimage.2008.09.041
https://doi.org/10.1016/j.neuroimage.2008.09.041

Improved statistical inference

» 4 maps/subj, smoothed for GM/WM = 8 smoothed maps/subj = 8 GLMs
=» 8 inferences per contrast

» Potential issues
- multiple comparison =» increased risk of false positives?
- distributed effect = lack of sensitivity ?

Go for MANOVA for 4 maps, for GM and WM separately?

e.g. MSPM tool (by Gyger et al. from F. Kerith’s team), applied on gMRI ageing data (from
Callaghan et al. 2014)
=» more significant voxels in “previously unseen” regions

Gyger et al., https://doi.org/10.1016/j.neuroimage.2021.117895
https://github.com/LREN-CHUV/MSPM
Moallemian et al., https://doi.org/10.1101/2023.10.19.23297253



https://doi.org/10.1016/j.neuroimage.2021.117895
https://doi.org/10.1016/j.neuroimage.2021.117895
https://github.com/LREN-CHUV/MSPM
https://github.com/LREN-CHUV/MSPM
https://github.com/LREN-CHUV/MSPM
https://github.com/LREN-CHUV/MSPM
https://doi.org/10.1101/2023.10.19.23297253
https://doi.org/10.1101/2023.10.19.23297253

Conclusion

Neuroscientists:
Hypothesis building &
results interpretation

MRI physicist: IT & engineers:
Sequence development Data curation &
& maps reconstruction image processing

Each field has his own constraints and interests!



Thank you for your attention...
And to all who (unknowingly or not) provided images and slides






