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Brain imaging



Imaging the brain

Magnetic resonance imaging (MRI)

Electroencephalography (EEG)

Credits: MRI, Neurinfo - NIRS, Elisenicolegray (CC BY-SA) - EEG, Neurospin.



https://www.neurinfo.org/
https://en.wikipedia.org/wiki/Functional_near-infrared_spectroscopy#/media/File:Blonde_fNIRS_lady.jpg
https://moncerveaualecole.com/nos-etudes-eeg-chez-le-bebe-en-2020-2021/

layers, Domaine public / cki2 - Grey and white matter, Elickr, (Public Domain)


https://en.wikipedia.org/wiki/Caudate_nucleus#/media/File:Caudate_nucleus.gif
https://commons.wikimedia.org/wiki/File:Earth_-_Africa,_Middle_East_and_Europe_(16728031541).jpg
https://www.ck12.org/earth-science/earths-inner-layers/lesson/Earths-Inner-Layers-MS-ES/
https://www.flickr.com/photos/internetarchivebookimages/18008240089

Brain images

Credits: Brain, Life Science Databases (LSDB) (CC-BY-SA) - Globe by, Kevin Gill, Wikipedia (CC-BY-SA) - Earth
layers, Domaine public / cki2 - Grey and white matter, Elickr, (Public Domain)



https://en.wikipedia.org/wiki/Caudate_nucleus#/media/File:Caudate_nucleus.gif
https://commons.wikimedia.org/wiki/File:Earth_-_Africa,_Middle_East_and_Europe_(16728031541).jpg
https://www.ck12.org/earth-science/earths-inner-layers/lesson/Earths-Inner-Layers-MS-ES/
https://www.flickr.com/photos/internetarchivebookimages/18008240089

Brain images

Credlits: Brain, Life Science I.L.':o‘ (LSDB) (CC-BY-SA) - Globe by, Kevin Gill, Wikipedia (CC-BY-SA) - Earth
layers, Domaine public / cki2 - Grey and white matter, Elickr, (Public Domain)



https://en.wikipedia.org/wiki/Caudate_nucleus#/media/File:Caudate_nucleus.gif
https://commons.wikimedia.org/wiki/File:Earth_-_Africa,_Middle_East_and_Europe_(16728031541).jpg
https://www.ck12.org/earth-science/earths-inner-layers/lesson/Earths-Inner-Layers-MS-ES/
https://www.flickr.com/photos/internetarchivebookimages/18008240089

Brain images

Lo, ph«z{-’

Credits: Brain, Life Science 1TEBases (LSDB) (CC-BY-SA) - Globe by, Kevin Gill, Wikipedia (CC-BY-SA) - Earth
layers, Domaine public / cki2 - Grey and white matter, Elickr, (Public Domain)



https://en.wikipedia.org/wiki/Caudate_nucleus#/media/File:Caudate_nucleus.gif
https://commons.wikimedia.org/wiki/File:Earth_-_Africa,_Middle_East_and_Europe_(16728031541).jpg
https://www.ck12.org/earth-science/earths-inner-layers/lesson/Earths-Inner-Layers-MS-ES/
https://www.flickr.com/photos/internetarchivebookimages/18008240089

Anatomy: cortical surfaces

Plis de
passage
(Song
etal,

2021)

- -

Song et. al (2021)

Credits: Pli de passage, (Song et al, 2021) - Setswana hill by Athena Lao, Wikipedia (CC-BY-SA).



https://www.int.univ-amu.fr/recherche/equipes/meca
https://commons.wikimedia.org/wiki/File:Kgale_Hill_3.jpg
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Credits: Tractography, group work Wikipedia (CC-BY-SA) - Gaborone road map by OpenStreetMap 7
contributors, Wikipedia (CC-BY-SA).


https://commons.wikimedia.org/wiki/File:Tractography_-_Occipitopontine_tract_-_animation_1.gif
https://commons.wikimedia.org/wiki/File:Gaborone_Road_Map.png
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Credits: Large scale brain networks, group work Wikimedia (CC-BY) - R-ladies meetup locations, R-Ladies

Leaflet | © OpenStreetMan contributors © CARTO


https://commons.wikimedia.org/wiki/File:Heine2012x3010.png
https://rladies.org/

Many types of brain maps
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Credits: Brain, Life Science Databases (LSDB) - Globe by Kevin Gill, Wikipedia - Pli de passage, (Song et al, 2021) - KGale Hill by Athena
Lao, Wikipedia - Tractography, Wikipedia (CC-BY-SA) - Gaborone road, Wikipedia - Brain networks Wikimedia - R-ladies meetup
locatione R-| adiec



https://en.wikipedia.org/wiki/Caudate_nucleus#/media/File:Caudate_nucleus.gif
https://commons.wikimedia.org/wiki/File:Earth_-_Africa,_Middle_East_and_Europe_(16728031541).jpg
https://www.int.univ-amu.fr/recherche/equipes/meca
https://commons.wikimedia.org/wiki/File:Kgale_Hill_3.jpg
https://commons.wikimedia.org/wiki/File:Tractography_-_Occipitopontine_tract_-_animation_1.gif
https://commons.wikimedia.org/wiki/File:Gaborone_Road_Map.png
https://commons.wikimedia.org/wiki/File:Heine2012x3010.png
https://rladies.org/

Many types of brain maps

Human brain Anatomy
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https://en.wikipedia.org/wiki/Caudate_nucleus#/media/File:Caudate_nucleus.gif
https://commons.wikimedia.org/wiki/File:Earth_-_Africa,_Middle_East_and_Europe_(16728031541).jpg
https://www.int.univ-amu.fr/recherche/equipes/meca
https://commons.wikimedia.org/wiki/File:Kgale_Hill_3.jpg
https://commons.wikimedia.org/wiki/File:Tractography_-_Occipitopontine_tract_-_animation_1.gif
https://commons.wikimedia.org/wiki/File:Gaborone_Road_Map.png
https://commons.wikimedia.org/wiki/File:Heine2012x3010.png
https://rladies.org/

Example functional MRI study

Studying developmental Language disorder

Study started in 2005 in Rennes.
Team of clinicians and research scientists.
40 children participated.

De Guibert et. al (2010), De Guibert et. al (2011)




fMRI protocol
Rest Rest Rest

« Language paradigm using a block design

Action Rest




Results

DLD Group activity during the Phon-diff task

Phon-diff




Demo : exploring fMRI data

https://nipy.org/nibabel/

NiBabel

Access a cacophony of neuro-imaging file formats

https://nilearn.qithub.io/

Nilearn:

Statistics for Neurolmaging in Python

https://qithub.com/ReproNim/neurodocker

repronim/neurodocker

v By repronim « Updated a year ago

Container



https://nipy.org/nibabel/
https://nilearn.github.io/stable/index.html
https://github.com/ReproNim/neurodocker

Demo : exploring fMRI data

®

& fMRI X -+
c ® 127.0.0.1:8888/notebooks/notebooks/SIBM/fMRL.ipynb Q w P
S Ju pyter fMRI Last Checkpoint: Last Wednesday at 15:16 (autosaved) P Logout
File Edit View Insert Cell Kernel Widgets Help Not Trusted ‘ Python [conda env:neuro] O
+ < @ B4 ¥ MRun H C W Markdown = o |
Looking at fMRI data
In [1]: from nilearn.plotting import plot_stat _map, plot_epi, plot_anat
$matplotlib inline
In [2]: anat_img = '/data/ds000114/derivatives/fmriprep/mni_icbml52_nlin_asym 09c/lmm Tl.nii.gz'
act_img = '/output/datasink/2ndLevel/spm con_0002_fwhm8/spmT_0001_thr.nii'
func_img = '/data/ds000114/sub-01/ses-test/func/sub-01_ses-test_task-fingerfootlips_bold.nii.gz'
Group results
Final figures
In [3]: plot_stat map(act_img, title='Axial', bg_img=anat img, display mode='z', cut_coords=(range(-27,69,16)));
In [4]: plot_stat_map(act_img, title='Coronal', bg_img=anat_img, display_mode='y', cut_coords=(range(-80,21,17)));
—_—
\ o S
N
In [5]: plot_stat_map(act_img, title='Saggital', bg_img=anat_img, display_mode='x', cut_coords=(range(-49,52,17)));




From brain data to
findings about the
brain



Functional MRI: raw data

Action

Image
processing
pipeline

20



Data analysis




Motion correction




Motion correction

Credits: cat by Sheilagraber, Wikimedia commons (CC-BY)



https://commons.wikimedia.org/wiki/File:Walking_cat.gif

Motion correction

2525255

Credits: cat by Sheilagraber, Wikimedia commons (CC-BY)



https://commons.wikimedia.org/wiki/File:Walking_cat.gif

Motion correction

Credits: cat by Sheilagraber, Wikimedia commons (CC-BY)



https://commons.wikimedia.org/wiki/File:Walking_cat.gif

Motion correction

25 B 2 3 25

Credits: cat by Sheilagraber, Wikimedia commons (CC-BY)



https://commons.wikimedia.org/wiki/File:Walking_cat.gif

Motion correction

Credits: cat by Sheilagraber, Wikimedia commons (CC-BY)



https://commons.wikimedia.org/wiki/File:Walking_cat.gif

Motion correction

Credits: cat by Sheilagraber, Wikimedia commons (CC-BY)



https://commons.wikimedia.org/wiki/File:Walking_cat.gif
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Demo : motion correction

https://www:.fil.ion.ucl.ac.uk/spm/

" STATISTICAL
PARAMETRIC

. MAPPING

https://nipype.readthedocs.io

Neuroimaging in Python
Pipelines and Interfaces

Interfaces (" Workflow Engine A
Uniform Python API Workflow
SPM FSL FreeSurfer || O
Interface Interface Interface :

SPM FSL FreeSurfer

mesotmore | | Cmaie | | Conmaoie —1=

- ts/output: tti
Idiosyncratic, Heterogeneous APIs [ ;"r’;f,ﬁt?a”n‘é‘f'ofnf;.é”ni]
(e.qg., iterable expansion)



https://www.fil.ion.ucl.ac.uk/spm/
https://nipype.readthedocs.io

Demo : motion correction

Elodie Germani

@ @® &' face_rep_example - Jupyter Not X +

C @ O O 127.0.0.1:8888/notebooks/Softs/reproduced_tutorial/face r B ¥ ©® & N @O @ & ® 8 =

£ Most Visited & git remote rm - Goo... @ Paiment-FR1-LCLC... m Getting Started ‘ CR Réunions LCLC ... 8 Zimbra: Réception 8 Zimbra: Réception (... »> [J Other Bookmarks

: Ju pyte I face_rep_example Last Checkpoint: 9 minutes ago (autosaved) p Logout
File Edit View Insert Cell Kernel Widgets Help Trusted | Python 3 (ipykernel) O
B+ < @ B 44 ¥ PRin B C MW Code v =
Apply motion correction '

In [5]: from nipype.interfaces.spm import RealignUnwarp
from nipype.interfaces.utility import Function
from nipype.interfaces.io import SelectFiles, DataSink
from nipype import Workflow, Node, MapNode
import os

In [6]: # folders TO STORE FILES
exp_dir = "/home/Softs/reproduced_tutorial/data/face_rep/"
raw_dir = os.path.join(exp_dir, "raw")
working_dir = "workingdir_moco"

In [7]: os.listdir(raw_dir)

Out[7]: ['RawEPI', 'Structural', 'all_conditions.mat', 'sots.mat', 'workingdir_moco']

In [8]: # NODE AND TEMPLATE FOR SELECTING FILES

anat_file = os.path.join('Structural’, 'sM@3953_0007.img')
func_file = os.path.join('RawEPI', 'sM@3953_0005_x.img"')
templates = {'anat':anat_file,

lfiimanal e fitna £11aA1

(%)



Motion correction

Quentin
Duche

Credits: Video by Quentin Duche, Empenn.


https://docs.google.com/file/d/17J1W2E7Vy3gKz1tjmag4RjkOQ6TVRaBO/preview

More preparation steps...




Demo : Preprocessing

Elodie Germani

Reproduction of SPM tutorial using Nipype: https://qgitlab.inria.fr/fegermani/reproduced_tutorial

* STATISTICAL https://www:.fil.ion.ucl.ac.uk/spm/
PARAMETRIC

MAPPING

https://nipype.readthedocs.io

Neuroimaging in Python
Pipelines and Interfaces


https://www.fil.ion.ucl.ac.uk/spm/
https://nipype.readthedocs.io
https://www.fil.ion.ucl.ac.uk/spm/data/face_rep/
https://gitlab.inria.fr/egermani/reproduced_tutorial

And even more p

Brain atlas

Default:
MNI152
nonlinear
asymmetric
v2009c

T1-weighted

One or more (e.g. in
longitudinal studies)
T1w images

Fuse & Conform

All Tiw images are aligned and averaged
to form a 3D reference image

NIfTI headers are checked for validity

INU Correction

The T1w reference is run through the
N4 algorithm to correct for intensity
nonuniformity (INU)

Skull-stripping
Atlas-based brain extraction is
performed on the reference T1w image

T2-weighted
(Optional)

Anatomical preprocessing

Spatial normalization

Non-linear, spatial

alignment to the brain

atlas

Brain tissue segmentation
The brain-extracted image is
classified into CSF, GM and
WM

Esteban et. al (2018)

Surface reconstruction
Surfaces of the cortical sheet
are reconstructed from the
anatomical information (T1w
reference, T2w)

BOLD run

One run of one task (or resting-state)
time-series of blood-oxygen level
(BOLD) measurements

Generate reference & brain mask

Time-points showing non-steady state artifacts (excess of
T1 contrast) are aligned and averaged to generate a
reference image in native space

Estimation of head-moti
Parameters representing bulk head motion (due to
involuntary drift, swallowing, etc.) of each timepoint with
pect to the ref are estimated

Slice-timing correction

(Optional) When the acquisition time of 2D axial slices of a
given timepoint is available, temporal dynamics are estimated
and all slices resampled to the mid-timepoint of that TR

Ali to T1w refi

Registers activity in BOLD
voxels to anatomical location

reparation...

Susceptibility distortion

estimation

(Optional) Find a deformation
field that compensates for the
distortion, when adequate

Sample in template

acquisitions are present

Sample in native

Sample on surface Resample the BOLD *One-shot"

Sample the BOLD signal signal in atlas-space, resampling of the
on the surfaces concatenating all BOLD signal in its
reconstructed from the pertinent ong:'n{al grid,
anatomical data transfc pplying corrections

—  Confounds

Calculate and store nuisance regressors such as noise
components, motion parameters, global signals, etc.



More preparation steps...




More preparation steps...

Statistics




Statistical analysis

Goal: Get areas of activations and deactivations for a given participant or for a

group of participants,

) (nana: 0.001)
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Collaborative and
community-driven
research



Brainhack: project-based
community science

A. Anatomy of a Brainhack C. Brainhack Cartography
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Year 2012 .

Numberof events 10 O (O () 7

B. Timeline of a Single Event D. Brainhack Timeline

Day 1 Day 2 Day 3

Project pitches . .
o 0 0 0

g 2012 2013 2014 2015 2016 2017 2018 2019 2020
'
e
e . First Brainhack Brainhack EDT First OHBM Brainhacks
gl = Project organized has 8 sites Brainhack Brainhack sells go fully
2 wop-tps & by The across Eastern Global out for the first virtual
§ Jusi Neuro Bureau USA time
i * Leipzig,
Uncon- Cenmany First OHBM
ference Brainhack
hg‘r"'e‘ WA, 018 152229 3640
# of Events l.. Brainhack Global D
Hacking Hacking.

Gau*, R., Noble*, S., Heuer*, K., Bottenhorn*, K., Bilgin*, |. P., Yang*, Y. F., ... & Brainhack Community (2021).
Brainhack: developing a culture of open, inclusive, community-driven neuroscience. https://psyarxiv.com/rytja/



https://psyarxiv.com/rytjq/

- OHBM Brainhack - hybrid!

>~ -
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Global South

Global North

Leaflet | Data by ® OpenStreetMap, under ODbL.

Locations of the 2020 OHBM Brainhack attendees
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Coming soon!

OH

SM

Brainhack June 16-18, 2022

OHBM Brainhack Hybrid|

June 16-18th 2022

https://ohbm.qithub.io/hackathon2022/

Registration: here (fee waiver available)


https://ohbm.github.io/hackathon2022/
https://www.humanbrainmapping.org/i4a/ams/meetings/index.cfm?controller=meetings&action=startRegistration&conferenceID=142&reginit=1&pageID=4073

ional Neuroinformatics Coordinating Facility

Neuroinformatics
4.! ncf Assembly 2022

Virtual | September 12-16

Advances in FAIR data management and sharing practices
for neuroscience research, infrastructures, and tools

Abstract submission open until MAY 23

neuroinformatics.incf.org

L enabling open and
<
! n Cf FAIR neuroscience
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May 13, 2022

Camille Maumet

Thank you!

Credit: Sculpture by Malin Bjornsdotter “Cerebia”, OHBM Brain Art SIG; Presentation template by i
SlidesCarnival, adapted @Cmaume



https://www.neurobureau.org/galleries/brain-art-competition-2019-2/
http://www.slidescarnival.com/

