UF2C - User Friendly Functional Connectivity

University of Campinas - Neuroimaging Laboratory
Brazilian Institute of Neuroscience and Neurotechnology — BRAINN

Brunno Machado de Campos, Ph.D.
Raphael Fernandes Casseb, Ph.D.
Elise R. Facer-Childs

2017







T
X
Il
|
s,

A

¥

UF2C: User Friendly Functional Connectivity | Neuroimaging Laboratory

UF2C: User Friendly Functional Connectivity

User Manual

Volume 1

Campinas
2017



%H il%

UF2C: User Friendly Functional Connectivity | Neuroimaging Laboratory

UF2C: User Friendly Functional Connectivity

User Manual

Volume 1

Authors:

Brunno Machado de Campos
Raphael Fernandes Casseb
Elise Facer-Childs

Marina Weiler

UNICAMP

BRAICGT A o>

BRAZILIAN INSTITUTE OF NEUROSCIENCE AND NEUROTECHNOLOGY

- "
JAPESP UNICAMP _u
SAO PAULO RESEARCH FOUNDATION University of Campinas  Neuroimaging Lab

Campinas
2017




‘;aa““'[

i

H}l'{

A

B

¥

UF2C: User Friendly Functional Connectivity | Neuroimaging Laboratory

UF2C - User Friendly Functional Connectivity

University of Campinas - Neuroimaging Laboratory
Brazilian Institute of Neuroscience and Neurotechnology - BRAINN
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studies in neuroimaging through a clean and validated methodology, without sacrificing quality.
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1. How to Cite

UF2C was presented to the community with an original research paper at Human Brain

Mapping Journal, 2016:

. de Campos, B. M., Coan, A. C,, Lin Yasuda, C., Casseb, R. F. and Cendes, F. (2016),
Large-scale brain networks are distinctly affected in right and left mesial temporal lobe

epilepsy. Hum. Brain Mapp., 37: 3137-3152.

Please use this paper for future references or when citing UF?C in your studies.



2. Requirements

UF2C is open source software, distributed under a BSD-style License. System

requirements for UF2C are:

. Windows, Linux or Mac OS X operational systems

. SPM12 (Statistical Parametric Mapping, version 12)

. MATLAB (version R2012a or later, required by SPM)

. MATLAB Statistics toolbox

. MATLAB Signal Processing toolbox

. MATLAB Image Processing Toolbox (for advanced graphic results)
. MATLAB Parallel Computing Toolbox (always optional)

Toolbox Dependencies:
1. Functional Connectivity Analysis
1.1.  Functional Connectivity Pre-processing
1.1.1. Conventional UF?C Pre-processing:
'Signal Processing Toolbox'
'Image Processing Toolbox'
'Statistics and Machine Learning Toolbox'
1.1.2. Pre-proc with NoVolEx:
'Signal Processing Toolbox'
'Image Processing Toolbox'
'Statistics and Machine Learning Toolbox'
1.2. Seed-Based Fun. Conn. Analysis:
'Signal Processing Toolbox'
'Image Processing Toolbox!'
'Statistics and Machine Learning Toolbox'
1.3. Functional Interactivity Analysis:
'Signal Processing Toolbox'
'Image Processing Toolbox'
‘Statistics and Machine Learning Toolbox'
1.4. ROI-to-ROI Analysis
1.4.1. ROI-to-ROI (First-Level):
'Signal Processing Toolbox'
'Image Processing Toolbox'
'Statistics and Machine Learning Toolbox'
1.4.2. ROI-to-ROI Group Comp. (Sec-Level):
'Image Processing Toolbox'
'Statistics and Machine Learning Toolbox'
1.4.3. ROI-to-ROI Correlation Test (Sec-Level):
'Image Processing Toolbox'


http://www.lni.hc.unicamp.br/app/uf2c/LICENSE.txt
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
http://www.mathworks.com/products/matlab/
http://www.mathworks.com/products/statistics/
http://www.mathworks.com/products/signal/
http://www.mathworks.com/products/image/?refresh=true
https://www.mathworks.com/products/parallel-computing.html

2.

3.

'Statistics and Machine Learning Toolbox'
1.4.4. UF?C Outputs for NBS users:
'Image Processing Toolbox'
'Statistics and Machine Learning Toolbox'
1.5. Sliding-Window Fun. Conn. Analysis:
'Signal Processing Toolbox'
'Image Processing Toolbox'
'Statistics and Machine Learning Toolbox'
fMRI Analysis
2.1. fMRI Pre-processing:
‘Signal Processing Toolbox'
'Statistics and Machine Learning Toolbox'
2.2. Block Design Analysis
'Image Processing Toolbox'
2.3. EEG-fMRI Analysis:
'Image Processing Toolbox'
Tools
3.1. Movement Viewer: None
3.2. Movement Analysis:
'Signal Processing Toolbox '
'Statistics and Machine Learning Toolbox'
3.3. Outlier detection and Explicit Mask Creator:
'Statistics and Machine Learning Toolbox'
3.4. Image Editor: None
3.5. ROIs Maps Quantifications:
'Image Processing Toolbox!'
3.6. Maps Intersection: None
3.7. Modify Filenames: None
3.8. Tissue Segmentation: None
3.9. Volumetry: None
3.10. R-score to Z-score Fisher’s Transform.: None
3.11. Aborted fMRI Header Repairer: None
3.12. Interp. Images: None



3. Installing UF2C

UF?C should to be added to the "Matlab Path". The recent versions of Matlab changed

the toolbar design and have a direct icon on the main Matlab window:

A\ MATLAB R2016b - academic use - m| x
e LA L9 (2)] Search Documentation »

I;EEL Ell:llj ﬁ [3] Find Fies &l E L7, New Variable | s Analyze Code @ {6 Preferences E% @ [(_‘i Community

Open Variable + ~ Run and Time Set Path = Request Support
New New Open IJ_'—_.I Compare  Import Save 5 &> Layout @ Add-Ons Help b
Data

Script v v {7 Clear v [/ cClearCommands v v ||} Paraliel v - v [E] Learn MATLAB
FILE VARIABLE CODE ENVIRONMENT RESOURCES
L= H E b b Users » BMC » Documents » MATLAB My
[EAT N GOM Command Window Gl Workspace ]
MName < fe = | MNarne =
Details v
£ >
Command History @
D1 (end) -~
test = randi([1l...
Select a file to view de R
splitImagel = =...
splitImageZ = s...
splitImagel = s...
finall = cellim...
a3 2 rfiw 12 = gellZm... ¥
«| Ready

Click on "Set Path" and add the UF2C folder extracted from the downloaded Zip file. Use
the option "Add with subfolders". Now your MATLAB knows that UF?C exists in your
machine.

If you are using Windows OS, you can run UF*C by running the UF*C.exe file in ‘uf2c’

folder.



4. Input format

UF?C uses the NIfTI format for input files. You can use the Chris Roerden’s MRIcroGL to

convert your files from many formats (e.g.: DICOM, PAR-REC...).


http://www.cabiatl.com/mricrogl/

5. Starting

If you have already used SPM, you may know that a pre-pre-processing step improves
SPM registration: defining the anterior commissure as the image origin. SPM12 ‘Display’
tool is used to perform this tedious step. UF?C will probably work without the anterior
commissure set as the origin. However, in some cases, when the origin [0,0,0] is too far
(more than ~3 cm), the co-registration or normalization could lead to wrong
deformations. There are some ways to set the anterior commissure as the origin
automatically, but these methodologies need accuracy and repeatability in the FOV
positioning during the MRl acquisition and are not recommended if you want to perform
a high quality study. Therefore, we suggest that the anterior commissure should be set

for each image.



6. How to set the anterior commissure as the image origin
(Reorientation)

1. Run Matlab.

n Al .
2. Run SPM (type "spm fmri" on the Matlab command window).
[4] spnit2 (6685): Menu [&] [o|[m 53] | sPMI2 [585): Graphics [E=3 =S ol =
File Edit View Insert Tools Desktop Window SPMFigure Help ~
Realign (Esti_. ~
an (| i Slice timing ] l Smooth l Welcome to SPM12
Coregister (.. ~| Normalise (.. ~
H Please refer to this version as "SPM12" in papers and communications
l Specify 1st-level l l Review l The SPM12 Manual and Release Notes are available as PDF documents in the rman directory
of your SPM installation.
i Specify 2nd-level l l Estimate l I

Updates will be made available from time to time and advertised on the SPM mailing list. You

can also check for updates by clicking here.

We would love to hear your comments or bug reports - please contact us at
l | <fiLspm@uclac uk=.

I Dynamic Causal Modelling

SPM is developed under the auspices of the Functional Imaging Laboratory (FIL), the
i Wellcome Trust Centre for Neurolmaging (WTCN), in the Institute of Neurology at University

Render... . _: FMRI _: College London (UCL), UK.

Toolbox: g [ PPIs ] [ ImCalc ] [D‘COM '”‘PC'”] SPM is free software; you can redistribute it and/or madify it under the terms of the GNU

General Public Licence as published by the Free Software Foundation; either version 2 of the
utils... - Licence, or (at your option) any later version

Copyright (C) 1991,1994-2016 Wellcome Trust Centre for Neuroimaging
The FIL Methods Group <fil spm@ucl.ac.uk=

4] SPML2 (6685) [&] [=][=][=]

3. On the SPM8 or SPM12 Menu click on "Display".



32 sphas2 (sces: Menu EEEE

Realign (Esti... ~ I Slice timing I I Smooth ‘
Coregister (.. ~| Normalise (... >
\ Specify 1st-level I I Review ‘
\ Specify 2nd-level I I Estimate ‘

Dynamic Causal Modelling

— T T
Toolbor PPis | | mcakc | |Dicom mpor]

4] SPII12 (6685): Graphics

File Edit View Inset Tools Desktop Window SPMFigure Help

Welcome to SPM12
Please refer to this version as "SPM12" in papers and communications.

The SPM12 Manual and Release Notes are available as PDF documents in the man directory
of vour SPM installation.

B | [#]Selectimage BN =N EcE ) b st You
Dir C:\Users\EEG-IMRI\DesktopiUF2C_Tutorial\Example )
Up C:\Users\EEG-IMRI\DesktopiUF2C_Tutorial\Example ~
1 Prev  C\Users\EEG-MRI\Desktop\UF2C_Tutarial\Example 7
I Drive ¢ BN < hX FPI MR nii 1
X_T1_ANAT.nii,1
& ke
I versity
I ]
n 2 of the

[4] sPm12 (6685)

B EE | Filter Resst

Frames
Selected 0/1-1] files. (Initial selection.)

4, You will be asked to add an image. Add a structural (3D) file. Click once of the file

of interest, and press “Done”. You can make sure the correct file is selected by looking

4] SPMI2 (6685): Menu I’§

=) [al=l=]

Realign (Esti... = l Slice timing J l Smooth ‘
Coregister (.. ~| Normalise (... =
l Specify 1st-level J I Review J
l Specify 2nd-level J I Estimate J

Dynamic Causal Modelling

Display CheckReg | Render_ .~ FMRI

Toolbox: PPIs mcaic || Dicou import]

T

4] SPM12 (6685)

|4 SPVIL2 (6685): Graphics
File Edit

=] o] = el
View Inset Tools Desktop Window SPMFigure Help ~

Crosshair Position Origin File:.\SubX_T1_ANAT.nii
mm Dimensions:240 x 240 x 180
VX Datatype:int16
Intensity: aU=TE
Philips Medical Systems Achieva 2.6.3
mﬁ:d‘jﬁ;} g Vox size:1x1x1
® [ 0 Origin:115 95.6 91.2
Dir Cos: 0.088 -0.033 0.996
BiED ozl 0 0.895 -0.006 0.088
roll {rad} 0 0.003 -0.999 -0.033
yaw {rad} 0 ) : )
resize {x} 1
resize {y} 1 Full Volume >
resize {2} ! World Space ~  Tilinear interp -
AfoWindow -




at the box at the bottom (“Selected” box in the figure above), and in the Graphics

window as below:

5. Now you can use the fields "pitch {rad}", "roll {rad}" and "yaw {rad}" to correct
the image orientations and rotations, using the anterior and posterior commissure as

the horizontal reference and the inter-hemispheric fissure as the vertical reference.

SR
forward {mm} 0
up {mm} 0
pitch {rad} 01
roll {rad} -0.05
yaw {rad} 0.05
resize {x} 1
rorizo [l 1

6. Now, you need to position the crosshairs on the anterior commissure.




7. The numbers inside the first box "Crosshairs Position" are the coordinate offsets

between current point, indicated by the crosshairs, and the actual origin.

Crosshair Position
mm: | 1105-23 |
VX 115.597.990.0
Intensity: 1795.89
right {mm)} 0
forward {mm} 0
up {mmj} 0
pitch {rad} 01
roll {rad} -0.05
yaw {rad} 0.05
resize {x} 1
resize fy} 1
resize {z} 1
| SetOrigin | Reorient

8. Press “Set Origin” and the "right {mm} ", "forward {mm}" and "up {mm}" fields,

will be filled with the opposite number from the box above. Click on the "Reorient..."

button.
Crosshair Position
mm: 000000
VK 115.597.990.0
Intensity: 1795.89
right {mm} 1.1398
forward {mm} 0.47155
up {mmj} 22938
pitch {rad} 01
roll {rad} -0.05
yaw {rad} 0.05
resize {x} 1
resize {y} 1
resize {z} 1
._..SetOngin__
9. You will see the menu on the left hand side of the screen display ‘reorienting

images’ and then the new reoriented image will be displayed. Just click “Done”!



E Image(s) to recrient |":~h| |":"||'E|'|u

Dir C\Users\EEG-fMRI\Desktop\UF2C _Tutorial\Example
Up C\Users\EEGMRI\Desktop\UF2C_Tutorial\Example v
Prev  C:\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example -

Drive |- = SubX EPI fMRI.nii,1 i

.| |SubX_T1_ANAT nii,1

_?I EI ReEl Done || Filter Reset ” .*
|

Frames 1
Selected 1 file. (Initial selection.

C\Users\EEG-MRI\Desktop

10. You need to repeat these steps for the functional image, but pay attention: YOU
NEED TO APPLY THE COORDINATES FOUND TO ALL VOLUMES (DYNAMICS)

11. Add the fMRI. Note the “*.nii,1”. This “,1” means that you are adding the first
volume ONLY.

12. Use the same strategy to find the anterior commissure position as best you can.

You can use the dark grey corpus callosum and even darker grey fornix as reference:



TSelectimage B =N E ™55

Dir C\Users\EEG-IMRI'\Desktop\WUF2C_Tutorial\Example

Up C\Users\EEG-MRI\Desktop\UF2C_Tutorial\Example W
Prev  C:Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example W
Drive ¢ BN SubX T1 ANATni1 [
P, -

jﬂ@ Dane Filter M ¥

Frames 1

Selected 1/[1-1] file. (Added 1/1 file.)
C\Users\EEGMRI'\Deskiop\UF2C_Tutonal\Example\subX_EPI_fMRLnii 1




13. Repeat steps 5to0 9.

14. Once this is done you need to apply this reorientation to all dynamics:

Dir ) C\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example

Up C\Users\EEGAMRI\Desktop\UF2C _Tutonal\lExample v
Prev  C:\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example -
Drive |- = SubX EPI fMRLnii 1 i

.| [SubX_T1_ANAT.nii,1

_?I EIE Done Filter Reset || F

Frames | 1
Selected 1 file. (Initial selection.

C\Users\EEG-MRI\Desktop

15. Remove the already added “,1” volume (left click on it once).



16.

Dir C:\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example

Up C\Users\EEGMRI\Deskiop\UF2C_TutoriallExample -
Prev  CiUsers\EEG-IMRI\Desktop\UF2C_Tutorial\Example v
Drive |- = SubX. EPI fMRInii 1 i

.| ISubX_T1_ANAT nii, 1

_?I EIE Done Filter Reset || F

Frames | 1

Selected 0 files. (Unselected 1 file.)

Use the field “Filter” to keep only the fMRI that you reoriented:

Dir C:\Users\EEG-fMRI\Desktop\UF2C_ Tutorial\Example

Up C:\Users\EEG-MRI\Desktop\UF2C_Tutorial\Example v
Prev  C:\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example -

Drive ¢ .

.| [SubX_EPI_fMRLnii 2
SubX_EPI_fMRLnii,3

SubX_EPI fMRLnii 4
SubX_EPI_fMRLnii 5

SubX_EPI_fMRLnii 6

SubX_EPI_fMRLnii,7

- | [SubX EPI_fMRInii,8 -
_?l EIE Done IFiﬂE[ IReset | IEP| f. I
Frames | Inf

Selected 0 files. (Unselected 1 file.)

U




17.

Type “Inf” replacing the number ‘1’. Press “return”. You will see all dynamics

listed.

ﬂ Image(s) to recrient

Dir C:\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example

Up C\Users\EEGAMRI\Desktop\UF2C_Tutorial\Example v
Prev  Ci\Users\EEG-IMRI\DesktopiUF2C_TutoriallExample -
Drive ¢ Bl Subx _EPIMRLni1

.| |SubX_EPI_fMRInii 2
SubX_EPI_fMRLnii 3
SubX_EP_fjdiumiis
Subx_EF*l_
SubX_EPI_fMRLnii 6
SubX_EPI_fMRLnii, 7

-| |subx_EPI_fMRInii 8 i,
_?I EIE Done Filter Reset ” I EFI f.*l
Frames | Inf

Selected 0 files. (Unselected 1 file))

18.

With the Right Mouse button, “Select All”:



’ "4 Image(s) to reorient ] | B[]
Dir C:\Users\EEG-IMRI\Deskiop\UF2C_ Tutorial\Example
Up C\Users\EEG-MRI\Desktop\UF2C_TutoriallExample T
Prev  CiUsers\EEG-fMRI\Desktop\UF2C_Tutorial\Example v:
Drive (- - 0

_A

_?I EI E Done Filter Reset | EPI_f*

Frames Inf

Selectedl 180 ﬁlesv{]«_ dded 180/180 files.)
C\Users\EEG-IMRDesktop\WUF2C_Tutorial\Example\SubX_EP1_fMRILnii 1 =l
C\Users\EEG-MRI\Desktop\UF2C_Tutorial\Example\SubX_EPI_fMRILnii 2
C\Users\EEG-MRI\Desktop\UF2C_Tutorial\Example\subX_EP1_fMRLnii 3
C\Users\EEG-IMRI\Desktop\UF2C_TutoriallExample\subX_EP1_ MR nii 4

C\Users\EEG-IMRI\Desktop\UF2C_TutoriallExample\subX_EP1_fMRILnii 5
A\l Jeare\ EE CLMRINecktant IE2C. TutarialE le\SUhX EP| MMRInif =

19. Check that the number of files added is correct (as highlighted above) and then

click “Done”.



7.  Starting to use UF%C
With the UFC folder added to the Matlab path, type uf2c in the Matlab command

window.

4\ MATLAE R2014b

| EB] ™~ (5] o s & H [lz, New Variable | Analyze Code E {0 Preferences @ (% Community

Tar Tmn Gra -] Compere e E—. Liz» Open Variable w é)" Run and Time Layout E Set Path 3 Request Support
Serpt v v Data Workspace (' Clear Workspace ~ [ Clear Commands + ][] Paralil = ~  0aAddOns v
FILE VARIABLE CODE ENVIRONMENT RESOURGES
<« = 8 E » C: » Users » EEG-fMRI » Desktop » UF2C_Tutorial » Example
Current Folder ®
Name fr >> urze

[ SubX_EPL_fMRLmat
| SubX_EPT_fMRLnii
| SubX_T1_ANAT.nii

If you are using Windows OS, you can run UF?C running the UF?C.exe file in the uf2c

177 Llear pace v |7 UlearC v v [ Peratel ¥ v 0 JAGG-UNS ¥
(ARIABLE CODE ENVIRONMENT RESOURCES

sktop » UF2C_Tutorial » Example

ommand Window

@ UFic =S = M
1 FuncConn Analysis  fMRI Analysis Tools About E

USER FRIENDLY FUNCTIONAL CONNECTIVITY
(For Matlab with SPM12)




8. Checking compatibilities

UF?C has a tool to verify the compatibility with your system, Matlab and SPM. Click on

the “Check Compatibilities” Button on start screen:

4. UFC - User Friendly Functional Connectivity - X

FuncConn Analysis  fMRI Analysis Tools About N

Check Compatibilities

Click on “Check” button.



[4\ UFC - Compatibilities Checker

Compatibilities Checker

Check!
Operational System
Required: Windows, Unix, MAC OS5 Current:
Matlab Version:
Required: 7.10 (2010a) or newer Current:
Statistical Parametric Mapping (SPM):
Required: SPM12 Current:

Matlab Original Toolboxes

Required:

MATLAB Statistics toolbox
MATLAB Signal Processing toolbox
MATLAB Image Processing toolbox

Warnings

The UF2C will show in green compatible settings and in red if something is wrong or missing:

4 UFC - Compatibilities Checker

Compatibilities Checker

Check!

Operational System

Required: Windows, Unix, MAC OS Current: Windows
Matlab Version:

Required: 7.10 (2010a) or newer Current: 9.1 (R2016b)
Statistical Parametric Mapping (SPM):

Required: SPM12 Current: SPM12
Matlab Original Toolboxes

Required:

MATLAB Statistics toolbox Ok!

MATLAB Signal Processing toolbox Ok!
MATLAB Image Processing toolbox Ok!

Warnings

No problems here :-)

No problems here :-)

Compatible!

Compatible!

*




0. General Information

At this point, UF?C has four connectivity analysis modalities and TWO connectivity-pre-

processing tools:

4. UFC - User Friendly Functional Connectitfty - X

FuncConn Analysis  fMRI Analysis Tools About &

Func. Conn. Preprocessing Tools >
Seed-Based Fun. Conn. Analysis
Functional Interactivity Analysis
ROI-to-ROI Analysis >
Sliding Window Fun. Conn. Analysis &

IR

o

Check Compatibilities

- “Func. Conn. Pre-processing Tools”

o “Conventional UF*C Pre-proc” (all analysis modules can also run this step!)
o) “Pre-proc with NoVolEx” correction

1. Traditional “Seed-Based Fun. Conn. Analysis (ROl to whole brain)

2. The concept analysis “Functional Interactivity Analysis” (ROIs to whole brain)
3. ROI-to-ROI Analysis

i. ROI-to-ROI (first level)
ii. ROI-to-ROI Group Comp. (Sec. Level)

iii. ROI-to-ROI Correlation Test (Sec. Level)



4.

iv. UF2C Outputs for NBC users

A sliding-window seed based functional connectivity (ROl to whole brain)

For UF2C specific steps please see below.



10. Pre-processing Pipeline for Functional Connectivity

All modalities require functional (EPI) and structural (TIWI) images for all subjects and
perform the same SPM PRE-processing pipeline:

The images should to be already reoriented (anterior commissure defined as image
orientation) for higher co-registration precision.

1 - Functional Image Realignment: Realign: Estimate & Reslice

- Quality factor = 1, registered to the mean Image and only the Mean Image is
resliced

2 - Functional — Structural co-registration: Co-register: Estimate

- Co-registration of the volumetric TIWI with the Resliced Mean Image. No reslice
or interpolations are applied here.

3 - Structural image segmentation: Segment

- Segmentation of the co-registered TIWI with Bias Correction and intensity
modulation. The Native Space > MNI forward deformation matrix is saved

4 - Structural image normalization: Normalise: Write

- Bias corrected T1WI normalization to the MNI space. The image resolutions is

maintained
5 - Functional image normalization: Normalise: Write

- Functional image normalization to the MNI space. The image is resampled to
match the exact MNI space (in matrix and voxel resolution). The final image will
has 2x2x2 mm?3 voxel and a 91x109x91 matrix.

7 — The head motion plot is saved.
8 - The Framewise Displacement (FD) is estimated and saved.

- For this step, we consider the brain as a sphere with a 50 mm radius (to convert
the rotational parameters on displacement in mm). The FD plot is also stored on
the subject folder

- If the user choose to use FD temporal mask for censuring, this mask is created

9 - Extracting Globals (average signals) and Masking

- In this step, the series that will be used as regressors is extracted according to

the user choices. Additionally, the normalized functional image is masked to

remove CSF and WM (this can be modified) voxels.



The GM mask is created with a threshold of 0.15. This means that all voxels from
the GM tissue probabilistic map with probability higher than 15% to be GM, is
included. This thresholded map is smoothed (to create a more inclusive GM
binary mask). The FWHM (full width at half maximum) is the double of the
normalized image voxel sizes (2.¥2x2x2 = 4x4x4mm? at FWHM). Note that at this
point the functional image itself is not smoothed, but only the GM mask, in order
to create a more general inclusive image mask.

The threshold to extract the WM and CSF average signals (for regression
purposes) is 0.9 (only voxels from the Wm and from the CSF tissue probabilistic
map with probability higher than 90% to be respective tissue, is considered).
The threshold to create the tissue binary masks for the WM and CSF and that will
be used to mask the functional image (removing them from the functional image,
in this case) is 0.6 (this 0.6 has the same interpretation described above, but
more inclusive).

The final step here is to calculate the three principal’s components of the WM
and of the CSF average signals to include as regressors. In other words, UF2C will
include the three components that better explained the signals variation of each
tissue time-series, resulting in three columns for WM and three for CSF. These

vectors are saved on the subject folder.

10 - Thresholding

The masked functional image is thresholded at a value 30% lower than the most
frequent intensity (excluding the background). The most frequent intensity at
this point is on the GM intensity scale and by removing intensities 3 times lower
we are removing residual tissues or reminiscent background/tissues noises. The

histogram is saved on the subject folder.

11 — Smoothing

The Functional Image is smoothed. The FWHM (full width at half maximum) used
is the double of the normalized image voxels sizes (2.¥*2x2x2 = 4x4x4mm? at

FWHM).

11 - DVARS — Computing the Derivative VARiance



- The derivative variance is estimated for all tissue selected by the user
separately. An average (between selected tissues) DVAR is also estimated. Plots
and time-series is saved on subject folder.

12 - Regressions and/or filtering

- The functional image is detrended (to remove linear trends), linearly regressed

for all regressors defined by the user and filtered according to the filter

parameters defined. This step are performed in that exact order.

example: Raw Functional Image UF?C Post-Processsed Image

All UF3C codes are open so you can check and modify all of the parameters. Otherwise,
please respect the UF?C License.



11. Pre-processing only routine (Conventional UF?C Pre-proc)

4. UF’C - Preprocessing only — >

UF2C - Preprocessing only

Inputs
Add Functional Files Check order
Add Structural Files Check order
[] Slice Timming Correction (ascending) Functional Image TR (sec): 2

Dielete residual preprocessing files (Keep the subject folder cleanest)

Image Parameters
Functionals Anatomicals

Mumber of Dynamics: Voxel Size (x y x):

Voxel Size (x y x): Matrix Size:

Matrix Size:

BRANILA's Codes
_ _ Derivative Variance (DVAR)
Framewise Displacement (FD) Grey Matter (GM) White Matter (W) |:| CSF

Fiter and Regression Options
1 - Regressors 2 - Band-Pass Filter
Movement Regression

[+] Apply filter
DVAR Time Serie
[] WM and CSF regression Low-Pass Frequency: 0.1
Censuring
[ ] DvaR Temp Mask 5 )
High-pass Freguency: 0.008
|:| FD Temp Ma=sk 0.5 e a “
Add regresors || Refresh Stopband attenuation: 50

Run

Input Panel




The Funn. Conn. Pre-processing Tools (Conventional UF2C Pre-proc) allow you to pre-
process your data without any statistical or connectivity inference. It is important to
highlight that all UF?C analysis modalities are also able to do this process followed by the
connectivity analysis. Once you have the post processed functional images
(FiltRegrSW_**** nji; obtained from this tool or from any other UF*C modalities) you
can quickly perform the connectivity analysis in any modality, skipping the pre-
processing step (see below for instructions of how to do this).
With the button "Add Functional Files" you can add functional (4D) files of all subjects
of your study. All functional files need to be in the same folder. With the button "Add
Structural Files" you will be able to insert all structural (3D) files of all subjects in your
study. Obviously, the number of functional and structural files should match. UF2C will
sort files in alphabetic order to match each functional file to their respective structural
file, so it is extremely important that both files have similar name structures. You can
use the extra tool "Filename Changer" to modify and adjust your filenames, adding
prefixes, suffixes or just removing name parts.
After the fMRIs and the T1 Wl images are added, you can click on “Check order” to verify
if all the functional and structural images are in the same order.
Please note that you can perform slice timing correction only when using the “pre-
processing only” modality. The slice timing it is optional in FC studies and it is not a
default here. We understand that the slice timing correction is more relevant in “event-
related” analysis and preferred to avoid more data manipulation.
Define the functional image repetition time (TR). The checkbox "Delete residual pre-
processing files" gives to you the option to save all the processing files or just the final
version of each post processed file. By checking this box, the program will save just the
realignment parameters (rp_*.txt file), the regressed-filtered-normalized-realigned
functional file (FiltRegrSW*.nii) and the modulated-normalized structural file (wm*.nii
file).

BRAMILA’s Codes
UF2C added codes created by Dr. Enrico Glerean from the Brain and Mind Lab at Aalto
University. These codes quantify the Framewise Displacement (FD) and the Derivative
VARiance (DVAR) with the functional images, aiming to control the movement influence

on the results. These parameters are discussed and were firstly presented on: Power et



al. (Neuroimage, 2012), Satterthwaite et al. (Neuroimage, 2013), Yan et al. (Neuroimage,
2013), Power et al. (Neuroimage, 2014) and newer derived papers.

FD: The time series of the sum of the absolute values of the derivatives of the six
realighment parameters extracted from the functional image realignment process. For
the rotational parameters, UF2C uses a radius of 50 mm.

DVAR: The time series of the root mean square (RMS) of the derivatives of the time-
series of all in-brain-masked voxels for each volume.

In this panel, you have the option to quantify the FD and the DVAR for distinct tissues. If
you select more than one tissue for DVAR quantification, UF?C will also compute the
average DVAR time-series (used for thresholding). Quantifying these parameters will
allow you to perform temporal masks, censuring the supra-threshold volumes on the
regression (“1 — Regressors” panel).

Theoretical observations

1 — Since the head movement occurs mainly due angular movements of the head, the
DVAR of more external structures are naturally higher than structures close to the center
of the brain. In this sense usually DVARs of: CSF>GM>WM. For thresholding, we suggest
to always include GM and WM to estimate the average, and then create the temporal
masks.

2 — Although the censuring is a well described methodology to exclude noisy volumes,
in practice, the inclusion of columns with ONES in the time points of the “bad” volumes,
gives zero value for all voxels of the volume. The number of censured volumes will
influence the correlation values since time-points filled with ZEROS (whole volume) will
be always a time point of full synchronicity between voxels.

3 - The suggested threshold for FD on UF*C is 0.5 mm, the same proposed in Power’s
papers. On the other hand, the DVAR threshold suggest is 5% rather than 0.5% suggest
in Power’s papers. Because the DVAR value is strongly dependent on the pre-processing
parameters, rigid body transformations and temporal normalizations, we believe that a
threshold of 5% is compatible and adequate for UF?C pre-processing images. Thinking
about this problem and in the growing demand for higher level counter-movement
procedures, UF?C created and proposed a new pre-processing modality aiming to
address all issues (movement, thresholds, variations on the number of removed volumes

and etc...). Please see the section “Preproc with NoVolEx correction”



4 — The BRAMILA’s quantifications are applied after the SPM standard PRE-PRE-
processing (on page 29), and just before the Filtering and Regressions

Image Parameters
In this panel, relevant information about your functional and structural files will be
shown. The first image of each type will be used as reference. It is extremely important
that all the files (for different subjects) have the same image parameters, such as voxel
sizes, FOV, and number of dynamics.
Filter and Regression Options (same for all UF2C modalities)

Regression
UF?C enables the user to perform multiple regressions. By default, the program
automatically applies regression to 6 movement parameters (3 rotational and 3
translational). UF?C also regresses each time series to average signal fluctuation for
white matter (WM) and cerebral spinal fluid (CSF). Both options can be disabled.
Additionally, the software allows you to add additional regressors by enabling and
clicking the "Add regressors" button. This option is activated after adding the functional

files.

Add regressors - instructions
In these instructions, we will use an example that included 5 subjects. The functional file

will have 15 dynamics (just for illustration). Two additional regressors will be added. For

details please see the next figure.



1 0.8 0.8 0.8 0.8 0.8
2 0.7 0.7 0.7 0.7 0.7
3 |03 0.3 0.3 0.3 0.3
4 08 0.8 0.8 0.8 0.8
5 0.7 0.7 0.7 0.7 0.7
6 0.3 0.3 0.3 0.3 0.3
7 0.8 0.8 0.8 0.8 0.8
8 0.7 0.7 0.7 0.7 0.7
9 0.3 0.3 0.3 0.3 0.3
10 0.8 0.8 0.8 0.8 0.8
11 |0.7 0.7 0.7 0.7 0.7
12 0.3 0.3 0.3 0.3 0.3
13 0.8 0.8 0.8 0.8 0.8
14 0.7 0.7 0.7 0.7 0.7
15 0.3 0.3 0.3 0.3 0.3

That is an example of ".xlIs" file that could be added to UF2C.

In this figure, 5 columns are shown, one for each subject (or functional file added). There
are also 30 rows. The first 15 rows are from regressor one (shown in grey) and the next
15 rows are from regressor 2 (shown in green). The columns need to be in the same
order of the subjects added. To check the subject order, click on the "subject list" button.
Add the file on the "Addreg" window and click on the "Refresh" button to check if the
number of regressors is Ok. Finally, click the "save and close" button to confirm.

The next figure shows the output design of the bandpass filter (“A”). In "B" the figure
shows the multiple linear regression equation where:

- "X(n)" are the regressors (in this case, we have 8

- "t(n)" is the temporal variable (in this case, 180 time points)

- "Svx(n)(t)" is the variable that represents each voxel's temporal signal.
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Band-Pass Filter (low-pass and high-pass filters)

In the check-box "Apply band pass filter”, you can choose if you want to apply a filter to
your temporal series. If the check box is selected, you will have the option to set low-
pass and high pass frequency according to the next figure. The preset values are like the
ones used in most resting-states studies.

The stopband attenuation option defines the value (in dB) of the magnitude difference

of the pass band (0dB) and the stop band frequencies.

 \ag. (dB)

Stopband
attenuation

=

i i -

High pass low pass




12. Pre-processing only routine with NoVolEx correction (Pre-

proc with NoVolEx)

4 UFC- Preprocessing only with MoVolEx — >

UF*C - Preprocessing with:
Noisy Volume Exclusion (NoVolEx) Correction

Input=
Add Functional Files Check order
Add Structural Files Check order

[] Slice Timming Correction (ascending) Functional Image TR (sec): o
Delete residual preprocessing files (Keep the subject folder cleanest)

Image Parameters

Functionals
Mumber of Dynamics:

Voxel Size (x vy x):

Anatomicals
Voxel Size (x y x):

Matrix Size:

Matrix Size:

Motion Quantification and Exclusion Thresholds
Framewise Displacement (FDO}

Framewise Displacement

Threshaold (mm): nas

Derivative Variance (DVAR)
Grey Matter (GM) White Matter (W) [] CSF

Threshold (%) 5

Maximum number of dynamics that you would tolerate losing:

Fitter and Regression Options
1 - Usual Regressors

Movement Regression
DVAR Time Serie

[] WM and CSF regression

2 - Band-Pa== Filter
Apply band pass filter

Low-Pass Frequency: 01

High-pass Frequency: 0.008

Refresh

Add regresors

Stopband attenuation: 50

Run

The Funn. Conn. Pre-processing (Pre-processing only), allows you to pre-process your
data without any statistical or connectivity inference. Once you have the post-processed
functional images (FiltRegrSW_**** nii; obtained from this tool or from any other UF*C
modalities), you can quickly perform the connectivity analysis in any modality, skipping

the pre-processing (see below for instructions on how to do this).



In this modality of pre-processing, you should add ALL IMAGES (controls and patients,

for example) TOGETHER. This is important to ensure that all POST-processed images

will have the same number of volumes at the end.

How does NoVolEx work?
The NoVolEx (Noisy Volumes Exclusion) correction method was developed to exclude
volumes that have supra-threshold values of FD (on page 34) and/or DVAR (on page 34).
The tool requires the definition of the FD and DVAR threshold and a limit of volumes that
you would tolerate losing. With these inputs, the routine will quantify the motion of all
included images, removing the supra-threshold volumes of each subject until the
maximum number tolerated by the user.
1 — If | select DVAR for Grey Matter (GM) and Withe Matter (WM) how will the code
define the threshold? R: The DVAR threshold will be always applied to the AVERAGE
(between tissues) DVAR time series, although it will also print separate results for each
tissue.
2 — What happens if | tolerate losing 30 volumes, but | have a subject that presents 33
bad volumes? R: The UF2C will suggest the exclusion of this volunteer (skipping his pre-
processing).
3 — What happens if | tolerate losing 30 volumes, but my worst image/subject has only
17 bad volumes? R: The UF?C will remove only the 17 worst volumes of each volunteer
and at the end, all processed images (of all subjects) will have 17 volumes removed too.
4 — What is the criteria to exclude volumes from a subject who does not have bad
volumes? R: UF2C will rank the quality of each volume and will remove the worst ones,
until it reaches the necessary number of volumes to keep all volunteers equals (in
number of dynamics).
5 — Could | use NoVolEx to pre-process my images, and then perform a dynamic study
(moving window etc...)?: R: No.

Input Panel
With the button "Add Functional Files" you can add functional (4D) files of all subjects
of your study. Note that all functional files should be in the same folder. With the button
"Add Structural Files" you will be able to insert all structural (3D) files of all subjects in
your study. Obviously, the number of functional and structural files should match. UF?C

will sort files in alphabetic order to match each functional file to their respective



structural file, so it is extremely important that both files have similar name structures.
You can use the extra tool "Filename Changer" to modify and adjust your filenames,
adding prefixes, suffixes or just removing name parts.
After the fMRIs and the T1 Wl images are added, you can click on “Check order” to verify
if the list of functional and structural images is in the same order.
Please note that you can perform slice timing correction only when using the “pre-
processing only” modality. The slice timing it is optional in FC studies and it is not a
default here. We understand that the slice timing correction is more relevant in “event-
related” analysis and preferred to avoid more data manipulation.
Define the functional image repetition time (TR). The checkbox "Delete residual pre-
processing files" gives to you the option to save all the processing files or just the final
version of each post processed file. By checking this box, the program will save just the
realignment parameters (rp_*.txt file), the regressed-filtered-normalized-realigned
functional file (FiltRegrSW*.nii) and the modulated-normalized structural file (wm*.nii
file).
Image Parameters
In this panel, relevant information about your functional and structural files will be
shown. The first image of each type will be used as reference. It is extremely important
that all the files (for different subjects) have the same image parameters, such as voxel
sizes, FOV, and number of dynamics.

Motion Quantification and Exclusion Thresholds
In this panel, you will define the parameters and the thresholds to exclude noisy
volumes. You can enable the Framewise Displacement (FD) (on page 34) and the DVAR
(on page 34) in distinct brain tissues. If you select more than one tissue for DVAR, the
threshold will be applied to the average (time series) of the tissues.
The option: “Maximum number of dynamics that you would tolerate losing” will be
automatically filled with 10% of the total number of dynamics. Here you will define how
many volumes UF2C can remove according to the thresholds established. This process
will follow the criteria mentioned and exemplified on page 39.
Filter and Regression Option

The same described on the “Pre-processing Only” routine (on page 37 and on page 35).




13. Modality 1 - Seed Based Functional Connectivity Analysis

4. UF'C - Seed Based Functional Connectivity — >

UF?C - Seed Based Functional Connectivity

Inputs
|:| Check if vou want to skip preprocessing

Add Functional Files

[
I

o
=1
=

Add Structural Files Che

I
o
=1
=

Image Parameters
Functionals Anatomicalzs

Mumber of Dynamics: Voxel Size (x y x):

Voxel Size (xy x) Matrix Size:

Matrix Size:

Motion Quantifications: BRAMILA’: Codes
Derivative Variance (DVAR)

Framewise Displacement (FD) Grey Matter [] White Matter [] CSF
1 - Regressors 2 - Filtering
Movement Regression [+] Apply Frequency Filter
| DWAR Time Serie
) Low-Pass Frequency: 01
] WM and CSF regression
Cansuring High-pass Frequency: 0.008
[ ] FD Temp Mask 0.5
[ ] DVAR Temp Mask 5 Stopband attenuation: 50
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Experiment Defintiocns

Delete residual preprocessing files (Keep the subject folder cleanest)

Window Size (dynamics): Seed Size XY Z (invoxels): 444
Seed (ROI) Coordinate (MNI):|  o-51 21 Scan TR (sec.): 2
[] or add a normalized mask as a seed [] SliceTime Correction

Run

Input Panel
In the "Input" panel, you have the option to “Check if you want to skip pre-processing”.
Click in the box if you already have the normalized post-processed functional image that
you want to use in your analysis. It is strongly recommend to use only the “FiltRegrSW”
images generated by UF?C pre-processing pipelines. By checking this option, all pre-

processing parameters and options will be disabled.



Using the button "Add Functional Files" you can add raw (reoriented) functional (4D)
files of all subjects in your study. With the button "Add Structural Files" you can insert
all structural (3D) files of all subjects in your study. Obviously, the number of functional
and structural files should match. UF*C will use alphabetic order to match each
functional file to their respective structural file, so make sure that both files have
similar names structures, e.g. Subj_XX1_fMRIl.nii and Subj_XX1_T1.nii. You can use the
extra tool "Filename Changer" to modify and adjust your filenames, adding prefixes,
suffixes or removing name parts.

After adding the fMRIs and T1 WI images, you can click on “Check order” to verify if the
list of functional and structural images is in the same order.

Image Parameters

In this panel, relevant information about your functional and structural files will be
shown. The first image of each type will be used as reference. It is extremely important
that all the files (for different subjects) have the same image parameters, such as voxel
sizes, FOV, and number of dynamics.

Experiment Definitions

In this panel, you can define important parameters that are relevant to you experiment.
The first checkbox "Delete residual pre-processing files" gives you the option to save all
the processing files or just the final version of each post-processed file. By checking this

box, the program will just save:

. The realignment parameters (rp_*.txt file)

= The modulated-normalized-smoothed functional file (sw*.nii file)
. The regressed-filtered functional file (FiltRegrSW*.nii)

= The modulated-normalized structural file (wm*.nii file).

By default, the option "Window Size" will be filled with the total number of dynamics
(volumes or temporal points of your functional file). When looking at dynamic
connectivity, you can divide your temporal series by setting the size of these windows.
For example, if you have functional data with 300 dynamics, and set the Window size to
60, you will divide your temporal series in 5 parts. This option gives information about
the temporal variation in the connectivity during the acquisition period. The window

size should be divisible by the number of dynamics. Remember that the reduction of



the correlation time points, by the addiction of a large number of windows, will reduce
the degrees of freedom of the correlation test and the significance of the r-values.

The correlation will be performed separately for each window. As a result, UF2C will plot
a graph with the connectivity variation during these 5 time points. Also, the final
connectivity map will be created as a 4D file in which each volume will be the statistical
r-map of each window correlations.

Seed creation and definition

In the option "Seed (ROI) Coordinate", you should set the MNI (Montreal Neurologic
Institute template) coordinate of the region that you want to use as seed. The seed will
be the region from where UF?C will extract the reference time series. UF?C will use the
seed’s time series to calculate the correlations. In other words, the statistical values in

the final map are always the correlation coefficient (r) between the time series of each

cortex voxel and the seed’s average time series. The coordinate set as default refers to
the posterior cingulate cortex, commonly used as seed in Default Mode Network (DMN)
studies.

The checkbox “Add a normalized mask as a seed” allow you to add a normalized (MNI-
152) ROl image (NIfTI) as seed. The average time series will be generated by averaging
all ROl voxels time series. In this case, the “Seed (ROI) Coordinate (MNI)” option and the
“Seed Size X Y Z (in voxels)” option would be disabled.

The option "Seed size X Y Z" is used to increase the seed size. For example, 2 2 2 will add
1 voxel (2/2) for each side in each spatial axis. In this case the seed will be a cube with 3

voxels per edge or with 27 voxels total volume (illustrated in the figure below).
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In this situation your seed is a VOI (volume of interest) with 27 voxels, so your reference
time series will be the average time series between these voxels. This methodology to
set the VOI size may seem unusual, but is a safe way to keep the defined seed
coordinates always in the center of the VOI.

Finally, the field Scan TR is used to define the repetition time (TR) in the functional
acquisition. In this option, you need to set the TR in seconds, since this information is

not correct or is missing in most NIfTl headers.

Filter and Regression Option

The same described on the “Pre-processing Only” routine (on page 37 and on page 35).




14. Modality 2 - Seed Based Functional Interactivity

4 UFl - User Friendly Functional Interactivity — x

UF?l - User Friendly Functional Interactivity

Inputs

|:| Check if vou want to skip preprocessing

Add Functional Files Check order

Add Structural Files Check order

Image Parameters

Functionals Anatomicals

Mumber of Dynamics: Voxel Size (x y x):
Voxel Size (x vy x): Matrix Size:
Matrix Size:

Experiment Defintions
Delete residual preprocessing files (Keep the subject folder cleanest)

Window Size (dynamics): [ ] Save 4D file with all seed correlations
Seed side increased with: | & | voxel Seed size: 6 voxelg®
Scan TR (sec.): 2 Threshold to 'sow- | 140 | voxel

Fitter and Regression Options
Band-Pass Filter Regressors

Apply band pass filter Movement Regression

Low-Pass Frequency: 0.1
, WM and CSF regression
High-pass Frequency: 0.008

Stopband attenuation- 50 Add regresors || Refresh

Run

Brief Introduction
Functional connectivity (FC) is an fMRI metric used to evaluate the synchrony of BOLD

activity between two regions (also called seeds or ROIs) of the brain. FC analysis is able
to describe brain interactional patterns without any cause-effect claims through the
identification of varied functionally cooperative networks related to distinct brain states
(Friston et al., 1996). Different methods are used to access FC information from fMRI

data, which are divided between seed-based or data-driven methods (Liangsuo Ma;



Suresh E. Joel; Kaiming Li). Seed-based FC is a modality that quantifies correlations
throughout the whole brain time-series by using an ROI as reference and thereby allows
the study of specific networks by controlling the seed position. The method enables an
objective and straightforward analysis, although it provides results that depend on a
precise initial assumption (the position of the ROI) and are restricted to those defined
networks. On the other hand, independent component analysis (ICA) depends on the
definition of the number of components to be isolated (also called networks), and
produces a more complex set of results, which requires an exhaustive and bias
susceptible task to separate study relevant components from misleading ones? (Liangsuo
Ma; Calhoun VD, Adali T, Pearlson GD, Pekar JJ). A multi-seed FC analysis keeps the
straightforward results provided by seed-based methods but also expands the networks
of interest, giving extensive information about connectivity patterns and avoiding a
strong initial assumption. The combination of the correlation maps generated for each
seed could reveal distinct aspects of the functional networks organization, depending on
how these maps were integrated or explored [The future of FMRI connectivity. Stephen
M. Smith]. In this sense, the concept of functional interactivity (Fl) is based on averaged
FC maps to define areas more or less globally integrated, providing an exploratory view
of the study and therefore allowing a generalized view of the brain connectivity patterns.
[Inf Process Med Imaging. 2007; 20:147-59. Functional interactivity in fMRI using
multiple seeds' correlation analyses--novel methods and comparisons. Wang YM1, Xia
J]

Inputs
The same described on the Pre-processing Routine.

Image Parameters
The same described on the Pre-processing Routine.

Experiment Definitions
The options "Delete residual pre-processing files" and “Window Size (Dynamics)” have

the same functions described on the modality 1 section.

1 Softwares like FSL (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSL) have automated methods to estimate the
number of components to be isolated and also which of them should be considered as noise
components. (and each of them)



http://www.sciencedirect.com/science/article/pii/S1053811912000390
http://www.sciencedirect.com/science/article/pii/S1053811912000390
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSL

The Fl analysis uses a cubic seed that varies in position. The option “Seed side increased
with:” allows you to set your seed side size. For example: If you fill the option “Seed side
increased with:” 3, you will define a seed with a 4-voxel side and 64 voxels in total. By
default, the “Threshold to show” option defines the number of overlapping voxels
between the seed and voxels of GM, to use that seed position as an effective seed in the
experiment. In the example, UF2C will place the cubic seed in all possible positions that
retained at least 42 voxels overlapping with the grey matter. For each seed, an average
time series will be extracted and the linear correlation will be estimated for all GM
voxels, generating a statistical map for each seed position.

You can increase or decrease the “Threshold to show” value = lower values will result
in a larger number of seed positions.

Filter and Regression Option

The same described on the “Pre-processing Only” Routine.




Fig: An example of mask of seeds generated by the code. The red cubes overlay all

regions that were used as seeds.



15. Modality 3 — Cross-correlation ROI-to-ROI Analysis
a) First Level analysis (Individual)

4.| UF*C - Crosscorrelation ROl-to-ROI analysis — >
UF?C - Crosscorrelation ROI-to-ROIl analysis
Inputs
|:| Check if vou want to skip preprocessing
Add Functional Files Check orde
Add Structural Files Check orde
Image Parameters
Functionals Anatomicals
Mumber of Dynamics: Voxel Size (x v x):
Voxel Size (x y x| Matrix Size:
Matrix Size:
Motion Quantifications: BRAMILA's Codes
Derivative Variance (DWAR)
Framewise Displacement (FD) Grey Matter White Matter [_] CSF
1 - Regressors 2 -Fittering
Movement Regression Apply Frequency filter
| DVAR Time Serie
Low-Pass Freguency: 0.1

[ ] WM and CSF regression
Censuring

[ ] FO Temp Mask 0.5 _
[] DVAR Temp Mask Stopband attenuation: a0

High-pass Frequency: 0.008
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Experiment Definitions

Window Size (dyn): [ ] SliceTime Correction  Scan TR (sec.): 2

Coordinates list
[] Add a txt file with seeds coordinates

Seed Size XY Z (in voxels): 444

Images as Seed
[ ] Add normalized masks as seeds

Delete residual preprocessing files (Keep the subject folder cleanest)
[]Plot and save renderized 3D grapho? (requires a good maching)

Run

Input Panel
In the "Input" panel, you have the option “Check if you want to skip pre-processing”.

Check this option if you already have the normalized post-processed functional image

that you want to use in your analysis. We strongly recommend that you use only the



“FiltRegrSW” images generated by UF?C pre-processing pipelines. Checking this option,
all pre-processing parameters and options will be disabled.
With the button "Add Functional Files" you can add raw (reoriented) functional (4D) files
of all subjects of your study. With the button "Add Structural Files" you will be able to
insert all structural (3D) files of all subjects in your study. Obviously, the number of
functional and structural files should to match. UF2C will use the alphabetic order to
match each functional file to their respective structural file, so it is extremely
important that both files have similar name structures, e.g.: Subj_XX1_fMRl.nii and
Subj_XX1_T1.nii. You can use the extra tool "Filename Changer" to modify and adjust
your filenames, adding prefixes, suffixes or removes name parts.
After adding the fMRIs and the T1 Wl images, you can click on “Check order” to verify if
the list of function and structural images is in the same order.
Image Parameters
In this panel, relevant information about your functional and structural files will be
shown. The first image of each type will be used as reference. It is extremely important
that all the files (for different subjects) have the same image parameters, such as voxel
sizes, FOV, and number of dynamics.

Experiment Definitions
In this panel, you will be able to define important parameters that will be extremely
relevant to you experiment. The option "Window Size" by default, will be filled with the
total number of dynamics (volumes or temporal points of your functional file). You can
divide your temporal series by setting the size of these windows. For example, if you
have functional data with 300 dynamics, and set the Window size to 60, you will divide
your temporal series in 5 parts. This option gives information about the temporal
variation in the connectivity during the acquisition period. The window size should be a
divisor of the number of dynamics. Remember that the reduction of the correlation
time points, by the addiction of a large number of windows, will reduce the degrees of
freedom of the correlation test and the significance of the r-values. The correlation will
be performed separately for each window. As a result, UF2C will plot a connectivity

matrix for each of the five time points.



Finally, the field Scan TR is used to define the repetition time (TR) in the functional
acquisition. In this option, you need to set the TR in seconds, since this information is

not correct or is missing in most NIfTl headers.

To define the ROIs in which the UF*C will compute the ROI-to-ROI correlations, you have
two options. In both options, UF?C can identify ROIs from a specific network and
separate them into the analysis resulting in extra information. The network identification
results in the concept of inter (between networks) and Intra (inside ROIs of a same
network) connectivity. In the resultant images, like the resultant brain connectome
images, the spheres that will represents the ROIs will be coloured according to the
network organization (one color per network).

Option 1 — “Add normalized masks as seeds”: By checking this option, an input
window will open, and you will be able to add ROIs as binary NIfTI images. In this option,

UF2C will identify the network organization among the files added, using the first three

filenames characters:

| ][]
@Qﬂ | » UF2C_Tutorial » ROIs ~ | 44 || PesquisarROIs ol
Organizar « Incluir na biblioteca + Cornpartilhar com Gravar  » == = [ EEJ
r Favoritos Mome . Data de modificag.. Tipo
B Area de Trabalho | Auditory-1.nii 18/02/2010 17:56 Arqu
4. Downloads | Auditory-2.nii 18/02/2010 17:56 I’/‘:gqu
= Locais || BasalGanglia-1.nii 19,/03/2010 10:05 Arqu
% BasalGanglia-2.nii 19/03,/2010 10:06 Argu
i Bibliotecas | BasalGanglia-3.nii 19/03/2010 10:07 Argu
3 Documentos % BasalGanglia-4.nii 9/03,2010 10:07 Argu
=] Imagens % dorsalDMN-1.nii 18/02/2010 17:57 Arqu
rJ’- Musicas | dorsalDMM-2.nii 18/02/2010 17:58 Arqu
BE Videos #| dorsalDMM-3.nii 18/02/2010 17:58 Arqu
| dorsalDMM-4.nii 18/02/2010 17:58 Arqu
1M Computador | PostSalience-09.nii 18/02/2010 18:13 Arqu
‘-.-;,. Disco Local () | PostSalience-10.nii 18/02,2010 18:13 Arqu
a Disco Local (D) | PostSalience-12.nii 18,/02/2010 18:14 Arqu
= Backup (E:}
L di10.0.02)

Considering these ROIs files, UF?C will identify 13 ROIs from 4 networks:
Network 1: Auditory (Aud); Network 2: basal Ganglia (Bas); Network 3 dorsalDMN (dor);

Network 4: PostSalience (Pos).



The UF2C GUI will show:

4 T5 CrossCor

(o] ol = ]
UF?C - Crosscorrelation ROI-to-ROl analysis

|:| Check to use SPM-12 standard bonding box (matrix: 53 63 556) and criginal voxel sizes
Inputs

|:| Check if you want to skip preproces=ing

| Add Functional Files | 5 functional image(s) added

| Add Structural Files | 5 Structural image(s) added
Image Parameters
Functionals Anatomicals
- 180
MNumber of Dynamics: e T s 131x]
Voxel Size (x y x):  3x3x3 24052405150
Matrix Size: *
Matrix Size: B0xB0x39
Experiment Definitions
Window Size (dynamics): 180 Scan TR (sec.): 2

Images as Seed Coordinates list

[¥] Add normalized masks as seeds Add a txt file with seeds coordinates

13 ROI mask(s) added! Seed Size XY Z (in voxels): 444
4 network(s) identified!

Delete residual preprocessing files (Keep the subject folder cleanest)
Plot and save renderized 30 grapho? (requires a good maching)

Fiter and Regres=sion Options

1 - Regressors 2 - Band-Pas= Filter

Movement Regression Apply band pass filter

Low-P F o 0.1
[¥] WM and CSF regression ow-Fass Frequency

High-pass Frequency: 0.008
[C]| Add regresors || Refresh | 0 added

Stopband attenuation: 50

Run

Option 2 - “Add a txt file with seeds coordinates”: In this option, you will be able to add
a text file (*.txt) with MNI coordinates of where you want the seeds. You will also be able

to use networks distinction here. For this, you will need to format the text file as follows:



Arquivo  Editar

Formatar

| Rois_List.txt - Bloco de notas o= | =]

Exibir  Ajuda

01: 0 -51 32
01: 23 -51 32
01: -23 -51 32
02: 10 51 15
02: -10 51 15
02: 0 40 15
03: 30 -20 10
03: -30 -20 10
03: 10 -20 30

Considering this coordinate file, UF2C will identify 9 ROIs from 3 networks = Network 1:

01:; Network 2: 02:; Network 3: 03:. The UF?C GUI will show:

E T5 CrossCor

Inputs
|:| Check if you want to skip preprocessing

Image Parameters
Functionals

Mumber of Dynamics: 180
Voxel Size (xyx):  3x3x3
Matrix Size: 80:x80x39

Experiment Definitions

Window Size (dynamics): 180

Images as Seed

Add normalized masks as seeds

Fiter and Regression Options
1 - Regressors

Movement Regression

[¥] WM and CSF regression

[[]| Add regresors || Refresh | 0 added

| Add Functional Files | 5 functional image(s) added

| Add Structural Files | 5 Structural image(s) added

=] o B |

UF2C - Crd3scorrelation ROI-to-ROI analysis

|:| Check to use SPM-12 standard bonding box (matri<: 53 63 58) and original voxel zizes

Check order
Check order

Anatomicals

Voxel Size (x y x): It

Matrix Size: 240x%240x180
Scan TR (sec.): 2

Coordinates list
Add a txt file with seeds coordinates

Seed Size XY Z (in voxels): 444

9 coord(s) of 3 nets were added!

Delete residual preprocessing files (Keep the subject folder cleanest)
Plot and save renderized 30 grapho? (requires a good machine)

2 - Band-Pass Filter
Apply band pass filter

Low-Pass Frequency- 0.1
High-pass Frequency: 0.008
Stopband attenuation: 50

Run




The checkbox "Delete residual pre-processing files" gives you the option to save all the
processing files or just the final version of each post-processed file. By checking this box,

the program will just save:

. The realignment parameters (rp_*.txt file)

. The modulated-normalized-smoothed functional file (sw*.nii file)
. The regressed-filtered functional file (FiltRegrSW*.nii)

. The modulated-normalized structural file (wm*.nii file).

Filter and Regression Option

The same described on the “Pre-processing Only” routine (on page 37 and on page 35).




b) Second Level analysis (Group inference)

4| UF'C - Crosscorrelation ROI analysis — >

UF?C - Crosscorrelation ROl analysis
Second Level

Input files
Groups Names
Add Group 1 file Group 1
Add Group 2 file Group 2

|:| Check if vou added Network Variable files (All_subjects_Pairwize_Nets-V AR mat)

Cutput Directory

Nodes
® Seeds with RO files () Seeds with coordinate list
Add ROls images Metworks Labels
Target Metwork

[] Define a specific target network for testing? Metwork 1

Statistical Parameters

® Two Sample t-test () Paired t-test
Corrections
Uncorrected comparison FDR corrected companison (@) Analysis Level (AL)
P-value threshold: | 0.01 P-value threshold: 0.05 () Node Level (NL)

[] Add covariates file

Cutputs
Circular Conectome

Caorrelation Matrices o
Organic Circular Conectome

2D Graphos 3D Graphos

Run

This modality enables the analysis of group inference with the results of the first level
analysis (a).

To do this, some conditions should be respected:

1. In the first level analysis (a), you need to add all images (fMRIS and T1s) of a group
(control group for example) at the same time (running process). This procedure will
create a general (group) resultant file called “All_Subjs-VAR.mat” inside the general
folder “Total_Log_*DATE/TIME*”. This Matlab file will contain a NxNxS matrix, where N

is the number of ROIs added in the first level analysis and S the number of subjects



included in this group. You need to have the All_Subjs-VAR.mat of at least two groups
to perform the second level analysis, and these All_Subjs-VAR.mat needs to contain
the information of all subjects of each group.

2. You need to use the same number of ROIs for all groups in the first level analysis
to be able to compute the group comparison between then. So, in the NxXNxS matrix,
the N should to be the same in both files (same number of ROIs) although the S
(number of subjects) may differ between groups.

3. Before adding the All_Subjs-VAR.mat to the second level analysis modality, we
strongly recommend to convert the All_Subjs-VAR.mat from r-score to z-score. You can
use the UF?C tool R-score to Z-score Transf. to do that, creating the Z_Transf_All_Subjs-
VAR.mat file that is ready to be added. The converted version of this file is now

automatically generated.

Input Files

In this panel, you can add group 1 and group 2 Z_Transf_All_Subjs-VAR.mat files clicking
on the buttons “Add Group 1 file” and “Add Group 2 file”. In the text box from the field
“Groups Names” you can change the name of the groups, modifying how they will be
shown in the results.

The option “Check if you added Network Variable files (...” should be selected if you
added Group 1 and Group 2 Z-transformed versions of the “All_subjects_Pairwise_Nets-
VAR.mat”. In this case, the tests would be performed considering each Network as a
node. For example: if you added 10 ROIs of a ‘Network 1’ and 10 ROIs of a ‘Network 2’
totalizing 20 ROIs for 50 subjects, the “All_subjects_Pairwise_Nets-VAR.mat” would be
a variable of sizes 2x2x50, in which the first 2 dimensions would be the average intra-
network connectivity for ‘Network 1’ and ‘Network 2’. The tests will consider only one
comparison: ((2*2)-2)/2. By checking this option UF2C will disable outputs or inputs that
is not necessary or not possible to be released automatically.

In the panel “Nodes”, you should add the same ROlIs files (“Seeds with ROI files”) or the
same text file (“Seeds with coordinate list”) that you used on the first level analysis,
respecting the condition 2. Here you can also add a text file (*.txt) with the names of

the networks identified. The text file should have one column with the same number of



lines as the number of networks identified (one line per network). This will affect only
the output figures and the way UF*C will name the networks on the results.

In the panel “Target Network” you can check the option to define a target network and
then, select what is your target network. A target network is a network of main interest
between all networks added on the study. By selecting a target network the statistical
analysis will compute group differences only between the target networks ROIs and all
ROIs of other networks plus the comparisons between the ROls of the Target network,
reducing the multiple comparison problem. In other words, UF2C will consider only the
intra- and inter-connectivity of the Network 1.

For example:

If you added 5 networks each one with 10 ROIs totalizing 50 ROls, in a standard ROI-to-
ROI analysis this will lead to ([50*50]-50)/2 comparisons (1225 comparisons). By

selecting the Network 1 as a target, for example, the number of tests would be:

(10x10-10
= +(5010x10

2

or 445 testes.

Graphically:

10

50

In the red trapezium the comparisons that will be considered using the Network 1 (which

contains 10 ROIs) as a target for the analysis.



Statistical Parameters

In this panel, you can first choose if your test is transversal (“two Samples t-test”) or
longitudinal (“Paired t-test”). In the sub panel corrections, you will be able to set the
alpha levels (“P-value threshold”) of your tests, choosing between “Uncorrected
comparisons”, “FDR corrected comparison” or both.

To correct for Bonferroni or any other alpha correction, you just need to compute the
number of multiple comparisons applied and change the uncorrected alpha (“P-value
threshold”).

How to compute the number of dependent tests?

Nx N) - N
NofTe:s((tsz) )

Where N is the number of ROIs used. So, if you used 100 ROIs, the number of multiple

tests would be:

((10910)0-10)
Nof Test+ts >

(1006 00)0
Nof Tes+s 5

(9900
NofTe:s—t—zs—

Nof Tes#Atd95 0

The alpha to correct by the Bonferroni methodology, for example, in this case would be:

Bonf eAlrping—=101%10%( 00000101

Very restrictive!

Add a covariate file

If you selected the “two Samples t-test”, you will be able to add covariates to the
analysis, converting the statistical approach to an ANCOVA. To do this, you need to create
a text file (*.txt) with columns that represent the covariates, and lines that represent the

volunteers:



| Cov[Sent [ | [ B[S
Argurvo  Editar  Formatar  Buabir
Ajuda

| Group 1

Group 2

I

= P = Pl = P P Bl P P P Fod Pod Pl Pod Fod Pud Pod Pod Pod Pod Pod = = = =

Figure: This figure represents a text file with 2 covariates (2 columns). In this example,
we can see 30 rows divided into the two groups.

IMPORTANT: The order of the covariates should be the same as the order of each group
added (Group 1 and 2), as well as the subject order inside each group. This is similar to
the covariate option on the SPM interface.

In the panel “Outputs” you can select several output figures types representing your
results. They are basically, distinct graphical representation of the same thing (the

differences between groups):



Circular Connectome
FDR-Corrected (alpha 0.05)
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16. Modality 3 - Sliding Windows Connectivity

4| UF*C - Sliding Window Functional Connectivity — x

UF2C - Sliding Window Functional Connectivity

Inputs
|:| Check if you want to =kip preprocessing

Add Functional Files Check order

Add Structural Files Check order

Image Parameters

Functionals Anatomicals

Mumber of Dynamics: Voxel Size (x y x):
Voxel Size (x y x): Matrix Size:
Matrix Size:

Experiment Definitions

Delete residual preprocessing files (Keep the subject folder cleanest)
Sliding Window size (dynamics): 16 Seed Size X Y Z (in voxels): 444
Seed (ROI) Coordinate (MNI): 0-5121 | Scan TR (sec.): 2

Fiter and Regression Options
Band-Pass Fitter Regressors

Apply band pass filter Movement Regression

Low-Pass Frequency: 0.1

. [ ] WM and CSF regression
High-pass Frequency: 0.008

Stopband attenuation- 50 Add regresors || Refresh

Run

Inputs
The same described on the Pre-processing Routine.
Image Parameters
The same described on the Pre-processing Routine.
Experiment Definitions
The options "Delete residual pre-processing files" and “Window Size (Dynamics)” have
the same functions as described on the modality 1 section.
The sliding window analysis performs a correlation between a seed defined by a

coordinate (“Seed (ROI) Coordinate (MNI)”) and all cortical voxels. These correlations



are calculated by each window separately. The windows sizes are defined in the “Sliding
Window size (dynamics)” option. The final number of correlations are found by dividing
the total number of volumes (dynamics, time points....) by the size of the time window
(previously defined by you). UF?C will generate graphics and a 4D image for each
volunteer, in which the 4™ dimension is the 3D correlation map of each window.
The correlation window moves throughout the time series with a step of 1 time point.
The “Seed Size” is implemented equal to what is described in Modality 1.

Filter and Regression Option

The same described on the “Pre-processing Only” routine (on page 37 and on page 35).




17.Some considerations about “time series extraction” on UF%C

Time-series are consistently extracted from each ROI of each subject. For a specific ROI,
we used the average time series of all ROl voxels that matched two consecutive criteria:
a. Being included in the subject GM mask;

b. The UF2C correlates each single ROI voxel time series with the average ROI time
series (GM-masked). The voxel will be included on the ROl mask (and to the average) if
its correlation value is higher than the average minus the standard deviation of all
correlations between the ROI-masked voxels;

This methodology was described on “de Campos, B. M., Coan, A. C,, Lin Yasuda, C.,
Casseb, R. F. and Cendes, F. (2016), Large-scale brain networks are distinctly affected
in right and left mesial temporal lobe epilepsy. Hum. Brain Mapp., 37: 3137-3152".
An example of the effectiveness of this methodology in excluded residual non-GM voxels
or non-functionally representative tissues can be seen in the following example:

We performed an analysis using a left-hippocampus ROI, from the Shirer ROIs (Shirer
WR, Ryali S, Rykhlevskaia E, Menon V, Greicius MD (2012): Decoding subject-driven
cognitive states with wholebrain connectivity patterns. Cereb Cortex. 22(1):158-165).
The subject included was a temporal lobe epilepsy patient, with left-hippocampus

sclerosis. The hippocampus sclerosis may result in GM atrophy and gliosis:



- AR

Figure: The ROI regions (shown in blue) that were included in the analysis and the

voxels (shown in red) from the ROl (grey matter masked [criteria a.]) that was
automatically excluded (only border voxels). The red voxels were excluded AFTER
surviving to the GM masking (criteria a.), through the criteria b.

This result shows the effectiveness of the combined criteria a. and b. in providing a

refined ROl mask and consequently a reliable ROl average time series.



18. Task-fMRI Analysis

4. UFC - User Friendly Functional Connectittty = X
FuncConn Analysis = Task-fMRI Analysis Tools About N

T-fMRI Preprocessing
Block Design Analysis

Check Compatibilities

Analysis

Brief Introduction:

Task fMRI is widely used nowadays to help researchers identify regions of the brain that
are “active” when the participant is required to engage in a mental or physical task. For
instance, you could ask the subject to think about words that start with the letter F, or
to perform a finger-tapping movement. After the images are analysed, we can identify
blobs of activation related to task (like the ones below), which were obtained while the

person performed a finger-tapping movement with the right hand.



SPM(T, .}

0
Several tasks may be investigated (motor, visual, auditory, cognitive) and have indeed
been used to evaluate neural activation related to the task performance.

Instead of activation maps, however, it is more appropriate to say statistical parametric
maps, since we have an indirect measure of activation derived from a very elaborated
statistical procedure.

In this tutorial we will guide you through the analysis implemented in UF%C, that covers
only block designs (there is no module for event related or mixed (event + block) designs

yet).



a) Pre-processing pipeline

Click on Task-fMRI analysis -> T-fMRI Pre-proc. You will have the following window:

'

General Imaging Preprocessing

Input

| |
Add Folders | No images added
Preprocessing steps
0n functienal images (if exist) On structural images (if exist)
Realigment |:| Slice Timming
Co-registration Normalization Normalization
Smoothing
Normalized images bounding box and voxel sizes
® M O SPM12 ) SPM8 ﬂ
Run
I Help Box I

Input Panel
Click on “Add Folders” to load the directories containing either:
b) 1 structural (3D) and 1 (or more) functional (4D) image(s); or
c) No structural (3D) and 1 (or more) functional (4D) image(s).
When there are more than one functional image, the software will consider it as a
multisession experiment.
Preprocessing steps Panel
We normally set up the default options as the ones we think to be the most
appropriate for the general case, but you has the final call. In this version, slice timing
correction will be left unchecked?.

Normalized images bounding box and voxel sizes Panel

2 Slice timing correction seems to be more helpful for small blocks (~10s) and long TRs, and is definitely
necessary if you have event-related designs. As block designs are normally longer than 10 s, we have
chosen to leave it unchecked. For more details, see
http://andysbrainblog.blogspot.com.br/2012/11/slice-timing-correction-in-spm.html and Sladky, Ronald
et al. “Slice-Timing Effects and Their Correction in Functional MRI.” Neuroimage 58.2-2 (2011): 588-594.
PMC. Web. 18 July 2017.



http://andysbrainblog.blogspot.com.br/2012/11/slice-timing-correction-in-spm.html

This option allows the choice of the voxel size and the amount of empty space
around the brain, when the images are normalized. It is used for functional and
structural images. The larger the bounding box, the larger the amount of empty space.
The options are:

- MNI: yields normalized images with a matrix of 91x109x91 voxels, and voxel size
of 2x2x2 mm?.

- SPM12: yields normalized images with a matrix of 53x63x52 voxels and 157 189
156 for the functional and the structural images, respectively. Voxel sizes will
not change.

- SPMBS: yields normalized images with a matrix of 53x63x46 voxels and 157 189
136 for the functional and the structural images, respectively. Voxel sizes will
not change.

The default option is “MNI”, since most studies are performed this way.
NOTE: any option will result in images being normalized to the MNI template. The only

differences are the resolution and the amount of background of the resulting images.



b) Task-related activation analysis

Click on Task-fMRI analysis -> Block Design Analysis. You will have the following

window:

4. UFC - First Level Analysis (block design) — >

UF2C - First Level Analysis (block design)

*Hold the cursor over a field for help message.
Inputs

Add Subjects Folders

EPI file prefix (e.g.: sw) Apphy
Experiment
Experimental Design Dresign Matrix
Task name: Plot

Onsets (scans): [:]
Duration (scans):
TR (s)

Include mov. parameters in design matrix

Paradigm
Plot
Resultz
Thresholds COutputs
Glass Brain Thresholded SPM
Alpha level 0.00 M %
[ ] Slice View
Correct p? () FWE () FOR @) None |
Apply
Cluster thresh. i
[-70:2:80] Axial

Run




Inputs Panel

Click on “Add Subjects Folders” and choose folders of the pre-processed
images. Make sure they were pre-processed according to the steps from last session,
17a, and not from session 10 or 113, You can also pre-process them elsewhere and just
plug them here.

Fill the box “EPI file prefix (eg: sw)” with the prefix of the pre-processed file. In
case you used the default pre-processing steps, the final pre-processed file will start
with sw. If you checked “Slice Timing”, then it will start with swa. If you pre-processed
them elsewhere, just be sure to fill this box appropriately.

By clicking the “Apply” button, UFC will check if all the added folders do have a

sw*.nii (or whatever_prefix*.nii) file inside.

Experiment Panel
In the Experiment Design box, set:

- “Task name” (e.g.: Finger Tapping)

- “Onsets”: the instants in which each task-block started (note that scan® is the
temporal unit used, not seconds). You must input a nx1 vector. E.g.:
[11;31;51;71;91]

- “Duration” of the task-blocks (also in scan units): in case all the blocks have the
same duration, use a single scalar number (e.g.: 9). In case each block has a
different duration use a nx1 vector to define durations (e.g.: [10;9;5;10;5])

- “TR” (repetition time): in seconds

- The box “Include mov. parameters in design matrix” is self-explanatory. The

default is to use the movement parameters in the analysis (box checked).

3 Recall that sessions 10 and 11 describe the pre-processing procedure for resting-state images, which is
diverse from the one for task-images. divergent

4 Each scan has the duration of one TR (repetition time). If your TR=2s, than each scan represents 2
seconds. Hence, if your first task-block started at the second 21,it is equivalent to say that it started at
scan 11.



After setting the options above, you _ _
De=zign Matrix

will be able to plot the design matrix Plot
(figure), in the Design Matrix box, on the
right of the Experiment panel. Just click the

“Plot” button. If you change the Experiment

options (Onsets, Duration, TR, Include mov.

Lt
=
T
e
=

parameters), click “Plot” again to update

the design matrix.

The Paradigm box allows you to visualize task and rest blocks. Baseline
represents the resting intervals, while the plateaus represent the periods of task. See

paradigm plots below.

Blocks with same duration Blocks with different durations

AERER NN o U

20 A 423 5 B T1 76 291 96

Results Panel

These options allow you to do simple activation analysis by contrasting task and
rest conditions. UF2C automatically outputs statistical parametric maps of “activation”
(Task>Rest) and “deactivation” (Task<Rest), based on your choices of statistical
thresholds. You can also save figures illustrating results, like a “glass brain” and a panel
of slices.

In the Thresholds box you are required to set:

- “Alpha level”: the significance level of your results (e.g.: 0.001 or 0.05).

- “Correct p?”: defines whether you want to apply correction for multiple
comparisons (“FWE” or “FDR”) or not (“None”). Note that when you choose an
option, the most common alpha level used with that option is suggested in the
“Alpha level” space, but you can still change this value.

- “Cluster thresh.”: defines the minimum amount of voxels that a cluster must

contain to be considered in the results.

110




In the Outputs box, check whether you want to save a “Glass Brain” (figure
below), an “SPM threshold” map (using the thresholds defined in the Thresholds box —
figure below), and also a panel of slices (“Slice View”). You can check more than one.
Only the glass brain of “Task>Rest” contrast is saved; “Rest>Task” is not.

For the “Slice View” (figure below) you must inform the prefix of the anatomical
normalized image (“T1 file prefix (e.g.: wm)”), which will be used as the underlay
image in the slice panel. You must also specify the slices you wish to be shown
(“Slices”), by informing the z coordinate (in mm) of: the bottom slice, the interval
between slices and the top slice; e.g.: [-70:2:80], which means: zpottom = -70 MmM; Zstep =
2 mm; Ztop = 80 mm. You can also choose, in the drop-down menu, which plane you

want (“Axial”, “Sagital”, “Coronal”).

Glass Brain (“Task>Rest”) Thresholded SPM map ovelayed on an
MNI template (visualized in MRIcroGL)



Slice View (“Task>Rest”)

Slice View (“Rest>Task”)



19. Tools

a) Movement Viewer

4| UFC - Head Motion Viewer - st

+‘\- _'\-\-E-‘_{fr::’@ o

Head motion viewer

Add rp_~.txt file

0.6 -
0.4r

0.2

0.8

0.6 -

D.4r

0 | | | | I | | I | )
] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Higher Displacement Higher Translation

Value: Position: Value: Position:

Save Figure

The Movement Viewer tool enable to check the graphic of movement generated by the
realignment procedure on SPM. You only need to add the rp_***.txt file using the button
“Add rp_***.txt file”. The tool will plot the movement according to the realignment and
will also show the time points and the values of higher displacement and higher

translation.



b) Movement Analysis

4| UF*C - Head Motion Analysis -

Head Motion Analysis
Input fies
Add rp_ " txt files

Define Movement cutoff values:
[ 3
] 3
L] 0.5 Plot Figure

a

T

Cutputs
[] Plot Realigment Parameters

Mame: 1-Results Cutput Dir

Run

The Movement Analysis tool performs several quantifications using the rp_***.txt file

generated by the realignment procedure on SPM. You can add one or several files.

Additionally, you can define cut-off values for Translation (in mm), Rotation (degrees)

and Framewise Displacement (mm) (on page 34).

In this tool you can also plot and save all individual plots by checking the option “Plot

realignment Parameters”.

You should define the output directory where the tool will save a text file with all

individual quantifications and the excluded cases (due the cut-off defined). UF2C text

files ate tabulated and are always better visualised using an Excel® type software and

“Import File” function.



c) Explicit Mask Creation and Outlier Detection

This tool has two purposes: 1 —to detect outliers in several types of files and 2 —to create
an Explicit mask, based on the One-Sample T-test of the images added. This Explicit mask
could be included in the Second Level analysis in SPM, aiming to restrict the statistical
analysis only to consistent regions among subjects, reducing the multiple comparisons

by the exclusion of noisy or inconsistent voxels.

4 OutliersTool_uf2c = — >
Explicit Mask Creation and Outlier Detection
Input
Add Files [0 Add Numbers

VWhat to do?

Outliers Detection Creates FWE Corrected Explicit mazk Without Outliers Explicit mazk
How to do?

Cutlier mode: Consider only wvalues @ Evaluate only the shape (binary}?

Minor (1.5 IQR) STANDARD ~ |higher then: () Evaluate Intensity

Run

The Input panel has two options: Files or Numbers.
Checking and clicking on the option “Add Numbers”, and the input dialog window will
appear, and you will be asked to add numerical values to simply compute the outliers.
Checking and clicking on the option “Add Files” you will be able to add NIfTI (*.nii) or
MATLAB (*.mat) files. The NIfTI files can be 3D or 4D images of any nature:

e |f you add several 3D NIfTI files, the tool will perform the outlier detection

comparing ALL images voxel-wisely.

Input

Add Files [1  Add Numbers
Done! 17 file(s) with a 3D NIfTl image was/were added.

e If you add several 4D NIfTI files, the tool will compute the median volume
among the 4" dimension (voxel-by-voxel) for each file, and then the outlier

detection will be done comparing ALL median 3D volumes voxel-wisely.



Input

Add Files []  Add Numbers
Donel 15 file(s) with a 4D NKTI image was/were added.

e You can add *.mat files containing double precision variable inside. These
variables can be vector, 2D matrix, 3D matrix, or even 4D matrix. If you add
several files of same nature, the tool will compute the outlier detection for
each point separately. If you add *.mat file containing 4D matrix, the tool will
do the same described for 4D NIfTI files, calculating the median 3D matrix

and then the outlier detection.

Input
Add Files [0  Add Numbers
Done! 10 file(s) with a double precision vector was/were added.
Input
Add Files [1  Add Numbers
Donel 12 file(s) with a 20 double precision matrix was/were added.

e |f you add only one file (regardless of its nature), the tool will compute the
INTRA-file outlier. If this singular file has 4 dimensions, the tool will also
calculate the median 3D volume for them, and then calculate the INTRA-file
outliers.

Panel “What to do?” and “How to do?”:
After adding the files, you will have some options to define, which can vary according to
the type and number of files added.

e Case 1: Adding more than one NIfTlI file.



-

Explicit Mask Creation and Outlier Detection
Input

Add Files ] Add Numbers

Done! 8 file(s) with a 30 NIfTI image was/were added.

What to do¥?

COutliers Detection Creates FWE Corrected Explicit mask Without Qutliers Explicit mask
How to do?
Cutlier mode: Turn it to ZERO values @ Evaluate only the shape (binary)?
Severe (1 1QR) “ | |lower then: » 01 (7) Evaluate Intensity
Run

If you add some NIfTI files (3D or 4D) you will have the option to calculate INTER-files
outliers, by checking the option “Outlier Detection” on the “What to do?” panel. Also,
you will be able to create an explicit mask based on the One-Sample T-test FWE-
corrected statistical map, performed with all input images (option “Creates FWE
Corrected Explicit mask” on the “What to do?”). If the option “Outlier Detection” is
checked, you will be able to compute also the same explicit mask, but automatically
excluding Outlier images, if they exist. Just check the option “Without Outliers Explicit
mask” on the “What to do?”. This mask is also based on the One-Sample T-test FWE-
corrected statistical map.

By checking the “Outlier Detection” option, you will need to choose the outlier detection
severity on the “Outlier Mode” menu. The options are: “Severe” which consider as
outlier all values out of the interquartile range; “Minor”, the statistics standard, which
considers as outlier all values out of 1.5 times the interquartile range; “Major” which
consider as an outlier only values out of 3 times the interquartile range.

Adding some NIfTI files (3D or 4D) will can also define a threshold, turning values under
this threshold to zero. To do this, use the option “Turn it to ZERO, values lower than:”.
If you leave it empty, no thresholds will be applied. Finally, you have the option to
evaluate outliers only considering the shape, ‘binarizing’ the images (all values distinct
from zero will be ones) or evaluate outliers considering the image intensities. Note that

usually, the intensity option is also sensible to shape alterations.



How can an image (that is a 3D matrix) be considered an outlier?

R: The process is: if you added NIfTI files with the 4th dimension (time), a median image
would be computed for each file, resulting in a 3D file for each added image. To compute
the outlier images evaluating only the shape of these median images, the tool first
binarizes the 3D images (or matrices). The threshold to binarize can be defined, and after
this process, the image assumes values of 1, for useful areas and 0 for background or

excluded regions (see the next figure).

Now the tool computes for each voxel position how the set of masks are, estimating the
tendency of the group for this voxel positioning. For example, if half of the group have a
voxel included in the mask (value 1) and half excluded from the mask (value 0), the
tendency is undetermined, and no outliers are identified throughout a simple outlier
test. On the other hand, if 95% of the group included a voxel into the mask and 5% not,
this 5% will probably be labeled as outliers for this voxel. After the process is completed,
each added mask will have their outliers voxels defined. In the next example, we will see
a post-processed, normalized image that had an acquisition problem because the FOV
was oriented incorrectly by the technician, and some cerebellar and temporal lobe areas

were cut out from the final image:



In the example above, the regions highlighted by the circles are missing on the image

due to the acquisition error. After performing the outlier detection analysis, including
this image and several other images of the study, this subject was considered an outlier
due to the number of voxels that do not matches the group. The tool also creates an

image indicating why (or where) this image was considered an outlier:



Note on the figure above that the tool, blindly, almost reconstructed the temporal poles
and part of the missing cerebellum because those were the regions where this particular
image differ from the set. The blue voxels indicate where this image is an outlier
compared to its group. Obviously, even after a severe pre-processing, all images remain
slightly different from each other presenting a number of outlier voxels. However, only
images that presented and outlier number of outlier voxels will finally be considered an
outlier and should be excluded from the analysis.

If you uncheck the option “Outlier Detection”, then several options will be disabled, and

you be able to only select “Creates FWE Corrected Explicit mask”, defining or not a

threshold.
4| OutliersTool_uf2c A - X
Explicit Mask Creation and Outlier Detection
Input
Add Files [1  Add Numbers
Done! 11 file(s) with a 30 NIfTI image was/were added.

What to do?

O] ﬂutllersl}etectlur: Creates FWE Corrected Explicit mask Without Outliers Explicit mask
How to do?

COutlier mode: Turn it to ZERO values Evaluate only the shape (binary)?

Minor (1.5 IQR) STANDARD lower then: ~ Evaluate Intensity

Run




In this case, the output will be the outlier file printed in Matlab command window,
showing the filename and the number of outlier voxels. An outlier mask will be created

in the file folder, with the same filename and suffix “***__OutlierVoxels.nii".

T New Variable [ Analyze Code Q) Preferences L2 )
o 3 = & | Wz Figure 1 " - b x
{17 Open Variable ~ {7 Run and Tme (5 Set Path
S Lot O i it v Insert  Tools Desktop Wind Hel ~
Workspace |/ Clear Workspace v |7 Clear Commands + = ][] Paraliel = - - e ! tew  Insel ools  Uesktop  Window  Help
VARIABLE CODE ENVIRONMENT D dS| kRS DR AL-2|O0E| =
» Desktop »
- x10*
Command Window -
ransf_moothed, Rem_inal ;O8 ./-Fi% Ak
>> OutliersTool uf2c 2 Frendly v F R =
£ ° % 18
o . ) B (o]
Explicit Mask Creation and Outlier Detection o 16
A
Input I 14
Add Files O Add Numbers t
Done! 16 file(s) with a 3D NIfTl image was/were added. S5 12
What to do? g 1
[ Outiiers Detection [ creates FWE Corrected Expiicit mask ] Without Qutliers Explicit mask C 0.8 |
'
H
How to do? i
Outier mod Tum it to ZERO val Y 08
LLET0IiE ERLp SELE (®) Evaluate only the shape (binary)? T
Severe (1 1QR) ~  |lowerthen: ~| | 0.1 O Evaluste Intensity ] 0.4
a5 [l
Run Done! 0.2 B
4
Click on the outliers to check the filenames. Right Click rempves the label
Press Enter to close this tool
Outliers:
Z_Transf_smoothed VRem Final POS_CLJ7WA ‘Wi 2% DA Cr4D P: due 20199 outlier(s) point(s)
Creating:
Z_Transf smoothed VRem Final POS_riZis_77.i% DA Cr OutilierVoxels.nii
S o>

If you checked the “Create FWE Corrected Explicit mask” and/or “Without Outliers
Explicit mask”, a folder called “Masks” will be created in the first image folder. Inside the
folder “Mask” you will find the Masks with statistical T-values (“Mask_Original.nii”
and/or “Mask_OutlierRemmoved.nii”), and the binary version
(“BinaryMask_Original.nii” and/or “BinaryMask_OutlierRemmoved.nii”). The binary
masks are the ones suggested to be used as “explicit mask”.

In the end, a BoxPlot will popup. If you have some outliers, they would be presented as
a red X in the plot. You may consider as a problem, only upper outliers. You can click in
the red X to see the filename.

e Case 2: Adding only ONE NIfTI file.



4 OutliersTool_uf2c = — >

Explicit Mask Creation and Outlier Detection

Input
Add Files [1 Add Numbers
Done! 1 file(s) with a 30 MITl image was/were added.

What to do?

QOutliers Detection Creates FWE Corrected Explicit mask Without Outliers Explicit mask
How to do?

Cutlier mode: Consider only values Evaluate only the shape (binary)?

Minor (1.5 IQR) STANDARD ~ | | higher then; ~ () Evaluate Intensity

higher then:

lower then:
distinct of:

If you add only one NIfTI file, you cannot evaluate INTER-files outliers, create statistical

Maps, neither evaluate only the shape of your image. However, the tool will compute
the INTRA-file analysis, evaluating outliers within the voxels intensities. The outlier’s
options would be the same, but you have two more options for thresholding:

1. “Consider only values higher than:” = You will define a value, and only the upper
values will be included in the outliers analysis.

2. “Consider only values lower than:” > You will define a value, and only the lower
values will be included in the outliers analysis.

3. “Consider only values distinct of:” = You will define a value, and all the values
excluding the one defined will be included in the outlier analysis. This is useful to
exclude the image background, for example (setting to 0). If you are adding a
*.mat file with a connectivity matrix, you could set to 1, excluding from the

analysis the diagonals.

How to do?
Cutlier mode: Consider only values Evaluate only the shape (binary)?
Minor (1.5 IQR)} STANDARD ~ | |higher then; ~ (®) Evaluate Intensity

higher then:

loweer then:
distinct of:

e Case 3: Adding more than one *.MAT files.




4. QutliersTool_uf2c A — >

Explicit Mask Creation and Outlier Detection
Input

Add Files ]  Add Numbers

Done! 20 file(s) with a 20 double precision matrix was/were added.

What to do?
Qutliers Detection Creates FWE Corrected Explicit mask Without Outliers Explicit mask

How to do?
Cutlier mode: Turn it to ZERO values Evaluate only the shape (binary)?
Minor (1.5 IQR) STANDARD | |lowerthen: @ Evaluate Intensity

Run

The addition of Matlab files with double precision variables inside will result in a similar
process as described in Cases 1. The outliers will be shown in the Matlab command
window, and the BoxPlot will be created. The processes for 4D matrices is the same; the
median 3D matrix will be used to inter-files analysis. Note that with Matlab files you
cannot create the masks nor choose to evaluate only the shape of your image.

e Case 4: Adding only ONE *.MAT files.
If this is the case, the tool will compute the INTRA-file outliers, the same way as

described in Case 2.



d) Image Editor

The Image Editor Tool enables the correction and the edition of functional images.
Besides to the correction of a specific reconstruction error (mirrored slices), you can also
edit the functional image 4™ dimension, removing a specific volume or intervals of

volumes. You can add several files and apply the alterations for all of them.

4| UFC - Acquisitions Errors Correction & Image Editor — x

Acquisitions Errors Correction & Image Editor

Wath do you want to do?

Start
Add Image

Mumber of Dynamics: Matrix Size:

Voxel Size (x y x): Mumber of Slices:
L] L]

See error example
]
0
0 O
1 0 1 0

Run




e) ROIs Maps Quantifications

4. UF'C - Maps Quantification — *

Maps ROIs Quantifications

Input Images

Add ALL maps

Threshold to the maps: 0

(@ Add ROls Files () Add a Mask (to splitinto ROIs)

Add all ROls
Threshold to ‘binarize” the masks: 0
Outputs
Mame: 1-Results Output Dir

Run

The ROl Maps Quantification Tool compute the average value of ROls from maps added.
You can add several maps and several ROIs in the same space using the option “Add ROIs
Files”. You also have the option to add a mask of any nature. This mask will be “binarized”
(if not already) using the Threshold defined on “Threshold to ‘binarize’ the masks:” field.
The binary mask will be split into clusters and the averages for each cluster will be
estimated.

Finally, you should define the name and the output directory for the resultant text file

with the values.



f) Maps Intersection

4| UF*C - Maps Intersection — >

Maps Intersection

Attention: If the selected images do not have all the same resolution,
the program will perform an 4th degree interpolation in the lower
resulotion map and the quantifications will be approximate!

Inputs
(®) Input a pair of images () Input Multiple folders

First Image
First Image Threshold (Optional): 0
Second Image

Second Image Threshold (Opticnal): 0

Run

The Maps Intersection Tool performs the intersection of maps resulting in quantitative
values as number of voxels and percentage of intersection. Using the option “Input a
pair of Images”, you will need to add two images, “Fist Image” and “Second Image”. You
can define thresholds for the images in the subsequent Threshold fields. If the images
have distinct resolutions, the “second image” will be interpolated and registered to the
first image parameters = This process can introduce inherent errors.

In the same direction, by choosing the option “Input Multiple folders”, you will be
required to add folders with a pair of images inside each one. The intersection will be
done for each folder and the results will be saved into a text file created in the first folder

added.



g) Modify Files Names

4. UF'C - Modify Files Name

Add Files

[] Add a prefix [optional):

[] Add a sufix (optional):

[ ] Stop in a specified text:
Replace or Remove

String to finde:

Change to Initials

Modify Files Name

Hold the cursor in a field to get help!

[] Delete chacarters from the beginning (N# of characters): |0

[ ] Maodify the name to initials.

[] Add a counting up prefix number

Replace to:

Run! Recovery the Old Names

This it is a simple and powerful tool to rename files of any nature. If you have several

files with the same name structure, you can add them all to modify according to

several options. You can:

a) add prefix and/or a counting up prefix (e.g.: 1-, 2-,3-....)

b) add suffix

c) Delete a specific number of characters starting from the first

d) Stop the files names until a specific pattern of characters



e) Replace a pattern for another (or leave the “Replace to” field empty to just remove

the “String to find” pattern)

f) Change the filename to initials (adding the name separator).

You can mix the options and the tool will apply then in a smart order. For each time that
you “Run!” the tool, two files will be saved: a text file with the before and after of each
file, and a *.mat file. You can use the *.mat file to recover (Recovery the Old Names)
the old filenames. If several Runs are performed, several *.mat files will be generated.
Just add them (using the Recovery the Old Names), from the newest to the older, to

recover the original filenames.



h) Segment Images

4. UFC - Segment Images — x

Segment Images

Inputs
Enter Files

Choose the image voxel resolution: X 1 |Y |1 |Z: 1

(® Mormalize segmented images () Native Space

Run

Your Images will be saved in their Current Folder
Prefixes:

wc1: Normalized image of the Grey Matter

wcZ: Normalized image of the White Matter
wc3: Normalized image of the CSF

This tool is a simple shortcut to the SPM segmentation tool. Add the files,

choose if you want them on native or standard space and “Run”.



i) Images Volumetry

4| UFC - Image Volumetry —

Image Volumetry

Volumetry

(@) 3 files per patient (segmented image) () 1 file per patient

Intracranial Wolume Ratio

() Ratio between: Total intracranial volume and:
Gray Matter White Matter Cerebral Spinal Flow
Image Threshold: 0.385
Add Files

Run




i) R-score to z-score Fisher’s Transformation

|4\ UF*C - Fisher's Transformation - *

r-score to z-score Fisher's Transformation

Files Converter Easy Calculator
You can add NIfTI files or .mat files with "double” type matrix inside. (optienal)
[ correct by the standard error r-score: M:
Add & Run Calculate

pvalue (r-score):

Z-score: SE: Corrected Z-score:




k)

Aborted fMRI Header Repairer

4 UFC - Correcting fMRI Header

Aborted fMRI Header Corrector

Informations

Add an Image

Criginal Information
Image 30 Matrix:

Image 4th Dimension:

Voxel Sizes:

TR value {sec):

Scan Duration (time):

Real Information
Image 30 Dimension:

Image 4th Dimension:
Voxel Sizes:

TR value (sec):

Scan Duration (time):

Apply Real Information




Remissive Index

Add a covariate
anterior commissure
Band-Pass Filter
Bonferroni

BoxPlot

BRAINN

BRAMILA

Brunno M. de Campos
compatibilities
Connectivity
corregistration
covariate

CSF

detrended

DICOM

DVAR

DVARS

Dynamics

Elise Facer-Childs
Experiment Definitions
Explicit mask

Explicit Mask

FD32, 33, 38, 39

FDR corrected
Fernando Cendes
filenames

First Level

Fisher’s Transformation
fMRI

Framewise Displacement
frequencies

FWE

GM

Header

ICA

Image Processing Toolbox
Installing

License

Linux

Mac

Marina Weiler
MATLAB

MNI

57

12,13, 15,17
35

57

79, 80

1,5

32,33

5

24,26

1,5, 40, 60
12, 28

58
28,29,33,34
30

11

32,33, 38,39
29

45, 60

1

41, 45, 49, 60
75,77,78

75

57
5

32,39, 41, 49, 50, 85

48
88

17, 20, 41, 44, 49, 64

28,32,39,74

35

77,78

33, 38,46, 62,63
89

45

9

10

9,30

9

9

5

9,10, 75
28,42,51, 60, 67

modulated 32,39,41,53
Movement 73,74
MRIcroGL 11
Network 42,50, 52
Neuroimaging Laboratory 1,5
NIfTI 11, 42,50, 75,76,77,79
normalization 12,28
normalized 32,39,40, 41, 42, 48, 50, 53
NoVolEx 26, 33,37,38
Outlier 75,77,78
Path 10
prefix 84

Preprocessing 26, 28, 31, 37, 39, 43, 45, 46, 53,
60, 61

Raphael Fernandes Casseb 1,5
realignment 32,39,41,53,73,74
Realignment 28
Regression 6, 34, 39, 43, 46, 53, 61
regressors 34,35
Reorientation 13
reslice 28
R-score 55, 88
Scan TR 43
Second Level 54, 75
seed based 27
segmentation 28
Signal Processing toolbox 9
Sliding Windows 60
smoothed 41,53
SPM 9,12, 13, 24, 28, 33,58, 73,74,75
Starting 12,23
Statistical Parametric Mapping, 9
Statistics toolbox 9
suffix 78, 84

time series 32, 34, 38, 39, 42, 43, 46, 61, 62, 63

UFC 1,5, 8,9, 10, 11, 12, 23, 24, 25, 26, 27, 30,
31, 32, 33, 34,37, 38, 39, 40, 41, 42, 46, 49,
50, 51, 52,55, 61,74

Unicamp 5
Volumetry 87
Windows 9,10, 23
WM 28,29, 33,34,38
z-score 55, 88



