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Exploratory Spatial Analysis

» Generally requires spatial smoothing of data to
increase SNR

« For group analysis, requires that subjects’ brains
be aligned to each other on a voxelwise basis.

* Neither needed for an ROI analysis

« Smoothing and inter-subject registration can be
performed in the volume or surface.

Coordinate Systems: 3D (Volumetric)

» 3D Coordinate System

* XYZ b
* RAS (Right-Anterior-Superior) & \ 7 K% X
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* CRS (Column-Row-Slice)
« Origin (XYZ=0, eg, AC)
* MR Intensity at each XYZ
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Why Surface-based Analysis

- Function has surface-based organization

— Inter-subject registration: anatomy, not intensity
- Smoothing

- Clustering

- 2D ReHo other than 3D ReHo

Based on Freesurfer Course

Why is a Model of the Cortical Surface Useful?

* Local functional organization of cortex is largely 2-dimensional!
Eg, functional mapping of primary visual areas:

From (Sereno et al, 1995, Science).
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Coordinate Systems: 2D (Surface)

Sheet: 2D Coordinate System (X,Y) Sphere: 2D Coordinate System

« Latitude and Longitude (6, ¢)

« Continuous, no cuts

« Value at each point (eg, thickness)
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Inter-subject Registration

Surface-based Inter-subject Registration
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Volumetric Inter-subject Registration

« Affine/Linear
« Translate
* Rotate
« Stretch
« Shear
- (12 DOF)

» Match Intensity, Voxel-by-Voxel
« Problems
« Can use nonlinear volumetric

Subject 1 Subject 2

; Curvature “Intensity”
* SULCUS (+)

« Codes folding pattern

- Translate, Rotate, Stretch, Shear (12 DOF)
 Match Curvature, Vertex-by-Vertex
* Nonlinear Stretching (“Morphing”) allowed (area regularization)

+ Actually done on sphere ‘ ‘

* “Spherical Morph”

fsaverage

« Has “subject” folder like individual FS subjects
* “Buckner 40” subjects

« Default registration space

» MNI305 coordinates

?h.average.curvature filled.buckner40.tif o

Corpmﬂog space for group analysis (like Talairach) 10
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Surface-based Inter-subject Registration

- Gray Matter-to-Gray Matter (it’s all gray matter!)
* Gyrus-to-Gyrus and Sulcus-to-Sulcus

» Some minor folding patterns won’t line up

« Fully automated, no landmarking needed

« Atlas registration is probabilistic, most variable
regions get less weight.

« Done automatically in recon-all

- fsaverage



Spatial Smoothing

Why should you smooth?
* Might Improve CNR/SNR

« Improve intersubject registration

How much smoothing?
* Blob-size
* Typically 5-20 mm FWHM

« Surface smoothing more forgiving than volume-based

Based on Freesurfer Course

Volume-based Smoothing

Based on Freesurfer Course

Lo st

Zuo et al., 2013. Neuroimage

* 5 mm apart in 3D

* 25 mm apart on surface!

« Kernel much larger
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* Averaging with other

tissue types (WM, CSF)

* Averaging with other

functional areas
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Volume-based Smoothing

» Smoothing is

voxels

Based on Freesurfer Course

averaging of “nearby”

3D ReHo

Regional Homogeneity (ReHo)

Similarity or coherence of the time courses
within a functional cluster
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Zang et al., 2004. Neuroimage

Zuo et al., 2013. Neuroimage
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Why Surface-based Analysis

- Function has surface-based organization

- Inter-subject registration: anatomy, not intensity
- Smoothing

- Clustering

- 2D ReHo other than 3D ReHo

ﬂ
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Why Surface-based Analysis

The impact of traditional neuroimaging methods on
the spatial localization of cortical areas

Timothy 5. Coalson®, Bavid C. Van Essen™", and Matthew F. Glasser™*"
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Localizing human brain functions Is o longstanding goal in
systems newoscience. Taward this goal, neuroimaging studies
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Why Surface-based Analysis

Coalson et al., 2018. PNAS 2

y Surface-based Analysis

Widespread adoption of surface-based approaches has been
slow: the desire to replicate or compare with existing studies that
used the traditional volume-based approach; the relative lack of
“turn-key” tools for running a surface-based analysis; the learning
curve for adopting surface-based analysis methods;
unawareness of the problems with traditional volume-based
analysis; and uncertainty or even skepticism as to how much of a
difference these methodological choices make.

Coalson et al., 2018. PNAS 23
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DPABISurf
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Call FreeSurfer...

FreeSurfer creates computerized
models of the brain from MRI data.

Input: Output:
T1-weighted (MPRAGE) Segmented & parcellated conformed
1mm? resolution volume
(-dem) (.mgz) 31

Based on Freesurfer Course

Volumes

orig.mgz T1.mgz brainmask.mgz wm.mgz filled.mgz
(Subcortical Mass)
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Cortical vs. Subcortical GM

subcortical gm

sagittal

coronal
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Recon

32

Cortical vs. Subcortical GM

cortical gm subcortical gm

sagittal

coronal
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Parcellation vs. Segmentation

(cortical) parcellation subcortical) segmentation
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fMRI Registration

T1 Weighted Skull Stripping ~ Volumetric Labeling Intensity
Input Normalization

Surface Atlas White Matter
Registration Segmentation

Gyral Labeling
} Surface Extraction

Based on Freesurfer Course

37

fMRI Registration
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Based on Freesurfer Course
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54 @ Docker Desklop is running
Advanced About Docker Desktop |
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Check for Updates...

General File Sharing Disk Proxies Daemon Kubernetes Reset DIIW:TIMFMM.«

Limit the resources available to Docker Engine. . Documentation

More of Docker L

art
PUS: 4
el Kitematic

Sign in / Create Docker ID
; Repositories
Memory: 10.0 GiB o

Restart #R
Swap: 1.0 GiB | QuitDockerDesktop  ¥Q

Docker subnet: | 192.168.65.0 /24

VNG Viewar with DPABISurt Docker

® Docker Engine is running

0 Installing DPABISurf

Install Dacker

Set UsenMemory

Pull DPABISurt Discher

Get Froasurter loansa

Linux: sudo groupadd docker
sudo usermod —aG docker $USER
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Installing DPABISurf

Install Docker

Set UserMemery.

Pul OPABISUT Docker

Gt Frassurter loanse

a8 e File Sharing
Hﬁ Disk Advanced Proxies Daemon Kubernetes Reset
These i ies (and their i ies) can be bind mounted

into Docker containers. These exported directories cannot overlap.
You can check the documentation for more details.

fUsers
MNolumes

forivate
ftmp.
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@ Docker Engine is running

en Installing DPABISurf
Install Docker
XX Pull Docker b

9 Do you want fo pull from online dockar hub o load from 4 local fils?
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[ Installing DPABISurf

Install Dacker

Set UsenMemory

Pul DPABISurt Docker

Get Fressurter loense

Please get Freesurfer license, and specify the

license. txt you received in your email. Please
visit:

https://surfer. nmr. mgh. harvard. edu/registration
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ﬁ%’ The R-fMRI Journal Club
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e e DPABISUS Pipeline

DPABISurf Pipeline
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The R-fMRI Lab

http://deepbrain.com/DPABICore
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