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What Is an image ?
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What Is an image ?

2D array of
pixels
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Imaging Modalities

Image: National Cancer Institute

X-Ray Fluoroscopy

Image: NIH

Image: NASA

Magnetic Resonance Imaging Ultrasound Imaging

Image: NIH



Data Representation

The result of the
acquisitionis a 3D
Volume of data related
to the patient.

The 3D volume is
sampled on a 3D grid
In the coordinate
system (1,J,K).
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The Life Cycle of Medical Imaging Data

Image by MIT OpenCourseWare.

Image: NIH

Acquisition Storage Display Analysis

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



Data Representation
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Data Representation

header data

*Patient information
eAcquisition information

eImage Information
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Data Representation

header data

0002,0000,File Meta Elements Group Len=148
0002,0001,File Meta Info Version=256
0002,0002,Media Storage SOP Class

UID=1.2.840.10008.5.1.4.1.1.4.

0008,0060,Modality=MR
0008,0070,Manufacturer=GE MEDICAL SYSTEMS
0008,0080, Institution Name=1852796513
0008,0081,City Name=1852796513
0008,0090,Referring Physician's Name=1852796513
0008,0092,?7=1852796513

0008,0201,?=-0500

0008,1010,Station Name=1852796513
0010,0010,Patient's Name=anon
0010,0020,Patient ID=anon

0010,0030,Patient Date of Birth=00000000
0010,0032,Patient Birth Time=000000
0010,0040,Patient Sex=0

0010,1010,Patient Age=000Y
0028,0010,Rows=256

0028,0011,Columns=256

0028,0030,Pixel Spacing=0.937500 0.937500
0028,0100,Bits Allocated=16

0028,0101,Bits Stored=16

0028,0102,High Bit=15

0028,0103,Pixel Representation=1

7FEO0,0010,Pixel Data=131072
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File Formats

‘ Raw Data

Header

or

LinaAdAnr

I_Il\f\f\ll\lﬁ

LinadAnr

Header

Raw Data
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Vendor Specific Radiological
File Format

GE Advantage: GE format for CT and MRI

GE Advance PET: GE Advance PET
scanner format

GE StarcamOlder: GE nuclear medicine
image file format

Siemens MAGVIS: Siemens Magnetom
Vision MRI format)

SMISA: small-bore MRI Image file format
(Bruker)
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Standard Radiological File
Format

American College of Radiologists (ACR)

& National Electrical Manufacturers
Association (NEMA)

+ ACR/NEMA 1.0 (1985)
« ACR/NEMA 2.0 (1988)

Digital Imaging and Communications in
Medicine
« DICOM 3.0 (1993)
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Example 1: DICOM 3.0

LinaAdAnr

I_II\"\I'\II\IF

LinadAnr

Header

Raw Data

Image001.dcm
Image002.dcm
Image003.dcm
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Example 1: DICOM 3.0

Physician and Study information

0008,0060,Modality=MR

0008,0070,Manufacturer=GE MEDICAL SYSTEMS
0008,0080,Institution Name=1852796513
0008,0081,City Name=1852796513

0008,0090,Referring Physician's Name=1852796513
0008,0092,?=1852796513

0008,0201,?=-0500

0008,1010,Station Name=1852796513

0008,1030,Study Description=anon

0008,103E,Series Description=anon

0008,1040, Institutional Dept. Name=1852796513
0008,1050,Performing Physician's Name=1852796513
0008,1060,Name Phys(s) Read Study=1852796513
0008,1070,0perator's Name=anon

0008,1080,Admitting Diagnosis Description=1852796513
0008,1090,Manufacturer's Model Name=GENESIS.SIGNA .....

Example of DICOM header content



Example 1: DICOM 3.0

Example of DICOM header content

Patient information
0010,0010,Patient's Name=anon
0010,0020,Patient ID=anon

0010,0030,Patient Date of Birth=00000000
0010,0032,Patient Birth Time=000000
0010,0040,Patient Sex=0
0010,1010,Patient Age=000Y




Example 1: DICOM 3.0

Image information
0028,0010,Rows=256

0028,0011,Columns=256

Example of DICOM header content 5 0100 B A e 1200 0:937500

0028,0101,Bits Stored=16
0028,0102,High Bit=15
0028,0103,Pixel Representation=1

7FEO0,0010,Pixel Data=131072



Example 1: DICOM 3.0

The data

/

Example of DICOM header content

7FEO0,0010,Pixel Data=131072




Image Processing File
Format

 Analyze 7.5 Mayo Clinic

 Minc (Medical Image NetCDF )
Montreal Neurological Institute

 SPM (Statistical Parametric Mapping)

 NIfTI (Neuroimaging Informatics
Initiative)

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



Example 2: ANALYZE 7.5

‘ Raw Data
Image.hdr

Header Image.img
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Example 2: ANALYZE 7.5

|mage_img Image.hdl‘

GW Analyze Header

Clear Dirag hdr fle onto grid Copy to Cliphoard
Load Status: 0K
Mewory Layout: LilEndian
:
Field Offset [Type  [Vale |Deser ~
kepseol bdr (D intiz 348 Should be 348
key data_type 4 char[10]
key.db_name 14 [chal1g]
key.extents 2 w2 o Supposedly should be 16384
keysession_enor 36 int1g 0
kepregular ] char ] Should be " to indicate all images/volum
key hkey_unl 33 [char
im.dim[C] 40 int1g ; Mumber of dimensions in database:; usuall
dim.dir[1] 42 e 157 Image ¥ dimension; number of pixels in an
dim.dirn[2] 4 e 189 Image ' dimension: number of pisel rows i
im.dim[3] 46 int1g 138 Volume Z dimension: number of slices ina
dim, dim]4] 4@ e 1 Time poinks; rumber of volumes in databa
dim.dir[E] 50 g
im.dim[€] 52 int1g - -
e 2o mage information
dim.vos_units 56 |chad] g
dim.cal_units E0 char(]
dim.unused] 2] int16 1]
dim. datatype M e 4=Inl6 Vorel dala type
dim.dim_uni) 74 int16 1]
dim.piecim(0] 7% single  -1.00000 Pivel dimersions?
dim.picim(1] 80 |single 1.00000 Vel width in mm.
dim.pixcim[2] 84 |single 1.00000 Vel height in mm
dim.piecim[3] 88 |singe 1.00000 Slice thickness in mm.
dim.pixcim[4] 92 |single 000000 timeslice in s
dim.picim[5] 9% |single 0.00000 Undocumented
alian
dim. pixdim|7] 104 single 0.00000 Undocumented,
s dim.vow_offzet 108 single 0.00000 Byte offset in the .ima file at which voxels
30 dim funused] 11z single: 464103 [5PM33: scale factor)
i dim.funused2 M6 single 0.00000 (SPM2: image intensity zero intercept
v dim.funused3 120 single 0.00000
33 dim cal_masx 124 single: 0.00000 Calibration value max
M dim.cal_min 128 single 0.00000 Calibration value min
1 dim.compressed 132 int32 1]
3 i verified 136 int32 o
I dim.gima 140 ink32 0 Man pixel value for entire database
38 dim.glmin 144 int32 1] Min pixel valus for entire database
o hist. descrip 148 charB0] spm - 30 noimalized
40 [hist aus_fle 228 [chaf24]
41 hist. orient 52 | 2= Sagittal unflipped Valume Oriertation for movie usually ignol
42 hist. originaterl ] 253 intlg 512 SPM39: X near nterior Commissure
43 hist. originator{1] 255 intlE 1] SPMI9: Y near Anterior Commissure
4 hist. originatorf2] 257 intlE 1] SPM33: Z near Anterior Commissuie h—
45 hist, originaterl 3] 253 intlg 0
. R R R R 46 |histoignatold] (261 intlE -32768 Z
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Pixel Data

header data
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Pixel Data

pixel (a,b)

|

Intensity (a,b)

|

Grey levels scale

| min > | max
8 bits /pixel = 256 grey levels

16 bits /pixel - 65,356 grey levels
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Pixel Encoding

Bits allocated = 16
Bits stored =12
High Bit = 11

1 pixel = 2 bytes

Padd”']g P|Xe| Value (12 b|tS)
——

15 12@ 87 43 0
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Data Compression

2 types of algorithms

’ 4

The lossless compression
techniques allow the exact
original data to be
reconstructed from the
compressed data.

Ex: JPEG-LS

\

The lossy compression
techniques deliberately
discard information that is
not diagnostically important

Ex: JPEG
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The Life Cycle of Medical Imaging Data
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Data Representation

The 3D volume is sampled on a 3D grid in the
coordinate system (l1,J,K).
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Image Dimensions

Width
A
Standard Image
Sizes
256 x 256
Height 512 x 512
1024 x 1024
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Pixel Dimensions

The pixel size Is the
dimension in millimeters
of the pixels.

|
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Slice Thickness

The slice thickness
corresponds to the
section of the patient
being scanned.

The Life Cycle of Medical Imagin
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Slice Spacing

Slice n ; Slice n+1

»
»

The slice spacing is the
distance between
ngr!gge?)CycleofMedlcal Imagin , n.D. Consecutive SI|CeS




Visualization

Image removed
due to copyright
restrictions.

Image removed
due to copyright
restrictions.

Image: National Cancer Institute

X-Ray Fluoroscopy

Image: NIH

Computed Tomography

Image removed
due to copyright
restrictions.

Image removed
due to copyright
restrictions.

Image: NIH N
Image: NASA

Magnetic Resonance Imaging Ultrasound Imaging



3D Slicer platform

Launch the executable
slicer2-linux-x86

located in the directory
slicer2.6-opt-linux-x86-2006-09-08/

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



3DSlicer Platform

File Wiew Help Modules

Data Yolumes

Menu e = Viewer

Add Add )
Volume Model ¥ 0
Add Transtorm|  Add Matrix

MRML File Cortents (Current Scene])

e v [ O F M ek
o Aadal B Nene _or] _ sagittat | Bg| Nene | _od] | Eonal | By None
|

Lo | Mone Hone b None Hone | b None None |

| £

A

| Fal | Fal
S s

window
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Image Header

AEE

File View Help Modules

Click Add VVolume in the left panel.
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Image Header

The panel Props of the module
Volumes appears.

, Left-Click on Properties Basics,
o 5 e and select the format DICOM.
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Image Header

The DICOM reader panel appears.

Click on Select DICOM Volume

Name: |None
Optional Desgiption:  |MonsVelume=0
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Image Header

Browse for Folder

Select Direckary Conkaining DICOM Files

C1\SlicerDatkalHST.583. LifeCycleImagingDataiMRI-datal dicom

samplelmage

?X

H-1) FMRI-dataz

-1 FMRI-datas

=150 MRI-data
=) dicam

) labels

=1C5) HST.5683 LifeCyclelmagingData  »

i ) =armplelmage

Select the sub-directory

samplelmage in the directory
IMRI-data/dicom/ and click on OK

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.

HST.583



Image Header

' List of DICOM studies

Study D
nnnnnnnnnnnn
Sanon=<anon= anon
Series Number Files
£

[Select All | [ Deselect All |
#1 [8] C:/SlicerData/HST.583.Life CyclelmagingData/MRI.

< ¥
i Increasing o q I reviewIList HeadersIChe
CIKI Cancell

Click on List Headers to

display the content of the
header of the first image.
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Image Header

' List of DICOM studies

FPatient <I0=<MName> Study ID

Zanonk<anon® anon

=anon=<anon= anon

Seriez Humber Files

4

4 ] | Select All | | Deselect Al |

#1 C:/SlicerData/HST.583.LifeCyclelmaginglata/MRI:

S ¥

i Inereasing Decreazing IPreviewIListHeadersIChedcl .
ﬁ! Cancell

(0028,0010) LS Rows [2): 256
[0028,0011] US Calurning [2): 256

T Thelist of Dicom tags of the
CE A E L. .

header appears in the lower part
In the lower part of the window.

The Life Cycle of Medical Imaging Daia, coinat ujor, 1 1.
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Image Header

' List of DICOM studies

Patient zID=<Hame= Study |0
Zanon=<anans anon
<anon><anon> anon
Series Mumber Files
4
4 | | Select All | | Deselect All |
#1 E C:/SlicerData/HST.583.Life CyclelmagingData/MRI-

£ >

I Increasing Decreazing IPIeviewlListHeadelsIChech
DKI Cancell

E—— -~
C./SlicerD ata/HS T 583 LifeCyclelmagingD ata/tRI-data/dicom/ samplel mag
10,0010] PH Patient's Mame [4): anon
015 Slice Thicknesz [8); 1.300000
.. : Slices (811 300000 Bt

Scroll up and down to display the values of the
_ different tags
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Image Header

' List of DICOM studies

FPatient <|Dx<Name= Study [D
Zanan:Sananz anon
<anon=<anon> anon
Series Mumber Files
i
4 ] | Select All | | Deselect All |
21 C:/SlicerData/HST.583.LifeCyclelmagingData/MRI

£ >

Inereazing Decreasing IPreviewI Li=t Headerlehed(l
DK! Cancell

[0028,0010) US Rows [2): 256 ~
[0028,0011) US Columnz [2): 256

[0028,0030) DS Pizel Spacing (18] 0.33750040.337500

[0028,0100) US Bits Allocated (2): 16

[0028,0101) US Bitz Stored [2): 16

[0028,0102) US High Bit [2]: 15

[D028,0103] US Pixel Representation [2]: 1

LV

Click on OK to close the Dicom Header
~ Window



Anatomical Planes

Select File>0OpenScene in the
Main menu

Select the scene
AnatomicalPlanes.xml in the
directory MRI-data/
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Anatomical Planes

The 3DViewer displays
a model of the head.

The 2DViewer displays
the three anatomical
planes.
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Sliders

Axial Sagittal Coronal
View View View
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Anatomical Planes

- Click on the button V
(Visualization) to
display the axial slice
In the 3DViewer.
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Axial View

Slicer displays
the axial slice In
the 3DViewer
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Axial View

Use the slider to
scroll inside the
MRI volume
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Sagittal View

Deselect the axial
view and click on
V to display the
sagittal slice in
the 3DViewer.
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Coronal View

Deselect the
sagittal view and
click on V to
display the
coronal slice In
the 3DViewer.
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Coronal View

£ Viewer =

Move the mouse
over the coronal
Image in the
2DViewer.
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Image Intensity

The value of the pixel
Intensity of the
volume loaded in
Background (Bg) is
displayed on the
Image.
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RAS coordinates

The coordinates

of the pixel \
pointed by the

mouse appear in

the left corner of
the image.

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



Anatomical Planes

3D visualization
Position the mouse on
the 3D model inside
the Viewer

L eft-click and move the
mouse to the left

The model moves
to the left
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Anatomical Planes

3D visualization
Position the mouse on
the 3D model inside
the Viewer

Left-click and move the
mouse to the right

The model moves
to the right
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Space Directions
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Voxel ordering

Problem: Which directions are the rows and slices ?
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Space Orientation

Indicate the left and right side of the patient in the images
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Space Orientation

Left Left
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Example

fMRI study:

e Finger-tapping task

« Alternating left-hand / right-hand

o Contralateral side vs Ipsilateral side

- Knowledge of left/right side of the patient in
the image Is crucial for the interpretation of
the results.
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Axes for Spatial Coordinates

RAS: Right-Anterior-Superior

g

The index i in the file increases from
the Left to the Right side of the
Patient.

The index j in the file increases from
Posterior to Anterior.

The index k in the file increases from
Inferior to Superior.

B
HHIL e v yviv vl lvluuluulTrhul Hiy Ul vl 1 ujui
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Axes for Spatial Coordinates

LPS: Left-Posterior-Superior

[T
=
| =
—y

g

The index i in the file increases from
the Right to the Left side of the
Patient.

The index j in the file increases from
Anterior to Posterior.

The index k in the file increases from
Inferior to Superior,



Real Clinical Situation

e ...Is not straightforward: the image
volume is not aligned to some exact
orthogonal directions
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Real Clinical Situation

e ...Is not straightforward: the image
volume is not aligned to some exact
orthogonal directions

 However, the acquisition parameters
determine which set of axes the voxel
iIndices correspond to most closely.
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Real Clinical Situation

e ...Is not straightforward: the image
volume is not aligned to some exact
orthogonal directions

 However, the acquisition parameters
determine which set of axes the voxel
iIndices correspond to most closely.

e Spatial transforms are used to align a
volume to a specific space.
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Reference Frames

z. Rpatient z, Racquisition z, Rimage

y y

Image: NIH
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Registration

Registration Is the process of transforming these
three different spaces into a common reference frame

z. Rpatient {\'
‘ y

X
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HST.583



Patient = Image Transform

Patient Space Image Space

z t

M (X.y.2)

J

M(a,b,cC)
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Patient = Image Transform

I

z

Patient Space
XYZ

O (Xo,Yo0,Z0)
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Homogenous Coordinate
Transform matrix

M(X, Y, 2] = *M(a,b,c))

Ti mage—> patient

(my, m, m, Tx
- me my m, Ty

ImageéPaﬁent m, m, m, Tz
L0 0 0 1,

Spatial transformation of homogenous voxel coordinates between
the image space and the patient space
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Homogenous Coordinate
Transform matrix

M(X, Y, 2] = *M(a,b,c))

Ti mage—> patient

(my, my, my, T
- me m, m,| Ty

Image>Patient '™ B m, m, m, Tz
L0 0 0

Coordinate of the first
voxel in patient space
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Homogenous Coordinate
Transform matrix

M(X, Y, 2] = *M(a,b,c))

Ti mage—> patient

(my, my, m, TX

My M, M, 1y

T |mage>Patient
My My My 12

Rotation matrix
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Data Fusion

Registering all the images in
a common reference frame
allows a quantitative
analysis of multi-modality
datasets.
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Data Fusion

Example: Registration of high-resolution anatomical and
functional datasets to improve localization of findings for —
fMRI analysis



Homogenous Coordinate Transform matrices

o Rows

N
-
o
N

d u > \ ’ ._ . ;{ﬂ >
a a

T T Cols
Patient Space (mm) | patient=image

image 1— patient

Image Space 2

Image Space 1 v 4 (voxels)

(voxels)

________________

*T

patient—image2 imagel— patient

-M(@,b,c)=T

HS1.0963

*M(a,b,cl)—



Data Fusion Example

..:T' : fMRI activation map
X superimposed on the
anatomical images
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The Life Cycle of Medical Imaging Data

I
=7\ A~ {'\

Image by MIT OpenCourseWare.

Image: NIH
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= fMRI Analysis Workflow

Analysis

vl vz ovi oW v _ ‘

Cyclel Cycle2 Cycle3
+—r——r<¢—>
M o i.“,-jl-
%‘ ) 4 ;

Paradigm Signal Activation Statistical
Description Modelling Detection Analysis

Data
Loading
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fMRI Analysis Workflow

vi v vi wi wE

Cyclel Cycle2 Cycle3
+—r—r<—>

Paradigm Signal Activation Statistical
Description Modeling Detection Analysis

Data
Loading
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Data description

Structural (MPRAGE). ANALYZE format
135 slices

Normalized to MNI

Pre-processed Functional (EPI): NIFTI format
68 slices
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Loading the structural dataset

Click on File=>Close Scene
to close the scene containing
the first MRI-dataset.

Click on Add VVolume in the
main menu
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Loading the structural dataset

Select the reader Generic
Reader In the Props Panel of
the module Volumes.

Click on Browse, select the file
Anatomical3T.hdr in the

directory
[fMRI-datal/structural/

Click on Apply to load the
dataset.
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Loading the structural dataset

f Slicer 2.6-opt
File View Help Modules

Help List
Add Add
Volume Model ¥

Add Transfulml Add Matrixl

MRML File Corterts [Current Scene]:

Volume: anatomical 3T

[ LT CHA LT b
_0¢] __ sagittal | Ba:| _anatemicalaT | _oc| | Comonal | Bg:| _anatemicaiaT |
e wene | Fa one | | Hone | Fa
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Loading the fMRI dataset

Select Modules in the main menu

Select Application>fMRIEngine

Load status [Istest loadad veluma):

Voum;lﬁ—
3 HY BIRN
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fMRI Data pre-processing (SPM)

Realignment

|

Motion Correction

4

Normalization to MNI

|

Smoothing
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Load Image Sequence

B ( sicer2.7-devaE]

Fie View Help Modules

Pick Sequence —>Load tab

Click on Browse and select the
file functionalO1.hdr in the

oD e e e i directo ry
'jl‘“’”“:f o S [fMRI-datal/structural/
| % Load multiple files
Filter: | 1 1
— Select Load Multiple Files

s e O Enter the sequence name

| testFunctional and click on

anlndex:l_l_l Apply.
P B¢ BIRN -

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



Load Image Sequence

B/ sicer2.rdev

=10] x|

Fie View Help Modules

Slicer displays the load status of
the 30 functional volumes.

w..m;LLI
DHESBIRN||
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Load Image Sequence

(= [BX]

The functional
volumes appear in
the Viewer.

| e M [ e M| [ | o v
o fxial | Bg| functionaiot_| _or| __ sagital | Bg:| functionaint_| _or| _ Coronal | Bg:| _tunctionaint_|
| Hane | ro None | e Hone | Faf None | e Hone | Fa Nore |
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Set Image Display

Click on the module Volumes, and
select the panel Display

Adjust Win and Lev to get best
display of image data
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Set Image Display

File ‘iew Help Modules

- Click on the letter I (Inferior) in
e the control window to display the
Inferior view.
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Set Image Display

(= [BX]

Click on the V button to
display the axial slice in
the Viewer.
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Set Image Display

File ‘iew Help Modules

Adjust the low threshold Lo
to mask out background
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Set Image Display

(= [T]x]

The display settings
apply to currently
viewed image in the
sequence only
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Set Sequence Display

Click on fMRIENgine, select the

panel Sequence, and pick the tab
Select

Click Set Window/Level/Thresholds
/ to apply to all volumes in the sequence

—
<. e — | Visually inspect sequence

| " using the Volume index
to check for intensities
aberrations
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Inspect Image Display

(= [T]x]

Slicer displays the volumes
of the sequence.

|—j:|—r—r F—II'—F—_I I'—'ll'j—'r—_i
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Select Image Sequence

Specify the number of runs =
1, select the sequence
testFunctional

Click Add to assign
seguence torun 1
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Select Image Sequence

File Wiew Help Modules

RIERgine H
Wiew

e Slicer assigns the

Specified runs:

| sequence to run 1

Delete

Navigats the sequancs:

j SetWindow'Level/Threshalds
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fMRI Analysis Workflow

vi v vi wi wE

Cyclel Cycle2 Cycle3
+—r——r<¢—>

Paradigm Signal Activation Statistical
Description  Modelling Detection Analysis

Data
Loading
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Paradigm description

* Finger sequencing fMRI task to elicit activation In
the hand regions of the primary sensory motor
cortex

e Block design motor paradigm

e Subject touches thumb to fingers sequentially
within block (thumb touches first through fourth
finger)

« Subject alternates left and right hand
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Paradigm design

Three cycles

rest | right hand | left hand

Cycle 1 Cycle 2 Cycle 3
<€ ><€ ><€ >

[ T T T T T T T T 1

rest right left rest right left rest right left

—————————————————————
0 10 20 30 40 50 60 70 80 90

TRs
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Paradigm timing parameters

* Repetition Time TR = 2s
e Durations: 10 TRs in all epochs
 Onsets (In TRS):

Rest: 0 30 60
Right: 10 40 70
eft : 20 50 30
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Stimulus schedule

_lolx]

File View Help Modules

Pick Set Up Tab in the
fMRIEngine and choose the
Linear Modeling detector

2| Bloded| € Event | € Mixed

| [ All runs ar= identical

Describe run{s);
Run: L) — I

TR: |2

Onsets (TRs): I'IEI
Durations (TRs}: |'1€I
OK I

Defined conditions for run#: i = I
= |
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Linear Modeling

The General Linear Modeling is a class of
statistical tests assuming that the experimental
data are composed of the linear combination of
different model factors, along with uncorrelated
noise

Y=BX+e
B = set of experimental parameters
Y = Observed data

X = Design Matrix e = noise




Stimulus schedule

REE

File View Help Modules

Select the design type
Blocked

ns are identical

Describe run(s);
Run: 1 — |
TR |2
swve:fo
Condition(s): e
Name: |right
Onsets (TRs): [10
Durations (TRs): |10
Ok |
Defined conditions for run#: %+ — I

= =l
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Stimulus schedule

=[olx|
e Enter the characteristics of the run

TR = 2 and Start Volume =0
(ordinal number)

d(" Ellndedl " Event |(" Mixed

I [™ Al runs ar= identical

Describe run{s);
Run: L] — I

TR |2

Start Vol ID

Condition(s):
Mame: |right
Onsets {TRs): |10

Durations {TRs): |1€I

OK I
Defined conditions for runs: i — I
= ~|
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Stimulus schedule

R=TEY

File View Help Modules

Enter the schedule for the first condition:
Name = right
Onset = 10
Durations = 10

Click on OK to add this condition
to the list of defined conditions
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Stimulus schedule

i)

File \iew Help Modules

Enter the schedule for the second condition:
Name = left
Onset = 20
Durations = 10

Click on OK to add this condition
to the list of defined conditions

L =
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Stimulus schedule

File Wiew Help Modules

Scroll down in the Set-up panel to
see the list of defined conditions
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Editing the Stimulus schedule

File Yiew Help Madules

The list of specified conditions
appears in the left panel
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fMRI Analysis Workflow

vi v vi wi wE

Cyclel Cycle2 Cycle3
+—r—r<—>

Paradigm Signal Activation Statistical
Description Modelling Detection Analysis

Data
Loading
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Model a Condition

Fil= VYiew Help Modules

fMRIEngine a
& Wiews

Select Specify Modeling

Click on Model all
e conditions identically

use default cutotf
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Model a Condition

File WView Help Modules

k8 Specify: Modeling i

MNuissa aeling:

Cutaff period: [defauit _°|
use default cutoff |

Trend medel:_Discrete Cosine i | 2|

Intensity: |_|7 grand mean j
II_ global mean j
||_ pre-whiten data j

Select

- Condition: all

- Waveform: BoxCar

- Convolution: HRF
(Hemodynamic Response Function)
- Derivatives: none
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Nuisance Signal Modelling

[/ sicer2.7-deu S RISIEY

File WView Help Modules

On the subpanel Nuisance signal
modeling, select
Trend model: Discrete Cosine
Cutoff period: default

Click on use default cutoff
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Nuisance Signal Modelling

File ‘iew Help Modules

Scroll down in the Set Up panel
and click on add to model
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Nuisance Signal Modelling

add to model |

Specified explanatory variables:

r:bazeline :I

rl:right:Box CarHRF:0:Di
rl:left:Box CarHRF:0: Dz

< | B

Edit I DEIEtEI

-

e

The list of explanatory variables (EV) appears in the left
panel, including the baseline that is automatically added.

The strings are Slicer specific representations of the
model.
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View Design Matrix

_lo/x]

Fie View Help Modules

Click View Design to
display the design matrix

I |7 Meodel 81l conditions identically

Meodsl a condition:

Condition: all — I

Waveform: Box Car —i | j
Convalution: HRF —i | j
Derivatives: none —d Ij

Trand model: _Disarete Cosine_ —i | 2 |

Cutoffperiod: [aeteult | 2|
use default cutoff |

Intensity: |_|7 grand mean j

Fomes =

Feeeae o) ¥
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Design Matrix

A window displaying the
model design appears.

\ Move the mouse from left to

— E right over the columns of
the matrix to display the
characteristics of the
modelled conditions.
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Design Matrix

v1 = right finger tapping
v2 = left finger tapping
v3 = baseline

- E v4 = low frequency noise

Ve pe

closs
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Design Matrix

Observe the different values

v of the signal intensity in the
matrix.
- White - positive signal intensity 1
E Mid-Grey - null intensity O
ek Black - negative intensity - 1

clowe
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Design Matrix

Y(D).

Each column
represents the
contribution from
each condition we
might see in a
voxel time course.

Modelled Signal Y = BX + e
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Design Matrix

Y(0),

Move the mouse up
and down to browse
the different volumes
associated with the
time points.
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Estimation

IETDrTE o)X

File View Help Modules

Data Volumss Models

Alignments Editor ModelMaker

|
voe: ] numicngine ||

Select Specify Estimation to
estimate B and e at every voxel:

Y=BX+e

Help Sequence oA Detect Priors ROI  View

v SIS N
Load Design | Save Design |
i Dezig I

Chooss runis): runi —i | j
Fit Model | j
Save Beta |
Load Beta |
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Estimating model parameters

_lalx : :
ey e The Estimation panel

appears

Select runl and
click on Fit Model
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Estimating model parameters

Slicer shows the progress
of model estimation

E stimating run; may take awhile...
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Specify Contrasts

7 Shicer 2.7-dev B _ (O] %]

File View Help Modules

Data Volumss Models

Alignments Editor ModelMaker

|
= B In the SetUp panel, select

Help Sequence -SR] Detect Prioms ROI  View S p e C i fy 9 C O n t raStS

s
LR eh i | inear Modeling —1 I p—

Load Design J Save Design I
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Specify Contrasts

File View Help Modules

The Panel for the
contrasts appears

ng Data, Sonia Pujol, Ph.D.
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Specify Contrasts

File View Help Modules

Choose the contrast type t-test

Enter the contrast name
myContrast, and the Volume
Name R-L_activation

g Data, Sonia Pujol, Ph.D.




Contrast Vector

 Encoding of the effect that you want
to test

* A contrast component per column in
the design matrix ( trailing zeros may
be omitted)

1 0 0 O - test for whether there is any
effect for the right hand

1 -1 0 0 - statistically contrast the
effect for the right and left hand




Specify Contrasts

File View Help Modules

Select the statistical test t-test

Specify the contrast vector 1 -1 0 O
(enter a space between the values)

Click OK to add this contrast to
a list of defined contrasts
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Specify Contrasts

S/ sicer2.7-dev—TaFY

Fle View Help Modules

Data Volumes Meodels

Alignments Editor Mode|Maker

m fMRIEngine E

Help Sequence EEsdN] Detedt Priors ROl View

T IETER vy lT B L inear Modeling —i

Load Design I Save Design I

View Design I Clzar Design I

E—

Compose g contrast:

Type:l & tiest I {™ Ftest

Contrest Mame: ||:1

ki

The resulting contrast named
myContrast-R-L_activation
appears in the list of specified
contrasts.
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Check contrasts & model

_iox]

Fle View Help Modules

Data Volumes Medels

Alignments Editor Model|haker

o=l ringine I~ |

Help Sequence Q=SR] Detect Priors ROl View

Click on View Design to display
the Design matrix
Type:l ::":p:t“mlntﬁ; F test
Cnnhaﬁtumm:lc‘l—
T —
veer[iiod 7 L)
o |
ﬂ_H_L_a:::i:ﬁm""m- |
=
[ 2
_sit | petete| =
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Design Matrix

A window displaying the design
matrix and contrast vector appears.

] I ) 2 ] 3 ] 4

ﬂ Check that the contrast

tn poontrast-R-L_actvation - and mOdEI are Correct.

rers E

Ve P

closs
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fMRI Analysis Workflow

vi v vi wi wE

Cyclel Cycle2 Cycle3
+—r—r<—>

Paradigm Signal Activation Statistical
Description Modelling Detection Analysis

Data
Loading
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Perform activation detection

_io/x]

Fie View Help Modules

Click on the tab Detect

and select the contrast
myContrast-R-L_activation

e Click on Compute to
C ol oo | D compute the statistical map of
R ——— activation (t-test)
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Select the activation volume

Click on the View Tab

Select the resulting
activation volume (t-map)

o) e “ myContrast-R-L_activation
| ; Click on Select
=

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



Threshold

_lo/x]

Fle View Help Modules

Data

Click on the Thrshold Tab

Alignments

| More: | FMRIENgine > a

Help Sequenoe Setlp —etect Priors el Wiew
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Threshold

Slicer indicates the degree of freedom (DoF): Nvol-1=29
—_lalx|

Fie View Help Modules

Data Wolumes Models

Alignments Editor Modehisker

|
vore Jl] — iricngine 2

Help Sequence Setlp Detect Priors ROl U=

Enter the p-Value 0.001
and hit ENTER

ﬂ Choose a thresholding option:

I {* uncomeced o valus

| ¢ comected pvalue (cind)

I " comected P value (odep)
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Null hypothesis

 HO: the difference between the right hand
condition and left hand condition has no
consequence on the fMRI signal.

o If the resulting probability is lower than the
experiment’s alpha value (p <0.001), the
null hypothesis can be rejected.




Threshold

Slicer calculates the corresponding threshold t Stat
_Iolx]

Fle View Help Modules

Data Volumes Models

Alignments Editor Mode|hiaker

|
o ] nmicngine 2|

Help Segquence SetUp Detect Priors ROl U=

t Stat = 3.7

"""" A

e )

ﬂ Choose s threshaolding option:

I {* uncomec=d o velus

| ¢ comected p vslue (cind)

I {" comected p value (cdep)

Threshold the adtivation:

p\Valus: Iﬂ.ﬂm jJ
t Stat: |3.?
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Activation map

The activation map is superimposed on the fMRI images.
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fMRI color palette

Click on the module Volumes

Select the panel Display

and set the Active Volume to be

the activation volume
myContrast-R-L_activationMap
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fMRI color palette

Adjust the Window and Level of the color palette for the
volume myContrast-R-L_activationMap
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fMRI color palette

Falette:

FmnRI I

G
“MAX t T +MAX

Negative Positive
activation activation

No statistical significance
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Visualize

Left click on Bg in
the 2D anatomical
viewers to display the
volume anatomical
3T in background
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Visualize

The activation map is superimposed on the anatomical
Images.
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fMRI Analysis Workflow

vi v vi wi wE

Cyclel Cycle2 Cycle3
+—r—r<—>

Paradigm Signal Activation Statistical
Description Modelling Detection Analysis
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Threshold, visualize, inspect

_lolx]

Fie View Help Modules

- Pick the tab Plot and select the
[ rem s condition = right

———— g+ Select the plot option Timecourse

I = Peristimulus histogram
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Voxel Timecourse

7
Position the mouse on a
~ pixel located in the
‘T-‘ § activation map in the 2D
& &, anatomical views.
/

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
HST.583



Voxel Timecourse

The voxel's timecourse plotted with the modelled
condition for the selected voxel appears.

f Yoxel Timecourse Plot

Woel (40,0 .20)

213 —

ans —

Vaolume Mumber

—— response right [

Save ‘ Close ‘
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Voxel Timecourse

The graphs show a good correlation between the
observed BOLD signal Y(t) and the model.

f Yoxel Timecourse Plot

Woel (40,0 .20)

213 —

ans —

Vaolume Mumber

right [

— response

Save ‘ Close ‘
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Threshold, visualize, inspect

Mouse over labelled area in Slice Window and left click on
the pixel R =40 A =0 S = 20, which is low responder in
the activation map
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Contralateral side vs Ipsilateral side

WVaxel (40,0,20)

Intensity
P

Intensity

uuuuuuuuuuuu

—response ——right I

uuuuuuuuuuuu

—response ——right I
Save ‘ Close ‘

Save ‘ Close ‘

During the right condition, the observed signal decreases in
the ipsilateral side and increases on the contralateral side.



Threshold, visualize, inspect

_IBlx]

Fie View Help Modules

Select Peristimulus
histogram option and
click on the voxel
(-40,0,20) in the positive
activation region
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Voxel Peristimulus Plot

Woxel (-40,020)

Combined All-EY Wolume Humber

Slicer displays a plot of the
mean time course values of
the selected voxel in the
positive activation region
during different blocks
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Threshold, visualize, inspect

_IBlx]

Fie View Help Modules

Select Peristimulus
histogram option and click
on the voxel in the negative
activation region (40,0,20)
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Voxel Peristimulus Plot

Vaoxel (400,20}

Combined All-EY Yolume Number

Slicer displays a plot of the
mean time course values of
the selected voxel in the
negative activation region
during different blocks
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Activation-based region of interest

_lo/x|

File View Help Modules
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Threshold, visualize, inspect

_Io/x]

File View Help Modules

MMMMM

Click Create label map from
activation, and wait while
activation “blobs” are labelled
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Threshold, visualize, inspect

The label map is shown in
Foreground, and the
activation map Is shown in
y N Background.




Regions Statistics

_Iolx|

Select the subtab Stats
Select one or multiple regions in the
left hemisphere to include in analysis

Fie View Help Modules

e by clicking in Slice Window.

Select the condition right.
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Region Statistics

The selected regions appear in green.




Region Statistics

Fie View Help Modules

Dasta Volumes Models

Alignments Editor ModelhMaker

|
voe ] wmiengine [ 2|

Help Sequence SetlUp Detect Priors r‘ View

ﬂ Select label(s) by diding region(s).

Show stats I

Save region vouxsls I

Region plot:

Condition: right —i |

I " Timecourse

I % Peristimulus histogram

Plat time series I

Clear selections I

Click Show stats to display
the statistics for the selected
regions

The Life Cycle of Medical Imaging Data, Sonia Pujol, Ph.D.
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Region Statistics

' Region Histogram

= p threzhald
54 ] (reoras o) 0001
51—
ag t threshald: a7
4 Vorel count: 1511
2
B Min. 366
6 -
» 33 Max:  B.93
5 B
g 30 o
g apie] Mean; 438
24 Standard deviation: 058
21
18 — Sighal change:
15 o
o] right. boxcar HRF 1.14%
9] ‘ ‘ left bowear HRF 040 %
5 -
2
o ‘ HHHH||||H‘||”||H|||‘||‘|||‘|||| T e
o1 & F+T T F T & E+d bd Ed Fa T a 4 T J Close ]
ENE] 4 425 43 475 3 523 55 575 g 625 6.5 L E]
twalue

A window displays the
statistics for the selected
region(s)
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Region timecourse

[/ Stoer2.7-dev—IeTFY :
Fle Vew Hep Modues Select Timecourse plot

option and click Plot time
series for this region.

_?l Selact label(s) by didking region(s).

Show stats I

Save region voxels I

Region plot:

I {* Timecourse

I (" Peristimulus histogram

Plot time series I

Clear seledtions I
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Region timecourse

A window displays the region timecourse plot.

uuuuuuuuuuuu

— response —— right [

Save ‘ Close I
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Region Peristimulus Plot

Fle View Help Modules

Region statistics:

hhhhhhh

Select Peristimulus histogram
and click Plot time series
for this region
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Region Peristimulus Plot

A window displays the

vx Region Peristimulus Plot

Combined All-EY WYolume HNumber
—_—haseling

Irtersity

Save ‘ Close ‘
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Visualization

_Iolx|

Fie View Help Modules

Click on Clear selections

and display the structural image in
the background (Bg) and activation
map in the foreground (FQ).
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Visualization
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Conclusion

Real clinical situations are not
straightforward

Image orientation, encoding and
contents are decisive for correct data

analysis

 fMRI studies are highly interdisciplinary
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The Life Cycle of Medical Imaging Data

Image by MIT OpenCourseWare.

Image: NIH

Acquisition Storage Display Analysis
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