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INTRODUCTION AND OVERVIEW

Hardware Requirements

It is necessary to have:

•a good graphics card (e.g., an nvidia GeForce or Quadro Pro, or an ATI fglrx or 
equivalent).

•at least 4 GB of main memory - 16-24 GB is better. 

•a pointing device of some kind. Note that in this manual the pointing device will 
always be referred to as a “mouse”.

We have no experience with hardware configurations other than HP, Sun, Linux-PCs, and 
Alphas. A Linux based system is preferred.

Software requirements

In addition to the dxmenu software it is also useful to have the modified xv program and the 
statistics program R installed. In order to use some of the menu functions in the program certain 
shell scripts, programs, configuration files, and R packages and functions are necessary. These 
requirements are described in the appropriate section of the manual. As dxmenu and associated 
software is only intended for use by researchers working together with the authors of this 
software, this manual assumes that you will have the appropriate software installed by one of 
these authors on your computer.

Operator Requirements

The person who uses the program should have a good knowledge of anatomy. Nuclear Medicine, 
X-Ray, or Radiation Oncology Technologists should all have sufficient training in anatomy to 
run this program successfully. The program is not intended for clinical use, it is strictly to help 
researchers with their research questions.

Transformation Technique

In the two “regularized” approaches, (“First Order Warp” and “Second Order Warp” on the 
“Registration Type” menu pulldown), as well as in the “Second Order DX Warp”, a polynomial 
warping technique which includes rotation, translation, scale, and skew is applied. In this 
technique each voxel in the volume to be registered is repositioned in space as dictated by the 
polynomial calculated from the landmarks (a least square linear regression analysis is applied to 
9/2/12 M.E. Noz 5



the landmarks, followed by a Gauss Jordan matrix inversion technique to obtain the eigenvalues, 
which are the polynomial warp coefficients). The “irregular” (DX) approach generates a new 
position coordinate attached to each voxel. The regularized approaches map these voxels onto an 
orthogonal output grid. This is a fully non-affine warp. In the first order warp transformation only 
the first order terms (12 parameters in all) are used. In the second order warp, the second order 
terms (30 parameters in all) from the polynomial equations are used. In either case, the 
transformation is non-affine which has more degrees of freedom allowing line lengths and angles 
to change, straight lines to become curved, and does not preserve parallelism. Each original data 
point is moved to the indicated new position to put it into correspondence with the reference 
volume.

The software also provides an “Affine Transform” option which uses the first order coefficients 
(12 parameters in all) as derived from the landmarks, but performs only an affine transformation. 
This type of transformation preserves the original relationship of all the structures involved, i.e., 
the straightness of lines, parallelism, and the ratio between the lengths of two segments on a line. 

There is also a “Rigid Body Transformation” available. The landmarks are used to derive the 
input to a Singular Value Decomposition (SVD) formulation and the target volume is 
transformed according to the derived matrix values. The resulting rigid body transformation can 
be decomposed into a rotation part and a translation part. The rotation part can be represented in 
terms of Euler angles. 

Additionally, there is a “Manual Affine Transform” available which uses the translate, scale, and 
rotate sliders on the main menu to perform an affine registration. Choosing this option, causes the 
volume to be registered to be re-shown with the same camera and slice locations as the reference 
volume and then allows the user to choose the values for translate, scale, and rotate. The 
transformation parameters are saved to a file (with the string “manual” appended) so that they 
can be later recalled.

It is also possible to “tweak” any of the transformed volumes using the “Manually Tweak 
Current Transformed Volume” button. When this toggle button is switched on (pressed), the 
translate, scale, and rotate sliders are restored to the main menu for use as above. When the 
toggle button is switched off, the un-tweaked transformed volume is restored. The transformation 
parameters are saved to a file (with the string “manual” appended) so that they can be later 
recalled.

Once the new volume has been produced from the original, untransformed volume data set, this 
new volume may be resliced and evaluated side by side, or merged, with the reference slices.

The first order 3-D polynomial warp (“First Order Warp”), or the “Affine Transform” are usually 
quite sufficient for most cases where rigid body techniques normally apply. The second order 
polynomial warp (“Second Order Warp” or “Second Order DX Warp”) is usually necessary in 
those areas of the body such as the abdomen, where more flexibility is possible or when the 
6 M.E. Noz 9/2/12



patient has been scanned on a diagnostic curved couch and also on a flat couch as used in 
radiation therapy. As discussed above, the irregular and regularized approaches are just two 
different ways of representing the final volume.

Tests Performed

Mathematical simulations were performed on pure mathematical data to ensure the correctness 
of the algorithm. Tests were further performed on simulated data sets to ensure that the algorithm 
behaved as expected on medical data. Extensive clinical tests with patient data volumes were 
performed at both NYU Medical Center and the Karolinska Institute (Stockholm, Sweden). 
These studies include brain, thorax, abdomen, and pelvic volumes. Additionally, extensive 
matching has been performed on patient and model studies where an orthopedic implant was to 
be evaluated. Matches were performed not only between MR-MR, CT-CT, and CT-MR but 
between CT/MR and functional modalities such as PET and SPECT. In several published 
studies, statistical calculations were applied to routine clinical case matches to evaluate the 
accuracy and reproducibility of the registration result. In previous studies, which included 
validation of the algorithm by phantom studies, by participation in the multisystem/multi-
institutional trial sponsored by NIH at Vanderbilt University, by clinical (surgery, biopsy, and 
follow-up) results, and by statistical evaluation, slice data were fused using the same registration 
method available in this program. The researchers at NYU Medical Center have been actively 
researching 2D and 3D warping techniques for more than 30 years. (For a list of plublished 
papers containing registration results, please see PubMed and enter maguire gq or noz me.)

Graphical User Interface Requirement

The home directory of the user running the program should have a file “Dxmenu” which contains 
the font lists and text that are used by the graphical user interface (GUI) - in this case Motif. 

Default Environment Parameters

All the initial parameters have sensible initial values. Most of these can also be set to local values 
via an environment variable file (dxmenu.qhd) and which in this manual will be designated as the 
dxmenu.qhd environment variable file. It is possible to place resources, such as this file any 
where in the user’s PATH. Additionally, this file contains the complete path name to resources, 
such as the color scales. It also holds lists of menu variables generated when the program is 
started.
9/2/12 M.E. Noz 7



Command Line Variables

Some variables can be set from the command line. Because the Xt and Motif toolkits have 
command line options and application programs must not have the same command line options, 
the options “d”, “g”, “i”, “n”, “t”, and “x” should be avoided

-a 1 use large 2D axial display (1) when the program is started (default = 0)

-b 0 use first four terms in second order warp (0) to transform the volume (whether 
regular or DX warp) (default = 1)

-c 1 show target volume with reference camera (1) (default = 0)

-e 1 use whole slice (0) or tenths of slices (1) (default = 0)

-f 1 don’t write out the warped image - testing mode (default = 0)

-h print a help message summarizing the options to the program

-j maximum allowable number of windows (default = 18)

-1 allow landmarks to be written one, two, or three times (default - 0)

-p 1-5 change pixmap RGB byte order - 0-5 (default = 0)

-r 0 use software (0) or hardware (1) rendering mode (default = 1)

-s 1 interpolate warp (1) or do not interpolate (0) regular warp (default = 0)

-z hex MPZ bits: 1=512out; 2=do not display the patient name (default = 0)

-infile referenceFile,targetFile 
reference and target filenames

To Run the Program

In general, the program is run by invoking a shell script which defines external variables such as 
the path to the actual OpenDX files which are needed for the 3D visualization routines. This also 
defines the path to the environment variable file. A typical shell script (this example is for the 
tcsh shell) is:   

#!/bin/csh -f

# other options can be added as desired

setenv DXROOT   /opt/dx

setenv DXMEMORY 4000

setenv Dxmenu_Dir /home/noz

setenv DX_USER_INTERACTOR_FILE /opt/dx_cvs/00bin-default/interactors

#optionally add command line variables:
#/opt/dx_cvs/00bin-default/dxmenu -a 1

/opt/dx_cvs/00bin-default/dxmenu
8 M.E. Noz 9/2/12



where:

    

DXROOT specifies the root of the path to DX

DXMEMORY is the maximum amount of memory in 
megabytes that will be used for dynamic 
memory allocation by the program

Dxmenu_Dir the directory that contains the complete 
path name to dxmenu.qhd environment 
variable file containing the specifications 
for the menus used by the program

DX_USER_INTERACTOR_FILE specifies the complete path name and 
binary file name for the interactors used in 
the program (allowing pick, zoom, pan, 
etc., for the slices and 3D isosurfaces)
9/2/12 M.E. Noz 9
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MAIN MENU BAR

The main menu bar offers a number of choices. The first seven tabs on the menu bar pertain to 
actions which apply to all procedures. These are:

The second set of tabs are for specialized procedures. The right most tab enables you to view this 
document. These tabs are as follows:

Each of these tabs will be explained in detail below. Note that many of the menu items can be 
directly invoked with a single or multiple key command. When there is a short means of 
invoking the menu item this will be indicated in the right most portion of the menu item. For 
example, to quit the program one can enter control-Q (abbreviated in the menu as Ctrl-Q). In 
addition to using the control key, some of the commands utilize the “Alt” or the “Shift” key.

File Selection

The File Selection menu consists of four choices, as shown below. 

The first two items on the menu are “Import” and “Export”. The first menu item allows the user 
to read data (such as an image volume and previously chosen landmarks) into the main program. 
The second menu item allows the user to save data, such as the chosen landmarks or the 
transformed/warped volume. This can be saved in several formats. Selecting either “Import’ or 
“Export” brings up a file selection dialog box which has the format shown below.
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(How this file selection dialog box works will be described below. These instructions are also 
available by pressing the “Help” button on the dialog box).
12 M.E. Noz 9/2/12



1.  To load (read in) Reference or Target volumes, landmark, region of 
interst (ROI), or mask files:

•Import:

- Import → Reference/Target image
- or→ Reference/Target landmarks
- or→ ROI or Mask file for a particular volume

• when file selection (Import) window comes up
Under Select Directory To Find Images
- choose the directory from the pulldown menu (double click the choice quickly or click the 

choice and then click Filter. 

- choose the subdirectory if necessary and then choose volumes from the displayed list
Last name- First name etc.

- note that the first name selected from the list corresponds to the type (Reference, Target) of 
data which are being selected; the dialog title notes which type this is, e.g., “Import Reference 
Image.” The order in which the choices are made has no meaning; only their position in the 
list is meaningful.

- select the volume(s)/file(s) to be imported by highlighting them with the mouse

- Press: Select or Write, Images and Files.
- To close the dialog box press: Finished Selection
9/2/12 M.E. Noz 13



- The dialog box itself will close automatically when the procedure “Select or Write, Images 
and Files” is completed. 

2. To Save (write out) Landmark Files:
•Export:

- Export → Reference/Target Landmarks

• when file selection (Export) window comes up
Under Select Directory For Writing, 
- choose Directory to which to write the volumes or files

- Change the name that appears in the path name box if necessary. The path name box is to the 
below the string “Path name for WRITING files”.

- note that only one landmark file can be written at a time; the dialog title notes which file was 
selected.

- Choose Select or Write, Images and Files.
- To close the dialog box press: Finished Selection
- The dialog box will close automatically when the procedure “Select or Write, Images and 

Files” is completed

3. To Save (write out) Warped Volumes:
• To save in qsh format - for: 

- First Order Warp 
- Second Order Warp
- Affine Transform
- Manual Affine Transform
- Rigid Body Transform 
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- All Manual Tweak Transforms

• Export → Warped qsh File Using the DX Map (this gives a more faithful volume representation 
but takes a longer time)

Under Select Directory For Writing,
- choose Directory to which to write the files

- Change the name that appears in the path name box if necessary

- Choose Select or Write, Images and Files
- To close the dialog box press: Finished Selection
- The dialog box will close automatically when the procedure “Select or Write, Images and 

Files” is completed.

• Export → Warped qsh File
Under Select Directory For Writing,
- choose Directory to write files

- Change the name that appears in the path name box if necessary

- Choose Select or Write, Images and Files
- To close the dialog box press: Finished Selection
- The dialog box will close automatically when the procedure “Select or Write, Images and 

Files” is completed.

• To save in DX format - for 
- Second Order DX Transform
- Export → Warped dx File
- Under Select Directory For Writing,
- choose Directory to write files

- Change the name that appears in the path name box if necessary

- Choose Select or Write, Images and Files
- To close the dialog box press: Finished Selection
- The dialog box will close automatically when the procedure “Select or Write, Images and 

Files” is completed.

The next item on the menu, “Save Image/Make Video” allows the user to save what is currently 
on the display using the facilities provided by DX, or using the program “xv”. This menu also 
enables the user to easily make a video clip.

4. Save a Display to a File or Make a Video using DX:
•When the user chooses to save a display to a file or make a video:

-  a menu opens which gives the user complete instructions so that the user can save one display 
(window) at a time in various ways using the facilities provided by “DX” or 

- the user can make a video of one display (window) at a time.
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- The default format for saving images is Tiff, however a number of other formats are also 
supported and the user can choose from the following pull-down list.

- If various image formats, not supplied by DX, are to be used, then the “pbm” library functions 
or locally installed functions must be available

5. To Save an Image using the program “xv”:
•- Save Image - Use XV:

• the XV window comes up... move it away from the portion of the screen that is to be captured

• In the XV Window
-  Click inside the window using Right Mouse button
9/2/12 M.E. Noz 17



- the “xv controls” window comes up... move it away from the portion of the screen that is to be 
captured

- Click Grab using the left mouse button
- Read the menu that comes up and choose the correct option using the left mouse button again
- Grab the picture using the middle mouse button or leave the mouse in the window to be 

automatically grabbed
- The XV- window now contains the image that was photographed (“grabbed”)
- Note: the option Save Image - use XV - allows the user to save in a number of formats, any 

portion of the screen
- The program “xv” must be available on the system and in the users path - it is supplied by the 

program in the directory xv-3.10a-stereo
- Note that it is also possible to hide the XV windows when doing a screen capture by checking 

the dialog box “Hide XV windows”. See the stereo section of the manual for information 
relevant to stereo windows.

The last item on the menu allows the user to exit the program.

6. Quit:
•Two different menus will come up depending upon the whether there is a warped 
image volume or not:

• If there is no warped volume, a window will come up which states
“No warped volume exists. Do you really want to quit?”
- if the user chooses “QUIT”, the program will automatically terminate.
18 M.E. Noz 9/2/12



- if the user chooses “Return to Fusion”, the program will return to the state it was in before the 
“Quit” option was invoked.

• If a warped volume does exists, a window will come up which states 
“A Warped Volume Exists. Do you want to save it?” 
There is also a warning that this can take many minutes along with a note that the warped volume 
can be re-made and saved at any time
- if the user chooses “Save Warped Volume”, a message box will be invoked which lets the user 

know that the save is progressing; when the save is completed, the program exits
- if the user chooses “Just QUIT”, the program will exit without saving the warped volume
9/2/12 M.E. Noz 19
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Display

The menu items allow the user to interactively change the display (window or widows) in some 
manner. Note that when using the word “display” as a noun we are generally referring to a 
display window or windows in the following text 

1. Set 2D viewing area:
•There is a choice of either:

- Axial, Coronal, or Sagittal - large display of the slice in the selected view
- 3 Views- gives smaller displays of the selected part of the image volume in all three views.

2. -Display Target & Reference:
•Displays slices from the Target and Reference volumes for comparison.

3. Display Warped & Reference:
•Displays a matched slice from the Transformed/Warped and Reference volumes 
one above the other in Axial, Coronal, or Sagittal mode, or side-by-side in 3-view 
mode.

- In this mode it is possible to use the left mouse button or to hold down the control button and 
click the right mouse to cause the three views (axial, corona, and sagittal) to “snap to”, i.e., to 
triangulate on the selected point. 

4. Display Warped & Reference Overlay:
•Displays matched slices from the Transformed/Warped and Reference volume 
superimposed in the right (or lower) display and slices from the original target in 
the left (or upper) display. 
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- A menu which allows adjustment of the target volume is displayed on the main menu in the 
lower far right portion of the main menu (it replaces the “Manual Affine Menu”) when this 
display mode is chosen. This menu is similar to the one that is usually displayed in the middle 
of the main window.

5. Show Large 3D: 
•A large display window will appear on the screen. This window will be used to 
show any 3D volume(s) where the 3D option is checked in one or more of the 3D 
Target/Reference/Warped Parameters windows. 

6. Update 2D/3D Camera: 
• When selected, the menu shown at the 
right will be displayed.

• The six “reset” options under the 
Adjust Camera Module will reset the 
chosen slice’s camera angle to its 
original view point and size; i.e., it will 
undo zoom or pan.

• The pulldown menu under Choose 3D 
Camera Position gives twelve different 
camera angles for the 3D display, along 
with reset which will undo any 
changes.

• Choosing the push button “Finished” 
closes the menu.
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7. Box Reference/Target/Warped Levels:

•This option is used only when there are two window width and level adjustment 
sliders in the Target/Reference/Warped volume menu. For a specific volume 
(Reference/Target/Warped), “First on” designates that the first level cannot be 
overlapped by the second; “Second On” designates that the second level cannot be 
overlapped by the first. Otherwise, the window widths and levels will be allowed 
to overlap.
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Interaction Mode

The interaction mode menu allows the user to set the interactivity of the menu system if the 
default settings are not satisfactory. Simplification presents sub-sampled data in the interest of 
speeding up user interactions.

1. Normal:
• Simplifies both slices and isosurfaces 
when dragging through slices or 
dragging through isosurface levels.

• It also allows sphere mode to simplify 
the slice when pushing the sphere 
around.

2. Simplification Resolution:
•This brings up an option menu that 
allows the user to chose the 
simplification resolution of 64, 96, 128, 160, 192, 224 or 256.

3. No 2D Simplifications: 
•This turns off simplifying slices when dragging the slices around and pushing the 
sphere around.

4. No 3D Simplifications: 
•This turns off simplifying isosurfaces while changing isosurface levels.

5. No Simplifications: 
•This turns off simplifying for both slices and isosurfaces.
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6. Display Slices/Isosurfaces/Isolines: 
•Interactively - the slices/isosurfaces/isolines will change as the slider is moved.

•On Button Up - the slices/isosurfaces/isolines will not change when moving the 
slider until the mouse button is released. 

7. Snap to Landmark Planes: 
•This turns on and off the “snap to” (triangulation) when picking landmarks.

•With the “snap to” option on, whenever a landmark is chosen on a volume, all 
three views (axial, coronal, sagittal) automatically triangular to that specific point.

•This option can also be changed from the main menu by looking at the 
“Landmark” portion (bottom middle) and choosing under the “Display” menu one 
of the options:

• “Snap to on” to turn triangulation on.
• “Snap to off” to turn triangulating off. 
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Analysis

This analysis menu can be divided into the following parts (many of which invoke further sub-
menus):
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1. Edit 3D Surface:

A menu is invoked which calls the procedures outlined in dxeditsurface - at present this just 
brings up a menu with no functionality - this functionality is under development.
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2. Limit Reference/Target Volume:

This option allows the user to select a subset of slices from the Target or Reference volume. 
When one of the volumes is selected, a separate menu which contains complete instructions is 
invoked. This menu allows the user to limit the range of slices included in that volume.
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3. Volume Analysis Menu - Uses QSH: 

This menu and its menu items were originally designed for analysis of Interictal/Ictal SPECT 
brain studies. When used for that it follows the procedure outlined in the “SISCOM” 
(Subtraction Ictal SPECT CO-registered to MRI) portion of Mayo clinic’s “Analyze” program. 
However, it has been expanded to do other things as well.

a. After choosing suitable landmarks, transform one image volume (such as the Interictal 
SPECT volume) to match another image volume (such as the Ictal SPECT volume)

b. Use “Choose Threshold Level” to choose a threshold level for the warped and the 
reference volumes - the color scales or the color of the isolines can be changed in order to 
see the isolines better

- the menu that comes up has instructions for choosing the threshold level
- this option takes a while to finish because it is making a mask volume at the same time; 

however, the thresholded volume is not produced in this step but rather in the next step
- the volume maximum is always used by default to make the thresholded volume even if the 

slice maximum is turned on for choosing the threshold level
- in this case, only the largest, all encompassing contour boundary is used - non-contiguous 

segments will be filled. Although this is what is wanted in the brain case, it may not be 
generally applicable.
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c. Use “Multiply Thresholded Reference/Warped Volumes” to produce a single mask 
volume which is the intersection of the mask volumes produced in the thresholding 
operation. The programs thresholds and displays both the Warped and Reference volumes 
using this mask.

d. Use - “Normalize Reference Volume” and “Normalize Warped Volume” to use the mask 
volume generated from the multiplied, thresholded Warped and Reference volumes to 
calculate the “mean in range” (total pixel value included in the masked region/the number 
of non-zero pixels in the masked region) and then to use this number as part of the 
normalization factor - 100/(mean in range) - by which all the pixels in the respective 
volume are scaled (i.e., multiplied voxel by voxel by this scale factor).

e. Use “Subtract Warped From Reference Volume” to subtract the thresholded, normalized 
Warped volume from the similar Reference volume. In the Interictal/Ictal SPECT case this 
is supposed to enhance the CBF (cerebral blood flow) differences between the warped 
Interictal and original Ictal volumes.

f. Use “Form 2SD Reference/Warped Subtracted Volume” to use the upper 1.5% tail of 
pixel values from the subtracted volume to form the final diagnostic volume - the negative 
tail is ignored.

g. Programs from qsh are called to produce the mask volumes and calculate the “mean in 
range”. All intermediate volume are written out in qsh format.

h. It is also possible to use “Normalize Target Volume” to normalize the Target to the 
Reference volume, as well as to use “Form 2SD Reference/Target Subtracted Volumes” to 
use the upper 1.5% tail of pixel values from the subtracted volume to form the final 
diagnostic volume - the negative tail is ignored.
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4. Show Volumes from QSH Analysis Menu: 

This menu and its menu items simply shows the volumes created by using any of the functions 
available from the QSH Analysis menu and allows the user to go back and forth between all the 
volumes created. All the intermediate and final volumes generated by the qsh routines are saved 
in qsh format so that they can be reloaded during a later session. When new volumes of the same 
type are generated, the old volumes are removed. 
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5. Volume Analysis Menu - Uses DX:

This menu and its menu items were developed for two special applications. However, these 
operations may be used for other applications as well.

•“Choose Threshold Level - DX”

• this choice allows the user to choose a threshold 
• the color scales or the color of the isolines can be changed in order to better see the 

isolines
• the menu that comes up has instructions for choosing the threshold level 
• the volume maximum is always used by default to generate the thresholded volume 

when the volume is a CT; however, if the volume is not a CT, then the volume 
maximum is only used to make the thresholded object if the volume maximum toggle 
button is set

• the resulting thresholded image may not be contiguous 

•“DX Reference and Warped Volume - Set Overlapped Pixels to Zero” 

• works on any two modalities (the same and different) to set the pixels in the Warped 
volume to zero where they are non-zero in the Reference volume

• it was developed to allow the bones to be outlined on the CT and then the matching 
pixels in the 111-In SPECT volume are set to zero in order to identify the uptake due to 
bony structures and not to a tumor

•“Subtract DX Warped Volume from DX Reference Volume” 
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• This menu item would be used for two volumes of same modality which have been 
matched. In this case, the Reference and Warped volume are used.

• The volumes are not normalized first; instead, the volumes are simply subtracted pixel 
by pixel.

• If the modalities are the same (as in the orthopedic project) this gives the residual pixels 
that are not matched or shows how the prosthesis has moved (or not moved) or if the 
tumor size has changed or not.

• This menu item can also be used to give some data on the quality of the match.

•“DX Target and Reference Volume: Set Pixels in Target to Zero Where Pixels Are 
Zero in Reference” 

• This menu item is used for a matched Target and Reference volume, such as a dual 
energy pair or a matched Warped volume which has been read in as the Target volume.

• The modalities need not be the same.
• The volumes are not normalized.
• This works nicely for the matched Tc and 111-In SPECT for the Prostascint cases.
• This menu item could also be used to give an indication of how closely matched the 

Target and Reference volumes are before any matching takes place.
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6. Make Composite Multi-slice Merge Display: 

This menu item allows the user to make a composite or blended display using the axial slices 
from the Warped and Reference or Target and Reference volumes. A menu is invoked which 
allows the user to set the range of slices to be composited.

•When the user has finished entering the slice numbers (by pressing “Enter” or “Do 
It”), a separate window appears with the chosen set of axial slices (rounded to the 
nearest square) from the Warped and Reference volumes superimposed in their 
respective colorscales. The blend ratio can be changed by moving the mouse back 
and forth horizontally in the window. 
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7. Zero Selected Slices

This menu item allows the user to zero selected slices (in the axial direction) in a particular 
volume. The original volume is saved as well as the volume with the slices that have been set to 
zero.

•The user is first given the choice of which volume to use

•Then an instruction menu comes up allowing the user to choose the slices at both 
ends of the volume which are to be set to zero.
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•When the user has finished entering the slice numbers (by pressing “Enter” or “Do 
It”), the appropriate volume is made and automatically displayed.

•The new volume is saved in the same directory as the volume from which it was 
derived, with the string “-new” appended to the original file name before the 
“.qhd” (and “.qim”).

• Note that the shell script “valuemask2.csh” must be available and in the user’s PATH. 
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8. Zero Selected Area

This menu item allows the user to use a previously drawn contour to zero a selected area (either 
inside or outside) in a volume or to perform statistics on the volume. The original volume is 
saved as well as the volume which has the area set to zero. The statistics are saved to a file. 

•The first four choices allow the user to choose the volume on which the region of 
interest (ROI or contour) has been drawn and on which the appropriate function 
will be run. The volume which results from the operation is saved in the same 
directory as the volume with string “-new” appended to the original file name 
before the “.qhd” (and “.qim”). 

•The last two choices calculate statistics on either the entire slice or on the area 
selected by the previously drawn region of interest (ROI - contour). These two 
choices assume that the statistics are to be run on the Reference volume which is 
currently loaded into the program. (This could, of course, be a Warped or Target 
volume, loaded as the Reference volume.) There are environment variables which 
can be set to perform statistics on more than one volume at a time. These are in the 
dxmenu.qhd environment variable file and are not shell environment variables. 
Two different environment variables are available: Enable MultiVolume Stats 
which was developed for a lung project and Enable PET Stats which was 
developed for a particular PET project. These projects can be modified to suit or 
more can be developed as necessary.

•If statistics are to be computed on the entire volume, then the mean value in each 
slice of the volume is saved to a file. 

•If statistics are to be computer within a previously chosen ROI, then the file name 
with the slice number and ROI number appended to the end of the file name, is 
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saved to a file along with the minimum value, the maximum value, the average 
value, the standard deviation, the total pixel values, and the number of pixels in the 
ROI(s) on each slice. The file is tab separated so that it can be easily loaded 
directly into a spread sheet or statistics program.

• For the first four options, once a volume has been chosen, or in the case of the last 
two options, once an option has been chosen, an instruction menu will be 
displayed as shown below:
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•When the user has drawn the appropriate ROIs, the chosen option will be invoked 
when “Do It” is pressed. In the case of the first four options, the appropriate 
volume is made and automatically displayed.

•The new volume is saved in the same directory as the volume from which it was 
derived, with the string “-new” appended to the original file name before the 
“.qhd” (and “.qim”).
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9. Transform (Warp) ROI

If an ROI has been drawn on the Target volume which is subsequently transformed to match the 
Reference volume, then the ROIs can also be transformed so that they are registered on the Warp 
volume.

•There are two options:
• The first option uses a first order warp or a rigid body transform for the ROI, depending 

on which has been used for the Target to Reference registration.
• The second option uses a second order warp for the ROI transformation.
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10. Active Contour (Snake)

After a volume has been chosen, this option implements an active contour (snake) algorithm to 
segment a volume starting with a previously drawn ROI on the first slice to be used for the 
segmentation. 

•Once a volume has been chosen, an instruction menu is displayed:

•Note: Although this works as it presently is implemented, the actual 
identification of the region to be segmented, as refined by the interac-
tion of the active contour on the ROI could be improved.
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11. Resize Slice Thickness (Z)

This menu item allows the slice thickness to be changed.

•Once a volume has been chosen, an instruction menu will be displayed as shown 
below: 

•When the user has finished entering the new slice thickness (by pressing “Enter” 
or “Do It”), the appropriate volume is made and automatically displayed. 

•The new volume is saved in the same directory as the volume from which it was 
derived, with the string “_Nmm” appended to the original file name before the 
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“.qhd” (and “.qim”) where “N” is the new slice thickness. Only a whole number 
may be entered for the new slice thickness. 
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12.Resize Volumes (X,Y)

This menu item resizes the volume in the x and y axes. It is not necessary that the resulting 
volume have the same dimensions in x and y. 

•Once a volume has been chosen, an instruction menu will be displayed as shown 
below:

•When the user has finished entering the new x and y size (by pressing “Enter” or 
“Do It”), the appropriate volume is made and automatically displayed.

•The new volume is saved in the same directory as the volume from which it was 
derived, with the new x size appended to the front if the original file name.
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13. Threshold Volume

This menu item only works on a CT volume. It eliminates all the pixels whose numeric value is 
below and above the chosen threshold values. 

•Once a volume has been chosen, an instruction menu will be displayed

•When the user has finished entering the new lower and upper threshold values in 
Hounsfield Units (by pressing “Enter” or “Do It”), the appropriate volume is made 
and automatically displayed.

•The new volume is saved in the same directory as the volume from which it was 
derived, with the string “-new” appended to the original file name before the 
“.qhd” (and “.qim”).
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14.Choose Math Module

This option performs a number of mathematical calculations based on the set of chosen 
landmarks:

•The first and second menu item which find the Weight Point, find the average 
value of the set of currently loaded Reference or Target landmarks in x, y, z. This 
point is automatically saved to a landmark format file in the same landmark 
directory as the original landmarks from which it was derived. The name of this 
particular landmark file is the name of the currently loaded volume with the string 
“_wt_point.landmarks” appended to the end. This landmark file contains only the 
“weight point” and may be displayed in the same way as any other landmark file. 
However, once the “weight point” has been found and saved, the original 
landmarks that were displayed are deleted from the display and only the “weight 
point” landmark is displayed. 

•The third and fourth menu items to find the center and radius, use the set of 
currently loaded Reference or Target landmarks which had been previously 
interactively or automatically generated to initially define the surface of a sphere 
or hemisphere. First the given set of landmarks is divided into a valid and invalid 
set and each set is saved in a landmark formatted file in the same landmark 
directory as the original landmarks from which it was derived. The name of the 
particular landmark file is the same as that of the currently loaded landmark file 
with the string “_val” or “_inv” appended to the end of the original landmark file 
name before the extension “.landmarks”. Then the center of the sphere or 
hemisphere is determined and this point is also saved in a landmark formatted file 
in the same landmark directory as the original landmarks from which it was 
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derived. The name of this particular landmark file is the same as that of the 
currently loaded landmark file with the string “_sphere_centroid” appended to the 
end of the original landmark file name before the extension “.landmarks”. The 
landmark files generated here may be displayed in the same way as any other 
landmark file. However, once the center of the sphere has been found and saved, 
the original landmarks that were displayed are deleted and the center point is 
displayed. 

•The fifth and sixth options to find the condition sphere (essentially the major and 
minor axes of the ellipsoid surrounding all the landmarks) are not yet 
implemented. 

•The last menu item transforms RSA landmarks into DX space, saves all the                  
landmarks into a file and redisplays them. 

• First the Reference landmarks chosen in DX space are loaded and put in a scrolled list 
so that they can be moved up and down. An example of such a list is shown below:
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• Then the name of an RSA file is entered in the dialog box:

• When “Do It” is pressed, the same number of RSA landmarks as are displayed in the 
Reference landmark list are displayed in the usual Target landmark scrolled list for 
viewing.

• The landmarks displayed in the Reference list may need to be moved up and down so 
that the order of the landmarks in the Reference list corresponds to the RSA landmarks 
displayed in the Target list.

• When the user is satisfied with the order of the landmarks, the “Do Transform” button 
is pushed. This invokes the rigid body transform which generates the transformation 
matrix which brings the RSA landmarks into DX space.

• Once the transformation matrix is generated, it is applied to all the RSA landmarks.
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• Then the transformed RSA landmarks are combined with the Reference landmarks, and 
this list is saved to a landmark formatted file in the Reference landmark directory with 
a name composed of the Reference file name with the string 
“_RSATransformed.landmarks” appended to the end. 

•  The landmarks currently in the Reference and Target landmark lists are deleted, the 
new RSA transformed landmarks are then loaded into the Reference list and displayed 
so that the user can evaluate whether the RSA landmarks have been transformed 
correctly into DX space.
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15.Reverse Slice/Byte Order in Reference/Target: 

These options allow the user to change the order of slices in the volume (for example, head-to-
toe is changed to toe-to-head) and/or to swap bytes in the volume. Swapping bytes may be 
needed when changing from running on a “big endian” to a “little endian” machine. A new qsh 
volume is generated and automatically read back in as the appropriate volume so that analysis 
can just proceed. The new volume is saved in the same directory as the volume from which it 
was derived, with the string “_rev” appended to the original file name before the “.qhd” (and 
“.qim”) when the slice order is changed so that the original volume is not lost. Similarly, the 
string “_imc” is appended to the original file name before the “.qhd” (and “.qim”) when the byte 
order is changed so that the original volume is not lost.
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16.Change Order of lines in Reference/Target Volume; Change Left to 
Right in Reference/Target Volume: 

This last section allows the user to change the order of the lines in each slice (turning the top row 
into the bottom row) and/or to interchange the right and left sides of all the slices in a volume 
(e.g., to change a Posterior view to match a Anterior view). These two combined, change a prone 
view to match a supine view. A new qsh volume is generated and automatically read back in as 
the appropriate volume so that analysis can just proceed. The new volume is saved in the same 
directory as the volume from which it was derived, with the string “_top_bot” appended to the 
original file name before the “.qhd” (and “.qim”) when the line order is changed so that the 
original volume is not lost. Similarly, the string “_lfrt” is appended to the original file name 
before the “.qhd” (and “.qim”) when the left and right sides of all the slices in a volume is 
changed so that the original volume is not lost.
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2D Menu for Warped Volume

This menu item invokes a free standing menu for the controlling the slices in the warped volume.

1. Warped Volume Slice menu:

This menu item invokes a free standing menu which is exactly the same as the “Warped Volume” 
menu displayed in main menu window except there are no “Landmarks List” or arrow buttons 
present. It has exactly the same functionality as is described in “Main Menu ->Target/Reference/
Warped Volume Windows”. 

•This menu is closed by clicking on the “Finish” button.
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Configure 3D Volumes

This menu extends the set of 3D Target/Reference/Warped configuration parameters:

• Invokes a free standing menu for setting 3D display parameters for the selected 
volume.

•Some of these choices are available on the main menu and some are not.

1. Configure 3D Volume window:
•The window title shows which volume has been selected. An example is shown 
below to configure the Target 3D image display window:
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2. Menu selections:
•File Name Selected: points to the name of the volume that is currently active; it 
will be blank for the Warped volume unless an imported warped object has been 
read in or some other option has been chosen which fills in the name for the 
Warped volume.

•Middle Section: includes the options: Display 3D Surface, Color, Isosurface level, 
and Opacity. These are used to control how the isosurface is displayed in the 3D 
window. They are the same as the 3D controls in the upper right side of the main 
volume fusion menu. Please see the 3D section of the manual for more details.

•Choose Multiple Isosurface Level: this brings up a new menu which allows the 
user to chose one or more isosurfaces in (possibly) different colors to be displayed 
simultaneously. This is used mainly by orthopedic surgeons. Instructions are 
displayed in the middle of the menu. The menu enables the user to choose the 
isosurfaces, color, window width, and level to be displayed - the list allows 
multiple selections. An example of selecting multiple isosurfaces is shown below:
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•Simplify Surface: if this option is checked, the isosurface will be simplified. This 
can be used if the isosurface volume is large and complex.

•Data Reduction: this option serves to smooth the 3D views of the volume 
isosurface object, and eliminate the smaller, less unified pieces on the outside of 
the object. It takes values in the range 1.0-4.5, and the larger the value, the 
smoother the object, since it is reduced more. This option is also available from the 
main volume fusion menu.

•Finish: this option ends the display of this menu.
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Landmark Lists

When this menu is chosen from the main menu bar, the user is presented with a list of anatomic body sections for 
which there exists a list of suggested landmarks.

•There are currently five options available. 

- This list will augmented in the future.
- Currently, only four lists: brain, head and neck, abdomen, and pelvis actually contain any 

useful data. 

•Each options invokes a free standing menu. 

•These menus contain suggested anatomic locations for determining landmarks.

-  There are also some comments about the involved anatomy.
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• Below is an example of the type of menu that is displayed. In this case the menu 
suggests locations for landmarks in the upper and middle part of the abdomen.
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Standard Position Module

This menu brings up a special module developed for orthopedic surgeons. It also utilizes a large 
3D display window. 

•When “Move 3D..... into standard position” is chosen, if no volume is loaded, a 
file selection menu which allows the user to import a Reference volume is 
displayed. After the user chooses the volume to be put into standard position, the 
volume is loaded as both the Reference and Target volume. If only a Reference 
volume is currently loaded, then this volume is loaded also as the Target volume. If 
a Reference and Target volume are already loaded, but are not the same, then this 
module automatically loads the Reference volume also as the Target volume.

•The display mode is automatically changed to “Display Warped & Reference” and 
the “Manual Affine Transform” is selected from the “Registration Type” pull 
down menu in the center bottom panel of the main menu. Please see the main 
menu documentation for further explanations of these options.

•The large 3D window with a vertical and horizontal blue line is displayed. In it the 
“warped” isosurface is displayed at an appropriate level to view the bony 
structures appropriate to the selected menu item. This isosurface level can be 
changed using the sliders on the main menu. There is also an environment variable 
(“Enable Set Iso Level”) that can be set in the dxmenu.qhd environment variable 
file to designate an initial isosurface level. A message window informs the user of 
this possibility, as shown below.

•A new menu with appropriate options and instructions is invoked.
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•The first section of the menu allows the user to move the horizontal and vertical 
blue lines inside the 3D display window. By using the sliders, the lines can be 
moved left and right, up and down. Clicking with the middle mouse button inside 
the scale, but not on the slider, brings the scale slider to the position of the pointer 
(i.e., sets the scale value).

•The middle section of the menu describes the initial steps to be done to render the 
volume into the standard position. The current version of these instructions are 
shown below.
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•Initially, the volume is displayed as an axial view if the first choice (Move 3D 
pelvis...) is chosen.

•If the second choice (Move 3D spine...) is chosen, then the volume is initially 
displayed in the sagittal view.
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•If the third choice (Move 3D coronal...) is chosen, the volume is initially display in 
the coronal view.

•The fourth choice (Move 3D Tibia Bone...) is a special case where initially two 
landmarks chosen at the top and bottom of the tibia are displayed in a coronal 
view. In this case after the two landmarks have been chosen, they must be saved to 
a file in the directory “tibia_frame/dx” with the string “_tibia” inserted at the end 
of the default file name before the “.landmarks”. 
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•As outlined in the second section of the instruction menu, in the 3D window for all 
cases, the user can change the position of the object by clicking and holding on the 
left mouse button (to rotate in 3D) or the right mouse button (to rotate around the 
axis normal to the screen) in order to move the volume displayed into the proper 
position for the particular standard position that is to be achieved; for example, for 
the pelvis this is the coronal plane (the McKibbin plane including the right and left 
spina iliaca anterior superior and the pubic tubercles).

•If the option “zoom” is used, the user should be aware that the resulting volume 
will be saved zoomed. The option “pan” changes the center of rotation, so it 
should not be used.

•The push button marked “Rotate Initial Standard Position Volume”:

• Saves the initial rotation matrix to a file in the same directory as the Reference volume 
with the string “_standard_position_matrix” appended to the Reference volume (root) 
name. However, for the spine, the string “_standard_position_L4_matrix” or 
“_standard_position_S1_matrix” may be used.

• The display will change so that view on the screen is now the “top” (coronal) instead of 
the “front” (axial) view in the case of the pelvis and appropriately for the other options.

•  For the fourth (tibia) option, the view is not changed, but the user should lower the 
isosurface level so that the bony structures can now be seen. 

• Shown below is the resulting screen view of the Standard Position Module for the case 
of the pelvis.
9/2/12 M.E. Noz 65



•The volume is now rendered into the final position using the instructions on the 
next part of the menu - “Save Final Standard Position Volume”.These instructions 
are shown below: 

• The right mouse button is used to rotate about the axis normal to the screen until, 
for example for the pelvis, the left and right tuber os ischii are aligned on a 
horizontal line; this brings that volume into the final standard position. Similar 
anatomic positions are used for the other cases.

•When the “Export Final Standard Position Volume” button is pressed: 

• The view on the screen reverts to the “front” view, re-displaying for example, for the 
pelvis, the final standard position in the axial view. 

• The option to save the volume is available via the export menu.
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• After the user chooses a write directory in which to save the volume, the standard 
position volume is saved with the string “_standard_position_final” appended to the 
default Reference filename before the “.qhd” (and “.qim”).

• However, in the case of the tibia, the string 
“rigid_body_module_standard_position_warp” is appended to the default Reference 
filename before the “.qhd” (and “.qim”).

• The final rotation matrix, the inverse of the final rotation matrix, and a matrix 
containing the second rotation only are also written to files in the same directory as the 
Reference file to which the string “_standard_position_final_matrix”, 
standard_position_final_inverse_matrix”, and 
“standard_position_final_second_rotation_matrix” respectively are appended to the 
root name of the Reference volume.

• However, for the spine, the string “_standard_position_final_L4_matrix”, 
standard_position_final_inverse_L4_matrix”, and 
“standard_position_final_second_rotation_L4_matrix” or 
“_standard_position_final_S1_matrix”, standard_position_final_inverse_S1_matrix”, 
and “standard_position_final_second_rotation_S1_matrix” may be used.

• In the case of the tibia, the string “_standard_position_final_rigid_body_matrix”, 
standard_position_final_inverse_rigid_body_matrix”, and 
“standard_position_final_second_rotation_rigid_body_matrix” are used.

•When the final standard position has been saved, the user has the choice of reading 
this volume back into the program as the target volume for further processing by 
choosing the “Continue: Choose Landmarks” button.

•The user can choose to do some other task by choosing the “Finished” button. 

•In either case, the program will be returned to the “Display Target & Reference” 
display mode, the large 3D display will be removed, and the Standard Position 
Module menu will be removed. Unfortunately, the user must quit the program if 
another standard position is to be attempted on the same or a different volume.

What is a Standard Position?

The concept of a standard position will be defined in terms of the pelvis, because the pelvis has a 
defined coronal plane (the McKibbin plane including the right and left spina iliaca anterior 
superior and the public tubercles). One way to achieve this position is to first place this 
horizontally on the screen. In this position there is only one degree of freedom between the axes 
of the screen, and the anatomic axes of the pelvis, which is the degree of rotation around the 
tangent axis of McKibbin plane. By making a orthogonal 90 degree rotation around the screen’s 
left-right axis, this McKibbin plane is placed parallel to the screen. Rotation around the screen’s 
antero-posterior axis until the left and right tuber os ischii is horizontal locks this last degree of 
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freedom. Thus we now have a standard position, an anatomical frontal view of the pelvis. This is 
of course just a sequence of linear transformations.

The Purpose: a very simple way to see how an orthopedic implant is implanted in relationship to 
the reference system is to rotate the image from the standard position along the cardinal axes of 
the pelvis-cardinal axes of the screen and display numerical data on these rotations.

Example: If we know that the main axes of a pelvis is aligned with the screen main axes, then 
simply rotating around the screen superior-inferior axis until the cup is seen from the side 
corresponds to the anatomic anteversion and a direct measurement or rotation around the screen 
antero-posterior corresponds to the anatomic inclination. Please note that the current (as of 2012) 
diagnostic tool, planar x-ray, has a precision of 5 degrees for this.
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Rigid Body Module

This menu brings up a special module developed for the orthopedic surgeons, to allow the 
manual and automatic calculation of the vertebral motion regained after a total disc replacement 
in the spine. At present, it has been applied only to the cervical spine. Additionally, a portion of 
this module has also been developed to measure the extent of lengthening in the case where a 
Ilizarov-derived Taylor Spatial Frame (TSF) has been applied to the tibia.

•To utilize this option successfully for the cervical spine, the user must first pick six 
corresponding landmarks on the top and bottom portions of the prosthesis for both 
the Reference and Target volumes. An example of such a set of landmarks is 
shown below.

• This is done by viewing either the Reference or Target prosthesis only (using an 
appropriate isosurface level) in the 3D window and using the six pins (pegs) on the 
prosthesis. 

• On the top portion of the prosthesis, a landmark is designated on each peg in the 
specific order shown (otherwise the automatic processing option will not work 
correctly). 
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• Note that a seventh landmark is shown. This landmark is generated automatically, by 
picking the option “Auto Gen” from the “Pick” pull-down menu on the lower part of 
the center menu on the main menu panel. Please see the main menu documentation for 
further explanations of these options. This is to insure that the rigid body transform will 
not result in an inversion due to the symmetry of the landmarks. 

• The landmarks are then saved in the chosen landmark directory with the string 
“_upper” appended to the default landmark file name before the “.landmarks”. 

• The landmark pick is then checked by performing “Rigid Body Transform” from the 
“Registration Type” pull-down menu on the lower part of the center menu on the main 
menu panel. Please see the main menu documentation for further explanations of these 
options. The resulting Warped volume is saved in the same directory as the original 
volume with the string “_final_warp” appended to the original file name before the 
“.qhd” (and “.qim”).

• Then corresponding landmarks are picked on the bottom portion of both prosthesis 
using the original untransformed volume in the case of the Target volume.

• These landmarks are then saved in chosen landmark directory with the string “_lower” 
appended to the default landmark file name before the “.landmarks”. 

•The landmarks must be picked and checked whether or not the program is run is 
automatic mode or in interactive mode.

•When the program is run in interactive mode:
• First the original bottom landmarks on the Target prosthesis are transformed into the 

new position of the bottom (warped) prosthesis by applying the same transform to the 
landmarks as was applied to the prosthesis.

• The option “Transform Alternate Target Landmarks” is used to accomplish this. The 
newly Warped prosthesis volume is saved and automatically redisplayed in 2D and 3D 
as the Target volume, with the transformed bottom landmarks (which have been saved 
in the same landmark directory as the Target landmarks, with the string 
“_lower_new_transformed” appended to the default landmark file name before the 
“.landmarks”) shown.

• The Reference volume with the bottom landmarks shown is also displayed in 2D and 
3D for comparison. Note that the upper portion of the prostheses should now match. 
The resulting image is shown below. 

• There are various messages displayed to help the user throughout this process. 
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•In the case of the cervical spine, if the option “Obtain Standard Position for 
Reference Volume using Three Landmarks” is pressed, then the volume is 
rendered into an “upright” position as follows. 

• The user is presented with the list of upper landmarks previously chosen on the upper 
prosthesis of the Reference volume and instructed to choose three in the following 
order: first the landmark with the highest “y” value, then the landmark with the lowest 
“x” value and finally the landmark with the highest “x” value. Note that the usual 
landmark list menu is presented (see the documentation on Main Menu), but now the 
“Delete Selected” button has changed to “Choose 3”. 

• As each landmark is chosen, the “Choose 3” button on the “Landmark List” may be 
pressed. 

• This needs to be done if the landmarks are not successively in the list from top to 
bottom, but are in some other order. 

• In order for the automatic version of the program to work, the landmarks must be 
chosen in the order shown in the upper landmark figure. This results in landmarks 1, 5, 
and 6 being in the “high y”, “low x”, and “high x” positions.

• When the “Choose 3” button is pressed and the program detects that a total of three 
landmarks have been chosen, then the upper prosthesis of the Reference volume is 
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placed into a “standard position” in which the axial view shows the prosthesis fully 
flush to the screen (all the pegs 90° to the screen) and the upper prosthesis straight on 
the coronal and sagittal view. 

• The Warped/Target volume (which had been matched to the Reference volume) is also 
put into “standard position” using the same transformation. The resulting set of 
displayed images are shown below.

• The Reference standard position volume is saved in the same directory as the 
Reference volume with the string “rigid_body_standard_position warp” appended to 
the original Reference file name and the Warped/Target volume is similarly saved with 
the string “_final_warp_rigid_body_standard_position warp” appended to the original 
file name before the “.qhd” (and “.qim).
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•Also in the case of the cervical spine, if the option “Obtain Standard Position for 
Reference Volume using Eigenvectors” is pressed, the volume is rendered into a 
“standard position” as before, except eigenvectors generated from all the 
Reference landmarks are used as the initial set of three orthogonal axes as opposed 
to the three orthogonal axes being generated from the three designated landmarks.

• Note that if the eigenvector option is used, the statistics program R must be available on 
the computer and the function eigen.values.vectors must be compiled and available 
from the directory to which the user is currently connected or the PATH must be set for 
where the R functions are located.

•During the process to place the cervical spine in a standard position, helpful 
messages are displayed to guide the user. 

•After the cervical spine has been put into the standard “upright” position using one 
or the other of the preceding methods, the option “Transform Reference and Target 
Alternative Landmarks” is used.

• This option first transforms the original “lower” Reference landmarks into the new 
standard position using the same transform that was used to position the Reference 
volume. The file is saved in the same directory as the Reference landmarks and the 
string “_lower_new_standard_position_transformed” is appended to the default 
filename before the “.landmarks”. 

• Similarly, the Warped/Target “lower” landmarks which have already been transformed 
into the warped position, are transformed into the new warped standard position by 
applying to them the same transform that was used to position the Warped/Target 
volume. The file is saved in the same directory as the Target landmarks and the string 
“_lower_new_transformed_new_standard_position_transformed” is appended to the 
default filename before the “.landmarks”.

• Both volumes are displayed in 2 and 3D with the newly transformed landmarks 
displayed to that the user can check that all the landmarks have been correctly 
transformed. 

•The last step is to choose the option “Apply Rigid Body Transform to Alternate 
Standard Position Landmarks”.

• If the landmarks are still loaded from the step above, then the program simply does the 
transform. If the landmarks are not loaded, then the program first asks the user to load 
the appropriate landmarks and then does the transform. 

• After the transform completes, the resulting Euler angles (in degrees) and translation 
parameters (in mm) are written to the screen.
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• The results are also written to a file in the same directory in which the Target volume is 
located. This file is written in comma separated format for easy import into a statistics 
program. This file has the generic name “EulerAnglesNeckModel.csv” and the form:

•If one of the “automatic” options is to be used, the user must first state in the 
dxmenu.qhd environment variable file, where the original Reference and Target 
landmark files are to be found. A message, which displays the appropriate 
environment variables, reminding the user to do this is generated when either of 
these options is invoked. 

• If one of these options is invoked when there is only one volume loaded or no volumes 
are loaded, then the user is first asked to load the appropriate Reference and Target 
volume(s).

• The program then proceeds in the same manner as described above, except no 
intermediate volumes are displayed. 

• When the process is finished, the Euler angles and translation parameters are displayed 
and saved to a file. This file has the generic name “EulerAnglesNeckModel.csv”

• Additionally, the standard position Reference and Warped/Target volumes are 
displayed in 2D and 3D along with the lower landmarks, after having been transformed 
into the standard position, in order that the user can evaluate the results.

•In the case of the tibia, if the option “Obtain Standard Position for Reference 
Volume in the Tibia Project” is chosen, then a message is displayed reminding the 
user that the standard position tibia volume must have been previously generated 
using the Standard Position Module.

• The user is first asked to choose the original Reference and Target volumes and the 
proximal landmarks for both volumes.

• The rigid body transformation is performed. 
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• The resulting Warped volume is saved and redisplayed as the Target volume and the 
original distal Target landmarks are transformed into the new position of the Warped/
Target volume. 

• The Reference standard position volume is displayed and the transform matrix which 
was previously generated, is used to transform the Warped/Target volume into a similar 
standard position. 

• The distal Reference landmarks are also transformed using this transformation matrix.
• The transformed Warped/Target distal landmarks are further transformed into this new 

position as well. 
• The rigid body transform is then run using the standard position distal landmarks and 

the results are displayed in terms of the Euler angles and translation parameters as in 
the cervical spine case.

• These results are also similarly saved to a comma separated file as described for the 
cervical spine. This file also has the generic name “EulerAnglesNeckModel.csv”
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Stereo Display Module

This menu brings up a special module developed to display in stereo whatever is currently being 
shown in the 3D window. 

1. Stereo View of 3D Volume:
•When this option is chosen, a separate window is invoked which has a stereo 
version of what is currently displayed in the 3D window.

•The stereo window can be modified interactively. The option menu detailing the 
inter-activity possibilities of the mouse can be displayed by clicking right in the 
stereo window. The resulting option menu shows the many ways in which the 
object may be moved in the stereo window. 

•Additionally, the stereo window can be interactively modified by using the 
keyboard. The option menu detailing the inter-activity of the keyboard can also be 
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displayed by a right mouse button click in the stereo window and choosing the last 
option “Keyboard Help”. This brings up the keyboard options as shown below: 

•In addition the lighting, shading, and state (wireframe or solid) of the stereo object 
can be changed

•The 3D window may be changed on the main menu and then a new stereo window 
will be displayed.

•As many stereo windows as desired may be displayed at the same time. Note that 
the number of stereo windows is not limited by the maximum allowable number of 
windows command line option.

•Note that any individual stereo window may be closed by typing “q” or “Q” in that 
window
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2. Stereo Viewing Help:
•When the second menu item is chosen, a separate menu is invoked which gives the 
user some help and instructions related to stereo viewing. The current help menu is 
shown below:
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3. Save Stereo Window:
•When this option is chosen, a special stereo version of xv is invoked which allows 
the user to save any or all of the current stereo displays as a stereo pair in JPEG or 
TIFF format for use in a presentation or for sending to a colleague.

- Note the specially modified version of xv which is available in the subdirectory “xv-3.10a-
stereo” must be compiled and available via the user’s PATH. The location of the stereo version 
of xv is specified in the dxmenu.qhd environment variable file.

• Most PC’s and web browsers can re-display such a stereo pair in true stereo, as can the 
specially modified version of xv. An example of such a stereo pair is shown below: 

4. Close All Stereo Windows:
•This closes all the stereo windows without halting the main program.

• Note that when the main program is exited all the stereo windows are also closed.
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Help

The only purpose of this option is to allow the user to view the help menu in a browser window. 

However, in order for this to work, the user must have an executable file named 
“user_guide_program” in the same directory to which the user is connected (i.e., in the current 
working directory). This file, which contains a shell script, must have in it the complete path to 
the browser and also the complete path to where the HTML text containing the user guide is 
located. A typical file might look like the following:

#!/bin/csh
limit coredumpsize 0
setenv MOZILLA_HOME    /usr/bin
$MOZILLA_HOME/firefox \
file:///opt/dx_cvs/User_Guide/UserGuide.book.html &
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MAIN MENU

Target/Reference/Warped Volume Windows

These menus allow the user to set many options associated with the slices.
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1. Axial/Coronal/Sagittal Sliders:

•These three sliders allow the user to move through the different levels of the 
volume in each orthogonal view projection. The lower numbers are on the left, and 
higher on the right and the general orientation of the of the volume is top to bottom 
(head to toe) and front to back (anterior to posterior). As described elsewhere in 
the manual, the menus Reverse Slice and Change Order of lines can be used to 
reorder the slices and lines (i.e., change +Z to -Z and +X and +Y into -X and -Y). 
Clicking with the middle mouse button inside the scale, but not on the slider, 
brings the scale slider to the position of the pointer (i.e., sets the scale value).

•If Interaction Mode → Display Slices → Interactively is chosen, then the slices 
change as the slider is moved. Otherwise, if On Button Up is chosen, then the 
slices only update when the mouse button is released.

2. Reduce Volume:
•This control reduces the volume of the whole image by 
shrinking the x-y matrix size of the volume.

-For example, if the user chooses “2.0” from the pulldown 
menu, an image with an original x-y matrix size of 512x512 will be displayed as 
though the x-y matrix size were 256x256. Note that the original 512x512 volume 
is still available buy changing the reduction back to “1.0”

•This option exists in three different instances so that the slices, isosurfaces, and 
isolines may all be reduced separately.

•The reductions that are available by default are 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 
4.5. These may be changed locally by editing the appropriate values in the 
dxmenu.qhd environment variable file.
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• In all cases, regardless of the use of any reduced volume for display purposes, the 
final warp which is optionally saved at exit, or explicitly saved using “Export”, is 
always saved at the full resolution of the original Reference volume.

3. Landmark List Window:
•The landmark list window can be opened by clicking on the “Landmark List” button. The list 
contains one entry for every landmark that has been chosen on the indicated volume. The list 
has the following format: the landmark number is listed, followed by the name of the 
orthogonal plane on which the landmark was chosen, then the sequential number of the plane 
is listed. Next would be any name that was assigned to the landmark. This is followed by the 
x,y,z coordinate of the landmark. When a landmark is chosen the corresponding point in the 
3D volume is recorded in distance units (mm in this case) independent of any voxel grid 
location thus the landmark position reflected in the list is the true coordinate in 3D (in the 
coordinate system used for this image volume). The menu also has a number of buttons 
on the lower part of the window as shown below. 

•Show Selected - If no landmark is selected, nothing happens. If a landmark is 
selected, then the slice on which the landmark was chosen in that volume will be 
displayed along with the landmark. If the “Snap To” option, which lets the three 
panels triangulate to the point selected, is “on”, then all three orthogonal planes 
which display the selected landmark are shown.
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•Delete Selected - When a landmark is 
selected for deletion, the program queries 
the user with both volume and landmark 
number and if the user chooses to do delete 
this landmark, the selected landmark is 
deleted only from that specific volume. The 
rest of the landmarks in that volume are 
moved up by one, so this should be applied 
with circumspection. After the delete, nothing remains highlighted, so another 
action will require the user to explicitly pick another landmark.

•Delete Many - Alternatively, if a large number of landmarks (greater than two 
hundred - this is enabled/disabled in the dxmenu.qhd environment variable file) are 
to be chosen interactively or automatically (see the discussion of the “Choose 
Math Module” - “Find Center and Radius of Reference/Target Landmarks” from 
the Analysis Menu on the Main Menu Bar), the button marked “Delete Selected” 
is changed to “Delete Many” and the user is allowed to choose one or more 
landmarks for deletion. After one or more landmarks are chosen and the user 
presses the “Delete Many” button, then the landmarks are simply deleted with no 
warning and the landmark list is updated. After the delete, nothing remains 
highlighted, so another action will require the user to pick another landmark.

•Choose 3 - Alternatively, if the Rigid Body Module is being used in interactive 
mode (please see the description of this in Main Menu Bar section of the manual) 
then this second button can be used to choose three landmarks to define a set of 
three orthogonal axes. Also, if a landmark is to be generated automatically (please 
see the description of this in the Main Menu section of the manual) then this button 
allows the user to choose three landmarks from which another landmark will be 
generated automatically in both the Reference and Target volumes.

•Delete Both - When a landmark is selected for 
deletion, the program queries the user with the 
landmark number and if the user chooses to do it, 
the selected landmark is deleted from both 
volumes (lists). After the deletion, nothing 
remains highlighted, so another action will require 
the user to explicitly pick another landmark.
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•Eval Angles - This option is used when a spherical landmark has been chosen as 
well as possible in a hole (currently this method is only being applied to the holes 
in an acetabular cup of a hip prosthesis). When this button is pressed the program 
finds the best fit of the spherical landmark to the hole and displays five choices 
ranging in sphere radius from minimum to maximum. An example of using this 
menu item is shown in the figure below.

• Note that for this to work, the statistical program R and the library circular must be 
installed on the computer. The function sphere.center must be compiled and available 
from the directory to which the user is connected. 

•Eval Sphere - This option uses the set of currently chosen landmarks to find the 
surface of a sphere or hemisphere. Currently, this has been applied to a hip 
prosthesis. On the acetabular cup, the landmarks are chosen on three points at the 
bottom of the cup, for example, on the locking lugs. These form a plane and 
should be named P1, P2, and P3. One more landmark is chosen that is slightly 
above the center of the apical dome hole by placing a “locating” landmark. This 
landmark is then refined in 2D by placing a spherical landmark as well as possible 
in the designated hole and then on the coronal view, moving the landmark about 5 
mm out from the hole. This landmark is named H1Start. For the femoral head 
component, one spherical landmark is placed as centrally as possible about the 
junction between the head and stem components. A second spherical landmark is 
placed to around the entire femoral head component. These landmarks are named 
S1 and S2 respectively. In all cases the size of the sphere is chosen with respect to 
the particular component size. These landmarks are shown in the figures below.
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•Move Selected - A landmark to be moved 
must be first selected from the list. If no 
landmark is yet selected, then a dialog 
box appears which instructs the user to 
select one. When a landmark has been 
selected, the program enters “move” 
mode which will remain in operation until 
the either the move is completed by the 
user clicking the mouse at a new location 
or the user hits Cancel on the displayed 
menu. Further, this menu item will not let the user move in the wrong volume. If 
landmark selection is in sphere mode, the program will display a sphere to help the 
user place the new landmark. If in “name” mode, the user must enter or reenter a 
name. This provides the ability to change a name or add a name to a nonnamed 
landmark (although the user will have to re-pick the landmark by clicking on the 
original position of the landmark). After the landmark move is complete, the same 
landmark remains highlighted, should another move of this landmark be necessary.

•Close List - hides the menu. 

• Note that when the user is not displaying the Target and Reference volumes (in 
“Display Target & Reference” mode, see “Display” in the Main Menu Bar section), all 
the options on landmark list window are insensitive except for “Show Selected” and 
“Close List”. 

• Delete All Landmarks is now available from the mouse by pressing CTRL-M(iddle) 
(less likely to hit by mistake) and is available in all the landmark picking modes 
provided that the mouse is in a display window. A complete discussion of the landmark 
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picking modes can be found in the “Landmarks Picking/Transformation Options” 
section of this manual.

• The functions available from the mouse in any mode can always be viewed by 
“popping up” the “Mouse Functions” list. If this is kept open, it updates as the program 
proceeds. A complete discussion of the mouse functions list can be found in the 
“Landmarks Picking/Transformation Options” section of this manual.

• When the user is displaying a Warped volume, the same polynomial equations 
used to generate the Warped volume (except in the case of an imported warp or a 
manual or tweaked manual affine warp in which cases there are no landmarks) are 
applied to the original set of landmarks from the volume to be registered. This 
produces a new set of landmarks that, if the transformation was perfect, would 
coincide exactly with the corresponding Reference landmark positions. The 
distance between the actual position of the Transformed landmarks and their ideal 
position (the Reference landmark positions) is computed, as well as the standard 
deviation of the sample, standard error of the mean, mean value, maximum value, 
and minimum value of the distance difference for each voxel (x, y, z). These 
statistics are displayed in the landmark list for the Warped volume, as shown 
below.
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• Note the summary statistics are displayed at the end of the list.
• Note also that the “Show Selected” button is insensitive. It is intended that in the future 

the user will be able to see the Warped landmarks positioned in both the Warped and 
Reference volume. 

• The intention of this list is to give the user some numerical estimate of the accuracy of 
the match.

• Optionally, by changing a value in the dxmenu.qhd environment variable file, the user 
may choose to see the distance errors in each of the orthogonal directions in addition to 
just the 3D distance error. This is accomplished when the variable “Enable Extra 
Landmark Stats” is set to one.

4. Arrow Buttons:

The arrow buttons located to the right of the landmark list, allow the user to  
display all the slices sequentially on which landmarks have been chosen. First the axial slices on 
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which landmarks have been chosen are displayed, then the coronal, and then the sagittal. No 
triangulation is done. 

•Note that the arrows are insensitive when any Warped volume is being displayed.

5. Isolines:
• When the box in front of “Isolines” is checked, the isolines on the selected volume are 

shown.

•The pull down menu “Value” has several options as shown:
•Click on the pulldown menu to switch between the options. 
•When Value is selected, there is usually one isoline showing at 
the value that is shown on the slider. For example, if a value of 
26.0 is chosen, then the isoline is shown at 26% of the maximum.
•When Percentage Max is selected, several isolines will be 

displayed. The percentage chosen by moving the slider, becomes the percent difference 
between each isoline. For example, if a percentage of 10 is chosen, isolines are shown 
at 10%, 20%, 30%,..., and 100%. Clicking with the middle mouse button inside the 
scale, but not on the slider, brings the scale slider to the position of the pointer (i.e., sets 
the scale value).

• Additionally, profiles can be chosen from this drop down menu in any of the three 
orthogonal directions. 

• Prof L shows a profile in the longitudinal (Z) direction. A line is displayed on the 
coronal slice which shows where the profile is located. This can be changed using the 
slider which now displays the location in the volume. By default the profile is at the 
middle of the volume. For example, if the volume is 512x512 in the x and y directions, 
the longitudinal profile will be at 256 by default. 

• Prof H shows a profile in the horizontal (X) direction and Prof V shows one in the 
vertical direction. These are both displayed on the axial view and are again at the center 
by default. These can also be changed using the slider. 

• When a profile is chosen, it is saved in a file in the same directory as the volume on 
which it was chosen, and has same file name as the volume with two numbers (the 
profile location) and the string “profile” appended to the end. This allows the profile to 
be redisplayed at a later time.

• Additionally, when a profile is first chosen, a graph is displayed showing the numerical 
values associated with the profile. This graph is produced by the statistical package R 
(which must be installed on the system). In addition, the function “rplot” must be 
compiled in the connected directory. The parameters and labels associated with the 
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graph can be changed by editing the “rplot” function and recompiling. An example of 
such a plot is shown below.

•Reduce: 

-The larger the reduction value, the smoother the isolines will appear. This will 
eliminate some junk on the display. Again the default values are 1.0 to 4.5.

•On Top: 

-When Isolines is checked with On Other Volume, the selected isolines appear on 
both volumes. If On Top is selected for one volume, the isolines for that volume 
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will go on top of the other volume’s isolines (if any). If it is not chosen, the other 
volume’s isolines will go on top of the original volume’s isolines (if any).

•On Other Volume: 

-When “Isolines” is checked and also “On Other Volume” is checked, the isolines 
of one volume will display on the selected volume and the other volume.

- If “Isolines” is not checked but “On Other Volume” is, then the isolines will still display on 
the other volume, but not on the original one. 

- However, when this is true, the isolines won’t change even if the volumes are changed. 

Note that if the volume is a CT or if the “Volume Max” toggle button is ON, then the isolines are 
generated based on the volume maximum, not the slice maximum. If the volume is not a CT and 
the “Volume Max” toggle button is OFF, then the isolines are generated based on the slice 
maximum. Note that the slice maximum can be different for the three orthogonal projections and 
the isolines shown in these projections will reflect this difference.

6. Colors:

•Colorbar: Shows the corresponding colors with pixel intensity values as a scale 
on the selected volume. By default this colorbar is placed at the top of the axial 
slice display, but it may be placed to the side or bottom of the axial slice display by 
changing the values that begin with “Colorbar” in the dxmenu.qhd environment 
variable file. It can also be shown on the coronal and sagittal views, but this is 
disabled at present as it was thought to be unnecessary.

•Volume Max: 

-With Volume Max chosen, the intensity of the pixels for the particular slice(s) 
shown are displayed based upon all the slices in the entire volume, thus the 
intensity scale will be the same throughout the volume. 
-However, if this is not chosen, then the intensity of the pixels for the particular 
slice(s) shown are displayed based only upon this slice itself, thus the largest 
voxel value in the slice will be displayed as very bright (assuming that the top 
most element of the color scale is bright), even though the value of that voxel 
might be relatively low in comparison with the values of the voxels in different 
slices in the volume.

•Color: the color scale used to display the slice(s) can be changed by clicking on a 
different color scale available from the pulldown menu to the right of “Color.”
9/2/12 M.E. Noz 93



7. Background/Saturation:
•These options are available from the main menu for any volume data set except a 
CT.

•%Background determines what percentage of the maximum voxel value and 
below will be displayed using the background (i.e., first element in the color scale). 
Thus, the higher the percentage, the less the background.

•%Saturation determines what percentage of the maximum voxel value will be 
shown as saturated. 

-For example, if the percent is 100, then only the highest voxel value will be 
saturated (i.e., final color of the color scale). If the percent is 50, then all the voxel 
values in the upper half (50%) of the color scale will be shown saturated.
-The lower the percentage saturation, the more saturated the display looks.
-Clicking with the middle mouse button inside the scale, but not on the slider, 
brings the scale slider to the position of the pointer (i.e., sets the scale value).

8. Window Level/Width:
•These options are available from the main menu only when the volume data set is a 
CT. 

• If the Target or Reference volume is a CT, then the color scale is set to black and white 
by default and cannot be changed. 

• If the Warped volume is a CT, the color scale can be changed so that the Warped 
volume can be better viewed - particularly in “Display Warped & Reference Overlay” 
mode.
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•The Level controls the “mean” level of the intensity scale, and the Width 
determines the range. The “range” controls what is actually seen on the display, in 
terms of the mapping from the voxel values to the intensity levels - based upon the 
current color scale; every pixel value above the range is saturated (appears at the 
maximum intensity level), and every pixel value below the range appears at the 
minimum intensity level (usually black).

• For example, if the Level is 1000, and the Width is 500, then the mean level is 1000, 
and the range goes from 1000- (500/2) to 1000+ (500/2), which is 750 to 1250. The 
range then has a width of 500 and a mean level of 1000.

•By adjusting the Level and the Width, the user can see the voxel with the desired 
voxel values mapped to the color scale scaled by the range. The voxel values never 
change during this processing, it is only the mapping to the color scale that 
changes.

•Clicking with the middle mouse button inside the scale, but not on the slider, 
brings the scale slider to the position of the pointer (i.e., sets the scale value).

•There can also be two window Level/Width slide bars (see the figure below) for a 
particular image.

• This is useful when, for example, a patient has an orthopedic implant. 
• The CT volume is displayed with two color scales, thus the two different sets of values 

each control a different color scale. 

-This can also be used to view different organs in the same volume of the image.
-The first color scale is by default black and white, and it cannot be changed.
-The second color scale is specified in the dxmenu.qhd environment variable file; 
it can be changed in this file and the program must be re-started. The choice of the 
second color scale cannot be chosen interactively.
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Landmarks Picking/Transformation Options (middle/bottom)

This section of the menus controls the different landmark picking and display modes, determines 
how the mouse works in all modes, and allows the user to chose a transform.This portion of the 
user interface is shown below. 

1. Pick: The “Pick” pull down menu allows the 
user to choose many different modes of opera-
tion. The first three options allow the user to 
pick landmarks in three different manners. The 
next four options allow the user to interact with 
menu in different ways. Additionally, “Haptic 
Mode” allows the user to pick landmarks.

•Point Mode: This mode allows the user to choose landmarks directly with the 
mouse by clicking on a point in one of the volumes, and is only enabled when the 
display mode is set to “Display Target & Reference”. See Mouse Functions: 
Display → Display Target & Reference; Pick → Point Mode below.

•Sphere Mode: This mode allows the user to 
select a landmark by making a true 3D sphere 
first (with the mouse) and then adjusting the 
location of the sphere. When this mode is 
chosen, an optional window (enabled/disabled 
by setting the “Sphere radius” value to one in 
the dxmenu.qhd environment variable file) is invoked which allows the user to set 
the sphere radius in mm. The default radius of the sphere is 10 mm. The landmark 
will be placed in the center of the sphere. Additionally, the radius of the sphere 
may be interactively changed at any time. This mode can only be enabled when 
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the display mode is set to “Display Target & Reference”. See Mouse Functions: 
Display → Display Target & Reference; Pick → Sphere Mode: below.

•3D Point Mode: This mode allows the user to pick landmarks on the Target and/or 
Reference volumes when they are displayed in 3D in either small or large mode. If 
there is no 3D volume displayed, then the user is asked to display one. When a 
landmark is picked on a particular volume, the landmark is displayed in the 3D 
window (if the “Display” menu is set to “3D Landmarks On”) and also on the 2D 
slices which are triangulated to the landmark point, if “Snap to” is set to “on”. 
However, if a large number of landmarks has been enabled in the dxmenu.qhd 
environment variable file, then the landmark choice is displayed neither in 2D or 
3D. Not displaying the landmarks is necessary so that a large number of landmarks 
may be picked quickly. The landmarks can be displayed later by picking one 
landmark in the landmark list and clicking on the “3D Landmarks On” option from 
the Display menu (see later in this section). This can only be enabled when the 
display mode is set to “Display Target & Reference”. See Mouse Functions: 
Display → Display Target & Reference; Pick → 3D Point Mode: below. 
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•Line Mode: This mode allows the user 
to draw a line on a slice or on the 3D 
display in large or small mode. It works 
in both “Display Target & Reference” 
mode and in “Display Warped & 
Reference”. In the display mode, 
“Display Warped & Reference 
Overlay”, lines may still be drawn on 
the Target and 3D volumes, but not in 
the overlay window(s). When this 
option is chosen, a first menu comes up 
which allows the user to designate on 
which displays the lines will be shown. 
It also gives the user some basic 
instructions and information and allows 
the user to designate on which 
volume(s) lines are to be drawn. It is not 
necessary to do this, because as soon as 
the user interacts with a display, the 
appropriate second menu will appear. 
When “Finished” is pressed, line mode 
is terminated and all the lines drawn on 
any volume are saved in a file in the 
same directory as the volume on which 
the lines were drawn. That file has the 
original volume name with the string 
“.lines” appended, replacing the 
extension “.qhd”. As stated above, as soon as the user starts to pick points on a 
volume, a second menu associated with that volume will be invoked. This menu 
gives detailed instructions on how to use the various features provided by this 
mode and lists all the lines drawn on the volume both previously and presently, 
unless they have been explicitly deleted. Note that when a point is picked on any 
display, a line immediately appears which has its origin at the origin of the volume 
in the particular display. When a second point is picked, then the line is drawn 
between the two points. If displaying on both the 3D and 2D is chosen, then any 
lines drawn in any display will be shown on the other. Lines drawn in a previous 
session, will be listed in the second menu, but not shown unless they are 
highlighted and the “Refresh” button is pressed. See Mouse Functions: Pick → 
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Line Mode: below which gives detailed instructions on how the mouse can be 
used. An example of lines is shown in the following figures. The line mode 
graphical user interface is shown following the figure.
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•Haptic Mode: This option 
allows to user to use a “force 
feed back” or haptic device in 
order to “feel the force”. It only 
works when the display mode is 
set to “Display Target & 
Reference” as it is intended to 
enable the user to choose 
landmarks faster and more 
accurately. When this option is 
chosen, a menu is invoked 
which gives the user some 
instructions and also allows the 
user to choose the display in 
which the force will the felt. 
The choice of display can be 
changed by entering the 
indicated letter via the 
keyboard. However, the first 
time the display is to be 
changed, the mouse pointer has 
to be in the instruction menu. 
After this, the mouse cannot be 
used to change the interaction 
display, only the keyboard can 
be used. See Mouse Functions: 
Pick → Haptic Mode: gives more instructions on how the haptic pointer (which is 
shaped like and can be grasped like a pen) and mouse can be used in haptic mode.

•Contour Mode: This option allows the user to draw regions of interest (ROIs) on 
any 2D display. However, the ROIs can be displayed in 3D. Moreover, if the 
volume on which the contours were drawn is later transformed, the contours can 
also be transformed using the same landmarks. This is done from the “Main Menu 
Bar” using the “Analysis” menu and choosing “Transform (Warp) ROI” (see 
“Main Menu Bar” → “Analysis”  → “Transform (Warp) ROI”). Note that contours 
can be optionally “moved”, that is they can be repositioned on the display with the 
mouse. This option can be enabled by setting the value of “Enable Contour Move” 
to one in the dxmenu.qhd environment variable file. If “move contour” is not 
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enabled, then when the option “Import ROI or Mask File” is chosen under “File 
Selection” from the “Main Menu Bar” (see “Main Menu Bar” → “File Selection” 
→ “Import ROI or Mask File”), all the ROIs drawn on the same slice as the ROI 
chosen will be displayed, otherwise only the chosen ROI will be displayed for 
moving. When a contour is saved, the x, y, and z coordinates of all the points 
constituting the ROI are saved as floating point numbers in a “qsh” style file in the 
same directory as the volume on which the ROI was drawn. That file has the 
original volume name with “p#s#r#” appended before the “.qhd” (and “.qim”). 
Here, “p” represents the plane on which the ROI was drawn and is “0” for the “x” 
or “sagittal” plane, “1” for the “y” or “coronal” plane, and “2” for “z” or “axial” 
plane. Furthermore, “s” represents the slice on which the ROI was drawn, starting 
with the first slice numbered as zero - (in “C” style) - and “r” stands for the 
sequential number of the ROI in the “p” plane starting with zero for the first ROI 
drawn. The ROI numbers are assigned sequentially, while the user is drawing 
ROIs on the volume, even if the slice is changed. If, in another ROI drawing 
session, the user attempts to save another ROI with the same “p,” “s” and “r” 
designator, the user will be asked if the previous ROI is to be overwritten, or to be 
saved in a new file. If the user wishes to save the ROI in a new file name, “_#” will 
be appended to the original file name before the “.qhd” (and “.qim”) extension. 
This number starts from zero and increases every time a new ROI which would 
have the same file name as an existing ROI is saved with the new file name option. 
The ROI number is increased by one every time an ROI is deleted, whether or not 
the ROI has been saved. ROIs are drawn and deleted using the mouse. When 
statistics are run on an ROI or set of ROIs (see the “Main Menu Bar  → “Analysis” 
→ “Zero Selected Area”) a mask file is saved for every ROI which has been drawn 
on a selected slice or on the complete volume depending upon the option chosen. 
In some cases, optionally available based on the settings of variables in the 
dxmenu.qhd environment variable file, ROIs on one volume can be used to obtain 
mask files on a different (usually a geometrically matching) volume. Mask files 
have the same format file name as the ROI files, except that “r” is replaced by “m”. 
This is so a mask may be redisplayed (see “Main Menu Bar” → “File Selection” 
→ “Import ROI or Mask file”), in order to check that it properly fills the ROI from 
which it was made. See Mouse Functions: Pick → Contour Mode: below which 
gives complete instructions on how the mouse can be used in contour mode. 

•Auto Gen Mode: This is a special option which allows the user to generate an 
additional landmark in both the Reference and Target volumes simultaneously. 
This landmark is only meant to break the symmetry of the chosen landmarks. 
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When selected, the Reference landmarks list is invoked. The “Delete Selected” or 
“Delete Many” button is replaced with “Choose 3”. After the user has chosen three 
landmarks, the Reference and Target landmark lists are updated with the new 
“Auto Generated” landmark and the “Delete Selected” or “Delete Many” button is 
restored.                                                                                                                         
Before: 

 After:
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2. Display:
•The display section gives several different 
options for the display of landmarks, lines, 
and contours. It also allows the display of 
Target landmarks when in “Display Warped 
& Reference Overlay” mode to be turned on 
and off. The Warped landmarks when in 
“Display Warped & Reference” mode can be 
similarly turned on and off - although this is 
not yet implemented. A particular option is 
only turned off when the choice to do so is 
explicitly chosen. It is not turned off when 
another option is selected. The display menu 
also allows the user to turn the “Snap to” 
function on and off, in addition to the choice provided in the Interaction Mode 
menu available from the Main Menu Bar. 

•3D Landmarks On: This allows the landmarks to be displayed on the 3D 
isosurface(s). If there are no 3D volumes displayed, then nothing happens, but 
when one is displayed, the landmarks, if any, are shown. 

•3D Off: This turns off the 3D option for displaying landmarks, lines, or contours. 

•3D Lines On: This option brings up a 
menu which allows the user to move a 
vertical and horizontal set of double 
cross hairs on the 3D display. If no 3D 
volume is displayed, then the menu to 
move the lines comes up, but nothing 
is displayed until a volume is displayed in 3D. If landmarks are turned on, they 
will remain. The lines are meant to be guides for choosing landmarks in 3D.   
Examples of these lines are shown in the following two figures. 
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•3D Contours On: This option shows in 3D, all the contours that have been drawn 
on a volume. The 3D volume must be displayed. If 3D landmarks and/or 3D lines 
are currently displayed, they will be deleted from the display. There are two 
methods of displaying contours: as simple connections and as spherical glyphs. 
When glyphs are used to display contours, it can take a while for the contours to 
appear. Which method to used is selected in the dxmenu.qhd environment variable 
file based on the value of the variable “Enable Contour Glyphs” (the value zero 
selects simple connections and the value one selects glyphs). 

•2D Contours On: This options shows all the contours that have been drawn on a 
particular slice. If contours were drawn on more than one slice, then this option 
will show all the contours drawn on the displayed slice as the user displays each 
slice in the volume. As stated above the contours can optionally be shown as 
simple connections or as spherical glyphs (this selection is based on the same 
dxmenu.qhd environment variable as described above).

•2D Contours Off: Turns off displaying 2D contours on all slices.

•Target/OL On: When in “Display Warped & Reference Overlay” mode, this 
option allows landmarks to be displayed on the Target volume.
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•Target/OL Off: Turns off the display of landmarks on the Target volume. This 
will result in no landmarks being displayed on the Target volume when in 
“Display Warped & Reference Overlay” mode.

•Warped On: When in “Display Warped & Reference” mode, this option is 
intended to allow the landmarks to be shown on the Warped volume when a 
landmark is selected on the Reference volume. (This functionality is currently 
under development.)

•Warped Off: Turns off the display of landmarks on the Warped volume when in 
“Display Warped & Reference” mode. This will result in no landmarks being 
displayed on the Warped volume when in “Display Warped & Reference” mode. 
(This functionality is currently under development.)

•Snap to On: Allows the Axial, Coronal, and Sagittal views to triangulate when a 
landmark is selected. This functionality works even in large 2D viewing areas. 
This option can also be selected from the “Main Menu Bar Interaction → Mode → 
Snap to Landmark Planes → On”.

•Snap to Off: Turns “Snap to” Off, thus when a landmark is chosen the Axial, 
Coronal, and Sagittal views do not triangulate together. This options can also be 
selected from the “Main Menu Bar → Interaction Mode → Snap to Landmarks 
Planes → Off.”

3. Mouse Functions:
•This button will display a menu showing the current mouse 
functions available under the different Display and Pick modes. 
L = Left Mouse Button,   R = Right Mouse Button, M = Middle 
Mouse Button, S = Shift, and C = Control. Thus, C-M means hold down the 
control and middle mouse button together, while S-C-L means hold down the 
shift, control, and left mouse buttons at the same time. An example of the mouse 
functions menu is shown in the figure below. 

•Display → Display Target & Reference; Pick → Point Mode:
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•Under this specific Display and Pick mode (as shown 
in the menu to the right)

• Left mouse button picks the landmark
• Right mouse button deletes the last landmark picked
• Shift + Middle mouse button allows the user to pan 

the slice with the mouse while the two buttons are 
held down

• Shift + Right mouse button allows the user to zoom 
the slice with the mouse while the two buttons are 
held down

• Control + Middle mouse button gives a choice to 
delete all the landmarks

• Control + Right mouse button “snaps to” 
(triangulates) all three views, Axial, Coronal, Sagittal 
to the point clicked without setting a landmark

•Display → Display Target & Reference; Pick → Sphere Mode: 

-Under this specific Display and Pick mode:
• Left mouse button picks and moves the sphere’s 

center
• Middle mouse button changes the sphere’s size 
• Right mouse button deletes the last landmark
• Shift + Left mouse button sets the origin of the 

sphere as the landmark
• Shift + Middle mouse button allows the user to 

pan the slice with the mouse while the two 
buttons are held down

• Shift + Right mouse button allows the user to 
zoom the slice with the mouse while the two 
buttons are held down

• Control + Left mouse button unsets the sphere 
center as a landmark

• Control + Middle mouse button gives the user a 
choice of whether to delete all the landmarks

• Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, 
Sagittal to the sphere’s center

•Display → Display Target & Reference; Pick → 3D Point Mode:
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-Under this specific Display and 
Pick mode: 

• Left mouse button rotates the 
volume in 3D

• Middle mouse button allows the 
user to pan the isosurface(s) in 
3D 

• Right mouse button allows the 
user to rotate the volume about 
the axis normal to plane 

• Shift + Left mouse button picks 
a landmark point in the 3D 
volume

• Shift + Middle mouse button 
allows the user to pan the 3D 
isosurface(s) or the 2D slice 
with the mouse while the two 
buttons are held down

• Shift + Right mouse button allows the user to zoom the 3D isosurface(s) or the 2D 
slices with the mouse while the buttons are held down

• Control + Left mouse button gives the user a choice of whether to delete the last 
landmark 

• Control + Middle mouse button gives the user a choice of whether to delete all the 
landmarks

• Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, 
Sagittal to the slices to where the point where the 3D landmark had been chosen (if 
“Snap to” is active)

•  Shift + Control + Left mouse button allows the user to continuously pick landmarks 
until the three buttons are released. This is a special option for use when choosing a 
large number of landmarks. This mode is enabled by setting the variable “Enable Large 
Number of Landmark” to one in the dxmenu.qhd environment variable file 
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•Pick → Line Mode:

• Under this specific Pick 
mode:

• Left mouse button picks a point 
on the 2D display

• Shift + Left mouse button picks 
a point on the 3D display

• Shift + Middle mouse button 
allows the user to pan the slice 
or the 3D isosurface(s) with the 
mouse while the two buttons are 
held down

• Shift + Right mouse button 
allows the user to zoom the slice 
or the 3D isosurface(s) with the 
mouse while the two buttons are 
held down

• Control + Right mouse button 
“snaps to” (triangulates) all three 
views, Axial, Coronal, Sagittal to the point clicked

• Shift + Control + Left mouse button allows the user to continuously move a point or 
points until the three buttons are released. 

•Display → Display Target & Reference; Pick → Haptic Mode:

• Under this 
specific Display 
and Pick mode:

• Shift + Middle 
mouse button 
allows the user to 
pan the slice or 
the 3D 
isosurface(s) with 
the mouse while 
the two buttons 
are held down

• Shift + Right 
mouse button 
allows the user to 
zoom the slice or 
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the 3D isosurface(s) with the mouse while the two buttons are held down
• Control + Middle mouse button gives the user a choice of whether to delete all the 

landmarks
• Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, 

Sagittal to the point clicked
•Pick → Contour Mode:

• Under this specific Pick 
mode:

• Left mouse button picks 
points on the ROI

• Middle mouse button 
moves the ROI if this 
option is enabled 

• Right mouse button 
removes the last point from 
the ROI

• Shift + Left mouse button 
saves the ROI name

• Shift + Middle mouse 
button allows the user to 
pan the slice with the 
mouse while the two 
buttons are held down

• Shift + Right mouse button allows the user to zoom the slice with the mouse while the 
two buttons are held down

• Control + Left mouse deletes the current ROI and starts a new one
• Control + Middle mouse button saves multiple ROIs by saving the current ROI on all 

the slices from the slice on which the current ROI was drawn to the last slice in the 
volume. If a different ROI is then drawn on a slice later in the volume, this ROI is saved 
on the successive slices, replacing the previously saved ROIs. In this way, the user can 
save ROIs on all the slices in a volume to outline a particular tissue, organ, or bony 
structure to be either removed from the volume or only retained in the volume. For 
example, the anterior superior iliac crest (hip) can be removed from the volume to 
better appreciate the lower lumbar spine in 3D. A new volume is saved in the same 
directory as the original volume with the string “-new” appended to the original file 
name before the “.qhd” (and “.qim”). The original volume is still available.

• Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, 
Sagittal to the indicated point
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•Display → Display Warped & 
Reference

• Left mouse button “snaps to” 
(triangulates) all three views, Axial, 
Coronal, Sagittal to the point clicked

• Shift + Middle mouse button allows 
the user to pan the slice with the 
mouse while the two buttons are held 
down; in this case both the Reference 
and Warped slices are panned 
together

• Shift + Right mouse button allows the 
user to zoom the slice with the mouse 
while the two buttons are held down; 
in this case both the Reference and 
Warped slices are zoomed together

• Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, 
Sagittal to the point clicked

•Display → Display Warped & Reference 
Overlay

-In the overlay volume:
• Left mouse button down and moving 

blends, or displays the slice as a blend 
of the Warped and Reference volumes

• Middle mouse button splits the overlay 
image horizontally into a section of the 
Warped and a section of the Reference 
volumes

• Right mouse button views the top 
volume (in the overlay) as a viewport 
on top of the bottom volume

• Shift + Middle splits the image 
vertically

• Shift + Right changes the size of the viewport
• Control + Left switches the top and bottom volumes

-In the Target Volume:
• Left mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to 

the point clicked
• Shift + Middle pans the slice
• Shift + Right zooms the slice
112 M.E. Noz 9/2/12



• Control + Right “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the 
point clicked

4. Name Landmarks: 
•When checked, a window is “popped up” every time a 
landmark is picked, and a description/name can be entered for 
the landmark which is saved with the landmark and re-shown in the landmark list

5. Undo Last:
•Allows an undo for the last landmark deleted

•Only works once, that is, it can only recover the last landmark deleted

6. Registration Type/Select Transform
•When the Target and Reference landmarks are picked, a transform/warp may be 
applied to the target volume. The graphical user interface for this functionality is 
shown below. 

•First Order Warp: Using a polynomial warping technique, this option warps 
the Target volume using rotation, translation, scale, and skew. Using the values 
calculated from the landmarks, it performs the warp using only the first order 
coefficients, or 12 parameters (x, y, z each is transformed by an equation with 4 
coefficients). It is also “regularized,” i.e., the values of the warped volume are 
“snapped to” the original matrix grid (with whole number values for x, y, and z 
grid points). The voxel intensity values are proportionally divided between the 
voxels into which the original Target volume voxel falls.

•Second Order Warp: Another polynomial warping technique, this is the same 
as first order warp except that it uses 30 parameters (x, y, z each is transformed by 
an equation with 10 coefficients), or the second order polynomial coefficient 
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values. It uses rotation, translation, scale, and skew, and it is regularized. The 
second order warp can produce more accurate results than the first order warp, but 
it also requires more landmarks.

•Affine Transform: This transform uses rotation, translation, and scale, but not 
skew. It uses the landmarks to generate the transformation matrix. Since this is 
strictly an affine transformation, a minimum of four non-colinear landmarks must 
be chosen (in order to compute the 12 parameters). A transformation matrix is 
applied to each voxel in the volume and thus the volume is displayed as though it 
had been actually transformed.

•Manual Affine Transform: After this option is chosen, if it is not already 
displayed, then the Manual Affine Registration window will appear in the bottom 
right corner of the main window. The different sliders in this section can be used to 
adjust the Target volume (which is now shown with the same camera as the 
Reference volume) to best match the Reference volume. The user can manually 
determine how to transform the Target volume. A transformation matrix is applied 
to each voxel in the volume and the volume is displayed as though it had been 
actually transformed.

•Import Transformed Volume: This option allows the user to import a 
previously transformed/warped file (that has been generated and exported), instead 
of transforming the current Target volume into the Reference volume. The file 
selection dialog box, described in the “Main Menu Bar” -> “File Selection” 
section of the manual is invoked to let the user choose the volume to be imported.

•Rigid Body Transform: This option uses the chosen landmarks to derive the input 
to a Singular Value Decomposition (SVD) formulation and the Target volume is 
transformed according to the derived matrix values. This is a true rigid body 
transformation in that only rotation and translation are used. This is useful when 
bony structures or rigid objects such as a prosthesis are to be matched. The 
resulting rigid body transformation can be decomposed into a rotation part and a 
translation part. The rotation part can be represented in terms of Euler angles.

•Mutual Information Transform - This function is currently under 
development.

•Second Order DX Warp: This transform is exactly the same as the Second 
Order Warp, except that it is not regularized, thus it does not force the points/
values calculated to lie upon the original matrix grid. Therefore, the coordinate 
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values can be floating point numbers, and since they are not rounded at all, the 
transform is more accurate.

7. Manually Tweak Currently 
Transformed Value: 

•Even if a warp has already been 
performed by the different types of transforms described above, the volume can 
still be manually adjusted if desired. When this button is chosen, the Manual 
Affine Registration window, if not already displayed is displayed in the bottom 
right corner of the main window, and the sliders can be adjusted according to the 
user’s wishes. 

8. Some things to note:
•The manual settings produced by the “Manual Affine” and “Manual Tweak” 
choices are saved by default and will be restored the next the time the particular 
volume they were chosen on is displayed. The settings are saved in the same 
directory as the volume they were chosen on with the string “_manual.#” 
appended to the root volume name in place of the “.qhd”. The number, represented 
by “#”, is derived from the volume type: it is “9” for a manual affine transform and 
a number between “12” and “21” for a tweaked manual affine volume depending 
on which transform was originally used. For example it would be “14” for a 
tweaked volume which was originally transformed using a second order warp and 
“16” for a tweaked volume which was originally transformed using a rigid body 
transform.

•When any transform is done, the landmark list in the “Warped Volume” menu 
displays the distance error between each warped and reference landmark and gives 
some summary statistics at the end. However, this will not occur when using the 
“Manual Affine” and “Manual Tweak” options as landmarks are not used.

•The Target and Reference volume data are always imported without resolution 
reduction, and the Warped volume is always exported without any loss of 
resolution. So, for example, a 512CT/512CT fusion, or a 512CT /320MR fusion 
produces full resolution Warped volumes (of course, they will always be mapped 
back onto the Reference grid, which is 512 in this example). 

•However, Target and Reference volumes which exceed a certain complexity 
(currently 512 x 512, this can be changed locally in the dxmenu.qhd environment 
variable file by changing the value of the variable “Volume Import Panel 
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Reduce[#] where # is 0, 1, or 2 for Reference, Target or Warped volume 
respectively, to the new reduced resolution), causes “Volume Reduce” to be set on 
import. This increases the time for import, but ensures reasonable interactivity 
when running. For example, a 768 matrix size in x or y, will cause Reduce to be set 
to 1.5, and a 1024 matrix size will cause Reduce to be set to 2.0.

•The user can always set Reduce to 1.0 to get back to the original volume, but there 
may be a noticeable and even substantial slowdown in interactivity.
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3D Windows

The 3D section of the graphical user interface is located in the upper right side of the main 
window. This section consists of a display window and three control windows for the target, 

reference, and warped volumes. This section of the user interface is shown below.    
118 M.E. Noz 9/2/12



1. 3D Parameter Windows:
•The three control windows, Target, Reference, and Warped, all have the same 
functions and appearances. Each one controls a different volume. The format of 
each is similar to that of the Target controls shown in the figure below. 

•3D: the 3D isosurface of the specific volume (target/reference/warped) will be 
displayed in the 3D display window only after this option is chosen.

•Reduce: this option serves to smooth the 3D views of the volume isosurface 
object and it eliminates the smaller, less unified pieces on the outside of the object. 
It has values in the range 1.0-4.5, and the larger the number, the smoother the 
object, since the more detail is reduced.

•Color: the color menu provides 17 different colors to represent the selected 
object. The present color of the displayed isosurface can be changed by clicking 
on a different color. The default color for the Target isosurface is red, for the 
Reference isosurface the default color is yellow, and for the Warped isosurface the 
default color is green.

•Level: this slider represents the isosurface level, and indicates the voxel value 
(intensity value) for the isosurface to be shown in the 3D display window. As the 
level is changed, different portions of the volume are shown on the 3D display. If 
the uses wishes to display more than one isosurface level at a time, this can be 
done by invoking the “Choose Multiple Isosurfaces” option from the “Configure 
3D Volumes” submenu for the particular volume (“Main Menu Bar” → 
“Configure 3D Volumes”  → “Choose Multiple Isosurfaces”). Please see the 
documentation in that section of the manual. Clicking with the middle mouse 
button inside the scale, but not on the slider, brings the scale slider to the position 
of the pointer (i.e., sets the scale value).

•Op: Opacity; 1.00 = 100% opaque. As the value goes down, the 3D view becomes 
more transparent. Clicking with the middle mouse button inside the scale, but not 
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on the slider, brings the scale slider to the position of the pointer (i.e., sets the scale 
value).

2. 3D Display Window/Screen:
•Displays 3D objects when the “3D” button is pressed in the parameters window.

•While the left mouse button is held down, moving the mouse within the window 
on the screen rotates the object in 3D on the screen.

•While the middle mouse button is held down, moving the mouse on the screen 
pans (changes the position of) the object on the screen.

•While the right mouse button is held down, moving the mouse on the screen 
rotates the object around the axis normal to the screen.

•While the right mouse button together with the shift key are held down, moving 
the mouse on the screen zooms (changes the size of) the object on the screen.

•While the middle mouse button together with the shift key are held down, moving 
the mouse on the screen pans (changes the position of) the object on the screen. 
This is the same as the just using the middle mouse button. 

•While the left mouse button together with the shift key are held down, clicking the 
mouse on the screen picks a 3D point on the object on the screen.

•To open another window for a large 3D view, click on Display → Show Large 3D 
Window (“Main Menu Bar” → “Display”  → “Show Large 3D Window”). 
However, when the large 3D window is displayed, the small 3D display window 
does not further update the 3D volumes displayed in it anymore. However, when 
the larger window is closed, the small window updates to show the object just as it 
was in the larger 3D window. An example of a 3D display is shown in the 
following figure.
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Figure 1:  - In this picture, the original Target volume (a SPECT scan at the level of the liver/spleen) is shown in 
red, and is clearly out of place. The Reference volume (abdominal CT at the level of the rib cage) is shown in 
yellow, and the Fused/Warped volume of the SPECT scan (liver/spleen) is shown in green, at its correct position, 
inside the rib cage. 
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Manual Affine Registration Window

The Manual Affine Registration section of the main graphical user interface is located in the 
lower right side of the main window, and consists of controls for translation, scale, and rotation 
about all three orthogonal axes.

•These controls are only active when the “Manual Affine Transformation” has been 
selected from the “Registration Type” menu on the middle section of the main 
volume fusion program menu or when a warped volume has been generated or 
imported and the “Manually Tweak Current Transformed Volume” has been 
selected. 

• Note the “tweak” option is available both when the warped and reference volumes are 
displayed side-by-side and when they are superimposed. The user can “tweak” the 
“Manual Affine Transformation” to try different configurations. 

•When any slider is moved, the 2D as well any 3D displays are updated.

•At all times the current values of the affine menu are recorded for the particular 
warped volume. Only the last values are saved. When that particular warped 
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volume is reviewed again, the saved values are re-instated on the menu. If options 
were chosen as described above, then the user can change these values.

•Note: The settings are saved in the same directory as the volume they were chosen 
on with the string “_manual.#” appended to the root volume name in place of the 
“.qhd”. The “#” is derived from the volume type: it is “9” for a manual affine 
transform and a number between “12” and “21” for a tweaked manual affine 
volume depending on what transform was originally used. For example it would be 
“14” for a tweaked volume which was originally transformed using a second order 
warp and “16” for a tweaked volume which was originally transformed using a 
rigid body transform.

•When the user has chosen to view the warped and reference volumes 
superimposed and the “tweak” button has not been chosen, then the menu above is 
replaced by a menu which allows the user to manipulate the target volume.
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• This is exactly the same as the “TARGET VOLUME” window described in the 
“Target/Reference/Warped Volume Windows” section in this manual with the 
exception that the arrow buttons are not present. 

• Note also that all the buttons associated with the “Landmarks List” except the first and 
last button are insensitive, i.e., they cannot be used in this mode.
9/2/12 M.E. Noz 125



126 M.E. Noz 9/2/12



ICTAL/INTERICTAL SPECT BRAIN SCAN PROCESSING

This manual guides the user though the SISCOM (Subtracted Ictal SPECT CO-registered to 
MRI) process.

To Start Session

Login to the computer: 

1. using the KDE login screen:

•username:

•password: ________

•after the window system comes up: 

• open a console window.

To Bring the ictal/interictal volumes back from archive (if necessary):

1. using the console window:

•type trifi (to run the archive program)

•the archive window appears

•change the Destination Directory to

/n/nucmed24/vb0/ictal
• choose ADAC images by date:

 2002 - 01- 07    ictal
 2002 - 01 - 09   interictal

• Filter
• Choose patient name
• Choose transAC image    
• ADAC id#   ictal
• ADAC id#   interictal
• Ready
• OK
• Cancel
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• Run “analyze.perl patient_last_name”; this will format the images in case the 
program Analyze is used now or later.

Start the volume fusion program:

1. using the console window:

•type run

•press the “Help” button to obtain the user guide

To match the ictal and interictal volumes using the Volume Fusion Pro-
gram

First Load Images 

1. On the main menu bar choose: File Selection

↓
•Import  → Reference image

or
•Import  → Target image

↓
•when the file selection dialog (pop up window) comes up

↓
•under Select Directory To Find Images

↓
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•choose /n/nucmed24/vb0/ictal from the pulldown menu

↓
•choose patient: lastname_firstname

↓
•press Filter

NOTE::::

First load the ictal as the reference image

then load interictal as the target image
•in the Files window (on the right hand side):

•choose: lastname_firstname/. (default) 

lastname_firstname-ictal-ADACid#_img.qhd

or
lastname_firstname-inter-ADAC id#_img.qhd

↓
•choose: Select or Write, Images or Files

↓
•choose Finish Selection

Fuse Interictal to Ictal

1. To Choose Landmarks

•choose slices throughout entire brain, e.g.,
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Front  Back Top - Bottom

•match representative slices in reference and target volumes, using the slider to 
switch back and forth.

•as an example, this shows choosing landmarks toward the lower part of the brain 
(notice that landmark No. 14 does not fall in the same interictal (left) slice as it 
does on the ictal (right) slice: 

•whereas this example shows choosing landmarks further up in the brain (again, 
only landmark No. 15 is common to both slices shown:

• choose approximately 10-15 landmarks
• use left button to mark
• use right button to delete a landmark you don’t want. 
• once landmarks are chosen you must save landmarks. 
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2. To Save the Ictal Landmarks:

•on the main menu bar choose: File Selection

↓
•choose Export

↓
• choose: Reference landmarks (ictal)

↓
• under Select Directory For Writing
• choose /n/nucmed24/vb0/ictal/dx

↓
• pathname for writing files appears as:

- lastname_firstname-ictal-ADAC id#_img.landmarks

• change the name that appears in the pathname box to a NEW name:
- lastname_firstname-ictal-ADAC id#_img_ref.landmarks
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Finish Selection

 

3. To Save the interictal landmarks:

•on the main menu bar choose: File Selection

↓
•choose Export
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↓
• choose: Target landmarks (interictal)

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- lastname_firstname-inter-ADAC id#_img.landmarks

• change the name that appears in the pathname box to a NEW name:
- lastname_firstname-inter-ADAC id#_img_tar.landmarks
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Finish Selection

4. To Warp Images

•in Registration Type: (bottom middle)

↓
•under Select Transform

•choose First Order Warp

5. To Check How Accurate The Landmarks Were

    There are 2 ways to do it.
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    1. Using Statistics, 2. Using Overlay
•   in the Warped Volume window

• click on landmarks list
↓

• A list of landmarks comes up and the statistics show error in mm. 
- it should be <10 mm.

.

• to check landmarks chosen using overlay...

↓
• on the main menu bar choose: Display

↓
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• choose: Display Warped + Reference Overlay
↓

- Reference image changes to overlay... see the difference

↓
• in Warped Volume window

↓
• under color

↓
- chose Heated Body

↓
- Using the left mouse slide across overlay image (scroll through the ENTIRE image - front to 

back, top to bottom) and make sure images overlays properly, or check that the hot (bright 
yellow region on “heated_body” and hot pink on “sockolof”) + cold areas match

- *The Sagittal view often gives a good idea of how well the images are matched; if they are 
matched correctly, the warped image should be crisp and clear, and you can see that they 
correspond. On the other hand, if the images do not match, the warped image would look 
“messy”.
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Figure 1:  Example: the Axial, Coronal, and Sagittal views of a matched brain. The three different views can be 
obtained by clicking the left, middle and right mouse on the image, respectively. The user can then see how they 

fuse into each other.

•To delete any landmark which is too high...

↓
• on the main menu bar choose: Display

↓
• choose: Display Target/Reference

↓
- In Target Volume window, open landmarks list

↓
- to delete any landmarks, begin at bottom of list

↓
- click on the landmark that is to be deleted

↓
- choose: Delete both

↓
- it is also possible to move a landmark

↓
- click on the landmark that is to be moved

↓
- choose: Move Selected

↓
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• after making these changes (move, delete) landmarks, the landmarks must be 
saved again

•First re-save the reference landmarks

•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Reference Landmarks 

↓
•when the file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- lastname_firstname-ictal_ADAC#_img_ref.landmarks

• change the name that appears in the pathname box to a NEW name if desired:
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose overwrite (if the name has not been changed)

↓
• choose Finish Selection

↓
•then re-save the target landmarks

•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Target Landmarks 

↓
•when the file selection dialog (pop up window) comes up

• under Select Directory For Writing
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↓
• choose: /n/nucmed24/vb0/ictal/dx

↓
• Pathname for writing files appears as: 

- lastname_firstname-inter_ADAC#_img_tar.landmarks

• change the name that appears in the pathname box to a NEW name if desired:
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose overwrite (if the name has not been changed)

↓
• choose Finish Selection

↓
•go to Registration Type

↓
• choose: First Order Warp

↓
• the target image changes to Warped. 

To Obtain the Hot Foci from the Fused Ictal and Interictal Volumes

1. Choose the threshold level for the warped volume:

•on the main menu bar choose: Display 

↓
• choose: Display Warped + Reference

↓
•on the main menu bar choose: Analysis

↓
• choose: Volume Analysis Menu - Uses QSH

↓  
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• choose: Threshold Level 

↓
- message window comes up: Threshold Information

↓
• DO NOT CLOSE THIS WINDOW 

 
- in the Warped Volume window

↓

- turn on isolines

↓
- change color to Sockolof

- In 3D Warped Parameters window:↓
- choose: Color

↓
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- choose Black

 
- in the Warped Volume window, move the Value slider so 

that the black outline surrounds the entire brain and includes 
the green “halo” surrounding the brain 

↓
- When the outline looks correct, click on the message box: 

Finished Choosing Threshold Volume

2. Choose the threshold for the reference Volume:

•on the main menu bar choose: Display 

↓
• choose: Display Warped + Reference

↓
•on the main menu bar choose: Analysis

↓
• choose: Volume Analysis Menu - Uses QSH

↓  
• choose: Threshold Level

↓
- message window comes up: Threshold Information

↓
- in the Reference Volume window

↓
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- turn on isolines

↓
- In 3D Reference Parameters window:↓
- choose: Color

↓
- choose Black

↓
- in the Reference Volume window, play with the Value slider so that the black outline 

surrounds the entire brain and includes the green “halo” surrounding the brain 

↓
- When the outline looks correct, click on the message box: Finished Choosing Threshold 

Volume

3. When the threshold level has been chosen for both volumes:

• on the main menu bar choose: Analysis 

↓
• choose: Volume Analysis Menu → Uses QSH

↓
• choose: Multiply Thresholded Reference/Warped Volume

  ↓  

•then on the main menu choose: Analysis

↓
• choose: Volume Analysis Menu → Uses QSH

↓
• choose: Normalize Reference Volume

↓
•on the main menu bar choose: Analysis

↓
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• choose: Volume Analysis Menu → Uses QSH
↓

• choose: Normalize Warped Volume
↓

•on the main menu bar choose: Analysis

↓Save/
• choose: Volume Analysis Menu → Uses QSH

↓
• choose: Subtract Warped from Reference Volume

↓
•on the main menu bar choose: Analysis

↓
• choose: Volume Analysis Menu → Uses QSH

↓
• choose: Form 2 SD Reference/Warped Subtracted Volume

- (A very “funny” - looking image shows up)

Fuse the Ictal/Interictal/Foci Volumes to MRI

Match the Ictal Brain SPECT to the MRI Scan

1. Using the console window:

•type run

•press the “Help” button to obtain the user guide

2. to read in the MRI volume:↓

•On the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Reference Image

↓
•when the file selection dialog (pop up window) comes up
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↓
• under Select Directory To Find Images

↓
• choose: /n/nucmed24/vb0/ictal/

↓
•choose patient: lastname_firstname

↓
•press Filter

↓
•in the Files window (on the right hand side):

↓
•choose: lastname_firstname/. (default) 

128lastname_firstname-t1.qhd

↓
•choose: Select or Write, Images or Files

↓
•choose Finish Selection

3. if MRI has not been oriented properly and it is upside down

•On the main menu bar choose: Analysis

↓
• choose: Reverse Slice Order in Reference

↓
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• MRI will turn right side up. 

4. To read in the ictal volume:

•on the main menu bar choose: File Selection

↓
• choose: Import 

↓
• choose: Target Image

↓
•when the file selection dialog (pop up window) comes up

• choose: Select Directory To Find Images
↓

• choose: /n/nucmed24/vb0/ictal
↓

• choose lastname_firstname → filter
↓

• under Files choose original ictal image
- lastname_firstname_ictal_ADAC id#_img.qhd

5.  choose landmarks on Reference (MRI) and Target (ictal) volumes

6.  to save landmarks for the reference volume:

↓
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•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Reference Landmarks 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- 128lastname_firstname-t1.landmarks

or
- 128lastname_firstname-t1_rev.landmarks (if the MRI had been reversed)

• change the name that appears in the pathname box to a NEW name:
- 128lastname_firstname-t1_(rev)_ref.landmarks
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Finish Selection

7.  to save landmarks for the target volume:

↓
•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Target Landmarks 

↓
•when the file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
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↓
• Pathname for writing files appears as: 

- lastname_firstname-ictal_ADAC#_img.landmarks

• change the name that appears in the pathname box to a NEW name:
- lastname_firstname_ictal_ADAC#_img_MRI.landmarks
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Finish Selection

8. To Warp Images

•in Registration Type: (bottom middle)

↓
•under Select Transform

•choose First Order Warp

9. To Check How Accurate The Landmarks Were

    There are 2 ways to do it.

    1. Using Statistics, 2. Using Overlay
•   in the Warped Volume window

• click on landmarks list
↓

• A list of landmarks comes up and the statistics show error in mm. 
- it should be <10 mm.

• to check landmarks chosen using overlay...

↓
• on the main menu bar choose: Display

↓
• choose: Display Warped + Reference Overlay

↓
- Reference image changes to overlay... see the difference
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↓
- Using the left mouse slide across overlay image (scroll through the ENTIRE image - front to 

back, top to bottom) and make sure images overlays properly, or when the hot (bright yellow 
region on “heated_body” and hot pink on “sockolof”) + cold areas match

↓
- *The Sagittal view often gives a good idea of how well matched the images are; if they are 

matched correctly, the warped image should be crisp and clear, and you can see that they 
correspond. On the other hand, if the images do not match, the warped image would look 
“messy”.

•To delete any landmark which is too high...

↓
•on the main menu bar choose: Display

↓
• choose: Display Target/Reference

↓
- In Target Volume window, open landmarks list

↓
- to delete any landmarks, begin at bottom of list

↓
- click on the landmark that is to be deleted

↓
- choose: Delete both

↓
- it is also possible to move a landmark

↓
- click on the landmark that is to be moved

↓
- choose: Move Selected

↓
• go to Registration Type

↓
• choose: First Order Warp

↓
• the target image changes to Warped. 

• after making these changes (move, delete) landmarks, the landmarks must be 
saved again

•first re-save the MRI landmarks
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•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Reference Landmarks 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- 128lastname_firstname-t1_(rev)_ref.landmarks

• change the name that appears in the pathname box to a NEW name if desired:
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Select or Write, Images or Files

↓
• choose overwrite (if a new filename has not been chosen)

↓
• choose Finish Selection

↓
•then re-save the ictal landmarks

•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Target Landmarks 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓
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• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- lastname_firstname-ictal_ADAC#_img_MRI.landmarks

• change the name that appears in the pathname box to a NEW name if desired:
- *no matter what name is chosen, NEVER change the “.landmarks” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Select or Write, Images or Files

↓
• choose overwrite (if a new filename has not been chosen)

↓
• choose Finish Selection

    

10. Save the Warped images

↓
•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Warped Qsh File 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- lastname_firstname-ictal_ADAC#_img_warped.qhd

• change the name that appears in the pathname box to a NEW name if desired:
- *no matter what name is chosen, NEVER change the “.qhd” at the end!

↓
• choose Select or Write, Images or Files

↓
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• choose Select or Write, Images or Files
↓

• choose overwrite (if necessary)
↓

• choose Finish Selection

Fuse the Interictal Brain SPECT to the MRI scan

1. using the console window (if necessary):

•type run

•press the “Help” button to obtain the user guide

2. read in the MRI and interictal warped volumes:

↓
•On the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Reference Image

•when the file selection dialog (pop up window) comes up

↓
•under Select Directory To Find Images

↓
• choose: /n/nucmed24/vb0/ictal/

•↓choose patient: lastname_firstname

↓
•press Filter

NOTE::::

First load inter_final_warp as the target image
•in the Files window (on the right hand side):

•choose: lastname_firstname/. (default) 

128lastname_firstname-t1(_rev).qhd
9/2/12 M.E. Noz 149



or
lastname_firstname-inter-ADAC id#_img_final_warp.qhd

↓
•choose: Select or Write, Images or Files

↓
•choose Finish Selection

3.  read in the landmarks for the MRI volume:

↓
•on the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Reference Landmarks 

↓
•when the file selection dialog (pop up window) comes up

• under Select Directory To Find Images
↓

• choose: /n/nucmed24/vb0/ictal/
↓

• under Files select
↓

• 128lastname_firstname_t1_(rev)_ref.landmarks
↓

• choose Select or Write, Images or Files
↓

• choose Finish Selection

4.  read in the landmarks for the target volume:

↓
•on the main menu bar choose: File Selection

↓
• choose: Import
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↓
• choose: Target Landmarks 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory To Find Images
↓

• choose: /n/nucmed24/vb0/ictal/
↓

• under Files select: 
↓

• lastname_firstname_ictal_ADAC#_img_MRI.landmarks
↓

• choose Select or Write, Images or Files
↓

• choose Finish Selection

5. To Warp Images

•in Registration Type: (bottom middle)

↓
•under Select Transform

•choose First Order Warp

6.  Save the Warped images

↓
•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Warped Qsh File 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
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↓
• choose: /n/nucmed24/vb0/ictal/dx

↓
• Pathname for writing files appears as: 

- lastname_firstname-inter_ADAC#_img_final_warp_warped.qhd

• change the name that appears in the pathname box to a NEW name:
-  lastname_firstname-inter_ADAC#_img_final_warp_MRI.qhd
- *no matter what name is chosen, NEVER change the “.qhd” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Select or Write, Images or Files

↓
• choose overwrite (if necessary)

↓
• choose Finish Selection

Fuse the 2SD foci Brain SPECT with the MRI scan

1. using the console window (if necessary):

•type run

•press the “Help” button to obtain the user guide

2. read in the MRI and interictal warped volumes:

↓
•On the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Reference Image

•when the file selection dialog (pop up window) comes up

↓
•under Select Directory To Find Images

↓
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• choose: /n/nucmed24/vb0/ictal/
•↓choose patient: lastname_firstname

↓
•press Filter

NOTE::::

First load the MRI as the reference image

then load final_warp_sub 2SD as the target image
•in the Files window (on the right hand side):

•choose: lastname_firstname/. (default) 

128lastname_firstname-t1(_rev).qhd

or
lastname_firstname-inter-ADAC id#_img_final_warp_sub_2SD.qhd

↓
•choose: Select or Write, Images or Files

↓
•choose Finish Selection

3.  read in the landmarks for the MRI volume:

↓
•on the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Reference Landmarks 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory To Find Images
↓

• choose: /n/nucmed24/vb0/ictal/
↓

• under Files select
↓
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• 128lastname_firstname_t1_(rev)_ref.landmarks
↓

• choose Select or Write, Images or Files
↓

• choose Finish Selection

4.  read in the landmarks for the target volume:

↓
•on the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Target Landmarks 

↓
•when the file selection dialog (pop up window) comes up

• under Select Directory To Find Images
↓

• choose: /n/nucmed24/vb0/ictal/
↓

• under Files select: 
↓

• lastname_firstname_ictal_ADAC#_img_MRI.landmarks
↓

• choose Select or Write, Images or Files
↓

• choose Finish Selection

5. To Warp Images

•in Registration Type: (bottom middle)

↓
•under Select Transform

•choose First Order Warp
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6.  Save the Warped images

↓
•on the main menu bar choose: File Selection

↓
• choose: Export

↓
• choose: Warped Qsh File 

↓
•when file selection dialog (pop up window) comes up

• under Select Directory For Writing
↓

• choose: /n/nucmed24/vb0/ictal/dx
↓

• Pathname for writing files appears as: 
- lastname_firstname-inter_ADAC#_img_fianl_warp_sub_2SD_warped.qhd

• change the name that appears in the pathname box to a NEW name:
-  lastname_firstname-inter_ADAC#_img_final_warp_sub_2SD_MRI.qhd
- *no matter what name is chosen, NEVER change the “.qhd” at the end!

↓
• choose Select or Write, Images or Files

↓
• choose Select or Write, Images or Files

↓on the main menu bar choose: 
• choose overwrite (if necessary)

↓
• choose Finish Selection

7. To view the hot foci fused with the MRI volume 

↓
•on the main menu bar choose: Display

↓
• choose: Display Warped and Reference Overlay

↓
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•the hot foci slices will be shown superimposed on the MRI slices

Examples of MRI anatomical sites:

When matching MRI images to other scans, you may want to go through the different levels and 
match up the same sections of the brain. 
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Figure 1:  Slice 12 (out of 53) from bottom, shows the medulla and the beginning of the vertebral artery. 
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 Figure 2: Slice 21, (out of 53) now shows that as the slice number goes up, the brain displays more sections.
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 Figure 3: Slice 31 (out of 53) a good view of the middle section of the brain, with different labels.
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 Figure 4: Slice 35 (out of 53) the shows the corpus callosum disappearing as the brain goes higher up.

*The labeled MRI images are taken from “The Whole Brain Atlas,” a site maintained by Keith 
A. Johnson, M.D. and J. Alex Becker, available a

http://www.med.harvard.edu/AANLIB/home.html

**If you want even more pictures with even more detail, “Digital Anatomist: Interactive Brain 
Atlas” maintained by John S. Sunsten may be a good place to visit, available at:

 http://www9.biostr.washington.edu/cgi-bin/DA 
PageMaster?atlas:Neuroanatomy+ffpathIndex:Splash^Page+2
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To Show the Physician and to Photograph

1. using the console window:

•if Analyze was used to generate the “hot foci” image, run “at2d.perl 
directory_where_the_Analyze_images_are_ (usually just the patient last name) 
directory_where_the_dx_images_are (usually the patient last name underscore 
first name) name_of_analyze_image_to_be_translated (usually the 2SD subtr 
image) number_of_slices_in_the_ictal_scan (use the right mouse button and get 
info)

•if necessary, type run

•press the “Help” button to obtain the user guide

2. read in the ictal as both the reference and target volumes:

↓
•On the main menu bar choose: File Selection

↓
• choose: Import

↓
• choose: Reference Image

•when the file selection dialog (pop up window) comes up

↓
•under Select Directory To Find Images

↓
• choose: /n/nucmed24/vb0/ictal/

•↓choose patient: lastname_firstname

↓
•press Filter

NOTE::::

First load the ictal as the reference image

then load ictal again as the target image
•in the Files window (on the right hand side):

•choose: lastname_firstname/. (default) 
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lastname_firstname-ictal-ADAC id#_img.qhd

↓
•choose: Select or Write, Images or Files

↓
•choose Finish Selection

3. Read in Hot Foci (final_warp_2sd image) as the imported warped 
volume:

↓
•in Registration Type: (bottom middle)

↓
•under Select Transform

↓
•choose: Import transformed volume

• Sometimes a message will appear that will read...
Do you want to read in a new warped file?
YES

•when the file selection dialog (pop up window) comes up

• under Select Directory To Find Images
↓

• choose: /n/nucmed24/vb0/ictal/
↓

• under Files select
↓
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lastname_firstname_ADAC id#_img_final_warp_sub_2sd.qhd
↓

• choose Select or Write, Images or Files
↓

• choose Finish Selection

4. Make a composite image showing the ictal slices merged with the hot 
foci:

↓
•On the main menu bar choose: Analysis

↓
• choose: Make Composite Multislice Display

↓
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• a menu appears with some instructions - enter the first and last slice to be included in 
the composite display

↓
• enter the first and last slice (not more than 36 slices) and either press “Enter” or click 

on “Do It” with the mouse
↓

• a separate window appears with the chosen set of axial slices (rounded to the nearest 
square) from the warped and reference volumes superimposed in their respective 
colorscales. 

↓
• The blend ratio can be changed by moving the mouse back and forth horizontally in the 

window.
↓

• when the blend ratio is satisfactory, save the window with the merged slices by using 
“xv” as described below

↓
• this process may be repeated until all the slices with hot foci have been blended

↓
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To Save the composite slice merge window using xv

↓
•On the main menu bar choose: File Selection

• choose: Save/Print Image
↓

• choose: Save Image - Use XV
↓

↓
• the xv 3.10a window comes up... move it away from the portion of the screen that is to be 

captured↓
• In xv 3.10a window - Click inside the window using Right Mouse button

↓
• xv controls window comes up... move it away

↓
• choose: Grab (left button) 

↓
• another window comes up - choose: Grab (left button)

↓
• grab picture using the middle button

↓
• the xv3.10a window changes: it now shows all the images to be captured

↓
• Adjust color scale in order to make the hot foci brighter on a combined brain image 
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To Annotate Film

1. in the xv 3.10a window 

↓
•use middle mouse button and click on the yellow color inside brain image

↓
2. in xv controls window 

↓
•use left mouse button and click on A

↓
3. in xv prompt window fill in information needed on film

•last name, first name    date ______   slice # _______ (of ictal scan)

↓
•click on OK

↓
•when blinking box shows up, use left mouse button to move box to the bottom of 
window. Grab inside the blinking box. 

↓
•use the left mouse button... grab the right corner of blinking box and pull to resize 
box. 

↓
•use the left mouse button to grab the middle of the blinking box and move it to its 
proper location. 

↓
•go to xv controls window and click on paste icon the annotation appears inside 
the blinking box

↓
•double click outside the blinking box to set it permanently on position

↓
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4. In xv controls window

↓
•press Save

↓
•in the xv save window, go to the Format button and choose Sun Rasterfile

↓
•in xv Save window, in the Save file box, type in a name such as: lastname1.ras

↓
•press OK

To Print On Transparency

↓
•move the picture away to get to bottom panel

↓
•click on xterm icon or use the console window

↓
•put transparency in tray

↓
•In console or xterm window type: ls *.ras to find the saved images

•then type: lp -dcodonics lastname1.ras 

•this will print the saved file on the codonics printer

To Match MRI Images Using the Analyze SISCOM Method

To load the MRI volume

1. in Analyze window

↓
•choose File

↓
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•choose Load As

↓
• In Load As window

↓
• choose File

↓
- the directory comes up

↓
- use slider to find MRI image

↓
- 128lastname_firstname_t1_hdr

↓
- choose open

↓
- a message comes up

↓
- Calculate

↓
- this calculates maximum + minimum pixel values

2. to change the slice thickness (z value) of the MRI, 

•in the Load As window

↓
• Choose Resize
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↓     

↓
• To Proceed, click on Force cubic on

↓
• choose Load

↓
- an icon appears in Analyze window

↓
3. to save this choose File

↓
•choose Save As

↓
• 128lastname_firstname_t1

To apply the inhomogeneity correction 

↓
1. In Analyze window

↓
•select the MRI image

↓

 Input

 voxel

 1.875

 1.875

 1.875

 ↓  

 2.20

change the value to the correct slice 
thickness as given in the MRI header

 Output

voxel

1.875

1.875

1.875   

↓  

these values remain the same
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•choose Process from the top menu bar

↓
• choose Filters

↓
• choose Spatial

↓
•in Spacial Filters window

↓
• choose Generate

↓
• choose Filters

↓
• choose Inhom Correct

↓
• choose Window Size = 75

↓
•  choose Threshold = minimum 10

↓
•  choose Filter

↓
•  choose Change a copy of the loaded volume

↓
•  choose Done

• a new icon appears in Analyze window with the name

↓
•  128lastname_firstname_MRI O

↓
• Select this file and right click with the mouse

↓
• in the background menu

↓
•  choose Rename
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↓
•  128lastname_firstname_MRI_INHCOR

↓
• Save this file

• choose File
↓

•  choose Save

To segment the whole brain from the MRI volume 

1. In Analyze Window

↓
•Select MRI_INHCOR image

↓
•on the main menu bar choose Process

↓
• choose Segment

↓
• choose Object Extractor

↓
•in the Object Extractor window

↓
• choose View

↓
• choose Intensities

↓
• Change Window Maximum to 100

↓
• this brightens MRI image

↓
• choose Done

 
•in the Object Extractor window
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↓
• choose Generate

↓
• choose Define Region

↓
•in the Define Region window

↓
• using slider choose a good MRI slice

↓
• Click on Define Region

↓
- in displayed image, pick a spot in the white matter, 
- place a seed paint, click on area chosen... 

↓
- A Threshold max/min slider appears

↓
- move slider so that red outline surrounds brain without entering bifurcations of the brain

↓
 

- Minimum 51
- Maximum 100

↓
• Click on Extract Object

↓
•in the Extract Object window

↓
• choose Generate

↓
• under Extract Options

↓
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• set the following options:
↓

- Fill holes: On
- Final Connect: Off (default)
- Result: Binary

↓
• set Output File name to:

↓
- 128lastname_firstname_MRI_Brain_Bin
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	. On Button Up - the slices/isosurfaces/isolines will not change when moving the slider until the mouse button is released.

	7. Snap to Landmark Planes:
	. This turns on and off the “snap to” (triangulation) when picking landmarks.
	. With the “snap to” option on, whenever a landmark is chosen on a volume, all three views (axial, coronal, sagittal) automatically triangular to that specific point.
	. This option can also be changed from the main menu by looking at the “Landmark” portion (bottom middle) and choosing under the “Display” menu one of the options:
	. “Snap to on” to turn triangulation on.
	. “Snap to off” to turn triangulating off.
	Analysis

	1. Edit 3D Surface:
	2. Limit Reference/Target Volume:
	3. Volume Analysis Menu - Uses QSH:
	a. After choosing suitable landmarks, transform one image volume (such as the Interictal SPECT volume) to match another image volume (such as the Ictal SPECT volume)
	b. Use “Choose Threshold Level” to choose a threshold level for the warped and the reference volumes - the color scales or the color of the isolines can be changed in order to see the isolines better
	- the menu that comes up has instructions for choosing the threshold level
	- this option takes a while to finish because it is making a mask volume at the same time; however, the thresholded volume is not produced in this step but rather in the next step
	- the volume maximum is always used by default to make the thresholded volume even if the slice maximum is turned on for choosing the threshold level
	- in this case, only the largest, all encompassing contour boundary is used - non-contiguous segments will be filled. Although this is what is wanted in the brain case, it may not be generally applicable.
	c. Use “Multiply Thresholded Reference/Warped Volumes” to produce a single mask volume which is the intersection of the mask vol...
	d. Use - “Normalize Reference Volume” and “Normalize Warped Volume” to use the mask volume generated from the multiplied, thresh...
	e. Use “Subtract Warped From Reference Volume” to subtract the thresholded, normalized Warped volume from the similar Reference ...
	f. Use “Form 2SD Reference/Warped Subtracted Volume” to use the upper 1.5% tail of pixel values from the subtracted volume to form the final diagnostic volume - the negative tail is ignored.
	g. Programs from qsh are called to produce the mask volumes and calculate the “mean in range”. All intermediate volume are written out in qsh format.
	h. It is also possible to use “Normalize Target Volume” to normalize the Target to the Reference volume, as well as to use “Form...


	4. Show Volumes from QSH Analysis Menu:
	5. Volume Analysis Menu - Uses DX:
	. “Choose Threshold Level - DX”
	. this choice allows the user to choose a threshold
	. the color scales or the color of the isolines can be changed in order to better see the isolines
	. the menu that comes up has instructions for choosing the threshold level
	. the volume maximum is always used by default to generate the thresholded volume when the volume is a CT; however, if the volume is not a CT, then the volume maximum is only used to make the thresholded object if the volume maximum toggle button is set
	. the resulting thresholded image may not be contiguous
	. “DX Reference and Warped Volume - Set Overlapped Pixels to Zero”

	. works on any two modalities (the same and different) to set the pixels in the Warped volume to zero where they are non-zero in the Reference volume
	. it was developed to allow the bones to be outlined on the CT and then the matching pixels in the 111-In SPECT volume are set to zero in order to identify the uptake due to bony structures and not to a tumor
	. “Subtract DX Warped Volume from DX Reference Volume”

	. This menu item would be used for two volumes of same modality which have been matched. In this case, the Reference and Warped volume are used.
	. The volumes are not normalized first; instead, the volumes are simply subtracted pixel by pixel.
	. If the modalities are the same (as in the orthopedic project) this gives the residual pixels that are not matched or shows how the prosthesis has moved (or not moved) or if the tumor size has changed or not.
	. This menu item can also be used to give some data on the quality of the match.
	. “DX Target and Reference Volume: Set Pixels in Target to Zero Where Pixels Are Zero in Reference”

	. This menu item is used for a matched Target and Reference volume, such as a dual energy pair or a matched Warped volume which has been read in as the Target volume.
	. The modalities need not be the same.
	. The volumes are not normalized.
	. This works nicely for the matched Tc and 111-In SPECT for the Prostascint cases.
	. This menu item could also be used to give an indication of how closely matched the Target and Reference volumes are before any matching takes place.

	6. Make Composite Multi-slice Merge Display:
	. When the user has finished entering the slice numbers (by pressing “Enter” or “Do It”), a separate window appears with the cho...

	7. Zero Selected Slices
	. The user is first given the choice of which volume to use
	. Then an instruction menu comes up allowing the user to choose the slices at both ends of the volume which are to be set to zero.
	. When the user has finished entering the slice numbers (by pressing “Enter” or “Do It”), the appropriate volume is made and automatically displayed.
	. The new volume is saved in the same directory as the volume from which it was derived, with the string “-new” appended to the original file name before the “.qhd” (and “.qim”).
	. Note that the shell script “valuemask2.csh” must be available and in the user’s PATH.

	8. Zero Selected Area
	. The first four choices allow the user to choose the volume on which the region of interest (ROI or contour) has been drawn and...
	. The last two choices calculate statistics on either the entire slice or on the area selected by the previously drawn region of...
	. If statistics are to be computed on the entire volume, then the mean value in each slice of the volume is saved to a file.
	. If statistics are to be computer within a previously chosen ROI, then the file name with the slice number and ROI number appen...
	. For the first four options, once a volume has been chosen, or in the case of the last two options, once an option has been chosen, an instruction menu will be displayed as shown below:
	. When the user has drawn the appropriate ROIs, the chosen option will be invoked when “Do It” is pressed. In the case of the first four options, the appropriate volume is made and automatically displayed.
	. The new volume is saved in the same directory as the volume from which it was derived, with the string “-new” appended to the original file name before the “.qhd” (and “.qim”).

	9. Transform (Warp) ROI
	. The first option uses a first order warp or a rigid body transform for the ROI, depending on which has been used for the Target to Reference registration.
	. The second option uses a second order warp for the ROI transformation.

	10. Active Contour (Snake)
	. Once a volume has been chosen, an instruction menu is displayed:

	11. Resize Slice Thickness (Z)
	. Once a volume has been chosen, an instruction menu will be displayed as shown below:
	. When the user has finished entering the new slice thickness (by pressing “Enter” or “Do It”), the appropriate volume is made and automatically displayed.
	. The new volume is saved in the same directory as the volume from which it was derived, with the string “_Nmm” appended to the ...

	12. Resize Volumes (X,Y)
	. Once a volume has been chosen, an instruction menu will be displayed as shown below:
	. When the user has finished entering the new x and y size (by pressing “Enter” or “Do It”), the appropriate volume is made and automatically displayed.
	. The new volume is saved in the same directory as the volume from which it was derived, with the new x size appended to the front if the original file name.

	13. Threshold Volume
	. Once a volume has been chosen, an instruction menu will be displayed
	. When the user has finished entering the new lower and upper threshold values in Hounsfield Units (by pressing “Enter” or “Do It”), the appropriate volume is made and automatically displayed.
	. The new volume is saved in the same directory as the volume from which it was derived, with the string “-new” appended to the original file name before the “.qhd” (and “.qim”).

	14. Choose Math Module
	. The first and second menu item which find the Weight Point, find the average value of the set of currently loaded Reference or...
	. The third and fourth menu items to find the center and radius, use the set of currently loaded Reference or Target landmarks w...
	. The fifth and sixth options to find the condition sphere (essentially the major and minor axes of the ellipsoid surrounding all the landmarks) are not yet implemented.
	. The last menu item transforms RSA landmarks into DX space, saves all the landmarks into a file and redisplays them.
	. First the Reference landmarks chosen in DX space are loaded and put in a scrolled list so that they can be moved up and down. An example of such a list is shown below:
	. Then the name of an RSA file is entered in the dialog box:
	. When “Do It” is pressed, the same number of RSA landmarks as are displayed in the Reference landmark list are displayed in the usual Target landmark scrolled list for viewing.
	. The landmarks displayed in the Reference list may need to be moved up and down so that the order of the landmarks in the Reference list corresponds to the RSA landmarks displayed in the Target list.
	. When the user is satisfied with the order of the landmarks, the “Do Transform” button is pushed. This invokes the rigid body transform which generates the transformation matrix which brings the RSA landmarks into DX space.
	. Once the transformation matrix is generated, it is applied to all the RSA landmarks.
	. Then the transformed RSA landmarks are combined with the Reference landmarks, and this list is saved to a landmark formatted f...
	. The landmarks currently in the Reference and Target landmark lists are deleted, the new RSA transformed landmarks are then loa...

	15. Reverse Slice/Byte Order in Reference/Target:
	16. Change Order of lines in Reference/Target Volume; Change Left to Right in Reference/Target Volume:
	2D Menu for Warped Volume

	1. Warped Volume Slice menu:
	. This menu is closed by clicking on the “Finish” button.
	Configure 3D Volumes
	. Invokes a free standing menu for setting 3D display parameters for the selected volume.
	. Some of these choices are available on the main menu and some are not.


	1. Configure 3D Volume window:
	. The window title shows which volume has been selected. An example is shown below to configure the Target 3D image display window:

	2. Menu selections:
	. File Name Selected: points to the name of the volume that is currently active; it will be blank for the Warped volume unless an imported warped object has been read in or some other option has been chosen which fills in the name for the Warped volume.
	. Middle Section: includes the options: Display 3D Surface, Color, Isosurface level, and Opacity. These are used to control how ...
	. Choose Multiple Isosurface Level: this brings up a new menu which allows the user to chose one or more isosurfaces in (possibl...
	. Simplify Surface: if this option is checked, the isosurface will be simplified. This can be used if the isosurface volume is large and complex.
	. Data Reduction: this option serves to smooth the 3D views of the volume isosurface object, and eliminate the smaller, less uni...
	. Finish: this option ends the display of this menu.
	Landmark Lists
	. There are currently five options available.
	- This list will augmented in the future.
	- Currently, only four lists: brain, head and neck, abdomen, and pelvis actually contain any useful data.
	. Each options invokes a free standing menu.
	. These menus contain suggested anatomic locations for determining landmarks.

	- There are also some comments about the involved anatomy.
	. Below is an example of the type of menu that is displayed. In this case the menu suggests locations for landmarks in the upper and middle part of the abdomen.


	Standard Position Module
	. When “Move 3D..... into standard position” is chosen, if no volume is loaded, a file selection menu which allows the user to i...
	. The display mode is automatically changed to “Display Warped & Reference” and the “Manual Affine Transform” is selected from t...
	. The large 3D window with a vertical and horizontal blue line is displayed. In it the “warped” isosurface is displayed at an ap...
	. A new menu with appropriate options and instructions is invoked.
	. The first section of the menu allows the user to move the horizontal and vertical blue lines inside the 3D display window. By ...
	. The middle section of the menu describes the initial steps to be done to render the volume into the standard position. The current version of these instructions are shown below.
	. Initially, the volume is displayed as an axial view if the first choice (Move 3D pelvis...) is chosen.
	. If the second choice (Move 3D spine...) is chosen, then the volume is initially displayed in the sagittal view.
	. If the third choice (Move 3D coronal...) is chosen, the volume is initially display in the coronal view.
	. The fourth choice (Move 3D Tibia Bone...) is a special case where initially two landmarks chosen at the top and bottom of the ...
	. As outlined in the second section of the instruction menu, in the 3D window for all cases, the user can change the position of...
	. If the option “zoom” is used, the user should be aware that the resulting volume will be saved zoomed. The option “pan” changes the center of rotation, so it should not be used.
	. The push button marked “Rotate Initial Standard Position Volume”:
	. Saves the initial rotation matrix to a file in the same directory as the Reference volume with the string “_standard_position_...
	. The display will change so that view on the screen is now the “top” (coronal) instead of the “front” (axial) view in the case of the pelvis and appropriately for the other options.
	. For the fourth (tibia) option, the view is not changed, but the user should lower the isosurface level so that the bony structures can now be seen.
	. Shown below is the resulting screen view of the Standard Position Module for the case of the pelvis.
	. The volume is now rendered into the final position using the instructions on the next part of the menu - “Save Final Standard Position Volume”.These instructions are shown below:
	. The right mouse button is used to rotate about the axis normal to the screen until, for example for the pelvis, the left and r...
	. When the “Export Final Standard Position Volume” button is pressed:

	. The view on the screen reverts to the “front” view, re-displaying for example, for the pelvis, the final standard position in the axial view.
	. The option to save the volume is available via the export menu.
	. After the user chooses a write directory in which to save the volume, the standard position volume is saved with the string “_standard_position_final” appended to the default Reference filename before the “.qhd” (and “.qim”).
	. However, in the case of the tibia, the string “rigid_body_module_standard_position_warp” is appended to the default Reference filename before the “.qhd” (and “.qim”).
	. The final rotation matrix, the inverse of the final rotation matrix, and a matrix containing the second rotation only are also...
	. However, for the spine, the string “_standard_position_final_L4_matrix”, standard_position_final_inverse_L4_matrix”, and “stan...
	. In the case of the tibia, the string “_standard_position_final_rigid_body_matrix”, standard_position_final_inverse_rigid_body_matrix”, and “standard_position_final_second_rotation_rigid_body_matrix” are used.
	. When the final standard position has been saved, the user has the choice of reading this volume back into the program as the target volume for further processing by choosing the “Continue: Choose Landmarks” button.
	. The user can choose to do some other task by choosing the “Finished” button.
	. In either case, the program will be returned to the “Display Target & Reference” display mode, the large 3D display will be re...



	What is a Standard Position?
	Rigid Body Module
	. To utilize this option successfully for the cervical spine, the user must first pick six corresponding landmarks on the top an...
	. This is done by viewing either the Reference or Target prosthesis only (using an appropriate isosurface level) in the 3D window and using the six pins (pegs) on the prosthesis.
	. On the top portion of the prosthesis, a landmark is designated on each peg in the specific order shown (otherwise the automatic processing option will not work correctly).
	. Note that a seventh landmark is shown. This landmark is generated automatically, by picking the option “Auto Gen” from the “Pi...
	. The landmarks are then saved in the chosen landmark directory with the string “_upper” appended to the default landmark file name before the “.landmarks”.
	. The landmark pick is then checked by performing “Rigid Body Transform” from the “Registration Type” pull-down menu on the lowe...
	. Then corresponding landmarks are picked on the bottom portion of both prosthesis using the original untransformed volume in the case of the Target volume.
	. These landmarks are then saved in chosen landmark directory with the string “_lower” appended to the default landmark file name before the “.landmarks”.
	. The landmarks must be picked and checked whether or not the program is run is automatic mode or in interactive mode.
	. When the program is run in interactive mode:

	. First the original bottom landmarks on the Target prosthesis are transformed into the new position of the bottom (warped) prosthesis by applying the same transform to the landmarks as was applied to the prosthesis.
	. The option “Transform Alternate Target Landmarks” is used to accomplish this. The newly Warped prosthesis volume is saved and ...
	. The Reference volume with the bottom landmarks shown is also displayed in 2D and 3D for comparison. Note that the upper portion of the prostheses should now match. The resulting image is shown below.
	. There are various messages displayed to help the user throughout this process.
	. In the case of the cervical spine, if the option “Obtain Standard Position for Reference Volume using Three Landmarks” is pressed, then the volume is rendered into an “upright” position as follows.

	. The user is presented with the list of upper landmarks previously chosen on the upper prosthesis of the Reference volume and i...
	. As each landmark is chosen, the “Choose 3” button on the “Landmark List” may be pressed.
	. This needs to be done if the landmarks are not successively in the list from top to bottom, but are in some other order.
	. In order for the automatic version of the program to work, the landmarks must be chosen in the order shown in the upper landmark figure. This results in landmarks 1, 5, and 6 being in the “high y”, “low x”, and “high x” positions.
	. When the “Choose 3” button is pressed and the program detects that a total of three landmarks have been chosen, then the upper...
	. The Warped/Target volume (which had been matched to the Reference volume) is also put into “standard position” using the same transformation. The resulting set of displayed images are shown below.
	. The Reference standard position volume is saved in the same directory as the Reference volume with the string “rigid_body_stan...
	. Also in the case of the cervical spine, if the option “Obtain Standard Position for Reference Volume using Eigenvectors” is pr...

	. Note that if the eigenvector option is used, the statistics program R must be available on the computer and the function eigen...
	. During the process to place the cervical spine in a standard position, helpful messages are displayed to guide the user.
	. After the cervical spine has been put into the standard “upright” position using one or the other of the preceding methods, the option “Transform Reference and Target Alternative Landmarks” is used.

	. This option first transforms the original “lower” Reference landmarks into the new standard position using the same transform ...
	. Similarly, the Warped/Target “lower” landmarks which have already been transformed into the warped position, are transformed i...
	. Both volumes are displayed in 2 and 3D with the newly transformed landmarks displayed to that the user can check that all the landmarks have been correctly transformed.
	. The last step is to choose the option “Apply Rigid Body Transform to Alternate Standard Position Landmarks”.

	. If the landmarks are still loaded from the step above, then the program simply does the transform. If the landmarks are not loaded, then the program first asks the user to load the appropriate landmarks and then does the transform.
	. After the transform completes, the resulting Euler angles (in degrees) and translation parameters (in mm) are written to the screen.
	. The results are also written to a file in the same directory in which the Target volume is located. This file is written in co...
	. If one of the “automatic” options is to be used, the user must first state in the dxmenu.qhd environment variable file, where ...

	. If one of these options is invoked when there is only one volume loaded or no volumes are loaded, then the user is first asked to load the appropriate Reference and Target volume(s).
	. The program then proceeds in the same manner as described above, except no intermediate volumes are displayed.
	. When the process is finished, the Euler angles and translation parameters are displayed and saved to a file. This file has the generic name “EulerAnglesNeckModel.csv”
	. Additionally, the standard position Reference and Warped/Target volumes are displayed in 2D and 3D along with the lower landmarks, after having been transformed into the standard position, in order that the user can evaluate the results.
	. In the case of the tibia, if the option “Obtain Standard Position for Reference Volume in the Tibia Project” is chosen, then a...

	. The user is first asked to choose the original Reference and Target volumes and the proximal landmarks for both volumes.
	. The rigid body transformation is performed.
	. The resulting Warped volume is saved and redisplayed as the Target volume and the original distal Target landmarks are transformed into the new position of the Warped/ Target volume.
	. The Reference standard position volume is displayed and the transform matrix which was previously generated, is used to transform the Warped/Target volume into a similar standard position.
	. The distal Reference landmarks are also transformed using this transformation matrix.
	. The transformed Warped/Target distal landmarks are further transformed into this new position as well.
	. The rigid body transform is then run using the standard position distal landmarks and the results are displayed in terms of the Euler angles and translation parameters as in the cervical spine case.
	. These results are also similarly saved to a comma separated file as described for the cervical spine. This file also has the generic name “EulerAnglesNeckModel.csv”

	Stereo Display Module

	1. Stereo View of 3D Volume:
	. When this option is chosen, a separate window is invoked which has a stereo version of what is currently displayed in the 3D window.
	. The stereo window can be modified interactively. The option menu detailing the inter-activity possibilities of the mouse can b...
	. Additionally, the stereo window can be interactively modified by using the keyboard. The option menu detailing the inter-activ...
	. In addition the lighting, shading, and state (wireframe or solid) of the stereo object can be changed
	. The 3D window may be changed on the main menu and then a new stereo window will be displayed.
	. As many stereo windows as desired may be displayed at the same time. Note that the number of stereo windows is not limited by the maximum allowable number of windows command line option.
	. Note that any individual stereo window may be closed by typing “q” or “Q” in that window

	2. Stereo Viewing Help:
	. When the second menu item is chosen, a separate menu is invoked which gives the user some help and instructions related to stereo viewing. The current help menu is shown below:

	3. Save Stereo Window:
	. When this option is chosen, a special stereo version of xv is invoked which allows the user to save any or all of the current stereo displays as a stereo pair in JPEG or TIFF format for use in a presentation or for sending to a colleague.
	- Note the specially modified version of xv which is available in the subdirectory “xv-3.10a- stereo” must be compiled and available via the user’s PATH. The location of the stereo version of xv is specified in the dxmenu.qhd environment variable file.
	. Most PC’s and web browsers can re-display such a stereo pair in true stereo, as can the specially modified version of xv. An example of such a stereo pair is shown below:

	4. Close All Stereo Windows:
	. This closes all the stereo windows without halting the main program.
	. Note that when the main program is exited all the stereo windows are also closed.
	Help


	Main Menu
	Target/Reference/Warped Volume Windows
	1. Axial/Coronal/Sagittal Sliders:
	. These three sliders allow the user to move through the different levels of the volume in each orthogonal view projection. The ...
	. If Interaction Mode Æ Display Slices Æ Interactively is chosen, then the slices change as the slider is moved. Otherwise, if On Button Up is chosen, then the slices only update when the mouse button is released.

	2. Reduce Volume:
	. This control reduces the volume of the whole image by shrinking the x-y matrix size of the volume.
	- For example, if the user chooses “2.0” from the pulldown menu, an image with an original x-y matrix size of 512x512 will be di...
	. This option exists in three different instances so that the slices, isosurfaces, and isolines may all be reduced separately.
	. The reductions that are available by default are 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 4.5. These may be changed locally by editing the appropriate values in the dxmenu.qhd environment variable file.
	. In all cases, regardless of the use of any reduced volume for display purposes, the final warp which is optionally saved at exit, or explicitly saved using “Export”, is always saved at the full resolution of the original Reference volume.


	3. Landmark List Window:
	. The landmark list window can be opened by clicking on the “Landmark List” button. The list contains one entry for every landma...
	. Show Selected - If no landmark is selected, nothing happens. If a landmark is selected, then the slice on which the landmark w...
	. Delete Selected - When a landmark is selected for deletion, the program queries the user with both volume and landmark number ...
	. Delete Many - Alternatively, if a large number of landmarks (greater than two hundred - this is enabled/disabled in the dxmenu...
	. Choose 3 - Alternatively, if the Rigid Body Module is being used in interactive mode (please see the description of this in Ma...
	. Delete Both - When a landmark is selected for deletion, the program queries the user with the landmark number and if the user ...
	. Eval Angles - This option is used when a spherical landmark has been chosen as well as possible in a hole (currently this meth...
	. Note that for this to work, the statistical program R and the library circular must be installed on the computer. The function sphere.center must be compiled and available from the directory to which the user is connected.
	. Eval Sphere - This option uses the set of currently chosen landmarks to find the surface of a sphere or hemisphere. Currently,...
	. Move Selected - A landmark to be moved must be first selected from the list. If no landmark is yet selected, then a dialog box...
	. Close List - hides the menu.

	. Note that when the user is not displaying the Target and Reference volumes (in “Display Target & Reference” mode, see “Display...
	. Delete All Landmarks is now available from the mouse by pressing CTRL-M(iddle) (less likely to hit by mistake) and is availabl...
	. The functions available from the mouse in any mode can always be viewed by “popping up” the “Mouse Functions” list. If this is...
	. When the user is displaying a Warped volume, the same polynomial equations used to generate the Warped volume (except in the c...

	. Note the summary statistics are displayed at the end of the list.
	. Note also that the “Show Selected” button is insensitive. It is intended that in the future the user will be able to see the Warped landmarks positioned in both the Warped and Reference volume.
	. The intention of this list is to give the user some numerical estimate of the accuracy of the match.
	. Optionally, by changing a value in the dxmenu.qhd environment variable file, the user may choose to see the distance errors in...

	4. Arrow Buttons:
	. Note that the arrows are insensitive when any Warped volume is being displayed.

	5. Isolines:
	. When the box in front of “Isolines” is checked, the isolines on the selected volume are shown.
	. The pull down menu “Value” has several options as shown:
	. Click on the pulldown menu to switch between the options.
	. When Value is selected, there is usually one isoline showing at the value that is shown on the slider. For example, if a value of 26.0 is chosen, then the isoline is shown at 26% of the maximum.
	. When Percentage Max is selected, several isolines will be displayed. The percentage chosen by moving the slider, becomes the p...
	. Additionally, profiles can be chosen from this drop down menu in any of the three orthogonal directions.
	. Prof L shows a profile in the longitudinal (Z) direction. A line is displayed on the coronal slice which shows where the profi...
	. Prof H shows a profile in the horizontal (X) direction and Prof V shows one in the vertical direction. These are both displayed on the axial view and are again at the center by default. These can also be changed using the slider.
	. When a profile is chosen, it is saved in a file in the same directory as the volume on which it was chosen, and has same file ...
	. Additionally, when a profile is first chosen, a graph is displayed showing the numerical values associated with the profile. T...
	. Reduce:

	- The larger the reduction value, the smoother the isolines will appear. This will eliminate some junk on the display. Again the default values are 1.0 to 4.5.
	. On Top:

	- When Isolines is checked with On Other Volume, the selected isolines appear on both volumes. If On Top is selected for one vol...
	. On Other Volume:

	- When “Isolines” is checked and also “On Other Volume” is checked, the isolines of one volume will display on the selected volume and the other volume.
	- If “Isolines” is not checked but “On Other Volume” is, then the isolines will still display on the other volume, but not on the original one.
	- However, when this is true, the isolines won’t change even if the volumes are changed.


	6. Colors:
	. Colorbar: Shows the corresponding colors with pixel intensity values as a scale on the selected volume. By default this colorb...
	. Volume Max:
	- With Volume Max chosen, the intensity of the pixels for the particular slice(s) shown are displayed based upon all the slices in the entire volume, thus the intensity scale will be the same throughout the volume.
	- However, if this is not chosen, then the intensity of the pixels for the particular slice(s) shown are displayed based only up...
	. Color: the color scale used to display the slice(s) can be changed by clicking on a different color scale available from the pulldown menu to the right of “Color.”


	7. Background/Saturation:
	. These options are available from the main menu for any volume data set except a CT.
	. %Background determines what percentage of the maximum voxel value and below will be displayed using the background (i.e., first element in the color scale). Thus, the higher the percentage, the less the background.
	. %Saturation determines what percentage of the maximum voxel value will be shown as saturated.
	- For example, if the percent is 100, then only the highest voxel value will be saturated (i.e., final color of the color scale). If the percent is 50, then all the voxel values in the upper half (50%) of the color scale will be shown saturated.
	- The lower the percentage saturation, the more saturated the display looks.
	- Clicking with the middle mouse button inside the scale, but not on the slider, brings the scale slider to the position of the pointer (i.e., sets the scale value).

	8. Window Level/Width:
	. These options are available from the main menu only when the volume data set is a CT.
	. If the Target or Reference volume is a CT, then the color scale is set to black and white by default and cannot be changed.
	. If the Warped volume is a CT, the color scale can be changed so that the Warped volume can be better viewed - particularly in “Display Warped & Reference Overlay” mode.
	. The Level controls the “mean” level of the intensity scale, and the Width determines the range. The “range” controls what is a...

	. For example, if the Level is 1000, and the Width is 500, then the mean level is 1000, and the range goes from 1000- (500/2) to 1000+ (500/2), which is 750 to 1250. The range then has a width of 500 and a mean level of 1000.
	. By adjusting the Level and the Width, the user can see the voxel with the desired voxel values mapped to the color scale scaled by the range. The voxel values never change during this processing, it is only the mapping to the color scale that changes.
	. Clicking with the middle mouse button inside the scale, but not on the slider, brings the scale slider to the position of the pointer (i.e., sets the scale value).
	. There can also be two window Level/Width slide bars (see the figure below) for a particular image.

	. This is useful when, for example, a patient has an orthopedic implant.
	. The CT volume is displayed with two color scales, thus the two different sets of values each control a different color scale.
	- This can also be used to view different organs in the same volume of the image.
	- The first color scale is by default black and white, and it cannot be changed.
	- The second color scale is specified in the dxmenu.qhd environment variable file; it can be changed in this file and the program must be re-started. The choice of the second color scale cannot be chosen interactively.
	Landmarks Picking/Transformation Options (middle/bottom)

	1. Pick: The “Pick” pull down menu allows the user to choose many different modes of operation. The first three options allow th...
	. Point Mode: This mode allows the user to choose landmarks directly with the mouse by clicking on a point in one of the volumes...
	. Sphere Mode: This mode allows the user to select a landmark by making a true 3D sphere first (with the mouse) and then adjusti...
	. 3D Point Mode: This mode allows the user to pick landmarks on the Target and/or Reference volumes when they are displayed in 3...
	. Line Mode: This mode allows the user to draw a line on a slice or on the 3D display in large or small mode. It works in both “...
	. Haptic Mode: This option allows to user to use a “force feed back” or haptic device in order to “feel the force”. It only work...
	. Contour Mode: This option allows the user to draw regions of interest (ROIs) on any 2D display. However, the ROIs can be displ...
	. Auto Gen Mode: This is a special option which allows the user to generate an additional landmark in both the Reference and Tar...

	2. Display:
	. The display section gives several different options for the display of landmarks, lines, and contours. It also allows the disp...
	. 3D Landmarks On: This allows the landmarks to be displayed on the 3D isosurface(s). If there are no 3D volumes displayed, then nothing happens, but when one is displayed, the landmarks, if any, are shown.
	. 3D Off: This turns off the 3D option for displaying landmarks, lines, or contours.
	. 3D Lines On: This option brings up a menu which allows the user to move a vertical and horizontal set of double cross hairs on...
	. 3D Contours On: This option shows in 3D, all the contours that have been drawn on a volume. The 3D volume must be displayed. I...
	. 2D Contours On: This options shows all the contours that have been drawn on a particular slice. If contours were drawn on more...
	. 2D Contours Off: Turns off displaying 2D contours on all slices.
	. Target/OL On: When in “Display Warped & Reference Overlay” mode, this option allows landmarks to be displayed on the Target volume.
	. Target/OL Off: Turns off the display of landmarks on the Target volume. This will result in no landmarks being displayed on the Target volume when in “Display Warped & Reference Overlay” mode.
	. Warped On: When in “Display Warped & Reference” mode, this option is intended to allow the landmarks to be shown on the Warped volume when a landmark is selected on the Reference volume. (This functionality is currently under development.)
	. Warped Off: Turns off the display of landmarks on the Warped volume when in “Display Warped & Reference” mode. This will resul...
	. Snap to On: Allows the Axial, Coronal, and Sagittal views to triangulate when a landmark is selected. This functionality works...
	. Snap to Off: Turns “Snap to” Off, thus when a landmark is chosen the Axial, Coronal, and Sagittal views do not triangulate together. This options can also be selected from the “Main Menu Bar Æ Interaction Mode Æ Snap to Landmarks Planes Æ Off.”

	3. Mouse Functions:
	. This button will display a menu showing the current mouse functions available under the different Display and Pick modes. L = ...
	. Display Æ Display Target & Reference; Pick Æ Point Mode:
	. Under this specific Display and Pick mode (as shown in the menu to the right)
	. Left mouse button picks the landmark
	. Right mouse button deletes the last landmark picked
	. Shift + Middle mouse button allows the user to pan the slice with the mouse while the two buttons are held down
	. Shift + Right mouse button allows the user to zoom the slice with the mouse while the two buttons are held down
	. Control + Middle mouse button gives a choice to delete all the landmarks
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked without setting a landmark
	. Display Æ Display Target & Reference; Pick Æ Sphere Mode:

	- Under this specific Display and Pick mode:
	. Left mouse button picks and moves the sphere’s center
	. Middle mouse button changes the sphere’s size
	. Right mouse button deletes the last landmark
	. Shift + Left mouse button sets the origin of the sphere as the landmark
	. Shift + Middle mouse button allows the user to pan the slice with the mouse while the two buttons are held down
	. Shift + Right mouse button allows the user to zoom the slice with the mouse while the two buttons are held down
	. Control + Left mouse button unsets the sphere center as a landmark
	. Control + Middle mouse button gives the user a choice of whether to delete all the landmarks
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the sphere’s center
	. Display Æ Display Target & Reference; Pick Æ 3D Point Mode:


	- Under this specific Display and Pick mode:
	. Left mouse button rotates the volume in 3D
	. Middle mouse button allows the user to pan the isosurface(s) in 3D
	. Right mouse button allows the user to rotate the volume about the axis normal to plane
	. Shift + Left mouse button picks a landmark point in the 3D volume
	. Shift + Middle mouse button allows the user to pan the 3D isosurface(s) or the 2D slice with the mouse while the two buttons are held down
	. Shift + Right mouse button allows the user to zoom the 3D isosurface(s) or the 2D slices with the mouse while the buttons are held down
	. Control + Left mouse button gives the user a choice of whether to delete the last landmark
	. Control + Middle mouse button gives the user a choice of whether to delete all the landmarks
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the slices to where the point where the 3D landmark had been chosen (if “Snap to” is active)
	. Shift + Control + Left mouse button allows the user to continuously pick landmarks until the three buttons are released. This ...
	. Pick Æ Line Mode:

	. Under this specific Pick mode:
	. Left mouse button picks a point on the 2D display
	. Shift + Left mouse button picks a point on the 3D display
	. Shift + Middle mouse button allows the user to pan the slice or the 3D isosurface(s) with the mouse while the two buttons are held down
	. Shift + Right mouse button allows the user to zoom the slice or the 3D isosurface(s) with the mouse while the two buttons are held down
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked
	. Shift + Control + Left mouse button allows the user to continuously move a point or points until the three buttons are released.
	. Display Æ Display Target & Reference; Pick Æ Haptic Mode:

	. Under this specific Display and Pick mode:
	. Shift + Middle mouse button allows the user to pan the slice or the 3D isosurface(s) with the mouse while the two buttons are held down
	. Shift + Right mouse button allows the user to zoom the slice or the 3D isosurface(s) with the mouse while the two buttons are held down
	. Control + Middle mouse button gives the user a choice of whether to delete all the landmarks
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked
	. Pick Æ Contour Mode:

	. Under this specific Pick mode:
	. Left mouse button picks points on the ROI
	. Middle mouse button moves the ROI if this option is enabled
	. Right mouse button removes the last point from the ROI
	. Shift + Left mouse button saves the ROI name
	. Shift + Middle mouse button allows the user to pan the slice with the mouse while the two buttons are held down
	. Shift + Right mouse button allows the user to zoom the slice with the mouse while the two buttons are held down
	. Control + Left mouse deletes the current ROI and starts a new one
	. Control + Middle mouse button saves multiple ROIs by saving the current ROI on all the slices from the slice on which the curr...
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the indicated point
	. Display Æ Display Warped & Reference

	. Left mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked
	. Shift + Middle mouse button allows the user to pan the slice with the mouse while the two buttons are held down; in this case both the Reference and Warped slices are panned together
	. Shift + Right mouse button allows the user to zoom the slice with the mouse while the two buttons are held down; in this case both the Reference and Warped slices are zoomed together
	. Control + Right mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked
	. Display Æ Display Warped & Reference Overlay


	- In the overlay volume:
	. Left mouse button down and moving blends, or displays the slice as a blend of the Warped and Reference volumes
	. Middle mouse button splits the overlay image horizontally into a section of the Warped and a section of the Reference volumes
	. Right mouse button views the top volume (in the overlay) as a viewport on top of the bottom volume
	. Shift + Middle splits the image vertically
	. Shift + Right changes the size of the viewport
	. Control + Left switches the top and bottom volumes

	- In the Target Volume:
	. Left mouse button “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked
	. Shift + Middle pans the slice
	. Shift + Right zooms the slice
	. Control + Right “snaps to” (triangulates) all three views, Axial, Coronal, Sagittal to the point clicked


	4. Name Landmarks:
	. When checked, a window is “popped up” every time a landmark is picked, and a description/name can be entered for the landmark which is saved with the landmark and re-shown in the landmark list

	5. Undo Last:
	. Allows an undo for the last landmark deleted
	. Only works once, that is, it can only recover the last landmark deleted

	6. Registration Type/Select Transform
	. When the Target and Reference landmarks are picked, a transform/warp may be applied to the target volume. The graphical user interface for this functionality is shown below.
	. First Order Warp: Using a polynomial warping technique, this option warps the Target volume using rotation, translation, scale...
	. Second Order Warp: Another polynomial warping technique, this is the same as first order warp except that it uses 30 parameter...
	. Affine Transform: This transform uses rotation, translation, and scale, but not skew. It uses the landmarks to generate the tr...
	. Manual Affine Transform: After this option is chosen, if it is not already displayed, then the Manual Affine Registration wind...
	. Import Transformed Volume: This option allows the user to import a previously transformed/warped file (that has been generated...
	. Rigid Body Transform: This option uses the chosen landmarks to derive the input to a Singular Value Decomposition (SVD) formul...
	. Mutual Information Transform - This function is currently under development.
	. Second Order DX Warp: This transform is exactly the same as the Second Order Warp, except that it is not regularized, thus it ...

	7. Manually Tweak Currently Transformed Value:
	. Even if a warp has already been performed by the different types of transforms described above, the volume can still be manual...

	8. Some things to note:
	. The manual settings produced by the “Manual Affine” and “Manual Tweak” choices are saved by default and will be restored the n...
	. When any transform is done, the landmark list in the “Warped Volume” menu displays the distance error between each warped and ...
	. The Target and Reference volume data are always imported without resolution reduction, and the Warped volume is always exporte...
	. However, Target and Reference volumes which exceed a certain complexity (currently 512 x 512, this can be changed locally in t...
	. The user can always set Reduce to 1.0 to get back to the original volume, but there may be a noticeable and even substantial slowdown in interactivity.
	3D Windows

	1. 3D Parameter Windows:
	. The three control windows, Target, Reference, and Warped, all have the same functions and appearances. Each one controls a different volume. The format of each is similar to that of the Target controls shown in the figure below.
	. 3D: the 3D isosurface of the specific volume (target/reference/warped) will be displayed in the 3D display window only after this option is chosen.
	. Reduce: this option serves to smooth the 3D views of the volume isosurface object and it eliminates the smaller, less unified ...
	. Color: the color menu provides 17 different colors to represent the selected object. The present color of the displayed isosur...
	. Level: this slider represents the isosurface level, and indicates the voxel value (intensity value) for the isosurface to be s...
	. Op: Opacity; 1.00 = 100% opaque. As the value goes down, the 3D view becomes more transparent. Clicking with the middle mouse ...

	2. 3D Display Window/Screen:
	. Displays 3D objects when the “3D” button is pressed in the parameters window.
	. While the left mouse button is held down, moving the mouse within the window on the screen rotates the object in 3D on the screen.
	. While the middle mouse button is held down, moving the mouse on the screen pans (changes the position of) the object on the screen.
	. While the right mouse button is held down, moving the mouse on the screen rotates the object around the axis normal to the screen.
	. While the right mouse button together with the shift key are held down, moving the mouse on the screen zooms (changes the size of) the object on the screen.
	. While the middle mouse button together with the shift key are held down, moving the mouse on the screen pans (changes the position of) the object on the screen. This is the same as the just using the middle mouse button.
	. While the left mouse button together with the shift key are held down, clicking the mouse on the screen picks a 3D point on the object on the screen.
	. To open another window for a large 3D view, click on Display Æ Show Large 3D Window (“Main Menu Bar” Æ “Display” Æ “Show Large...
	Figure 1: - In this picture, the original Target volume (a SPECT scan at the level of the liver/spleen) is shown in red, and is ...

	Manual Affine Registration Window
	. These controls are only active when the “Manual Affine Transformation” has been selected from the “Registration Type” menu on ...
	. Note the “tweak” option is available both when the warped and reference volumes are displayed side-by-side and when they are superimposed. The user can “tweak” the “Manual Affine Transformation” to try different configurations.
	. When any slider is moved, the 2D as well any 3D displays are updated.
	. At all times the current values of the affine menu are recorded for the particular warped volume. Only the last values are sav...
	. Note: The settings are saved in the same directory as the volume they were chosen on with the string “_manual.#” appended to t...
	. When the user has chosen to view the warped and reference volumes superimposed and the “tweak” button has not been chosen, then the menu above is replaced by a menu which allows the user to manipulate the target volume.

	. This is exactly the same as the “TARGET VOLUME” window described in the “Target/Reference/Warped Volume Windows” section in this manual with the exception that the arrow buttons are not present.
	. Note also that all the buttons associated with the “Landmarks List” except the first and last button are insensitive, i.e., they cannot be used in this mode.



	Ictal/Interictal SPECT Brain Scan Processing
	To Start Session
	Login to the computer:
	1. using the KDE login screen:
	. username:
	. password: ________
	. after the window system comes up:
	. open a console window.

	To Bring the ictal/interictal volumes back from archive (if necessary):
	1. using the console window:
	. type trifi (to run the archive program)
	. the archive window appears
	. change the Destination Directory to
	/n/nucmed24/vb0/ictal
	. choose ADAC images by date:

	2002 - 01- 07 ictal
	2002 - 01 - 09 interictal
	. Filter
	. Choose patient name
	. Choose transAC image
	. ADAC id# ictal
	. ADAC id# interictal
	. Ready
	. OK
	. Cancel
	. Run “analyze.perl patient_last_name”; this will format the images in case the program Analyze is used now or later.



	Start the volume fusion program:
	1. using the console window:
	. type run
	. press the “Help” button to obtain the user guide
	To match the ictal and interictal volumes using the Volume Fusion Program

	First Load Images
	1. On the main menu bar choose: File Selection
	Ø
	. Import Æ Reference image

	or
	. Import Æ Target image

	Ø
	. when the file selection dialog (pop up window) comes up

	Ø
	. under Select Directory To Find Images

	Ø
	. choose /n/nucmed24/vb0/ictal from the pulldown menu

	Ø
	. choose patient: lastname_firstname

	Ø
	. press Filter
	. in the Files window (on the right hand side):
	. choose: lastname_firstname/. (default)

	lastname_firstname-ictal-ADACid#_img.qhd
	or
	lastname_firstname-inter-ADAC id#_img.qhd
	Ø
	. choose: Select or Write, Images or Files

	Ø
	. choose Finish Selection


	Fuse Interictal to Ictal
	1. To Choose Landmarks
	. choose slices throughout entire brain, e.g.,
	. match representative slices in reference and target volumes, using the slider to switch back and forth.
	. as an example, this shows choosing landmarks toward the lower part of the brain (notice that landmark No. 14 does not fall in the same interictal (left) slice as it does on the ictal (right) slice:
	. whereas this example shows choosing landmarks further up in the brain (again, only landmark No. 15 is common to both slices shown:
	. choose approximately 10-15 landmarks
	. use left button to mark
	. use right button to delete a landmark you don’t want.
	. once landmarks are chosen you must save landmarks.

	2. To Save the Ictal Landmarks:
	. on the main menu bar choose: File Selection
	Ø
	. choose Export

	Ø
	. choose: Reference landmarks (ictal)

	Ø
	. under Select Directory For Writing
	. choose /n/nucmed24/vb0/ictal/dx

	Ø
	. pathname for writing files appears as:
	- lastname_firstname-ictal-ADAC id#_img.landmarks

	. change the name that appears in the pathname box to a NEW name:
	- lastname_firstname-ictal-ADAC id#_img_ref.landmarks
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	3. To Save the interictal landmarks:
	. on the main menu bar choose: File Selection
	Ø
	. choose Export

	Ø
	. choose: Target landmarks (interictal)

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-inter-ADAC id#_img.landmarks

	. change the name that appears in the pathname box to a NEW name:
	- lastname_firstname-inter-ADAC id#_img_tar.landmarks
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	4. To Warp Images
	. in Registration Type: (bottom middle)
	Ø
	. under Select Transform
	. choose First Order Warp


	5. To Check How Accurate The Landmarks Were
	. in the Warped Volume window
	. click on landmarks list
	Ø
	. A list of landmarks comes up and the statistics show error in mm.
	- it should be <10 mm.
	. to check landmarks chosen using overlay...



	Ø
	. on the main menu bar choose: Display

	Ø
	. choose: Display Warped + Reference Overlay

	Ø
	- Reference image changes to overlay... see the difference

	Ø
	. in Warped Volume window

	Ø
	. under color

	Ø
	- chose Heated Body

	Ø
	- Using the left mouse slide across overlay image (scroll through the ENTIRE image - front to back, top to bottom) and make sure...
	- *The Sagittal view often gives a good idea of how well the images are matched; if they are matched correctly, the warped image...
	Figure 1: Example: the Axial, Coronal, and Sagittal views of a matched brain. The three different views can be obtained by clicking the left, middle and right mouse on the image, respectively. The user can then see how they fuse into each other.
	. To delete any landmark which is too high...


	Ø
	. on the main menu bar choose: Display

	Ø
	. choose: Display Target/Reference

	Ø
	- In Target Volume window, open landmarks list

	Ø
	- to delete any landmarks, begin at bottom of list

	Ø
	- click on the landmark that is to be deleted

	Ø
	- choose: Delete both

	Ø
	- it is also possible to move a landmark

	Ø
	- click on the landmark that is to be moved

	Ø
	- choose: Move Selected

	Ø
	. after making these changes (move, delete) landmarks, the landmarks must be saved again
	. First re-save the reference landmarks
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Reference Landmarks

	Ø
	. when the file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-ictal_ADAC#_img_ref.landmarks

	. change the name that appears in the pathname box to a NEW name if desired:
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose overwrite (if the name has not been changed)

	Ø
	. choose Finish Selection

	Ø
	. then re-save the target landmarks
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Target Landmarks

	Ø
	. when the file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-inter_ADAC#_img_tar.landmarks

	. change the name that appears in the pathname box to a NEW name if desired:
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose overwrite (if the name has not been changed)

	Ø
	. choose Finish Selection

	Ø
	. go to Registration Type

	Ø
	. choose: First Order Warp

	Ø
	. the target image changes to Warped.


	To Obtain the Hot Foci from the Fused Ictal and Interictal Volumes
	1. Choose the threshold level for the warped volume:
	. on the main menu bar choose: Display
	Ø
	. choose: Display Warped + Reference

	Ø
	. on the main menu bar choose: Analysis

	Ø
	. choose: Volume Analysis Menu - Uses QSH

	Ø
	. choose: Threshold Level

	Ø
	- message window comes up: Threshold Information

	Ø
	. DO NOT CLOSE THIS WINDOW
	- in the Warped Volume window


	Ø
	- turn on isolines

	Ø
	- change color to Sockolof
	- In 3D Warped Parameters window:Ø
	- choose: Color

	Ø
	- choose Black
	- in the Warped Volume window, move the Value slider so that the black outline surrounds the entire brain and includes the green “halo” surrounding the brain

	Ø
	- When the outline looks correct, click on the message box: Finished Choosing Threshold Volume


	2. Choose the threshold for the reference Volume:
	. on the main menu bar choose: Display
	Ø
	. choose: Display Warped + Reference

	Ø
	. on the main menu bar choose: Analysis

	Ø
	. choose: Volume Analysis Menu - Uses QSH

	Ø
	. choose: Threshold Level

	Ø
	- message window comes up: Threshold Information

	Ø
	- in the Reference Volume window

	Ø
	- turn on isolines

	Ø
	- In 3D Reference Parameters window:Ø
	- choose: Color

	Ø
	- choose Black

	Ø
	- in the Reference Volume window, play with the Value slider so that the black outline surrounds the entire brain and includes the green “halo” surrounding the brain

	Ø
	- When the outline looks correct, click on the message box: Finished Choosing Threshold Volume


	3. When the threshold level has been chosen for both volumes:
	. on the main menu bar choose: Analysis
	Ø
	. choose: Volume Analysis Menu Æ Uses QSH

	Ø
	. choose: Multiply Thresholded Reference/Warped Volume
	. then on the main menu choose: Analysis


	Ø
	. choose: Volume Analysis Menu Æ Uses QSH

	Ø
	. choose: Normalize Reference Volume

	Ø
	. on the main menu bar choose: Analysis

	Ø
	. choose: Volume Analysis Menu Æ Uses QSH

	Ø
	. choose: Normalize Warped Volume

	Ø
	. on the main menu bar choose: Analysis

	ØSave/
	. choose: Volume Analysis Menu Æ Uses QSH

	Ø
	. choose: Subtract Warped from Reference Volume

	Ø
	. on the main menu bar choose: Analysis

	Ø
	. choose: Volume Analysis Menu Æ Uses QSH

	Ø
	. choose: Form 2 SD Reference/Warped Subtracted Volume
	- (A very “funny” - looking image shows up)


	Fuse the Ictal/Interictal/Foci Volumes to MRI

	Match the Ictal Brain SPECT to the MRI Scan
	1. Using the console window:
	. type run
	. press the “Help” button to obtain the user guide

	2. to read in the MRI volume:Ø
	. On the main menu bar choose: File Selection
	Ø
	. choose: Import

	Ø
	. choose: Reference Image

	Ø
	. when the file selection dialog (pop up window) comes up

	Ø
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/

	Ø
	. choose patient: lastname_firstname

	Ø
	. press Filter

	Ø
	. in the Files window (on the right hand side):

	Ø
	. choose: lastname_firstname/. (default)

	128lastname_firstname-t1.qhd
	Ø
	. choose: Select or Write, Images or Files

	Ø
	. choose Finish Selection


	3. if MRI has not been oriented properly and it is upside down
	. On the main menu bar choose: Analysis
	Ø
	. choose: Reverse Slice Order in Reference

	Ø
	. MRI will turn right side up.


	4. To read in the ictal volume:
	. on the main menu bar choose: File Selection
	Ø
	. choose: Import

	Ø
	. choose: Target Image

	Ø
	. when the file selection dialog (pop up window) comes up
	. choose: Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal

	Ø
	. choose lastname_firstname Æ filter

	Ø
	. under Files choose original ictal image
	- lastname_firstname_ictal_ADAC id#_img.qhd



	5. choose landmarks on Reference (MRI) and Target (ictal) volumes
	6. to save landmarks for the reference volume:
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Reference Landmarks

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- 128lastname_firstname-t1.landmarks


	or
	- 128lastname_firstname-t1_rev.landmarks (if the MRI had been reversed)
	. change the name that appears in the pathname box to a NEW name:
	- 128lastname_firstname-t1_(rev)_ref.landmarks
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	7. to save landmarks for the target volume:
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Target Landmarks

	Ø
	. when the file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-ictal_ADAC#_img.landmarks

	. change the name that appears in the pathname box to a NEW name:
	- lastname_firstname_ictal_ADAC#_img_MRI.landmarks
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	8. To Warp Images
	. in Registration Type: (bottom middle)
	Ø
	. under Select Transform
	. choose First Order Warp


	9. To Check How Accurate The Landmarks Were
	. in the Warped Volume window
	. click on landmarks list
	Ø
	. A list of landmarks comes up and the statistics show error in mm.
	- it should be <10 mm.
	. to check landmarks chosen using overlay...



	Ø
	. on the main menu bar choose: Display

	Ø
	. choose: Display Warped + Reference Overlay

	Ø
	- Reference image changes to overlay... see the difference

	Ø
	- Using the left mouse slide across overlay image (scroll through the ENTIRE image - front to back, top to bottom) and make sure...

	Ø
	- *The Sagittal view often gives a good idea of how well matched the images are; if they are matched correctly, the warped image...
	. To delete any landmark which is too high...


	Ø
	. on the main menu bar choose: Display

	Ø
	. choose: Display Target/Reference

	Ø
	- In Target Volume window, open landmarks list

	Ø
	- to delete any landmarks, begin at bottom of list

	Ø
	- click on the landmark that is to be deleted

	Ø
	- choose: Delete both

	Ø
	- it is also possible to move a landmark

	Ø
	- click on the landmark that is to be moved

	Ø
	- choose: Move Selected

	Ø
	. go to Registration Type

	Ø
	. choose: First Order Warp

	Ø
	. the target image changes to Warped.
	. after making these changes (move, delete) landmarks, the landmarks must be saved again
	. first re-save the MRI landmarks
	. on the main menu bar choose: File Selection


	Ø
	. choose: Export

	Ø
	. choose: Reference Landmarks

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- 128lastname_firstname-t1_(rev)_ref.landmarks

	. change the name that appears in the pathname box to a NEW name if desired:
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose overwrite (if a new filename has not been chosen)

	Ø
	. choose Finish Selection

	Ø
	. then re-save the ictal landmarks
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Target Landmarks

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-ictal_ADAC#_img_MRI.landmarks

	. change the name that appears in the pathname box to a NEW name if desired:
	- *no matter what name is chosen, NEVER change the “.landmarks” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose overwrite (if a new filename has not been chosen)

	Ø
	. choose Finish Selection


	10. Save the Warped images
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Warped Qsh File

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-ictal_ADAC#_img_warped.qhd

	. change the name that appears in the pathname box to a NEW name if desired:
	- *no matter what name is chosen, NEVER change the “.qhd” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose overwrite (if necessary)

	Ø
	. choose Finish Selection


	Fuse the Interictal Brain SPECT to the MRI scan
	1. using the console window (if necessary):
	. type run
	. press the “Help” button to obtain the user guide

	2. read in the MRI and interictal warped volumes:
	Ø
	. On the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Reference Image
	. when the file selection dialog (pop up window) comes up


	Ø
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/
	. Øchoose patient: lastname_firstname


	Ø
	. press Filter
	. in the Files window (on the right hand side):
	. choose: lastname_firstname/. (default)

	128lastname_firstname-t1(_rev).qhd
	or
	lastname_firstname-inter-ADAC id#_img_final_warp.qhd
	Ø
	. choose: Select or Write, Images or Files

	Ø
	. choose Finish Selection


	3. read in the landmarks for the MRI volume:
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Reference Landmarks

	Ø
	. when the file selection dialog (pop up window) comes up
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/

	Ø
	. under Files select

	Ø
	. 128lastname_firstname_t1_(rev)_ref.landmarks

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	4. read in the landmarks for the target volume:
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Target Landmarks

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/

	Ø
	. under Files select:

	Ø
	. lastname_firstname_ictal_ADAC#_img_MRI.landmarks

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	5. To Warp Images
	. in Registration Type: (bottom middle)
	Ø
	. under Select Transform
	. choose First Order Warp


	6. Save the Warped images
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Warped Qsh File

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-inter_ADAC#_img_final_warp_warped.qhd

	. change the name that appears in the pathname box to a NEW name:
	- lastname_firstname-inter_ADAC#_img_final_warp_MRI.qhd
	- *no matter what name is chosen, NEVER change the “.qhd” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose overwrite (if necessary)

	Ø
	. choose Finish Selection


	Fuse the 2SD foci Brain SPECT with the MRI scan
	1. using the console window (if necessary):
	. type run
	. press the “Help” button to obtain the user guide

	2. read in the MRI and interictal warped volumes:
	Ø
	. On the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Reference Image
	. when the file selection dialog (pop up window) comes up


	Ø
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/
	. Øchoose patient: lastname_firstname


	Ø
	. press Filter
	. in the Files window (on the right hand side):
	. choose: lastname_firstname/. (default)

	128lastname_firstname-t1(_rev).qhd
	or
	lastname_firstname-inter-ADAC id#_img_final_warp_sub_2SD.qhd
	Ø
	. choose: Select or Write, Images or Files

	Ø
	. choose Finish Selection


	3. read in the landmarks for the MRI volume:
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Reference Landmarks

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/

	Ø
	. under Files select

	Ø
	. 128lastname_firstname_t1_(rev)_ref.landmarks

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	4. read in the landmarks for the target volume:
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Target Landmarks

	Ø
	. when the file selection dialog (pop up window) comes up
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/

	Ø
	. under Files select:

	Ø
	. lastname_firstname_ictal_ADAC#_img_MRI.landmarks

	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	5. To Warp Images
	. in Registration Type: (bottom middle)
	Ø
	. under Select Transform
	. choose First Order Warp


	6. Save the Warped images
	Ø
	. on the main menu bar choose: File Selection

	Ø
	. choose: Export

	Ø
	. choose: Warped Qsh File

	Ø
	. when file selection dialog (pop up window) comes up
	. under Select Directory For Writing

	Ø
	. choose: /n/nucmed24/vb0/ictal/dx

	Ø
	. Pathname for writing files appears as:
	- lastname_firstname-inter_ADAC#_img_fianl_warp_sub_2SD_warped.qhd

	. change the name that appears in the pathname box to a NEW name:
	- lastname_firstname-inter_ADAC#_img_final_warp_sub_2SD_MRI.qhd
	- *no matter what name is chosen, NEVER change the “.qhd” at the end!


	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Select or Write, Images or Files

	Øon the main menu bar choose:
	. choose overwrite (if necessary)

	Ø
	. choose Finish Selection


	7. To view the hot foci fused with the MRI volume
	Ø
	. on the main menu bar choose: Display

	Ø
	. choose: Display Warped and Reference Overlay

	Ø
	. the hot foci slices will be shown superimposed on the MRI slices


	Examples of MRI anatomical sites:
	Figure 1: Slice 12 (out of 53) from bottom, shows the medulla and the beginning of the vertebral artery.
	Figure 2: Slice 21, (out of 53) now shows that as the slice number goes up, the brain displays more sections.
	Figure 3: Slice 31 (out of 53) a good view of the middle section of the brain, with different labels.
	Figure 4: Slice 35 (out of 53) the shows the corpus callosum disappearing as the brain goes higher up.
	To Show the Physician and to Photograph

	1. using the console window:
	. if Analyze was used to generate the “hot foci” image, run “at2d.perl directory_where_the_Analyze_images_are_ (usually just the...
	. if necessary, type run
	. press the “Help” button to obtain the user guide

	2. read in the ictal as both the reference and target volumes:
	Ø
	. On the main menu bar choose: File Selection

	Ø
	. choose: Import

	Ø
	. choose: Reference Image
	. when the file selection dialog (pop up window) comes up


	Ø
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/
	. Øchoose patient: lastname_firstname


	Ø
	. press Filter
	. in the Files window (on the right hand side):
	. choose: lastname_firstname/. (default)

	lastname_firstname-ictal-ADAC id#_img.qhd
	Ø
	. choose: Select or Write, Images or Files

	Ø
	. choose Finish Selection


	3. Read in Hot Foci (final_warp_2sd image) as the imported warped volume:
	Ø
	. in Registration Type: (bottom middle)

	Ø
	. under Select Transform

	Ø
	. Sometimes a message will appear that will read...

	Do you want to read in a new warped file?
	YES
	. when the file selection dialog (pop up window) comes up
	. under Select Directory To Find Images

	Ø
	. choose: /n/nucmed24/vb0/ictal/

	Ø
	. under Files select

	Ø
	lastname_firstname_ADAC id#_img_final_warp_sub_2sd.qhd
	Ø
	. choose Select or Write, Images or Files

	Ø
	. choose Finish Selection


	4. Make a composite image showing the ictal slices merged with the hot foci:
	Ø
	. On the main menu bar choose: Analysis

	Ø
	. choose: Make Composite Multislice Display

	Ø
	. a menu appears with some instructions - enter the first and last slice to be included in the composite display

	Ø
	. enter the first and last slice (not more than 36 slices) and either press “Enter” or click on “Do It” with the mouse

	Ø
	. a separate window appears with the chosen set of axial slices (rounded to the nearest square) from the warped and reference volumes superimposed in their respective colorscales.

	Ø
	. The blend ratio can be changed by moving the mouse back and forth horizontally in the window.

	Ø
	. when the blend ratio is satisfactory, save the window with the merged slices by using “xv” as described below

	Ø
	. this process may be repeated until all the slices with hot foci have been blended

	Ø

	To Save the composite slice merge window using xv
	Ø
	. On the main menu bar choose: File Selection
	. choose: Save/Print Image

	Ø
	. choose: Save Image - Use XV

	Ø
	Ø
	. the xv 3.10a window comes up... move it away from the portion of the screen that is to be capturedØ
	. In xv 3.10a window - Click inside the window using Right Mouse button

	Ø
	. xv controls window comes up... move it away

	Ø
	. choose: Grab (left button)

	Ø
	. another window comes up - choose: Grab (left button)

	Ø
	. grab picture using the middle button

	Ø
	. the xv3.10a window changes: it now shows all the images to be captured

	Ø
	. Adjust color scale in order to make the hot foci brighter on a combined brain image


	To Annotate Film
	1. in the xv 3.10a window
	Ø
	. use middle mouse button and click on the yellow color inside brain image

	Ø

	2. in xv controls window
	Ø
	. use left mouse button and click on A

	Ø

	3. in xv prompt window fill in information needed on film
	. last name, first name date ______ slice # _______ (of ictal scan)
	Ø
	. click on OK

	Ø
	. when blinking box shows up, use left mouse button to move box to the bottom of window. Grab inside the blinking box.

	Ø
	. use the left mouse button... grab the right corner of blinking box and pull to resize box.

	Ø
	. use the left mouse button to grab the middle of the blinking box and move it to its proper location.

	Ø
	. go to xv controls window and click on paste icon the annotation appears inside the blinking box

	Ø
	. double click outside the blinking box to set it permanently on position

	Ø

	4. In xv controls window
	Ø
	. press Save

	Ø
	. in the xv save window, go to the Format button and choose Sun Rasterfile

	Ø
	. in xv Save window, in the Save file box, type in a name such as: lastname1.ras

	Ø
	. press OK


	To Print On Transparency
	Ø
	. move the picture away to get to bottom panel

	Ø
	. click on xterm icon or use the console window

	Ø
	. put transparency in tray

	Ø
	. In console or xterm window type: ls *.ras to find the saved images
	. then type: lp -dcodonics lastname1.ras
	. this will print the saved file on the codonics printer

	To Match MRI Images Using the Analyze SISCOM Method

	To load the MRI volume
	1. in Analyze window
	Ø
	. choose File

	Ø
	. choose Load As

	Ø
	. In Load As window

	Ø
	. choose File

	Ø
	- the directory comes up

	Ø
	- use slider to find MRI image

	Ø
	- 128lastname_firstname_t1_hdr

	Ø
	- choose open

	Ø
	- a message comes up

	Ø
	- Calculate

	Ø
	- this calculates maximum + minimum pixel values


	2. to change the slice thickness (z value) of the MRI,
	. in the Load As window
	Ø
	. Choose Resize
	voxel
	1.875
	1.875
	1.875



	Output
	voxel
	1.875
	1.875
	1.875
	Ø
	. To Proceed, click on Force cubic on

	Ø
	. choose Load

	Ø
	- an icon appears in Analyze window

	Ø
	3. to save this choose File
	Ø
	. choose Save As

	Ø
	. 128lastname_firstname_t1


	To apply the inhomogeneity correction
	Ø

	1. In Analyze window
	Ø
	. select the MRI image

	Ø
	. choose Process from the top menu bar

	Ø
	. choose Filters

	Ø
	. choose Spatial

	Ø
	. in Spacial Filters window

	Ø
	. choose Generate

	Ø
	. choose Filters

	Ø
	. choose Inhom Correct

	Ø
	. choose Window Size = 75

	Ø
	. choose Threshold = minimum 10

	Ø
	. choose Filter

	Ø
	. choose Change a copy of the loaded volume

	Ø
	. choose Done
	. a new icon appears in Analyze window with the name


	Ø
	. 128lastname_firstname_MRI O

	Ø
	. Select this file and right click with the mouse

	Ø
	. in the background menu

	Ø
	. choose Rename

	Ø
	. 128lastname_firstname_MRI_INHCOR

	Ø
	. Save this file
	. choose File

	Ø
	. choose Save


	To segment the whole brain from the MRI volume
	1. In Analyze Window
	Ø
	. Select MRI_INHCOR image

	Ø
	. on the main menu bar choose Process

	Ø
	. choose Segment

	Ø
	. choose Object Extractor

	Ø
	. in the Object Extractor window

	Ø
	. choose View

	Ø
	. choose Intensities

	Ø
	. Change Window Maximum to 100

	Ø
	. this brightens MRI image

	Ø
	. choose Done
	. in the Object Extractor window


	Ø
	. choose Generate

	Ø
	. choose Define Region

	Ø
	. in the Define Region window

	Ø
	. using slider choose a good MRI slice

	Ø
	. Click on Define Region

	Ø
	- in displayed image, pick a spot in the white matter,
	- place a seed paint, click on area chosen...

	Ø
	- A Threshold max/min slider appears

	Ø
	- move slider so that red outline surrounds brain without entering bifurcations of the brain

	Ø
	- Minimum 51
	- Maximum 100

	Ø
	. Click on Extract Object

	Ø
	. in the Extract Object window

	Ø
	. choose Generate

	Ø
	. under Extract Options

	Ø
	. set the following options:

	Ø
	- Fill holes: On
	- Final Connect: Off (default)
	- Result: Binary

	Ø
	. set Output File name to:

	Ø
	- 128lastname_firstname_MRI_Brain_Bin






