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Employed Software fRC Wi Ehm oo

* RadiAnt DICOM Viewer
— https://www.radiantviewer.com/ Radil .1}l

DICOM VIEWER

o Statistical Parametric Mapping (SPM 12)
— http://www.fil.ion.ucl.ac.uk/spm/

e dcm2niigui
— https://drive.google.com/file/d/1vNBcInIVMgXBfSIndNfOb
EDT7_Z5yRQf/view?usp=sharing

ZX'H'}E Yi-Tien Li, Ph.D. 2


https://www.radiantviewer.com/
http://www.fil.ion.ucl.ac.uk/spm/
https://drive.google.com/file/d/1vNBcJnIVMgXBfSIndNf0bEDT7_Z5yRQf/view?usp=sharing

DICOM (1993)

§&#DICOM

ML MA, 5u|l‘ 1152
1300 Norh 1T Sirest
Roselyn, VA 22209
Ph: (T03) B41.3205 .

http: Vel e e o8 g

http ,.f',-"dlcnm nema. Drg,.f'

Digital Imaging and COmmunication in Medicine

The common language of medical equipment

— Retrieve of subject/imaging information

[F DICOM Tags (HAZAIEEEE #Presentation’ 20210127_fMRIcourse\fMRI_example_data\HCO.. - O
Tag ID VR VM Length Description Value
(0018,0080) Ds 1 4 Repetition Time 2050
(D018,0081) Ds 1 2 Echo Time 20
(0018,0083) Ds 1 2 Mumber of Averages 1
(0018,0084) Ds 1 10 Imaging Frequency 123.262425
(0018,0085) SH 1 2 Imaged Mudeus H
(0018,0086) 5 1 2 Echo Mumber(s) 1
(0018,0087) Ds 1 2 Magnetic Field Strength 3
(n018,0088) Ds 1 4 Spacing Between Slices 3.5
(0018,0089) 5 1 2 Number of Phase Encoding Steps 70
(0018,0091) 5 1 2 Echo Train Length 35
(0018,0093) Ds 1 4 Percent Sampling 100
(0018,0094) Ds 1 4 Percent Phase Field of View 100
(D018,0095) Ds 1 4 Pixel Bandwidth 2305
(0018,1000) Lo 1 [ Device Serial Mumber 66074
(0018,1020) Lo 1 12 Software Versions syngo MR.E11
(0018,1030) Lo 1 22 Protocol Name ep2d_bold_moco_p2_m105
(0018,1251) SH 1 4 Transmit Coil Name Body
(0018,1310) Us 4 B Acquisition Matrix 70000
(0018,1312) cs 1 4 In-plane Phase Encoding Direction CoL
(0018,1314) Ds 1 2 Flip Angle 90
(0018,1315) cs 1 2 Variable Flip Angle Flag N
(0018,1318) Ds 1 16 SAR 0.14219583517408
fMmnig 131a) o 1 e AR A+ n
< >
Find text... Close

P,
f@%
IN7

DICOM tags (header)

AT I

TAIPEI MEDICAL UNIVERSITY

- & £

o — | e
> % S VWV
QOO0 O

-

000006
006660

& 6 8 »
DICOM images
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DICOM Import

e DICOM format (*.dcm, *

|
DICOM image
folder
] = | MRIData - o
=R B
u i «BE- MRE-
w EREE o
[ s - Srgs 5
EWE - =JEHSS Palet
ZEE HeEE i
&« > v 4 « HC.. » MRID. v | O L8
= data (E) A oz -
= Data (F) e
- Google Drive File Stre WM
s Transcend (J2) ~ WIM2

= Transcend (J)
acrobat2018_114047
cloud
cloud2
D_copy
E_copy
F_copy

FSIVmT7 Ad

3E®EE CEER1EEE

‘%% TT I

TAIPEI MEDICAL UNIVERSITY

ima, *. ) > NIfTI (*.nii

. 60116973 20 6:28
= Google Drive File Stre lq 60116957 201 5:28
w Transcend (J:) ’_\] 60116941 201 6:28
L] 60116925 201 5:28
= Transcend (1) I 60116909 201 6:28
acrobat2018_114047 ’j 60116893 01 6:28
cloud L] 60116877 201 6:28
claud? ] 60116861 201 6:28
D_copy L] 60116845 201 6:28
E_copy L] 60116829 201 6:28
L] 60116813 201 6:28
F_copy o - R

> FQVmT Ad 4

179 BEE

Compressed DICOM

' = | T _ - o
ez B o
b g z2F % Bl - RTEN @ Hze=
i1~ ERTE
el s Fm = =7
REER EH%k - e EmEE
x| EsE w2 E=5 -—
= < “ 4 ||« MRIData » T1 v B o msT1

= data (E) & ZiE 1”'@53

Z=H & Yi-Tien Li, Ph.D.
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DICOM Import

e DICOM format (*.dcm, *.ima, *. ) = NIfTI (*.nii

DICOM image

(%] = | MRIData
= =8 =R B
» =T BE- XEE-
| sy = U v -
| zIZE= = il — BEgs - =ISrss
SEEE = F] B L5 B EwE - =hEFSE
==
& 3 v 4 []«HC. » MRD. v o
= data (E) A oz -
- Data (F) T1
- Google Drive File Stre W1
s Transcend (J2) W2
= Transcend (J)

acrobat2018_114047
cloud

cloud2

D_copy

E_copy

F_copy

ESIVimT Al
3EEE CER1EEE

v <

oy,
ge

&) Frairy

@lé TAIPEI MEDICAL UNIVERSITY

File Edit Help
Output Format: | Sppa (20 NIFTI nii v

2 Drag and Drop DICOM to MITI converter - O >

Chrig Rorden's dem2nii :: 6 June 2013
reading preferences file C:\Users\dngelatD ecktoptdomZnigu.ini
Chriz Rorden's dem2nii - B June 2013
Converting H:\EERD EiRTERE WP resentationt 20210127 _fMBlcoursesMBI_example_data
YHCO03_20160620_CvJuMRID ataT1
Data will be exported to H:\EEETEIRTERR \HPresentationt 202101 27_M Rl coursetMBI_example_data
YWHCOO3_20160E20_Cy A RID atahT
Walidating 176 potential DICOM images.
Found 176 DICOM images.
Corwverting 176/176 wolumes: 1
BO0115437->20160620_165827H mpragetras002a1007. nii
23068672 16
Saving H:"FEFIEIRTERE \HPresentationt 202101 27_fMFlcoursefMR_example_data

L n atah T 1420160620 165827t mpragetraz002a1 007 il
Rearienting as H:\FEATE N mEEE \HPresentations 202101 27_MBl course\MR|_example_data
YHCO03 20160620 CyvJAMRID ata\T 140201 60620_165827t mpragetra=002a1 001 . nil
Saving H:\FERUEImTERE \HPresentationt 202101 27_iMPlcoursesfMB]_example_data
YHCO03 20160620 CvJMMRID atahT 140201 60620165827t mpragetraz002a1 001 . ni
Crapping MIFTI#4nalyze image H:\FEEDEiRTELE WHPresentationt 202101 27_fRlcourse
WiMR|_example_datavHCO03 201 BOR20, LY \MRID ata
WT 14020160620 165327 mpragetraz002a1 007 . ni
Saving H:AERIEIRTEL \HPresentationt 202101 27_ MRl coursefM B _example_data
YHCO03_20160620_CvJAMRID atahT 1400201 60520165827 mpragetiaz002a1 0071 mii
Carveersion caompleted in 3656 ms

Z=7 & Yi-Tien Li, Ph.D.



DICOM Import

e DICOM format (*.dcm,

DICOM image

folder

= | MRIData
= =8 =R B
B o
» B U & = iBE- XW
| SB[ ER A - g%?ﬁ
=) Ra L & EEE - B
| esR FLEE =
== HASEE
&« > 4 <« HC.. » MRID. v | O
= data (E) A oz -
- Data (F) T
- Google Drive File Stre o W
s Transcend (J2) ~ WIM2
= Transcend (J)
acrobat2018_114047
cloud
cloud2
| D_copy
E_copy
F_copy
ESIVimT Al i S
3EEE CER1EEE

‘%% TT I

TAIPEI MEDICAL UNIVERSITY

MRIData

=54k

*.ima, *. ) > NIfTI (*.nii

- Transcend (J2)

cloud

cloud2
D_copy
E_copy

F_copy
FQIWVm7 Ad

179 BEE

Z=H & Yi-Tien Li, Ph.D.

daiana A
- Data (F) L

= Google Drive File Stre
= Transcend ()

acrobat2018_114047

60112915
60112931
60112947
60112963
60112979
60112995
60113011
60113027
60113043

16/6/20
16/6/20

i

ir

il il
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DICOM Import

* DICOM format (*.dcm, *.ima, *. ) = NIfTI (*.nii

. ERREAR — O %
DICOM image z= BRI E P
folder * [] #%° J & @
R I R w EHET E
_ BH[ B8 WL . _ A .
o ox ,,ﬂv-EJH,"El o [E5 T o dimAES
i ] - =
o ES BE 2R
ﬁz;%_ WEE- XA
w = &« v 4[]« MRL. > WM v 0 je
£ = [BzmE- =jExsz H8
[ ¢ =t Bk ~
s HaeE % EL R ziE [EcE
€ = v 4 [L«HC. > MRD v e MEIDeta = Data (F) A4 20160620_165827ep2dboldmocop?... 49
= data (E) A~ zu - = Google Drive File Stre 4 20160620_165827ep2dboldmacop2... 49 NIFTI
= Data (F) T 200171718 T= m=ma - Transcend (1) -4 20160620_165827ep2dboldmocop?... A9 MIFTI
= Google Drive File Stre 5w 2021/1/19 & - 20160620_165827ep2dboldmocop2... A% MNIFTI
b 40 - w2 2021/1/8 T4 04:20 = Transcend (J)
= Transcend () d 02171/ bees 4 20160620_165827ep2dboldmocop?... 49 MIFTI
= Transcend () acrobat2018_114047 A 20160620_165827ep2dboldmocop?2... 1249 NIFTI
acrobat2018 114047 cloud A 20160620_165827ep2dboldmocop?... 12:49  NIFTI
cloud cloud2 -4 20160620_165827ep2dboldmocop?... 12:43  NIFTI
cloud2 D_copy A 20160620_165827ep2dboldmocop?... 1249 MIFTI
D-copy E_copy -4 20160620_165827ep2dboldmacop2... 12:43  NIFTI
c _
o 4 20160620_165827ep2dboldmocop2.. 1249 NIFTI
F_copy F_copy T T _ R
FQIVmT AL ol > FCl W7 Ad e L
= =
| 3EES  BER1EEE - o 210EHEE

%% TT I

TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 7



fMRI Protocol (see DICOM tags)

Tsai YU-JEN 2 2 "Aniptations Fi2
Ctrl+F12
Shift+F12

Hide measurements Alt+F12
—

Show DICOM tags Cerl+Al+T

1994/1/25 Cross reference lines

| 2016/6/20 F Hide patient data

' {

En DICOM Tags (HAZEHEHEEE #Presentation\20210127_fMRIcourse\fMRI_example_data\HC003_20160620_CY... — [m] x

DICOM image RadiANT DICOM

fo I d e r VI eW er (64— b I t) Tag ID VR WM Length Description Value [l
(0002,0000) w14 File Meta Information Group Length 178
— — e B B (0002,0001) 0B 1 2 File Meta Information Version 0001
- o (0002,0002) U1 % Media Storage SOP Class UID 1.2.840,10008.5.1.4.1.1.4
) (0002,0003) o1 52 Media Storage SOP Instance UID 1.3.12.2.1107.5.2.43.66074. 20160620 1711118402395 78 78
(0002,0010) uo1om Transfer Syntax UID Explicit VR Little Endian [1.2.840, 10008.1.2.1)
JBE-  WRE- - \ﬂ - H== (0002,0012) o118 Implementation Class UID 1.3.12.2.1107.5.2
- SHTE (0002,0013) SH 1 8 Implementation Version Name MR_VE11B
Besz - =jgxss A P £ s (0008,0005) G 1w Specific Character Set 150_IR 100
= S (0008,0008) s 5 % Image Type ORIGINAL'PRIMARYMNDMOSAIC
EasE A R =5 ‘ (0008,0012) DA 1 8 Instance Creation Date 20160620
€ 3 v 4 « HC. » MRID v o JRIData | (000&,0013) ™ 1 14 Instance Creation Time 171120.614000
(0008,0016) U1 % SOP Class UID 1.2.840,10008.5. 1.4, 1. 1.4
data ) n # (0008,0018) U1 52 SOP Instance UID 1.3.12,2,1107.5.2,43,66074. 20160620 171111840 23937578
- N (0008,0020) DA 1 8 Study Date 20160620
= Data (F) T (0008,0021) DA 1 8 Series Date 20160520
. Google Drive File Stre Mt (0008,0022) oA 1 8 Acquisition Date 20160620
X B (0008,0023) DA 1 8 Content Date 20160620
= Transcend iJ) > W2 (0008,0030) ™ 1 14 Study Time 165827, 566000
s Transcend (1) (0008,0031) ™ 1 14 Series Time 171120.543000
(0008,0032) ™ 1 14 Acquisition Time 171110.465000
acrobat2018 114047 (0008,0033) ™ 1 14 Cantent Tme 171120.614000
cloud (0008,0050) SH 0 1] Accession Number
cloud2 1 Madslite 4
D_copy
E_copy
F_copy
EQIWm7 R4 v < >
3EES =

TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 8
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@ 1a38ikans-
fMRI Protocol (see DICOM tags) QreWi¥imnmo

e (0008,0070) Manufacturer : SIEMENS

e (0018,0087) Magnetic Field Strength : 3 (T)

e (0008,1090) Manufacturer’s Model Name : Prisma

e (0018,0024) Sequence Name : *epfid2dl_70 —->2D GRE EPI

e« (0018,0080) Repetition Time : 2000 (ms) BOLD fMRI images (Moisaics)

e (0018,0081) Echo Time : 20 (ms) - - e = % &
e (0018,1314) Flip Angle : 90 (") o % WOV
e (0028,0030) Pixel Spacing : 3\3 (mm) OOHO (.J LJ D O
e« (0028,0010) Rows : 64 o C) C} O 0 c e

e (0028,0011) Column: 64
e (0018,0088) Spacing Between Slices : 3.5 (mm)

0066660

« (0018,0050) Slice Thickness : 3.5 (mm) & & » »
* (0019,100A) Number of Image in Mosaic : 40 (slices)

Yy,
W%é*

B AN 2N & ot

E E
%J%‘&g TAIPEI MEDICAL UNIVERSITY Z=7 & Yi-Tien Li, Ph.D. ®)



L, New Variable

Matlab | BT

b s

Set Path > Add with Subfolders... > spm12 > EIEZ 1 3k

| Analyze Code G () Preferences

@ (% Community
- =) Request Support

Search Documentation 2

R2020a [ "or o come ot som 2P0

ath with 5

ubfolders

e

: = | ¥ AddtoP x _
S EF L > C o Users » rogereng » D?c €« v 1t > T#E » data(D) » work 2 B2 work bl
Current Folder ® & @
Name ~ || mesmL mmmax =+ @ '
Aacksonial IS = - = iy Py
4\ SetPath @ OneDrive E# . 1'§E>4E|Eﬁ _ Al
‘e s GMAC_ 1.4 2020/6/16 £ 09:51
All changes take effect immediately. - GraphVar_beta_v_06.2 2020/6/16 £ 09:52
MATLAB seal B 3D 1% GRETNA-master 2020/8/16 15 09:52
Add Folder... Diworks S GrouplCATv3.0a 2020/6/16 £ 09:53
e | Add with Subfolders... | iE GTG_beta_044 2020/6/16 £ 09:53
= H == joe-of-all-trades-regionprops3-05¢7d...  2020/6/16 £ 09:53
W =E marsbar-aal 2020/6/16 b5 09:53
SEN matlab-bgl-master 2[)2[),.-"6,-"16i’—_ 09:53
ca_ica 2020/6/16 £ 09:53
BN pea /6/
Move to Top rasmusbergpalm-DeepleanToolbox-... 2020/6/16 =5 09:53
e Windows (C) . P
v T slice_averlay 2020/6/16 £ 09:53
Sl = data (D) spm3 _ 2020/6/16 £4 09:56
| Move Down | - data (E:) l spm12 2020/6/18 T 04:18
= Data (F) ST_Suite_ve. 2020/9/2 £5 02:39
| MovetoBottom | = Google Drive File Stree v toolbox_matlab_nifti 2020/6/16 14 09:56 T
Erlgk: |spm12 |
gmzex ||| ms |
Remove | >
— | Save | | Close | | Revert | | Default | | Help |
D4
N
¥ "
N T % P s .
TAIPEI MEDICAL UNIVERSITY ZH}&E Yi-Tien Li, Ph.D. 10



Set up

Set Path > Add with Subfolders... > spm12 > EZZE {3 > Save > Close

Search Documentation

=1 [ iz, Mew Variabl Analyze Code a8 ] @ Pref (~) £3%Co i
Matlab @ = 02 U3 (Jrinaries & [ = e "T?R“ 'y:ﬂ &8 | tﬁs:::ﬂ \Z L: m‘::tmy
Nw New Opln | i) Compare  Import Save 52 Open ‘ éf e Simulink uyuut o Help L BERiesE Suppait
R2020a | =i - Date Workspace () Clear Workspace » |/ 4 Clear Commands »  Library flli pacaiel '+ o Ace-ons
R = = NAIARDE } EORE 5 _Ei"_. DNMENE RESOURCES J
L EA Lo Users » rogerjang » Documents » -
Current Folder @ [ Editor - D\users\jang\books\matlabProgramming4guru\example\02- X B RioEig 7\ E{t\gp.. ® x  Workspace )
Mame = goPlotm nnfrainm *| gpuSpeedup0l.m + Name a Value
ol : - * — ! — TJ |2 ans ‘CA\Users\rogetjang...

4\ SetPath - O *

All changes take effect immediately.

MATLAB search path:
Add Folder...

[ Add with Subfolders...

Move to Top
Move Up
Move Down

Move to Bottom

Remove

— [ Save l Close ] Revert Default Help ¥

(=]

~° %% TT I

TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 11



Analysis of Functional Magnetic Resonance Imaging (fMRI)

Set up SPM12 Batch Parameters




Preprocessing Procedure

Input :
20*.nii (EPI) Slice T|rr_1|ng
’ Correction
|
| ¥
\
.. \ .
a*.ni *| Realignment
*(Opts) ‘
20%nii (TIW) | Segmentation
ra*.nii ‘
mean*.nii Co-registration
m*.nii
m*.nii r ‘
rav.nit Normalization
y_*.nii \ ‘
wra*.nii Smooth

TAIPEI MEDICAL UNIVERSITY

= %% LS :
*@ Ny I

Output :

ar.nii

ra*.nii
mean*.nii
rp_*.txt (head motion log)

cl1*.nii, c2*.nii, c3*.nii, c4*.nii, c5*.nii
m*.nii (bias corrected T1W)
y_*.nii (deformation field)

wra*.nii

swra*.nii

Z=H & Yi-Tien Li, Ph.D.

(4 SPM12 (6685): Menu - O *
Realign (Est... ~ Slice timing Smooth
Coregister (... ~| |MNormalise (... ~ Segment

Specify 1st-level Review
Specify 2nd-level Estimate
Results
Dynamic Causal Modelling
Display Check Reg Render...... ~ | FMRI ~
Toolbox: w PPIs ImCalc DICOM Import
Help Utils... w Batch Quit




Batch of fMRI preprocessing

>>spm fmri

> Batch

> fMRI preprocessing batch YTLi20210112.mat

|4\ Batch Editor

File Edit View SPM BasiclQ

D|b

Module List No Current Module
LI Mo Module selected
4 Load Job File(s) - O b4
Dir HA\sRYE iR iERE WPresentation\20210127_fMRIcourse
Up H\FE EimiEiRH#Presentation\20210127_fMRIcourse ~
Prev  H\#AyYEisasegEwPresentationi20210127_fMRIcourse v
Drive . fMRI_1st_level batch YTLi202101kY

fMRI_example_data

= < >
|| Fitter _Reset | -

_[ _| J Done

Selected 1/

> Done
(4] 5PM12 (6685): Menu - m}
Realign (Est... v Slice timing Smooth
Coregister (..~ Normalise (... ~ Segment
Specify 1st-level Review
Specify 2nd-level Estimate
Results
Dynamic Causal Modelling
SPM for functional MR
Display Check Reg Render...... ~  FMRI ~
Toolbox: ~ PPIs ImCalc DICOM Import
Help Utils... ~ Quit

H: \iﬁejﬁﬁﬁﬁzsﬁwpresentanomzom0127 fMRIcourse\fMRI_preprocessing_b ~

%% TT I

TAIPEI MEDICAL UNIVERSITY

* Menu and Toolbar

L T = TR S i

The "File" and "Edit" menu offer options to load, save and run a jOb and v

i

Z=H & Yi-Tien Li, Ph.D.
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Batch of fMRI preprocessing

>>spm fmri

> Batch

> fMRI preprocessing batch YTLiZ ® sz - 8 X
> D File Edit Wiew SPM BasiclO ~
one Dl >
Module List Current Module: Named Directory Selector
— Named Directory Selector | < ' Help on: Named Directory Selector A
4 SPM12 (6685): Menu - a X Change Directory DEP Input Name subject directory
Slice Timing Directaries
Realign: Estimate & Reslici . Directory =X
- Segment i <X
Realign (Est... -~ Slice timing Smooth Coregister: Estimate
Normalise: Write DEP
Coregister (... ~ MNormalise (... Segment Smooth DEP
Normalise: Write DEP
Specify 1st-level Review
Specify 2nd-level Estimate "
Current ltem: Input Name
Results subject directory ~
Dynamic Causal Modelling
v
SPM for functional MRI v SEEY
Display Check Reg Render...... ~ FMRI ~ Input Name -
Enter a name for this directory selection. This name will be displayed in the 'Dependency’ listing as output name.
Toolbox:  ~ PPIs ImCalc DICOM Import A String is entered.
The string must have at least 1 characters.
Help Utils... ~ Batch Quit
v

)

AN o

%’M TAIPEI MEDICAL UNIVERSITY ZX'H'}E Yi-Tien Li, Ph.D. 15
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Batch of fMRI preprocessing

> Select the SPM Tissue Probability Map (~\spm12\TPM.nii)

|4\ Batch Editor - [m] X
File Edit View SPM  BasiclO k]
Dl >
Module List Current Module: Segment
Named Directory Selector =X » Help on: Segment A
Change Directory DEP
Slice Timing <X - Channel
ITaTwall =I=31 ] .. Volumes o
{Segnent <X .. Bias regularisation light regularisation (0.001)
oregister. Estimate 3 .. Bias FWHM 60mm cutoff
Normalise: Write DEP .. Save Bias Corrected Save Bias Corrected
Smooth | [4] Tissue probability map - X
Normalise: Writg
Dir D:workispm12itpm D:‘natlas‘ntpm‘nTPM_niiJ] -—> T
Up D:workispm12'tpm v 1
Prev  |D:\workispm12itpm ~ Native Space
Naone
Dive [, w
abels_N=uromorphometrics.nii,1 E):\atlas\tpmﬁ’m_nii,.?l wls j
~ | |mask_ICV nii,1 J
I
v
Y v "
il EI Ren{ Done Filter Reset | x : ~
Frames @ r each of the subjects,

then it is possi

files.)

curacy. Note that only the first channel of

data is used fofi5-\workispm1 2\tpm TPM nii 1 |

&

|
1 or more options must be selected from:

[PM.n

o
e
4

Y S

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.
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Batch of fMRI preprocessing

> Select the SPM Tissue Probability Map (~\spm12\TPM.nii)

|4 Batch Editor

File Edit View SPM  BasiclO

Dl >
Module List Current Module: Segment
Named Directory Selector =X » JTissie A
Change Directory DEP l _Tissue probability map D:\atlas\tpm\TPM_niiAl - T
Slice Timing <X . Num. Gaussians 3
Realign: Estimate & ResliceDEP .. Native Tissue Native Space
Segment <X .. Warped Tissue Nane
Coregister: Estimate DEP _Tissue
Normalise: Write DEP I_Tissue probability map D:\atlas\tpm\TPM_niij] -— T
Smaooth == s

[4] Tissue probability map
Dir

Normalise: Write

Drive p-

D-workispm12itpm

Up D:workispm12'tpm
Prev  |D:workispm12itpm

.
h
.

Native Space
None

D:\atlas\tpm\TPM nii 6

None
None v

A nonlinear defol S

b _I _dI Rei Done Filter Resetl

brain images.

i L

ﬂfw fi les_)
Rather than asdu-Workispm 1 2iipmiTPM.nii 6 |

Dependency

ro-spinal fluid probability.

@ ndual subjects' image.

mation is used, based on other subjects’
a55 |gn|ng voxels to different tissue types

. T

%% TT I

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.
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Batch of fMRI preprocessing

> Save new batch file

|4\ Batch Editor - [m] X
File Edit View SPM  BasiclO k]
D (&) >
Module List Current Module: Segment
Named Directory Selector <X~ . Tissue ~ —mm s s
Change Directory DEP - TiSS 50 cave Job %
Slice Timing <X . Nur
Realign: Estimate & ResliceDEP .. Nat| « v « HHMEBEE » #Presentation » 20210127_fMRlcourse » fMRI|_example_data v | D 2 #EEZ IMRl_example_data
Segment <X .. Wa
Coregister: Estimate DEP _Tiss| H#EEEE -~ FREMNR Bz @
Normalise: Write DEP .. Tist SR A zm - EuES = il
Smooth DEP . Nur 3= _
MNormalise: Write DEP . Nat i ) HCO01_20160603_TJY 2021/1/11 F=F05:01
_Wa i -, HCDO2_20160617_LYR 2021/1/11 F5 05:01
_Tiss! b == | HCD03_20160620_CY) 2021/1/11 T 05:01
=t
=B8R
B ==
e Windows (C)
- data (D)
- data (E)
- Data (F)
- Google Drive Fi
— Transcend (J) ¥
v E=E=4=A(N)E [FIMRI_preprocessing_batch] v
ZEIHFET): | Matlab .mat File >
Tissue probability map
Select the tissue probability image for this clas ~ Ezzax iy
A nonlinear deformation field is estimated that b
Rather than assuming stationary prior probabilities based upon mixing proportions, additional information is used, based on other subjects’
brain images. Priors are usually generated by registering a large number of subjects together, assigning voxels to different tissue types
S,
' »,
LN ey N
k! TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 18



Batch of fMRI preprocessing " w@ __

> Select files for preprocessing

::;Ba:::dij;w SPM  BasiclQ Data f0|der
DEd b ~\HC003_20160620_CYJ\MRIData\WM1
:ﬁIEiMOW Selector <X J* H;:Ig:ob‘:;ﬁ;?;rzz::st:;:;r A
Change Directory DEP Input Name subject directory
Slice Timing Directories
Realign: Estimate & ResliceDEP N Directory .
gegmentt - Estimat \ Tl fl|eS
Nomalse. Wi DEP \ ~\HC003_20160620_CYJ\MRIData\T1\20*.nii
ﬁglgwoéﬁse: Write [[))IIEEE (1 VOIUme)
Current ltem: Inf\ut fMRI flles
s ~\HC003_20160620_CYJ\MRIData\WM1\20*.nii
(105 volumes)
v Specify...

Input Name

A String is entered.

Enter a name for this directory selection. This name will be displayed in the 'Dependency’ listing as output name.

The string must have at least 1 characters.

TAIPEI MEDICAL UNIVERSITY

o,
§ Y A Y :
@) Lratrr

Z=H & Yi-Tien Li, Ph.D.
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Slice Timing Correction

Slice Timing Correct for temporal offset between slices for multi-slice acquisition

Correction temporal interpolation

¥

Realignment R g W N o e Interleaved Acquisition

‘ ] ] _-'"--‘ -\-? & - ] £ "I
_1__.?. B L = : -"'\-\. e L ] J.“'."-\.' ...... FT¥eeen —
: E T S S i AT TN

Segmentation "N s 4F/ 48T RV i DN

Slices

F-ogii U W T /g

I "_EE ST \WaEa W
Co-registration e VNV S 7

1st Acquisition
2nd Acquisition

I S N AL TERET N

NO rm al | zat | on 3 . _<'*J . o R ..__ :h ~ ......

i"";: . :'_,--' o __+,_ crimien S ;“... .
] i P B S R e S
LI - T g B IR0 . s o

Smooth —

TN B B
&3 ENT T I

_%J TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 20



Slice Timing Correction

Slice Timing
Correction

¥

Realignment

{

Segmentation

{

Co-registration

{

Normalization

V

Smooth

o %% LS :
k@ AT ST

TAIPEI MEDICAL UNIVERSITY

|4 Batch Editor — O
File Edit WView SPM BasiclO
el P
Module List Current Module: Slice Timing
Named Directory Selector =X » Help on: Slice Timing
j Data
[Slice Timing <-X _Session <X
; MNumber of Slices 40
Segment <X TR 2
Coregister: Estimate DEP TA 1.95
Normalise: Write DEP
Smooth DEP Reference Slice 2
MNormalise: Write DEP Filename Prefix a
Sessions : ~\HC003_20160620_CYJ\MRIData\WM1\20*.nii
(105 fMRI volumes)
Number of Slices : (0019,100A) Number of Image in Mosaic : 40
TR : (0018,0080) Repetition Time : 2000 (ms) — 2 (s)
TA : TR-TR/Number of Slices — 2-2/40 = 1.95
Slice order : 2:2:40 1:2:39 — SIEMENS interleave acquisition
Reference Slice : 2 — SIEMENS interleave acquisition
Enterthe sics Filename Prefix: create a*.nii files after this step
ascending (first slice=bottom): [1:1:nslices]
descending (first slice=top): [nslices:-1:1]
Z=H & Yi-Tien Li, Ph.D. 21




Realignment (Head motion correction)

The signal variation from head movement is much larger than hemodynamic response.

Realignment Realignment
Segmentation L -
‘ o5 , trans!ation
) - - NIE= 6-parameter rigid body registration & transformation
Co reg 'stration £ oyl e -"-"'-)&'q'?ﬁhi-‘"iCIQJ":‘I;"J]'{' (Realign to the 1st volume)
‘ o T 1, 6 motion-related co-variates for fMRI analysis
Normalization e

o8r oA A S
ettt

g 2 5
) % ’ QQME'M*JM e ISPV ?ﬁ; ?
S m O Ot h os) l — E‘Elc: ‘ ""_'“"”""""""'\"\-...f-, m =
0 50 'HI)ﬂ ‘rn'laéage Z(iﬂ 2'50 30C
SNy, » translation
(&) &8 45%
%@ TAIPEI HEDIGALUNN:RSITY Z'g '} Yi-Tien Li, Ph.D. 22



Realignment (Head motion correction)

|4 Batch Editor

File Edit View SPM BasiclO

Realignment

v

Segmentation

{

Co-registration

{

Normalization

V

Smooth

Dl >
Module List Current ign: Estimate & Resli
Named Directory Selector =X » Help on: Realign: Estimate & Reslice Data dependen cy A
Change Directory DEP i
Slice Timing =K DEP Slice Timing: Slice Timing Corr. Images (Sess 1)
LReaigl: Estimate & ResliceDEP |
‘Segment =X _Quality 09
Coregister: Estimate DEP _ Separation 4
Normalise: Write DEP - Smoothing (FWHM) 5
Smooth DEP - Num Passes Register to mean
Normalise: Write DEP _Interpolation 2nd Degree B-Spline
-Wrapping No wrap
Volumes : EPl volumes after slice timing correction (a*.nii)
—RESTCET MAgES ATTMAYES + WMEAN Mage
_Interpolation 4th Degree B-Spline
. Wrapping Nowrap v
Current ltem: Session
Slice Timing: Slice Timing Corr. Images (Sess 1)
v
v Specify... Dependency
Session ~
Select scans for this session. Inthe coregistration step, the sessions are first realigned to each other, by aligning the first scan from each
session to the first scan of the first session. Then the images within each session are aligned to the first image of the session. The
parameter estimation is performed this way because it is assumed (rightly or not) that there may be systematic differences in the images
between sessions.
v

{L% Sy %

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.
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Realignment (Head motion correction)

|4\ Batch Editor - [m] X
File Edit View SPM  BasiclO k]
== =N
Module List Current ign: Estimate & Resli
Named Directory Selector <X » . Session DEP Slice Timing: Slice Timing Corr. Images (Sess 1)~
Change Directory DEP Estimation Options
Slica Timing X - Quality 09
L Realign: Estimate & ResliceDEP ] . Separation 4
I Segment <X - Smoaothing (FWHM) 5
Real I g nm ent Coregister: Estimate DEP - Num Passes Register to mean
Normalise: Write DEP - Interpolation 2nd Degree B-Spline
Smooth DEP - Wrapping No wrap
Normalise: Write DEP . WEIthlﬂg
N
Segmentation

y :Wrapping No wrap
rfbereierrr ?
( . Filename Prefix r

Current ltem: Resliced images

. . Alllmages (1..n) ~
Co-registration images 2.
‘ Resliced images : All Images + Mean Image (mean*.nii)
y Filename Prefix: create ra*.nii files after this step
Normalization |
V.
‘ Alllmages (1..n) - This reslices all the images - including the first image selected - which will remain in its original position.
\ Images 2.n : Reslices images 2.n only. Useful for if you wish to reslice  (for example) a PET image to fit a structural MRI, without
creating a second identical MRI volume.
Smooth S e .

f %% v %

TAIPEI MEDICAL UNIVERSITY Z'g '} Yi-Tien Li, Ph.D. 24



Segmentation (Bias field correction) TRCWAk B0

Estimate tissue probability maps for each subject.

. cl1*.nii c2*.nii c3*.nii c4*.nii c4*.nii
Seg mentation ] (gray matter) (white matter) (CSF) (skull) (scalp)
Bias field correction — benefit for registration Estimate deformation field

Co-registration

{

Normalization

V

Deformation field

(y_*.nii) "- -

Before correction Bias field After correction

Smooth (m*.nii)

Subject space Template

-g’:‘*%f?)" %

%J ,§ TAIPEI MEDICAL UNIVERSITY Z'H'ME Yi-Tien Li, Ph.D. 25



Segmentation (Bias field correction)

Segmentation ]

Y

Co-registration

{

Normalization

V

Smooth

|4\ Batch Editor

- O
File Edit View SPM BasiclO
Dl P
Maodule List Current Module: Segment
Named Directory Selector  =-X » Help on: Segment A
Change Directory DEP Data
Slice Timing =X frerrrrrest
jan Fsii ] ~Volumes <X
_Wreguansanon gt reguiansanon (0.
oregister. Esiimate B DI g
Normalise: Write DEP .. Save Bias Corrected Save Bias Corrected
Smoaoth DEP e
Normalise: Write DEP _Tissue
.. Tissue probability map DA atlas\pm\TPM.nii, 1
Volumes : ~\HC003_20160620_CYJ\MRIData\T1\20*.nii

Save Bias Corrected : Save bias corrected

(1 volume)

Replicate: Channel (1)
Delete: Channel (1)

v Specify...

Specify the number of different channels (for multi-spectral classification). If you have scans of different contrasts for each of the subjects,
then it is possible to combine the information from them in order to improve the segmentation accuracy. Note that only the first channel of
data is used for the initial affine registration with the tissue probability maps.

1or more options must be selected from:

&

‘%% TT I

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.
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Segmentation (Bias field correction) IRCWEE 8% 0

Segmentation

Y

Co-registration

{

Normalization

V

Smooth

|4\ Batch Editor - [m] X
File Edit View SPM BasiclO k]
D W b
Maodule List Current Module: Segment
Named Directory Selector <X ~ . Native Tissue Nafive Space
Change Directory DEP .. Warped Tissue None
Slice Timing =X - Tissue
ian: Esti i .. Tissue probability map D:atlas\tpm\TPM.nii,6
[Segnert =X .. Num. Gaussians 2
m_ .. Native Tissue None
Normalise: Write DEP .. Warped Tissue None
Smooth DEP Warping & MRF
Normalise: Write DEP . MRF Parameter 1
- Clean Up Thorough Clean
P T T ST TS e O

v

_ Affine Regularisation

mooinness
poelioa dicto oo 2

. Deformation Fields Forward ]

“Current em: ATiine Regularisation d

No Affine Registration A

ICBM space template - European brains

*ICBM space template - East Asian brains
Average sized template
No regularisation

Specify...

The procedur]
using the Dis

al 2004) sy Deformation Fields : Forward (subject T1 — template)

Affine Regularisation : ICBM space template — East Asian Brains

that if the procedureis to be initialised with the affine registration, then the data should not be foo corrupted with this arfitact.lf there is a lot
of intensity non-uniformity, then manually position your image in order to achieve closer starting estimates, and turn off the affine

e

{L% Sy %

TAIPEI MEDICAL UNIVERSITY
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Co-registration (cross-modality registration)

Align fMRI (EPI) data to structural (T1W) image.
* Matching modalities in individual subjects
* Rigid body transformation using mutual information

= Yaw * h\l
Translate Rotate
Scale Shear
Co-registration
Normalization
Smooth
T2*W EPI images T1W structural images
e (low resolution & poor (high resolution)
S ArE I - structural information)
ez %E.ufﬁ.ig ZHE Yi-Tien Li, Ph.D. 28



Co-registration (cross-modality registration)

|4 Batch Editor

File Edit View SPM  BasiclO

Dl >
Module List Current C gi
Named Directory Selector <-X ~ Help on: Coregister: Estimate Data dependency -
Change Directory DEP Reference Image DEP Segment: Bias Corrected (1)
Slice Timing <X Source Image DEP Realign: Estimate & Reslice: Mean Image
Reallgn Estimate & ResliceDEP Other Images DEP Realign: Estimate & Reslice: Resliced Images (Sess 1)
Estimation Options
. Objective Function Normalised Mutual Information
. - Separation [42]
Smooth DEP . Tolerances 1x12 double
Normalise: Write DEP . Histogram Smoothing [7 7
Match to Reference|lmage

Reference Image : bias corrected TIW images (m*.nii)
Source Image : mean EPI volume (mean*.nii)
Other Images : intra-session realigned EPI volumes (ra*.nii)

Co-registration
g‘ * Fitting fMRI data (source image) to T1W structural images (reference image)
. . ) v Specify... Dependency
Normalization
‘ ’ IS IS Image that is assumed to remain stationary (sometimes known as the target or template image), while the source image is
moved to match it.
Smooth .

=
‘% %%ﬁ% Z=H & Yi-Tien Li, Ph.D. 29
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Deformation field \
78 f 112

(y_*.nii) ¥ "_ b
ﬁk AR

Bounding box
(mm)
[-78 -112 -70
78 76 85]
Origin : anterior
commissure (AC)

* Voxel sizes [22 2]
(mm)

Deformation field
(y_*.nii)

Normalization

v

Smooth

Deformation field
(y_*.nii)

h Normalized EPI
% %*t%%}:_ Co-registered EPI volumes volumes (wra*.nii)
TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D.
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|4\ Batch Editor - [m] X
File Edit View SPM  BasiclO k]
DEd >
Module List Current Module: Normalise: Write
Named Directory Selector =X » Help on: Normalise: Write A
Change Directory DEP Data
Slice Timing <X _Subject Data dependency
Realign: Estimate & ResliceDEP .. Deformation Field DEP Segment: Forward Deformations
Segment <X .. Images to Write DEP Coregister: Estimate: Coregistered Images
Careqgister Fstimate DEE
Normalise: Write DEP | 0 bo oub
'Smootn DEP _Vaxel sizes [222]
MNormalise: Write DEP _Interpolation 4th Degree B-Spline
. Filename Prefix W

\/

78 f 112

i‘\ oy sl
6 "" .

‘Current ltem: Bounding box
-718-112 -70

Bounding box
(mm)

[-78-112 -70
78 76 85]
Origin : anterior
v Specify... - commissure (AC)
Normalization :  dmunz2a
J Bounding box -
‘ The bounding box (in mm) of the volume which is to be written (relative to the anterior commissure).
Th H H . . .o
@J Deformation Field : forward deformation matrix (y_*.nii)

R

Smooth A

Images to write : co-registered EPl volume

Filename Prefix: create wra*.nii files after this step

‘%% TT I
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Normalization

v

Smooth

|4\ Batch Editor - [m]
File Edit View SPM  BasiclO
DEd >
Module List Current Module: Normalise: Write
Named Directory Selector =X » Help on: Normalise: Write A
Change Directory DEP Data
Slice Timing <X _Subject Data dependency
Realign: Estimate & ResliceDEP .. Deformation Field DEP Segment: Forward Deformations
Segment <X .. Images to Write DEP Segment: Bias Corrected (1)
Coregister: Estimate DEP
Normalise: Write DEP 0 bo oub
Smooth DEP _Voxel sizes [222]
Normalise: Write DEP ] _Interpolation 4th Degree B-Spline
. Filename Prefix W
\ /
78 fnz
‘Current ltem: Bounding box |
-78-112 70 i‘ . e
78 76 85 : Y st
5 Bounding box

(mm)
[-78-112 -TO
78 76 85]

Bounding box

The bounding box (in mm) of the volume which is to be written (relative to the anterior commissure).

Origin : anterior
commissure (AC)

Voxel sizes [2 2 2]
(mm)

Specify...

Ri
Al

‘%% TT I

TAIPEI MEDICAL UNIVERSITY

Th - . "
@J Deformation Field : forward deformation matrix (y_*.nii)
Images to write : bias corrected T1 volume (m_*.nii)

Filename Prefix: create wm*.nii files after this step

Z=H & Yi-Tien Li, Ph.D. 32



Gaussian Spatial Smoothing

(stamp)
Apply Gaussian kernel smoothing to the normalized EPI volumes
» Each voxel becomes weighted average of surrounding voxels
 Compensate for in accuracies in normalization between individuals
* Increase signal-to-noise ratio (SNR)

Before convolution Convolved with a circle Convolved with a Gaussian
S e - v
L g & g o 8
Pl A0 e A . e =
Z Yy T . a M F i t
SRR T ™
- b, ¥

FWHM (full width half maximum)
e Mainly 5-10 mm FWHM (2 to 3 voxels)
* Smoothing process may be skipped when the target brain region is small.
(i.e. amygdala, deep nucleus)

No smoothing FWHM =2 mm FWHM=4 mm FWHM =8 mm

Smooth ]

S0,

B AN & 2
e %E.Eﬁu);g ZE7FE Yi-Tien Li, Ph.D. 33




Gaussian Spatial Smoothing TRCHE iz w0

|4\ Batch Editor - [m] X
File Edit View SPM  BasiclO k]
Dl >
Module List Current Module: Smooth
Nata dAdanandaoanecyv
Named Directory Selector <X~ : bS] S AL A
Change Directory DEP Images to Smooth DEP Normalise: Write: Normalised Images (Subj 1)
Slice Timing <X FWHM [55 5]
Realign: Estimate & ResliceDEP Data Type SAME
Segment <X Implicit masking No
Coregister: Estimate DEP Filename Prefix s
Images to Smooth : Normalized EPI volumes (wra*.nii) (|
FWHM : mainly 5-8 (mm) g
Filename Prefix: create swra*.nii files after this step
| v
v Specify... Dependency
Images to Smooth ~
Specify the images to smooth. The smoothed images are written to the same subdirectories as the original images and are prefixed with a
's'. The prefix can be changed by an option setting.
Smooth ] .

S0,

AN S L 2a

TAIPEI MEDICAL UNIVERSITY ZX'H'}E Yi-Tien Li, Ph.D. 34




Analysis of Functional Magnetic Resonance Imaging (fMRI)

Set up SPM Batch Jobs




SPM Batch Jobs STIILE
>>spm fmri 9 Batch Editor - o x
File Edit WView GSPM BasiclO k'
> Batch D d| b
S BaS|CIO S Run S Run Batch JObS Module List Current Module: Run Batch Jobs
. . Ruin Batch lobsy)
> fMRI preprocessing batch YTLi202T0 a
> Done
Save Generated Batch Jobs <X
|4 SPM12 (6685): Menu - ] b Missing Inputs =X
Realign (Est... ~ Slice timing Smooth
Coregister (..~ Normalise (... ~ Segment % Load Job File(s) B o %
Dir HA\sRYE iR iERE WPresentation\20210127_fMRIcourse
ST e iers Review Up H\FE EimiEiRH#Presentation\20210127_fMRIcourse ~
Prev  H\#AyYEisasegEwPresentationi20210127_fMRIcourse v
Specity 2nd-fevel Estimate Gured Drive i Sl RISt level_batch YTLi202101EY
Results fMRI_example_data
Dynamic Causal Modelling
SPM for functional MR © s v
< > P iy | € 2
Display CheckReg | |Render.... v FMRI v 2| Eo| Re Dane || Fitter _Reset | -
Job FIlE(S} Selected 1 1e. |
Toolbox: PPIs ImCalc DICOM Import Select the job template(s H: \iﬁejﬁﬁﬁﬁzsﬁwpresentanomzom0127 fMRIcourse\fMRI_preprocessing_b ~
Help Utils.._ . - l . concatenated in selection «
< >
|
G
i) % v % o
TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 30



SPM Batch Jobs

TIRCH®E ®# R 0
>>spm fmri 4 Botch Editor - 0 x
File Edit WView GSPM BasiclO El
> BatCh D= P Module List
> Basiclo > Run > Run Batch Jobs Module List Current Module: Run Batch Jobs NamedDireclorySe ~
. . Help on: Run Batch Job " i
> fMRI_preprocessing_batch_YTLi2( M o e Li20210112mat
> Done Runs N
| - Job Inputs
(4] 5PM12 (6685): Menu - | x - - Directory B
. NIfTl Images - Smooth DEP
Mes =X MNormalise: Write DEP
) o Save Generated Batch Jobs <X ’
Realign (Est... -~ Slice timing Smooth Missing Inputs <X
Coregister (..~ Normalise (... ~ Segment
Specify 1st-level Review Data folder
Specify 2nd-level Estimate "'\H COO 3_20 160620_CYJ\M RI Data\WM 1
T Tma = Chdei [T
Results T1 files
i et oot ~\HC003_20160620_CYJ\MRIData\T1\20*.nii
(1 volume)
al I
Display CheckReg | |Render.... v FMRI v : fMRI files
roobor || PPs | mcac | |DIcOM Inor ~\HC003_20160620_CYJ\MRIData\WMZ1\20*.nii
Help utis. v Batch Quit (105 volumes)
0 or moreleprorerroorore—eresreo o
* String

0”’““ e
(&) LT ST <

TAIPEI MEDICAL UNIVERSITY

* Evaluated Input

W
& B ETLL

ZX'H'}E Yi-Tien Li, Ph.D.
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SPM Batch Jobs

>>spm fmri

> Batch
> BasiclO > Run > Run Batch Jobs
> fMRI preprocessing batch YTLi2(

> Done

(4] 5PM12 (6685): Menu - ] X
Realign (Est... ~ Slice timing Smooth
Coregister (... ~| |Normalise (... ~ Segment

Specify 1st-level Review
Specify 2nd-level Estimate
Results

Dynamic Causal Modelling

S PN for functional MR
<~ Tor tunctionati |

Display Check Reg Render..._.. ~ FMRI w
Toolbox:  ~ PPIs ImCalc DICOM Import
Help Utils... v Batch Quit

|4 Batch Editor

File Edit

O=H

WView

P

Module List

Run Batch Jobs4d

>

SPM

L

BasiclO

Current Module: Run Batch Jobs

Help on: Run Batch Jobs "
Jab File(s) _.Li20210112 mat
Runs
_Job Inputs
.. Directory _JYIMRIDatatWMA
.. NIfTl Images _..as003a1001 nii 1

= 2
Save Generated Batch Jobs <X
Missing Inputs =X

Current ltem: NIFTI Images

H A E iR HPresentation'20210127_fMRIcc ~
H\FERT EiniEaRH#Presentation\20210127_fMRIcc
H AT E iR WPresentation\20210127_fMRIcc
H:\FarEmiER@Presentation120210127_fMRlcc

B s R T] - W S R PP P IR - Y

< >

Specify...

Sele

Save Generated Batch Jobs : Don't Save

Missing Inputs : Don’t run any jobs if missing inputs

= %% LS :
k@ AT ST

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.

38



SPM Batch Jobs

TRCHAER# o
>>spm fmri & Batch Editor - o x
File Edit Wiew SPM BasiclO Y
> Batch DEHE P Mode Lit
> Basiclo > Run > Run Batch JObS Module List Current Module: Run Batch Jobs NamedDi_reclorySe ~

> fMRI preprocessing batch YTLi2(

> Done

(4] 5PM12 (6685): Menu - m} X
Realign (Est... ~ Slice timing Smooth
Coregister (..~ Normalise (... ~ Segment

Specify 1st-level Review
Specify 2nd-level Estimate
Results
Dynamic Causal Modelling
Display Check Reg Render..._.. ~ FMRI w
Toolbox:  ~ PPIs ImCalc DICOM Import
Help Utils.... ~ Batch Quit
1S

Run Batch Jobs ~
'Run Batch Jobss

Help on: Run Batch Jobs
Job File(s)
Runs

-..Li20210112.mat

. Job Inputs 2
N Ellf[ﬁﬁtrﬁg es alise: Write DEP
NI |mages Smooth DEP
> Normalise: Wit DEP
Save Generated Batch Jobs ormalise: Write
Missing Inputs

Data folder

~\HC003_20160620_CYJ\MRIData\WM1

al T

T1 files
~\HC003 20160620 CYJ\MRIData\T1\20*.nii

(1 volume)

<

Job File(s
Select thy
concatens

fMRI files
~\HC003 20160620 CYN\MRIData\WM1\20*.nii

(105 volumes)

AT I

TAIPEI MEDICAL UNIVERSITY

P,
f@%
e

ZX'H'}E Yi-Tien Li, Ph.D.
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SPM Batch Jobs

>>spm fmri

> Batch
> BasiclO > Run > Run Batch Jobs
> fMRI preprocessing batch YTLi2(

> Done

(4] 5PM12 (6685): Menu - ] X
Realign (Est... ~ Slice timing Smooth
Coregister (... ~| |Normalise (... ~ Segment

Specify 1st-level Review
Specify 2nd-level Estimate
Results

Dynamic Causal Modelling

SPM for functional MRI

Display Check Reg Render..._.. ~ FMRI w
Toolbox:  ~ PPIs ImCalc DICOM Import
Help Utils... v Batch Quit

4\ Batch Editar

File Edit Wiew SPM BasiclO

1 (C)

Module List Current Module: Run Batch Jobs

Run Batch Jobs A% Help on: Run Batch Jobs
Run Batch Jobs Job File(s)
Runs

_Job Inputs

.. Directory

. NIfTl Images
.. NIfTI Images
Save Generated Batch Jobs
.Don't Save

Missing Inputs

-.Li20210112.mat

- YJIMRIDataWwmM1

...as002a1001.nii,1

.5 if missing inputs

Current lterm: NFTI Images

H\FEAY EintEtEWPresentation'20210127_fMRIcc ~

v Specify...

Select NIfTl Images

NIfTI Images ~

i ‘é% TT I

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.
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(o) 2::%% %4
=) B EY B P

Check SPM processing logfile o5 WiVianse

e SPM processing logfile (spm_Date.ps)
e Convert *.ps file to *.pdf file (https://online2pdf.com/convert-ps-to-pdf)

translation

—— x translation
— Y translation

1k z translation
0
1

1 1 1
1] a0 100 150 200 250

min

image
rotation
05
0
w
a
i)
)
i}
® 05 W
' _ rall
yaw
-1 1 1 1 1
i} a0 100 1450 200 a0

S0,

&) LT ST <
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Analysis of Functional Magnetic Resonance Imaging (fMRI)
General Linear Model
(1st level analysis)




STt A
fMRI Protocol (see DICOM tags) TRCHBE® %S0

e (0008,0070) Manufacturer : SIEMENS

e (0018,0087) Magnetic Field Strength : 3 (T)

e (0008,1090) Manufacturer’s Model Name : Prisma

e (0018,0024) Sequence Name : *epfid2dl_70 —->2D GRE EPI
e« (0018,0080) Repetition Time : 2000 (ms)
e (0018,0081) Echo Time : 20 (ms)

e (0018,1314) Flip Angle : 90 (')

e (0028,0030) Pixel Spacing : 3\3 (mm)

e« (0028,0010) Rows : 64

e (0028,0011) Column: 64

e (0018,0088) Spacing Between Slices : 3.5 (mm)

e (0018,0050) Slice Thickness : 3.5 (mm)

e (0019,100A) Number of Image in Mosaic : 40 (slices)

Voxel time courses

0’@‘“ Y
g %

z 3 2 Aviz) ;
N4 ﬁe.afﬁf;g ZE74% Yi-Tien Li, Ph.D. 43
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@is8sitece.
fMRI Protocol (experimental design) TIRC W' ¥ 6 51 5 0

 N-back Verbal Working Memory Task (N =1 or 2)

Dorsolateral prefrontal cortex

Vi, Jmﬂd( '\'uJ nk’"-/\){“ II"-"""‘ﬂ o

Visual Cortex

ﬂ"lﬂ.Lﬂ.mump,,Fﬂlml.f .I"'._.U.\/“V,

+ ),

[A. Block design fMRI B. Visual presentation

Fixation Task stimuli
FIX TASK FIX TASK FIX TASK FIX

e
30sec 30sec 30sec 30sec 30sec 30sec 30sec =3 min30sec/ Task

——P o —>— —>——>
15 Trials 15 Trials 15 Trials
— — —

C. Response targets of N-back task

Non-target Non-target Non-target Non-target Target Non-target Non-target
543216 876543 |EEEEEH
Non-target Non-target Non-farget Non-target Non-target Target Non-target

S,
AT % 2ar s
.§ E.I)PEI MEDICAL UNIVERSITY Z'H'ME Yi-Tien Li, Ph.D. 44



General Linear Model (GLM) TRC W E R a0

* Finding the linear combination of these hypothetical time series “best” fits
the fMRI time series.

Measured BOLD signals

time

Voxel time courses

Gl
L
=
=
2=}

Measured "Known” ‘Unknown” parameters

(@) 4orutit
§ ER 1}&'% ) )‘; .
§ ‘E.I)PEI MEDICAL UNIVERSITY Z‘ﬁﬁ'[‘é Yi-Tien Li, Ph.D. 45



G
General Linear Model (GLM) parameter estimation i iss-.

 Beta value represents the association between a condition design and the
measured BOLD signal.

dU|MOpeYS LDITEISLEG
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General Linear Model (GLM) parameter estimationsis»«-

e Apply the same model to all voxels.
e Different parameters (beta value) for each voxel.

e Beta map for each task condition.

Condition #1: beta 0001.img

0.16
2.98 ay
Condition#2: befa_0002.img

A

A
0.83 | .V
|

Condition #3: beta_0003.img

0688 g
=10.82

(@) 4orutit
§ ER 1}&'% ) )‘; .
§ ‘E.I)PEI MEDICAL UNIVERSITY Z‘ﬁﬁ'[‘é Yi-Tien Li, Ph.D. 47



Specify 15t-level Analysis Model STy

>>spm fmri

|4\ Batch Editor - O *

> BatCh File Edit View SPM  BasiclO Ll
> fMRI 1st level batch YTLi20210112.mat @)= >
> Do n e Module List No Current Module

I Mo Module selected
(4] 5PM12 (6685): Menu - ] X
|4 Load Jab File(s) — O *
) Dir H\FERY EmiEiEHPresentation\20210127_fMRIcourse
Realign (Est... ~ Slice timing Smooth ?’ZE@ Tl : -
Up H\FEA T EimiE R HPresentation\20210127_fMRIcourse ~
Coregister (... ~| |Normalise (... ~ Segment Prev  H\#HAyEitEiEwPresentation'20210127_fMRIcourse v
Drive |y M RI_preprocessing_|
SorhEezis ez fMRI_example_data
) ) fMRlana06_materials
Specify 2nd-level Estimate fMRlana07_materials
- W
Results
v
L' < >
Dynamic Causal Modelling 7| e[ re Done || Filter _Reset | -
Selected /[T, L
HA\FAT E it wPresentation\20210127_fMRIcourse'fMRI_1st_level_batch_ ~
SPM for functional MRI
Display Check Reg Render...... ~  FMRI ~
Toolbox:  ~ PPIs ImCalc DICOM Import = .
VATAaDDAICh USEr Emace
Help Utils.... v Batch Quit
E———— * Menu and Toolbar

The "File" and "Edit" menu offer options to load, save and run a job and v

L T = TR S i It

) il T
%@ %E.Eﬁf;g ZHE Yi-Tien Li, Ph.D. 48




Specify 15t-level Analysis Model

>>spm fmri

> Batch
> fMRI preprocessing batch YTLi2

> Done

[4] SPM12 (6685): Menu - ] X

Realign (Est... ~ Slice timing Smooth
Coregister (..~ Normalise (... ~ Segment
Specify 1st-level Review
Specify 2nd-level Estimate

Results

Dynamic Causal Modelling

Display Check Reg Render.._... ~  FMRI ~
Toolbox:  ~ PPIs ImCalc DICOM Import
Help Utils... ~ Batch Quit

-

G)ExEELE
7y RBHIEEFRE P
" Y
TIRCH®E ®# R 0
4| Batch Editor — O x
File Edit View SPM  BasiclO ~
==
Module List Current fMRI model
i | specification Help on- Rl madel specification ~
Directory <X
Timing parameters
. Units for design Scans
. Interscan interval 2
. Microtime resolution 40
_Microtime onset 1
Data & Design
. Subject/Session
.. Scans <X
.. Conditions
... Condition
....Name 1-back
... 0Onsets [16 46 76]
. ... Durations 15 v

Current tem: Directory

Units for design : Scans (*depends)
Interscan interval : (0018,0080) Repetition Time : 2000 (ms) — 2 (s)
| Microtime resolution : (0019,100A) Number of Image in Mosaic : 40 (slices)
Microtime onset : 1 — Reference Slice

Directory : create a new folder (i.e. ~\MRIData\WM1\1_back)

TAIPEI MEDICAL UNIVERSITY

0”’““ Y
(&) LT ST <

Z=H & Yi-Tien Li, Ph.D.
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&) 14 xe
Y WBHIEZEFHE P
Specify 1st-level Analysis Model
pecify 1t-level Analysis Mode TRC Ui ¥ Em R0
; A. Block design fMRI
>> spm fmri 2
FIX TASK FIX TASK FIX TASK FIX
> Batch
> fM RI preprocessing batCh YTL|2 ] Batch Editor 30sec 30sec 30sec 30sec 30sec 30sec 30sec =3 min 30 sec/ Task - b X
= = = Flle Edit View SPM  BasiclO 15 Trials 15 Trials A5 Trials ~
> Done ==
Module List Current fMRI model
— . . _ [fMRI model specification <X ~ Data & Design A
4| SPM12 (6685): Menu a X . Subject/Session
.. Scans <X )
.. Conditions
Realign (Est... v Slice timing Smooth _::§§2$20n 1-back
. ) ... 0Onsets [16 46 76]
Coregister (..~ Normalise (... ~ Segment  Durations 15
~.. Time noauaton No Time Moguation
.. Parametric Modulations
_ ) . ... Orthogonalise modulations Yes
Specify 1st-level Review .. Multiple conditions
.. Regressors
Specify 2nd-level Estimat ..Muﬁlperegressors <X )
e mee (Tﬁﬁ-passﬂner 128 v
Current ltem: Masking threshold
Result .
esuis Scans : ~\HC003 20160620 CYJ\MRIData\WM1\swra*.nii
Dynamic Causal Modelling (105 fMRI VOlumeS)
Name : 1-back
Onsets : [16 46 76] (scans — depends on “Units for Design”)
Display CheckReg | Render. «| FVRI - Durations : 15 (scans for a stimulus block — depends on “Units for Design”)
y ~ PPI ImCal DICOM | rt . . .
Tootbox ° e oo I Multiple regressors : head motion log file (r_p*.txt)
Help Utils.... ~ Batch Quit Te.
C— An 1-by-1 array must be entered. "
S,
30 % .é ¥ "
JEARE A = s

Z2g k% Yi-Tien Li, Ph.D.

%;g ‘!__lé TAIPEI MEDICAL UNIVERSITY
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Specify 15t-level Analysis Model

>>spm fmri

> Batch

> fMRl_preprocessing_batch_YTLiZ

Help _ File Edit
T |

View

(4] SPM12 (6685): Graphics - =

Insert Tools

Deskiop Window SPM Figure B

IdSK
condition

> Done

(4] Batch Editor

File Edit Vlew SPM  BasiclO

Statistical analysis: Design

6 motion-related
constant

Module List

(4 SPM12 (5685): Menu

Realign (Est... v Slice timing

Coregister (.. ~  MNormalise (...

Specify 1st-level

Specify 2nd-level

Results

Dynamic Causal Modelling

Review

Estimate

Smooth

Segment

SPM for functional MRI

Display Check Reg

Toolbox: ~ PPIs ImCalc

Render..... ~

DICOM Import

[fMRI model specification "

—AAmi T ~

images

covariates

] 2 P [ ‘%

b5 5 5 b5 5

- . dbokdmocop2m105s0 10a001_001.nii, 1
- . dbokdmocop2m105s0 10a001_005.nii, 1
I~ . dbakdmocop2m105s010a001_009.ni, 1
I~ .dbakdmocop2m105s010a001_013.ni,1
. dbakdmocop2m105s0102001_017.ni, 1
. dbakdmocop2m105s0102001_021.ni,1
. dbaldmocop2m105s0 10a001_025.ni,1
. dbokdmocop2m105s0 10a001_0249.nii, 1
I~ .dbakdmocop2m105s010a001_033.ni, 1
I~ .dbakdmocop2m105s0102001_03T.ni, 1
I~ .dbakdmocop2m105s0102001_04 1.0, 1
- . dbokdmocop2m105s0 10a001_045.nii, 1
- . dbokdmocop2m105s0 10a001_044.nii, 1
I~ . dbakdmocop2m105s010a001_053.ni, 1
I~ . dbakdmocop2m1055010a001_057.ni, 1
F m105e0102001_061.nii,1
F .dhuidrrwurﬁmﬂﬁsmﬂaﬂm_o% nii, 1
. dbakdmocop2m105s0 102001_069.ni, 1
. dbokdmocop2m105s0 10a001_073.nii, 1
I~ . dbakdmocop2m105s010a001_077.ni, 1

[ . dboldmocop2m105s0 102001_081.nii,1
[ . dboldmocop2m105s0 102001_085.nii, 1
[ -dboldmocop2m105s0 10a001_089.nii 1
r m105s0 102001_093nii 1
[ .dboldmocop2m105s0102001_097.nii,1
[ .dboldmocop2m105s0102001_101.nii,1

m105s0102001_105.nii,1

| (gray — 2 notuniquely specified)

Directory
Select a directory where the SPM mat file

parameter estimability

Design description...

Help Utils_... ~ Batch

Quit

%% TT I

TAIPEI MEDICAL UNIVERSITY

Z=H & Yi-Tien Li, Ph.D.

Basis functions :
Number of sessions :

hrf
1

Trials per session : 1

Interscan interval :
pass Filter :

Glohal calculation :
Grand mean scaling :
Global normalisation :

High

2.00{s}

[min] Cutoff: 128 {s}
mean voxel value
session specific
None:

51




Estimate Model Parameters

>>spm fmri
> Results
> SPM.mat
> Done
(4 Select SPM.mat — a ot
[4] SPM12 (6685): Menu - o X Dir H R EimiEEHPresentation\i20210127_fMRIcoursefMRI_example
Up H\FEarEimiEwPresentation'20210127_fMRIcourse'ffMRI_ex . -~
Realign (Est... ~ Slice timing Smooth Prev  |H\#EE0EisiEiEHPresentation\20210127_fMRIcoursefMRI_ex... ~
Coregister (..~ Normalise (... ~ Segment Dri [4] SPMI12 (6B8T): . — ¥ .
i ) This model has not been estimated.
Specify 1st-level Review 9 Would you like to estimate it now?
Specify 2nd-level Estimate [default: yes]
Results J ne

Dynamic Causal Modelliné

SPM for functional MRI
; hd LY
Display Check Reg Render..___. ~ | FMRI ~ ) | Ed| Rec| Done | Filter  Reset | =
Toolbox: PPIs ImCalc DICOM Import Solactod ‘1.f[‘1 -1] filo {ﬁddnd LU filo }
e Uile. 5 A—- out H\EAEimiErEwPresentation\20210127_fMRIcourse'fMRI_example_data\Ht

S,
§ Y A Y :
%@é S By %

TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 52



Estimate Model Parameters

>>spm fmri

> t-contrasts
> Define new contrast...
> Done

[4] SPM12 (6685): Menu

Realign (Est... « | Slice timing ‘ ‘ Smooth ‘
‘Coregister (... v‘ ‘Normalisae(... V‘ Segment

Display Check Reg

Copyright (c) 1991,1934-2016

Ny I

TAIPEI MEDICAL UNIVERSITY

@ SPM contrast manager

001 {T} : 1_back

_Define new corirast.. | Reset | _Done |

Selected 1 contrast, press "Done" when finished.

Z'H & Yi-Tien Li, Ph.D.



Estimate Model Parameters

[4 SPM12 (6685): Graphics - X
>> Spm fm rl Help File Edit View Insert Tools Desktop Window SPM Figure L
1_back
S | ki . - Model parameter
apply masking : none .
th hold {T | (Subject level)
> : 0.001
reshold {T or p value} : none, 0. e
> & extent threshold {voxels} : 0 = . 3
4 5PM12 (668
[4] SPM12 (6685): Menu - m] X N
I"\:
: L &e
Realign (Est... ~ Slice timing Smooth SPM{T94}
Coregister (..~ Normalise (... ~ Segment
Specify 1st-level Review
Specify 2nd-level Estimate Design matrix
Statistics: p-values adjusted for search volume
sel-level cluster-level peak-level e e
Resuits 4 ¢ Prvecn Jror K& Puocar Probcn rmn | ) P
0.000 99 0.000 0.000 624 0.000 0.000 0.000 -10 -92 -6
0.010 0.000 2 -104 10
Dynamlc Causal Modelllng 0.000 0.000 1616 0.000 0.000 0.000 -26 -56 40
0.000 0.000 24 66 52
0.000 0.000 26 46 48
0.000 0.000 2025 0.000 0.000 0.000 -34 2 64
. . 0.000 0.000 18 12 20
SPM for functional MR 0.000 0.000 s2 8 a4
ooo 0.000 905 0.000 0.000 0.000 36 -52 48
i o D.002 D.00D 32 &0 &2
Dlsplay Check Reg Render """ s FMR' s o 0.011 D.00D 40 48 58
0.000 0.000 1831 0.000 o 0.000 0.000 40 4 50
o 0.000 0.000 24 14 &0
Toolbox:  ~ PPIs ImCalc DICOM Import o o000 coope 52 1o 48
0.000 0.000 363 0.000 o 0.000 0.000 58 -22 46
) o 0.000 0.000 54 34 36
Help Utils... ~ Batch Quit 0.970 0. 0.000 50 -26 6D
0.000 0.000 304 0.000 0.004 0. 0.000 6 -B2 4
0.030 o. L3 0.000 14 96 2
Copyright = o.048 0.005 0.000 1 g8 g
0.000 0.000 143 0.000 0.008 0.001 5.84 5.38 0.000 38 58 B
table shaws 3 local maxima more than 8 0mm apart
Height threshald: T =3.18, p = 0.001 (1.000) Degrees of freedom = [1.0, 94.0]
Extert threshold: k= 0 voxels FWHM =6.566 6.7 mmmmmm; 33 3.3 34 {vaxels}
’W‘L%" Expected vaxels per cusler, <k» = 3,901 Valume; 1784208 = 224276 vaxels = 5831 4 resels
& Expecled number of clusters, <c> = 60.08 Varel size: 2.02.0 20 mm mm mim; {resel = 36,38 vaxels)
g At %%}- % FWEp: 5.427, FDRp: 4656, FWEC: 65, FDRc: 29 Page 1 B
o - ]

%’M TAIPEI MEDICAL UNIVERSITY ZX'H'}E Yi-Tien Li, Ph.D. 54



Analysis of Functional Magnetic Resonance Imaging (fMRI)
Group-Level Statistical Analysis
(279 level analysis)




Statistical Inference on Group Data

] = | 1_back — O >
B 4= =5 =] [ 7]
Som - = iz
* I_] da == - %E x i - %_ \/ E_

we EEREE il- =EFE
SB[ EE RE - EST Erxecs HH = .

SETE] [ e SOTETTT g T e dIRAZE
EEeE EHEEE A BE W

= v 4 « W » 1 back v | 0 2 EE1 back .,
3 3004 N = ~ con_0001.nii of Subject #5

con_0001.nii of Subject #4

¥ T# (4 beta 0001 ) con_0001.nii of Subject #3
& = 4 beta_0002 al . con_0001.nii of Subject #2
h == % beta_0003
msE A beta_0004 con_0001.nii of Subject #1
= EX A4 beta_0005
m op % beta 0006
. . 4 beta_0007
o Windows (C) \ beta 0008
= data (D) 4 con 0001 >
= data (E) -4 mask
= Data (F) 4 ResM5
= Google Drive File Stre <4 RRV
= Transcend (J:) £ spm

4 spmT_0001

\ J

= Transcend (J:)

acrobat2018_114047 » ¢ >

14@EE =
ALy,
NESTT I

%’M TAIPEI MEDICAL UNIVERSITY ZX'H'}E Yi-Tien Li, Ph.D. 56
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Specify 2"d-level Analysis Model

>>spm fmri

> Specify 2nd-level

[4] SPM12 (6685): Menu - m} X
Realign (Est... ~ Slice timing Smooth
Coregister (..~ Normalise (... ~ Segment

Specify 1st-level Review
Specify 2nd-level }\J Estimate
Results
Dynamic Causal Modelling
SPM for functional MR
Display Check Reg Render...... ~  FMRI ~
Toolbox: ~ PPIs ImCalc DICOM Import
Help Utils... ~ Batch Quit
sew "“’*@% ; g
fl gt r%
h ‘_‘é TAIPEI MEDICAL UNIVERSITY

4\ Batch Editar Help File

File Edit Wiew SPM BasiclO

ZT-1C)

Module List

Factorial design

Current M

Help on

Design
.One-s

[4] SPM12 (5685): Graphics —

Edit Wiew Insert Tools Desktop Window SPM Figure

Statistical analysis: Design

rmean

.. Scan
Covaria
Multiple 1
Masking
_ Threst
.. None
_Implici
. Explic
Global ¢
- Omit
Global

images
)

Current It

Directory : create

T
parameters

(gray — /3 notuniquely specified)

Scans : ~\MRID; |
> -

Select a directory where the
design matrix will be written.

Z=H & Yi-Tien Li, Ph.D.

parameter estimability

Design description...

Design : One sample t-test
Global calculation : omit
Grand mean scaling : <no grand Mean scaling>
Global normalisation : <no global normalisation>
Parameters : 1 condition, +0 covariate, +0 block, +0 nuisance
1 total, having 1 degrees of freedom
leaving 2 degrees of freedom from 3 images

[ -Y/MRIDataMiM1/1 backicon 0001 nii

[ .RMRIDataWh1/1 backicon 0001.nii

[ ..JIMRIData/ \WM111 back/con 0001.ni

@
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Estimate Model Parameters

>>spm fmri
> Results
> SPM.mat
> Done
4 Select SPM.mat — O *
[4] SPM12 (6685): Menu - o X Dir HAFEArEiRErREwPresentation\20210127 _fMRIcoursefMRI_example
Up H\FEEEmiErE WPresentation\20210127_MRIcoursetffRl_ex. . ~
Realign (Est... ~ Slice timing Smooth Prev  H\#EyEisrEiEHPresentation\20210127_fMRIcourse\fMRI_ex... ~
Coregister (... ~| |Normalise (.. ~ Segment Driv [4] SPMI12 (6B8T): . — ¥ "
i ) This model has not been estimated.
Specify 1st-level Review 9 Would you like to estimate it now?
Specify 2nd-level Estimate [default: yes]
Results J ne

Dynamic Causal Modelliné

SPM for functional MRI
. L' L¥]
Display Check Reg Render..___. ~ | FMRI ~ ) | Ed| Rec| Done | Filtor Reset | B
Toolbox: PPIs ImCalc DICOM Import Soloctod ‘11[‘1 ‘1] file {ﬂ.dr‘lnr‘l 1 file 1[
e Uile. 5 A—- out H\Fp S smiErR WPresentation\20210127_fMRIcourse'fMRI_example_dataiHt

S,
§ Y A Y :
%@é S By %

TAIPEI MEDICAL UNIVERSITY ZX'H'}E Yi-Tien Li, Ph.D. 58



Estimate Model Parameters

>>spm fmri

> t-contrasts
> Define new contrast...
> Done

(4] SPM12 (6685): Menu

Realign (Est... ~ Slice timing

fomase

SPM contrast manager

001 {T} : WM1_back_one_sample_t

_Define new contrast.. | _Reset {_Done |

Selected 1 contrast, press "Done" when finished.

Z'H & Yi-Tien Li, Ph.D.
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Estimate Model Parameters

[4] sPM12 (5685) Graphics - X
>> S p m fm rl Help File Edit View Insert Tools Desktop Window SPM Figure §
I k . WM1_back_one_sample_t Model param eter
> apply masking : none .
th hold | (Subject level)
> T : 0.001
reshold {T or p value}: none, 0. b o
> & extent threshold {voxels}: 0 — : :
4 SPM12 -
— [
4 SPM12 (8685): Menu — [m| x \
|
Wy 1
i o - SPM(T *
Realign (Est... ~ Slice timing Smooth 5 B b { 2}
4 2
Coregister (..~ Normalise (... ~ Segment
25
3
Specify 1st-level Review
s 1 15
Specify 2nd-level Estimate Design mtrix
Statistics: p-values adjusted for search volume
set-level cluster-level pealk-level R
Results P N Prwkcrr TrRoar M Puncar Prnecar  TroRoor T 2 P sioar
0.000 574 0.093 1.000 37 1.000 0. 0. =20 -66 44
0. 0. 14 -e0 44
Dynamlc Causal Modelllng 0.093 1.000 B 1.000 0. 0. 10 22 42
0.093 1.000 12 1.000 0. 0. 46 -60 (3
0. 0. 10 -58 12
0.093 1.000 3 1.000 0. 0. -44 -2 28
Sp,‘ ?Cf.“c_}?a.“ 0.093 1.000 126 1.000 ?i ?i z: —f: :::
0. 0. 40 =5
i 0.093 1.000 2 1.000 0. 0. 26
Dlsplay Che{:k Reg Render """ e FMR' e 0.093 1.000 1 1.000 0. 0. =22
0.093 1.000 15 1.000 0. 0. =30
0.093 1.000 4 1.000 0. 0. =38
Toolbox:  ~ PPIs ImCalc DICOM Import 0.093 1.000 &3 1.000 0 0. i 2
0 0. 0. 58
0 0. 0. a4
Help Utils._. ~ Batch Quit 0.083  1.000 18  1.000 0. 0. 3. 0. E)
0. 0.7 2.6 0.0 a6
0.093 1.000 1 1.000 0. 0. 3. 0. -34
C 0.093 1.000 2 1.000 0.003 0.636 71.79 3.73 0.000 2
0.093 1.000 4 1.000 0.003 0.636 70.47 3.72 0.000 56
table shows 3 local maxma more than 8.0mm spar!
Height threshald: T =6.96, p = 0.010 {0.093) Degrees of freadom =[1.0,2.0]
Extent threshold: k= 0 vaxels FWHM = 3643 5 3643.1 3665.8 mmmm mm; 1821.8 1621.5 1842.9 {voxels}
Expected vaxels per custer, <k= = 113018546 271 WVolume: 1625912 = 203239 voxels = 00 resels

w%

& < Expected number of clusters, <c>= 0.10 Voxel size: 2.0 20 2.0 mm mm mm; (resel = 6115554133 82 vaxels)

g ‘é Ak %%}' b FWEp: 9,969, FDR: Inf, FWEC: Inf, FDRe: nf Page 1 G3lES
e, -

g“b.e’!—‘é

TAIPEI MEDICAL UNIVERSITY ZX'H'}E Yi-Tien Li, Ph.D. 60
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Analysis of Functional Magnetic Resonance Imaging (fMRI)
Data Visualization
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Employed Software fRC Wi Ehm oo

* Mango
— http://ric.uthscsa.edu/mango/download.html

* Xjview
— http://www.alivelearn.net/xjview/download/ m

e bspmview
— https://www.bobspunt.com/software/bspmview/

TAIPEI MEDICAL UNIVERSITY Z=H & Yi-Tien Li, Ph.D. 62
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ZH1{E VYi-Tien Li, Ph.D.

TMU Neuroscience Research Center, Taipei Medical University
Translational Imaging Research Center, Taipei Medical University Hospital
angela810727@tmu.edu.tw
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