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Overview

DC |anguage and MATLAB OO0 SPM8 (spelt): Menu

UFriendly GUI
Main Functions

1- Spatial pre-processing

2- Model specification, review and
estimation

3- Inference

4- Other fMRI tools

SPM for functional MRI

Cooyright () 1991, 1984-2011
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Realighment

JRealignment

» Intra-subject registration

» Align all functional images
» Positioning of the brain in each image is the same

( Slice timing || Smooth |

'~ Coregister (Estimate) 3 | | Normalise (Estimate) 5 | [ Segment ]




Oakland
UMNIVERSITY

Realighment

Step 3 Step 4

scan 1 scan2 ... scan99 ... scan 820

' Realign (Estimate) ] l — | Smooth J

- Coregister (Estimate) : - Normalise (Estimate) : Segment J
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Realighment

translation

Image realignment
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Slice Timing
dSlice timing TR 2TR
» Correcting the time of image Slice 1 ,.\ ,-\ -
acquisition T ~ M k
13 O O >
|
I 4 O o—>
v 5 O
______________________ >
Time
————=p [ smoon ]
[ Coregister (Estimate) :] [ MNormalise (Estimate) :] [ Segment ]
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Coregistration

Mormalised Mutual Infermation Coregistration
¥1 = 1085 -0.0117Y 00052 -10.501

D CO regi St rat i O n 1= 00107% #1086 -0.130° 2 +3.054

Z1 = 000178 +0020%Y +0.230'2 -7.243

Origre Joni Hedogram Firel Joird Hisbogram

»Intra-subject

» Differences in signal intensity between the ;? i

images, e.g., EPl and T1 i :

»Methods _ I
»Segmentation

> Mutual information

Slice timing | Smooth ]

L

' Realign (Estimate) 3 | [

L)

E Coregister (Estimate) :] ' Normalise (Estimate) ‘] [
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Segmentation

0 Segmentation into GM/WM/CSF

 Realign (Estimate)

- Coregister (Estimate)

&

¥
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| Slice timing

~ Normalise (Estimate)
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Normalization

(dSpatial Normalization

» Inter-subject registration

» Register anatomy images to standard space

» Montreal Neurological Institution (MNI)
» Talairach
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MNI Talairach

\ Template Template
[ Realign (Estimate) :] [ Slice timing ] Smooth ]
[ Coregister (Estimate) :] [ Normalise (Estimate) :]] Segment ]
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Normalization

swject 1~ BE€tween subjects
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Normalization
MNI A “‘ Normalized
Template Image
' Realign (Estimate) & | [ Slice timing [ Srmooth ]
~ Coregister (Estimate) ' I' Mormalise (Estimate) & 1 [ Segment ]




Normalization
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k Realign (Estimate)
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k Coregister (Estimate)
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Slice timing

Smooth

Mormalise (Estimate)
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Q Spatial Smoothing

Spatial Smoothing

»Inter-subject analyses
»Bluer fMRI data
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' Realign (Estimate)
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Spatial Smoothing

File Edit View Insert Tools Desktop Window Help

NEEL AU DEL- 2|0 a0

clear all;

clc;

[X, Y] = meshgrid(-8:8, -8:8);

sigma = 1;

Gaussian = 1/(2*pi*sigma”2)*exp(-(X.A2 + Y.A2)/(2*sigma”2));
Gaussian = Gaussian./sum(Gaussian(:));

figure, surfc(Gaussian);

[ Realign (Estimate) . ] [ Slice timing ] l Smooth I

[ Coregister (Estimate) :] f MNormalise (Estimate) :] [ Segment ]
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Model Specification

000 SPM8 (spelt): Menu

Model specification, review and estimation

ety o
ety 2o

SPM for functional MRI

Copyright () 1991, 1284-2011 15
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Model Specification

1 Specify 1st-level Statistical analysis: Design

»Specify GLM design
matrix, and data file

-Sn(1 ] constant

SADOE2E D02 25 _01 6.img
F D022 S 0223501 2.img
F RO 0225 _022.img
F RO O22 S R0 2 25 _025.img
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A2 00225051 .img
A2 A 002 2% _05d.img
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F RO 022 3 R 0225 _049.img
F RO OEE S A0 2 25 _05E.img
RO 02E S A 0225 _055.img
F D022 S 0225055 img
F D022 S 0225061 .img
F RO 022 3 R0 2 25 _0Gd.img
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F D022 R 0225 _0T6.img
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F RO R 0225 _052.img
F D022 S R D025 _0F5.img
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F RO O22 S R0 25 _0%1.img
F RO 022 3 R 0225 _09dimg

imacges
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[ Specify 2nd-level ][ Estimate ]
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. F RO E R D02 25 _099.img
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] Review

»Check the work

imares

Statistical analysis: Design

nil ) actived(])

HEn[1] constant

R IR 25 _016.imyg
A2 S A0 225 01 4.imy
A0 2SS0 225 _022.img
A2 S A0 225025 img
AN 2SS0 225 _02E.imy
A2 S S0 225 03 .imyg
A0 25 SN0 225 _0%d.img
A2 S A0 225 _03T.imy
A0 2SS0 225 _idd_imy
A2 S A0 225 _ids.imy
00225 s A0 _0de img
A2 S A0 225 _idd_img
A2 S A0 225 052 imyg
A2 S S0 225 055 imyg
002 S A 0nE2s 056 img
A2 S A0 225 061 .img
A2 S A0 225 _06d.imy
A2 S SR 225 _06T.imy
0025 s n0E2s_0Ti.img
A2 SN0 225 _0T5.img
A2 S A0 225 _0TE.img
AN 2SS0 225 _0T4.imy
002 S A0 _0E2 img
0225 SN0 225 _055.img
AL 25 A0 225 _0dE.imy
A0S R0 225 021 .imy
002 s A5 _0ad.img

parameters

F A0S AR E_0hd img

[y — | notuniquely specified)

[ Specify 1st-level ] Ii Review I

[ Specify 2nd-level ] [

parameter estimability

Design description_..

Basis functions - hef
Humber of sessions - 1
Trials per session - 1
Interscan interval - 7.00 {5}
High pass Filter - Cutoff 123 {5
Global calculation - mean voxel value
Grand mean scaling - session spesifis
Global normalization - Mone
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Model Specification

dSpecify 2nd-level Fie Edt View M 8asc0
Ow |
Module List

» Statistical test, e.g., one B

sample t-test

Design
. One-sample t-fest
.. 5cans =X

m

Covariates

Masking

. Threshold masking

.. None

. Implicit Mask Yes
. Explicit Mask

Global calculation

. Omit £

Current hem: Directory

Il L} F Select Files

[ Specify 1st-level ] [ Review ] Select a directory where the SPM.mat file containing the specified
design matrix will be written.

[ oo | .
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Model Specification

D Estimate — =
D E| b
> Esti m atio n Of G LM pa ram ete rs Module List Current Module: Model estimation

- Help on: Model estimation -
Select SPM.mat .._i‘uclassicahSPM_mat

. Classical

Current kem: Method

*Classical -
Bayesian 1st-level
Bayesian 2nd-level

There are three possible estimation procedures for iMRI models (1) E
n classical (ReML) estimation of first or second level models, (2)
[ Specily 15t-level S Bayesian estimation of first level models and (3) Bayesian estimation

of second level models. Option (2) uses a Variational Bayes (VB)
[ Specify 2nd-level ] Estlmate 1'9
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Inference

| 000 SPM8 (spelt): Menu

Dynamic Causal Modelling

SPM for functional MRI

Copyright () 1991, 1284-2011 20
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Inference

OO0 SPMB8 (spelt): Graphics

D Results button File Edit View Insert Tools Desktop Window SPM Figure Help
» Contrast Manager Houses - Faces

contrast(s]

no contrasts defined

2

Design matrix

Statistics: p-voalves adiusted For search volume

zet-level cluster-level peak-level
mm mm mm
r < P rutcarr Frorcare e P e 2 P uncarr
0.004 17 0. 000 o.000 2506 0.000 0.000 0.000 ERET) Ing 0. o000 -3 -43 -z3
o_ooo o.ooo s_=6 IrE o_ooo zz -z2 -z8
0_ooo o.ooo s_n9 7_E0 o_ooo -19 -an -1z
0. 000 o.000 To4  0.000 0.000 0.000 5.30 5. 70 0. o000 -23 &0 43
0.o01 o001 557 5.0 o.oo0 -1z @22 13
.00z o.o00z 5.z1 5.18 LT -2 a5 1z
0. 000 o.000 57 0. 000 0. 015 0.003 4. 94 4.52 0. o000 46 -12 -3
o_ozs o.o1z a_s1 a_7o o_ooo -60 -3 -1s
0. o000 o.oo0o0 L 0. o000 0.038 0.016 4.74 4.63 0. 000 13 B4 -2
0.s7s5 o.zan0 2 &2 2_58 o_ooo 5 =s0 -z
0. zs1 o.12s 10 0. o080 0.145 0.0a2 4. 42 4.33 0. ooo -s0 23 -1z
0. 088 o.0zs z0 0.01z 0.158 0,052 4. 34 4,28 0. o000 -33 29 -1z
0.931 0.6 .24 z.20 o.oo0 -zz @2z -z
0. 050 0.01s 24 0. 008 0. 243 0.063 4.25 4.17 0. o000 43 -40 -23
0. o001 o.000 s7 0. 000 0.51z 0.438 .93 .91 0. o000 -5 -8 -1z
0_766 o.zs59 R z_70 o_ooo -1% 1= 5
o_szo o.zo7 =_69 z_52 o_ooo -1z 5 -z
0.953 0.433 2 0. 382 0.771 0.259 5.7% .89 0. o000 40 12 23
0.sa38 0.433 = 0. 284 0.985 0.437 .48 5. a2 0. ooo -5z 28 ]
0. 953 0.433 2 0.352 0.388 0.437 .48 .42 0. o000 28 28 -1z
0.9853 0.433 2 0.382 0,872 0.518 .44 .40 0. o000 s 15 5
0.953 0.433 2 0. 382 0.9394 0.654 .30 .27 0. 001 1s =8 -z
#able shows I local maxima more than S.0mm apari
: mh Height threshold: T = 3,12, p = 0,001 (1.000° Degrees of freedom = [1.0, 244.0]
Extent threshold: k = 0 woxels, p = 1. EIEIU 1,000 FuwHM = 11,5 11.9 10,6 mm mm mm; 3.3 3.5 Z,1 {woxels}
Expected voxels per cluster, <k= 2. Wolume: 1229379 = 20808 voxels = 714,56 resels
Expected number of clusters, <c= = Woxel size: 3.4 3.4 5.0 mm mm mm; (resel = 24,51 voxels)
FUWWEp: 4.675, FDORp: 4,353, FWEC 57 FDRE: Zr Page? < El

Dynamic Causal Modelling
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Log-evidence (relative)

Model Expected Probability

Bayesian Model Selection
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Dynamic Causal Modelling
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Log-evidence (relative)

025

Bayesian Model Selection
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Models
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Bayesian Model Selection
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Other Tools

OO0 SPM8 (spelt): Menu

SPM for functional MRI

| Display | [ CheckReg | | Ren.. 3| | FMRI ;|
Tool... v} [ PPls || ImCalc | [DICOM Impor|
Uils.... | 5 [ Batch ] [ Quit ]

Copyright () 1991, 1994-2011
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Other Tools

 Display

» Change world space and/or origin

» Displays image with orthogonal sections

Crosshair Posibion Fils . yhatlspgr.amg
. Dimensions: 256 % 256 % 106
mim: - | 0.8-234.5 Datatypa: int16
we [ 1234 12595665 Internsity: ¥ =1 X
Intensity: 534268 FSL3.2hnta
"“htu{"""“]: |+ Vo siza: 084 % 089115
it} IT Drigin: 128 128 53.5
[ f:h{Tgi] 5 Dir Cos: 1,000 0.000 0.000
- - 5 f a ) f & | [l
Display J| ( Check Reg | [ Ren.. 3 [ FMRI 3 L ——— oun w20 1
yaw [rac] u
| & ] ¢ e ’ rasize [x] 1
Tool... 5 l_ PPls _] L ImCalc _] PIODM Impm‘t_] rasize {y} l Full volume o | Hide Cragshairs |
rasize {z] 1 wond Space i | MM irberp ~ |
[ : a | . Reorent images.. | Reset.. | Aulo Windme | Add Blobs |
Help | ((Wtis... v} [ Batch | [ Quit |
- 24
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Other Tools

1 Check Reg.

» Displaying more than one image

»alignment of images

» All images will be displayed in the space
of the first image (MNI)

PPls ImCale | [DICOM Import]

- [ Utils.... 2] [ Batch | [ Quit | .
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Other Tools

dImCalc

»|Image calculator

» Give one or more images, perform
MATLAB arithmetic such as mean value

A Utils

»Delete files
»Change directory

»Results are written to current directory

[ Display ][mkﬂm] [ Ren... (5] [ FMRI 3]
- S| [ Batch ][ Qut ) .




Batch Editor
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Batch Editor
File Edit WView SPM BasiclD
» Dwd P
Module List Current Module: Nermalise: Estimate & Write
Mormalise: Esfimate & Wr Help on; Mormalise: Estmate & Wrile
'Eml a/DB051 Bak anetomyhetispr.ima,
ource iy apgr.img,
Saurne w%hu ng Image ﬂrgﬁa
. ite -..af6051 Bakfanatomy fhet1spor.img, 1
Estlnmm Cptions
. Template Image Work_SeoltapmBtemplatesT1.nil1
. Template Weighting Image 0 files
. Source Image Smoothing a
. Template Image Smoothing 0
. Affing Regulansation ICEBM space template
. Nonlinear Frequency Culoff 2%
. Nonlinear lterations 16 -
. Monlinear Regularisation 1
Writing Options
. Praserve Preserve Concentrations |,
. Bounding box 2xddouble
Tlaual alsan Mmam L
Current Item: Data
e s
e ety
Delete: (1)
[ ———aIf _EdtVawe )
Llala
5 . Images of each subject & wal
. - & | |ormore options must be selected from:
| Display | [Cfmkﬂeg] " Ren.. 3! [ FMRI 3 [sipject _
urmr_ltuI salected oplions:
s
_Tool. 31 [ PPIs ImCalc | [DICOM Import]
27
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Resources

ASPMweb site: http://www.fil.ion.ucl.ac.uk/spm/

»SPM: Introduction
»Free : SPM2, SPM5, SPMS8

> Courses are available around the world

»Forum list

(AMRIcro

> MRlIcro: http://www.cabiatl.com/mricro/

»Complementary with SPM

»Easy to learn

28
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Alternative

Q FSL: http://www.fmrib.ox.ac.uk/fsl

»Open source, you can change the code for your requirement
» Can be used for fMRI and DTI
»Free

J AFNI: http://afni.nimh.nih.gov

»Open source, you can change the code for your requirement
» Free

J BrainVoyager: http://www.brainvoyager.com

» Closed source, you are not able to change the code
» Great visualization
> Not free, ~S5k

29
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Image Format

(] Data format

» Analyzing format

> NIFTI format

* Transformation of the world space is coded in
NIFTI header
[ Data ]

A4

[ img + .hdr ]
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Important Issue

 Is Left Right?

: Nose
» Neurological

sStanding behind a subject L R
=Right is right side of the subject

» Radiological

=Standing in front of a subject
=Right is left side of the subject

»Neurological convention has been always
used in SPM

31



Thank You!

smhadi@oakland.edu
Hadi.shamil@IEEE.com




