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fMRI data analysis
using SPM8
TMBIC
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Data arrangement

Anatomical
images (T1)
Sub 1
Raw .Funcﬁonal
Sub 2 images (EPI)
Anatomical
Sub 1 images (T1)
Data P::;S:cl\:s::lg Functional
Sub 2 images (EPI)
sub 1

15t level

Sub 2

2nd |evel

Contrast 1, 2...



Suggested folder arrangement

(no Chinese, no space) P12 RT
s101 —— T1
s102
s106
s109

EPI
s101
T1
s102
Raw
; ). s106
reprocessing
MCRT_ana-demo 1stLevel s109
2ndLevel
4] MCRT_Seq_FMS_Original s101
4] MCRT_Seq $102
s106

s109



* >>spm

Start SPM package

Statistical Parametric Mapping

SPM8

developed by members and collaboralors of
The Wellcome Trust Centre for Neuroimagifig
Institute of Neurology, University College Longion

PET & VBM M/EEG fMRI

About SPM SPMweb Quit

Copyright (c) 1991,1994-2015



¢ File Edit View Insert Tools Desktop Window SPM Figure Help

Reali... B | Siice timing | Smooth
Core... ¢ Norm... B Segment
| Specify 1st-level | Review
I Specily 2nd-level I | Estimate
| Results
| Dynamic Causal Modeling
SPM for functional MR/
| Display | lcneekRegl CR. | | F
| T o | PPIs | | ImCalc | |D|00M|nporq
Help Lo, O | Batch ] | Quit l

Pleaze cxfxc bo thia wecaion a3 "SPNE" in papeca and Communicationa.

SM i3 developed undec the auapicea of Functional Tnaging Labocabocy
(FTL], The Wellcone Teuak Cenktex foc NeucoTmaging, in the Tnatitube of
Neucology et Univecaity College London (UCL], UK.

Although SPANE mill cxad inmege filea fronm previous wvecaiona of SPW,
thecx acx diffecwnces in the algocithna, btxnplates and nodela vaed.
Thecxfore, we cxconnerd you uax & 3irgle 5PN vecaion foc any Qiven

projeck.

The SPNZ Releaax Nobea can be found online:
http:ffmmm Eil.ion.ucl.ac.ubfapnfaoftmace/apnds

Fucthee infocmation may be found at the SPmeh aibte:
hitp:ffmmm . Eil.ion.ucl.ac.ubfapn/

mhecx debailas of the SPN «nmail diacuazion liak can bx found:
hittp:ffmmm . Eil.ion.ucl.ac.ubfapnfauppoctky

A POF manual iz alazo evailéale in the 'man' foldec of SPN and onlime:
http:ffmmm . Eil.ion.ucl.ac.ubfapnfdocimanual .pdf

SMN i3 fewx bubt copycight aofbkmace, diateibubed undec the becna of
bhe CNU Cenecal Public Licencte a3 publizhed by the Frex Sofbmacs
Foundation (xithec wecazion 2, a3 given in file apn LTCENCE .man,

oc abt your opkion, any latec weeaion|. Fuckhee detaila on “copy l=EL"

can be found abk hikp:/fmmm.gnu.ocgfcopy leELs .

Copycight (€] 1991,199-2015 Wxllcone Teuak Cenktex for Neucoimaging



Summary of preprocessing procedure

Slice timing: temporally adjust image sampling
Realignment: suppress subject’s head motion

Segmentation: parcellate subject’s anatomic image
into different tissue types

Co-registration: spatially align between functional
and anatomic images

Normalize: morph functional images into a
“standard” brain

Smoothing: get better signal to noise ratio



DICOM Import

* |Input of T1 & EPIs
 Qutput of T1 & EPIs

SPMS (Oli): Menu = = X
Realign (Est... v/ ‘ Slice timing ’ ‘ Smoath ’
Coregister (.. | |Normalise (... v ‘ Segment ’

‘ Specify 1st-level ‘ [ Review ’

‘ Specify 2nd-level ‘ [ Estimate ’

‘ Results ]
‘ Dynamic Causal Modelling ]
SPM for functional MR/

‘ Display H Check Reg ’ Render... v FMRI =
Toobox v ‘ PPls ’ [ ImCalc ’ pICOM Import)
| Help | utis.. = | Bach | [ Quit |




Slice Timing
Help on: Slice Timing

Data

. Session 488 files
Number of Slices 33
TR 2
TA 1.93939393939394
Slice order 1x33 double
Reference Slice 2
Filename Prefix a

* Input: EPIs after DICOM

TR =time of each scan; TA = TR-(TR/# of slices)
TA is the time b/w the 15t and the last slice within one scan.

* Slice order: interleaved (ex: Simens Skyra)
Odd#:1357..2468[1:2:#2:2:(#-1)]
Even#:2468..1357[2:2:#1:2:(#-1)]

» Reference slice: middle one (2 or 1 depending on slice #)




Realigh = Est & Res

Help on: Realign: Estimate & Reslice
Data

. Session

Estimation Options

. Quality

. Separation

. Smoothing (FVWWHM)
.Num Passes

. Interpolation

. Wrapping

. Weighting

Reslice Options

. Resliced images

. Interpolation

. Wrapping

. Masking

. Filename Prefix

488 files

0.9

4

5

Register to mean
2nd Degree B-Spline
No wrap

0 files

All Images + Mean Image
4th Degree B-Spline

No wrap

Mask images

r

-

* Input: Aaf
* Qutput:

1. mean EPIs (mean_...),
2. realigned EPIs (raf*),
3. .txt(rp_ar...)
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Segment

Help on: Segment

Data ...essing\s101\T1\sA126941105-0004-00001-000192-01.img, 1
Output Files
. Grey Matter Native Space

. White Matter

. Cerebro-Spinal Fluid

. Bias Corrected

. Clean up any partitions
Custom

. Tissue probability maps

. Gaussians per class

. Affine Regularisation

. Warping Regularisation

. Warp Frequency Cutoff

. Bias regularisation

. Bias FWHM

. Sampling distance

. Masking image

Native Space

None

Save Bias Corrected
Dont do cleanup

3 files

[2224]

ICBM space template - East Asian brains
1

25

very light regularisation (0.0001)

60mm cutoff

3

* Input: Tlimage after DICOM
* |ICBM space template = East Asian brains

* Qutput: C1, C2, ms







Coregister (Est)

Help on: Coregister: Estimate

Reference Image ...\Preprocessing\s101\T1\c1sA126941105-0004-00001-000192-01.img,1
Source Image ...processing\s101\EPI\meanafA126941105-0003-00001-000001-01.img, 1
Other Images 488 files
Estimation Options

. Objective Function Normalised Mutual Information
. Separation [4 2]
. Tolerances 1x12 double
. Histogram Smoothing [7 7]

 Reference Image (template image): C1 of T1

e Source image (the image to best match reference image): mean of
Realigned EPIs

 Otherimages (images to be remain in alignment with the source
image): Realigned EPIs (raf*)




Normalize = Est & Wri

Help on: Normalise: Estimate & Write

Data

. Subject

.. Source Image ...cessing\s101\T1\c1sA126941105-0004-00001-000192-01.img, 1

.. Source Weighting Image 0 files

.. Images to Write 4388 files
Estimation Options

. Template Image C:\Program Files\MATLAB\R2008b\spm8\tpm\grey.nii,1 =

e Source image (to be warped to match the template): C1
* Images to write: coregistered EPIs

 Template image: spm8\tpm\grey.nii.1

e Qutput: wraf*



Spatial 2 Smooth

Help on: Smooth

Images to Smooth 488 files
FWHM [8 8 8]
Data Type SAME
Implicit masking No
Filename Prefix S

* |nput: normalized EPIs, wraf*
e Qutput: swraf*




Check the results

* .ps =2 PDF (automatically saved)



Link all the preprocessing steps

Make Directory

Make Directory DEP

Make Directory DEP

DICOM Import DEP

DICOM Import DEP I

Slice Timing DEP SlICQ T|m|ng ~
Realign: Estimate & Reslice DEP Realign: Estimate & Re
Segment DEP Segment .
Coregister: Estimate DEP Coregister: Estimate
Normalise: Estimate & Write DEP Normalise: Estimate &
Smooth DEP Smooth

 DEP (dependency)
the previously processed images

* Create individual batch for each subject



Do you know what kind of experiment
for this data set?



Demo experiment

Neural effects related to simple RT variations ...
At behavioral level, we recorded reaction time for post hoc
separation of the trials. For each trial, it begins with

¢ 9

Event-related fMRI design
There are 180 x 2 trials for response.
RT and accuracy were recorded.




Left-hand response Right-hand response

gulit

Response levels separated by mean RT =2

, L-medium,
, R-medium,




15t level analysis (individual level)

Model Model Contrast Results
specification estimation nERERE] report



o s WPE

15t [evel analysis: Model specification

Unit of design: scans (488 scans)

Time interval = TR = 2s

Input: preprocessed EPIs (swraf*)

Conditions: 2 (handedness) x 3 (RT) +1 (error)

. Regressor: head motion (.txt)

Basis function: canonical hrf



Module List

Model estimation
Contrast Manager
Results Report

Current Module: fMRI model specification

Help on: fMRI model specification A

Directory ..._ana-demo\1stLevel\s101\

Timing parameters

... Time Modulation
.. .. Parametric Modulations
... Condition

: .. Time Modulation
.. Parametric Modulations

- Units for design Scans
_Interscan interval 2
. Microtime resolution 16
. Microtime onset 1
Data & Design

. Subject/Session

.. Scans 438 files
.. Conditions

... Condition

... Name L Slow
... Onsets 59x1 double
... . Durations 0

No Time Modulation

... Name L_Middle
... Onsets 51x1 double
.. Durations 0

No Time Modulation
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Estimate = Contrasts = Report

 Model estimation
Output: beta (conditions [6+1] + motion [6] + constant [1] =14), Res...

* Contrast:

L Slow, L_Middle, L fast,

R_Slow, R_Middle, R_Fast, L-R, R-L,...

Output: Con(conditions [6]), SPMT(conditions[6])...

 Report: Threshold p<.001

e Plot: render->SPM8\rend



contrast(s)
contrast(s)




2"d |evel analysis (group level)

Model Model Contrast Results
specification estimation nERERE] report



2"d [evel analysis: Model specification

e Design: full factorial design: 2 way (2 x 3)

Module List Current Module: Factorial design specification
Help on: Factorial design specification
Model estimation Directory D:\MCRT _ana-demo\2ndLevel\
Design
.. Factors
... Factor
... Name Handedness
... Levels 2
... Independence No
... Variance Equal
... Grand mean scaling No
... ANCOVA No
.. Factor
... Name RT
... Levels 3
... Independence No
... Variance Equal
.. Grand mean scaling No
....ANCOVA No
.. Specify cells
... Cell
... Levels [11]
....Scans 4 files
... Cell
... Levels [12]
....Scans 4 files




Main effect of Handedness Main effect of RT

*

SPM{F. ..}

contrastis) contrast(s)

g 'y

¢ < SPM{FZ,W}



Whole Brain Report

Statistics: pvakres adjusfed for search vokume

setdevel clusher-levelk pea;-level > mm mm mm
pR'JEoon qFDR-om E punom pﬂ'JEom qFDRwu ( :J punoon

S 1369 0.026 0.013 71.24 5.18 0.000 -S0 -22

0.052 0.018 64.29 5.04 0.000 =58 -20

0.627 0.141 25.09 4.22 0.000 -26 -12

471 0.044 0.018 66.19 S.08 0.000 -26 -58

0.112 0.025 57.7494 4.89 0.000 =20 =50

0.999 0.592 z4.82 2.72 0.000 =16 -66

287 0.433 0.105 42.56 4.48 0.000 62 -12

0.612 0.141 26.61 4.22 0.000 56 -12

1.000 0.905 19.21 2.28 0.000 S5z -18

285 0.898 0.238 31.95 4.07 0.000 32 =20

1.000 0.805 21.29 2.52 0.000 22 -1z

1.000 0.905 18.95 2.27 0.000 149 -149

71 0.924 0.252 31.10 4.04 0.000 40 -15

1.000 0.941 16.689 2.21 0.001 40 -16

table shows 3 local maxima move than 8.0mm apant

Heightthreshold: F = 15.38, p = 0.001 (1.000)
Extentthreshold: k = 30 voxels, p =

Expected voxels per cluster, <k>=T7.195
Expected number of clusters, <¢> =

Degrees of freedom = [1.0, 18.0]
FINHM = 9.8 10.1 9.7 mm mm mm; 4.9 5.0 4.8 {voxels}
Volume: 1820680 = 227585 voxels = 1768.3 resels

Voxel size: 2.02.0 2.0 mm mm mm; (resel = 119.52 voxels)

42
S0
64
-24
-22
=18
46
20
56
70
66
74
44
54




* SPMFxxx.img

colorbar max |
auto

/i Gray Matter // brodmann area 3 // Postcentral_L (aal)



Useful tools
(FEEm [ s

SPM

MRlcro
MRIlcron
xjView
MasrsBaR
ImageJ
cuifindstructure

http://tmbic.nccu.edu.tw



