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e http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html

* Week 8: Brain Activation — General Linear Model Il
<Handout >Lesson8_slides.pdf

<Materials >fMRIlana08 materials.zip

e The same fMRI data in Week 6
<Materials >fNRIlana06 materials.zip
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Employed Software

fMRI Analysis

* MRIcro
* https://people.cas.sc.edu/rorden/mricro/mricro.html#installation
* https://www.mccauslandcenter.sc.edu/crnl/mricro

* Statistical Parametric Mapping (SPM 12) A SE

[Eese

* http://www.fil.ion.ucl.ac.uk/spm/ JUCcL

¢ xjView (A viewing program for SPM)
e http://www.alivelearn.net/xjview/download/

[Caution] File name\path contains Chinese character or space may cause error!
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(dependencies of BOLD signals between brain regions)
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fMRI Protocol <) NBA

Siemens 3T MAGNETOM Trio Scanner @ NYMU, 32-channel head coil
Single-Shot 2D EPI (GRE-EPI), T2* weighting
Repetition Time = 2000 ms

¢ Echo Time =20 ms
* Flip Angle = 70~90° 3.44 x 3.44 x 3.40 mm3

* NEX=1 Voxel time courses
* Slice thickness = 3.4 mm _ =

* Field of View = 220 x 220 mm? = W“l
e Matrix size = 64 x 64 WA=

Slice number = 40

¢ Volume number (depends on experiment design)
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Specify 1st-level Model

Specify 1st-level Model

T4 SPM12 (7219): Menu | = | = fs&] | | current Module: IMRI model specification
o ) Help on: fMRI model specification
Realgn (Es. v/ | Siice lming Smaoth | Directory <X
Coregister .. = Mormahse (.. » W Tlmmg parame_ters
- i . Units for design <-X
: . Interscan interval <-X
Specify 1st-level I | Review y . Microtime resolution 16
Specify 2nd-level Estimate __Microtime onset 8
St - Data & Design <-X
Results ] Factorial design
- Basis Functions
Dynamic Causal Modeling | . Canonical HRF
- .. Model derivatives No derivatives
W for funct Model Interactions (Volterra) ...model Interactions
" Dispiay | | CheckReg || Render v | |Fmmi v Global normalisation None
Tonlhox ~ PP [ ImCaic ] ‘JICOMIIIIPUIl. Mas!(l'ng thrEShOId 08
! ! N ! Explicit mask
ep  [quus.  =f gaen [N qut | Serial correlations AR(1)
://www.ym.edu.tw/~cflu

¢ Condition
¢ Name = 1-Back or 2-Back
e Onsets =[16 46 76 106 136]
e Durations =15

¢ Multiple regressors (rp_*.txt)

¢ Units for design = Scans

¢ Interscan interval =2

¢ Microtime resolution = 40 (Slice number)
¢ Microtime onset = 1 (Reference Slice)

1 Back 1Back 1 Back 1 Back 1 Back
Session of 1-Back
(165 volumes)
1% 15 15 15 15 15 15 15 15 15 15 Scans
1 16 31 46 61 76 91 106 121 136 151 165
2 Back 2 Back 2 Back 2 Back 2 Back

Session of 2-Back
(165 volumes)

15 15 15 15 15 15 15 15 15 15 15  Scans
1 16 3 46 61 76 g1 106 i 136 151 165
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Specify 1st-level Model

1-Back"bf{1)

Statistical Analysis:| ;:

Sn

Data & Design
. Subjoct/Session (1)
* Data & Design . Scans <X
. X .. Conditions
* Subject/Session | ... Condition
. . Namo 1-Back |
e Conditions . Onsats Ex1 double |
. -_IE_)_UFHHI\C’)'IHZ " . Subject/Session % T
" - . Time Modulation — Scans =X
Current tem: Data & Design . Parametric Modulation{——onaers I
New: Subject/Session ... Orthogonalise modulat| = Gondition
Peplicate: Subject’Sassion (1) || . . Multiple conditions [.... Nams 2-Back |
Replicate: Subject/Session (2) . . Regressors Onsets 5x1 double
Delete: Subject/Session (1) .. Multiple regressors .. Durations 15
Delete: Subject/Session (2) - High-pass filter . Time Madulation No Time Maodulation
. Parametric Medulaticns
. . . Orthogonalise modulations Yos
.. Multiple conditions
. Regressors
.. Multiple regressars
Load Nback_fullmodel.mat | tignpass iter 128
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Design

Including both 1-Back and
2-Back datasets.

images

parameters

waf001-0005-00001-000001-01.nii,| [rem——
waf001-0005-00012-000012-01 nii,1
..waf001-0005-00023-000023-01.nii, 1
..waf001-0005-00034-000034-01.nii,1
..waf001-0005-00045-000045-01.nii,1
waf001-0005-00056-000056-01.nii,1
wafl01-0005-00087-000067-01.nii,1
waf001-0005-00078-000078-01.nii,1
..waf001-0005-00089-000089-01.nii, 1
..waf001-0005-00100-000100-01.nii, 1
..waf001-0005-00111-000111-01.nii1
..waf001-0005-00122-000122-01.nii,1
wafl01-0005-00133-00013301.nii,1
waf01-0005-00144-000144-01.nii,1
waf001-0005-00155-000155-01.nii,1
..waf001-0006-00001-000001-01.nii, 1
..waf001-0006-00012-000012-01.nii, 1
..waf001-0006-00023-000023-01.nii,1
waf001-0006-00034-000034-01.nii,1
waf001-0006-00045-000045-01.nii,1
waf001-0006-00056-000056-01.nii,1
waf001-0006-00067-000067-01.nii,1
..waf001-0006-00078-000078-01.nii 1
..waf001-0006-00089-000089-01.nii, 1
..waf001-0008-00100-000100-01.nii, 1
wafl01-0008-00111-00011101.nii,1
wafl01-0008-00122-000122-01 il 1
waf001-0006-00133-000133-01.nii,1
..waf001-0008-00144-000144-01.nii,1

waf001-0006-00165-000165-01.nii,1

{gray — (3 not uniquely specfied)
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parameter estimability

Estimate Model

& SPM12 (7219): Menu o | O |
Realign (Es. = | Bhee bimmng ] Smooth |
Coregister .. = Mormahse (.. -r: Segment
Current Module: Model estimation
Specify 1st-level | Review :
——— -} -~ -] -
Frrrm || = Select SPM.mat
Resulls Method
. Classical
| Dynamic Causal Modeling ]
SPM for functional MRI
Dispiay || CheckReg | Render - FuR -
Toalbox 'i . oems [ mcac | Dicom impord
Help utis.. =) Guit
e = . ://www.ym.edu.tw/~cflu

o NBA

R H R I 2Back - 1 Back J
eview Results  [rewcrew]
FWE, p<0.05 ot =~ -
Cluster > 30 voxels
|4 SPM contrast manager B |
~ Select contrasts...
@ boonirasls |_IF-conirasts L lall
[ | SPM{T 300}
¢ v
<
5 ‘I} 15
Deesign matrix
Statistics: p-vafues adjusted for search valume
sebievel clusierdavel peab level J—
P € Pretew Uhar 't e Pretco Women | [ 8 —
00003  0.000 ©.000 S 0000 0.000 0.0 .30 639 0.000 4 48 1
= & 8000 ©.000 55 0,000 0.000 0.030 .18 €60 0.000 I 268
Defing new contrast... I RMI Dane parameter estimabiity
e shows 3 iocal s o e 8 O aget
I SIS A o it AEL G ot I Haght Bavshcid: T+ 5,10, p = 0.000 .05 Degews cf Wtom » 1., 364 0}
Estent fresnois & = 30 vonshs p » 01000 (0.00) PV = 686865 mem mm e, 14 34 13 it
e <k 054 Vleme: 1570176 = 246217 v« 45608 s
ot nmber of chars, <z 1 0.00 Vo 524 202020 e e (sl = 3817 vomm)
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) NBA

contrast

Review Results - N

FWE, p<0.05
. Cluster > 30 voxels o
{4 SPM contrast manager [ @ ] @ < SPM(Tyudd
Select contrasts... }‘,
[ o teonasts Fconitasts
w-mpq,- name

1002.T) 1 Bock &2 Bk
Stalistics: p-vades adjusiad for sewch rolume

e sl pesk-ipesl s

Pf Pree e Y Pow  Premes e g A

9000 52  9.000 0.000 MMI 0900 0.000 0.000 1300 Iaf A0 13 -3 W
0008 0.000 P E.000 S.008 0000 1181 Ief 880 @ 30 M

S.008 D.000 1S3 0900 0.008 DO BN Imf D40 -6 I8 M

LIS 8000 0000 0000 985 Iaf D40 32 -6 -32

Design matrx

[Define new confrast ., Rezet | | Done parameter estimabilty G40 G000 LA 000 000 S0W T 108 a0 M ooa B

| B.055 £.000 130 B.800 0.000 D0 T3 40 B8S0 -M 48 -0

| . o 32 3 o
s O RE
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BasiclO = Run - Run Batch Jobs
Select the FILES for processing
Module List Current Module: Run Batch Jobs
Run Batch Jobs .
Run Batch Jobs Module List —_
Namad Directory Sslector ~ <-X
. Job Inputs / Change Directory
. Directory ...lana06_materials\process\1BACK // Slice Timing
4 -1
. NIfTI Images 165 files Realign: Estimate & Reslice DEE
ro u p n a ys I s - n - eve NIfTI Images ..15001-0002-00001-000192-01.nii.1 Coregister: Estimate
Save Generated Batch Jobs Nomalise: Estimate
- Don't Save o Nermalisa: Write DEP
Missing Inputs Den't run any jobs if missing inputs Nommalise: Write DEP
Normalise: Write DEP
Smooth DEP
Sagment DEP
Sagment DEP
Load Batchlob_fMRIPreproc.mat
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Statistical Inference on Group Data

Specify 2nd-level Model

Chia-Feng Lu

.
.

con_0001.nii of Subject #5
con_0001.nii of Subject #4
con_0001.nii of Subject #3

con_0001.nii of Subject #2

fMRlana08_materials\Data

con_0001.nii of Subject #1 Bl_1Back

BI_2-1Back
Bl_2Back
HC 1Back
HC_2-1Back
HC_2Back

e o 0 0 0O

http://www.ym.edu.tw/~cflu

Current Module: Factorial design specification

T& SPM12 (7219): Menu = | B e
Help on: Factorial dosign specification
Realign (Es . = Sicetmmg | | Smooth | DITQIGtDW X
- 4 Design
Coregister ... = Nommahse (. = Segment One sample t-tast
. . Scans <-X
Specify 1st-level Review Covariates
Spetity 2ot ieel I E— Multlple covariates
Masking
Resuks . Threshold masking
.. None
Dynamic Causal Modeding . |mp|IC|t Mask Yos
. Explicit Mask
al Global calculation
| Dispiay || CheckReg |/|Render = [ Fua - . Omit
Toolbox: - PHRIS ImCaic DICOoM I|I|pul1 GIObaI norm a|ISEltIOI“I .
: - - . Ovoerall grand mean scaling
Help Utils.... - Batch Chuit No
. Narmalisation Moo

Specify 2nd-level Model

Specify 2nd-level Model — one sample

Current Module: Factorial design specification

Dirocto

Help on: Factorial design specification

To identify the activation maps that
/ consistently present across subjects.

Multiple covariates|
Masking
. Threshold maski

Current Item: Design

“One-sample i-test
Two-sample t-test

| Paired t-test

Multiple regression
One-way ANOVA

Full factorial

| Flexible factorial

Ex: 2-Back brain activations in healthy controls.

To identify the 2-Back activation that consistently present across HC subjects.

To identify the activation maps that

| | significantly different between two groups.

Current Module: Factorial design specilication

Help on: Factorial dosign spocification

Direclory

...alenialsiDala

Design
. One-sample t-test

C

.. Scans

10 filos

Data\HC_2Back

RMullipler covarialas

healthy controls and brain Injury patients.

Ex: Difference of 2-Back brain activations between

\\ To identify the activation maps that

One-way ANOVA - within subject

significantly different between two conditions.
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patients.
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Ex: Difference of brain activations between pre-
and post-treatment conditions in brain Injury

19
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p<0.001 without FWE
Cluster > 30 voxels
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Specify 2nd-level Model — two sample

To identify the difference of 2-Back brain activations between HC and Bl subjects.

Current Module: Factorial design specification 2.Back HC>mTBI
Help an: Factarial dasign spacification
Diractory =X ot o e
Design K i . e
. Two-sampla 1-lasl * - \
.. Group 1 scans 10 files |Data\HC_2Back u
] (X8| Data\BI_2Back o : LI .
.. Independonce - — S Wik TI——— S T B
.. Variance el brsenintaneri.s = on | g I
.. Grand mean scal Seleet contrasts... N T H E E N D
. . ANCOVA [oromme o] e i
owan T - 3 SPM{T, .}
p——— |y o alvin4016@ym.edu.tw
coxe Teaching Materials: http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html
p<0.01 without FWE
Cluster > 30 voxels
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