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The PMOD pixel -wise modeling tool (PXMOD) is aimed at the quantitative analysis of 

function al studies, mainly with Positron Emission Tomography (PET) or Single Photon 

Emission Tomography (SPECT). Such studies typically result in a sequence of images which 

monitor the uptake and distribution of an injected tracer over time. The image pixel values  

represent the average tracer activity concentration (TAC) in tissue throughout the 

acquisition.  

The PXMOD tool provides a set of models which can be applied to each pixel-wise TAC. 

When a suitable model is chosen, the resulting model parameters quantify a physiologic 

process such as perfusion or glucose consumption, or a quantity such as the receptor binding 

potential. Functional maps are created by assembling images from the result parameter 

values in the individual pixels.        

Starting the Pixel -wise Modeling Tool  

The pixel-wise modeling tool is started with the PXMod button from the PMOD ToolBox  

 

or by directly dragging an image file onto the above button.  

Pixel -wise Kinetic Modeling Tool (PXMOD)  
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The PXMOD user interface is organized as shown below after a data set has been processed 

using the Vt (3 Calc. Methods)  model. Note the workspace tabs which allow to work on 

multiple data sets in parallel. To the right there is a taskbar available providing shortcuts to 

important functionality.  

 

Step-by-Step Processing 

PXMOD data processing is based on a step-by-step approach, whereby each step is 

performed on a separate pane. Once a processing step has been performed, the user moves 

to the next step using a red action button located in the lower right workspace corner. To go 

back to a previous step, one of the prior panes can be selected by its tab. If the tasks for all 

steps have been configured appropriately, the button  in the taskbar can be used for an 

complete re-processing.  

In contrast to earlier versions of PXMOD the use of transient data data is not supported any 

longer. Rather, information pieces created during the processing session such as masks or 

volumes-of-interest (VOIs) need to be saved before they can be applied. Therefore, at the end 

of a processing session, it is always possible to save the whole processing configuration into 

a protocol file. The protocol allows to exactly recall all dat a processing elements for 

examination, or to repeat a processing with some changes.  

Taskbar 

The elements in the taskbar have the following functionality which is always directed to the 

currently selected workspace: 
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Load input image data. The arrow below the load button is used for switching 

among the available image formats.  

 

 

Save all parametric maps. The arrow below the load button is used for switching 

among the image formats which can be used for saving.  

 Close all input and result images of the selected workspace.  

 Save the processing session of the selected workspace as a PXMOD protocol file. 

 Load a PXMOD protocol file (aka configuration settings file) to restore a prior 

processing session. 

 Open the batch mode facility.  

 Send the blood data and all TACs used in preprocessing to the general kinetic 

modeling t ool PKIN (Option).  

 

 

Switch to the previous/next model configuration in the models list. The list order 

can be changed in the users configuration facility. 

 Show a short help information for the currently selected model.  

 Open a dialog window with the configuration of all processing steps.  

 If this box is checked, the pixel-wise processing is restricted to the slice currently 

shown on the Image Data  page. 

 With this button, all intermediate data in the workspace ar e cleared, and then all 

processing steps including data loading performed using the current configuration.  

The following sections describe how data is step-wise processed. The models themselves are 

explained in a separate section (on page 35). 
 

Menu Entries  

The PXMOD Menu contains the following functions.  

 

The New workspace  entry allows adding a new page to the user interface for processing 

another data set without overwriting the existing data, or for processing the same data with 

some modifications. The latter is very easy because the configuration of the current 

workspace is inherited when creating a new workspace.  
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If a workspace is not used any more, it can be removed by the Close workspace  entry. 

The File entry allows loading the different files required for a processing, and saving the 

results. By loading a data set, the data definition in the related configuration page is 

updated.  

Batch Mode  can be used for processing a series of prepared protocol files which may take 

significant computation time as described below  (on page 34). 

Print Report  shows a report page as illustrated below which can be annotated, saved and 

printed.  

 

Model  provides the list of available models. Selecting a model will change the configuration 

of the currently selected workspace.  

Save Model Settings  and Retrieve Model S ettings  as well as the Settings  items the are used 

to work with protocol files as described separately (on page 32). 

Finally, the License ID  is used for displaying license information, and Quit  to close PXMOD. 
 

PXMOD Tool Configuration  

Layout and Appearance  

The default appearance of the PXMOD tool can be changed using the 

Menu/Settings/Modify  entry or the configuration button in the status line.  
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The appearing dialog window has several tabs. The first tabs are identical with the 

configurations for data processing described below  (on page 33). The additional Display  

panel is ill ustrated below and serves for the configuration of the user interface layout and 

behavior.    

 

The Paths section may also be helpful. In particular, it is possible to modify the default 

suffixes of the diffe rent types of data which are used for filtering so that they match the 

convention used by the local site.  

 

Availability and Ordering of the PXMOD Models  

Each user of a PMOD installation may have a different sub-set of PXMOD models, and a 

customized order of the model list. This helps making the tool easier to use for dedicated 

purposes.  

To configure the models list select the 

 

button in the PMOD ToolBox.  

In the appearing dialog window first select the appropriate user from the list (eg. user 1), 

and then activate the PXMOD models  tab. The models which are currently available to the 
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user in PXMOD are shown as a sorted list with the model name in bold and the j ava class 

name in brackets. Use the ? button to show a quick information about the selected model.  

To change the list position of a model select it and then move it using the arrow buttons to 

the right. Remove deletes the selected model from the list. To bring a removed model back 

to the list use the Add new  button and select it in the appearing dialog window.  

 
 

Example Data 

Example data for practicing the use of the PXMOD tool are contained in the initial example 

database Pmod which can be selected as an option during the installation. Besides the actual 

data files there are various settings files (*.defpmod) which contain fully configured analysis 

sessions.  

To run a prepared data example start PXMOD, select the entry Load Model Settings  from 

the Menu . In the appearing Pmod database dialog window a list of protocol files is shown. 

Select an entry, and Retrieve . Note how the all the PXMOD configuration elements are 

adjusted. Finally, use the  button to perform all processing steps at once. 

Note the section related to PXMOD in the PMOD Workbook . It provides step-by-step data 

processing examples based on the Pmod database so that they can easily be repeated by new 

users. This practical work is highly recommended and complementary to the detailed 

description of the PXMOD functionality in the following sections.  
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Processing Overview  

The processing of a data set in PXMOD consists of the following steps which are performed 

interactively:  

Model selection  

The first step of a pixel-wise processing is to select an adequate model 

from the model list. As a consequence, the user-interface elements are 

configured according to the model requirements.  

Image data 

loading  

As a next step the image data is defined and then loaded. During 

loading, image transformations such as smoothing may be applied.  

Image masking  

Opt ionally, a mask can be created interactively to restrict pixel -wise 

processing to the area of interest. Masking mainly serves for removing 

background pixels which might result in disturbing outliers. The 

created mask needs to be saved and is automatically added to the 

protocol definition.  

VOI definition  

Often, dedicated time-activity curves (TACs) are required for the 

preprocessing and/or the pixel -wise processing. In this case there is an 

optional step for outlining appropriate tissue VOIs interactively. The 

resulting VOI definitions or the related TACs need to be saved and are 

automatically added to the protocol definition.  

Blood 

preprocessing  

As a next step the tracer activity in arterial plasma (the input curve) is 

selected and loaded. It may require some corrections, for example to 

compensate for a delayed arrival and a dispersed shape at the site of 

activity measurement. For some models the whole-blood activity can 

also be supplied for blood spillover correction.  

The result of blood preprocessing is shown on a separate pane. For all 

subsequent processing steps the corrected blood curve is used.  

Note: Blood data is not required for reference models and some other 

models. In this case the blood-related panels are not active. 

Model 

preprocessing  

Depending on the model some preliminary calculations may be 

required, for example lookup tables or the derivation of initial 

parameters for the pixel-wise fits. These calculations are typically 

based on the TACs obtained in the VOI definition step. Usually the 

preprocessing results should be inspected to see that the model works 

properly with the prepared configuration. Therefore the results are 

shown on a separate panel. 

Chapter 1 

PXMOD Data Processing 
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Pixel -wise 

processing 

Once the preprocessing was successful, the user can specify which of 

the parametric maps are to be calculated, and whether they should be 

restricted to a certain (physiological) value range. For the rapid 

processing during a prototyping phase, e.g. for determining the 

adequate table lookup range range, the pixel-wise calculations can be 

limited to the current slice.  

Results 

explorations  

The results may be explored in many different ways such as: 

8 Comparison of the different maps in the included fusion tool.  

8 Pixel-wise arithmetics among the maps in the included fusion tool.  

8 Comparison of the pixel -wise outcome with results when 

analyzing the TACs interactively in the kinetic modeling tool 

(PKIN, optional tool).  

Saving of the 

parametric 

maps 

Each fitted model parameter results in a separate functional map. 

These quantitative images can be saved in any of the different formats 

available. 

Saving of the 

protocol  

PXMOD only uses explicit information for the calculation. Therefore, 

at the end of a processing, a protocol file can be saved which will 

allow to exactly reproduce the pr ocessing.   

Working Mode using Initial Configuration  

A suitable initial configuration can be used as an alternative to the step-wise processing 

outlined above. In this case all required data elements are specified beforehand with the  

button from the taskbar, and then all processing steps executed with . This, however, is 

only possible if all the elements such as the VOIs are already existing. Therefore it is better 

applicable for repeateing a processing with slightly changed parameters based on a protocol, 

rather than to the processing of a new data set. 

How To Continue  

There following sections describe the sequence of steps required for processing a data set. 

In This Chapter  

Model Selection ................................................................................................ 11 

Image Data Loading ......................................................................................... 11 

Image Masking ................................................................................................. 13 

VOI Definition  .................................................................................................. 16 

Model Processing ............................................................................................. 20 

Result Maps ....................................................................................................... 28 

Map Comparison  .............................................................................................. 30 

Interface to Kinetic  Modeling (separate Option)  ......................................... 31 

Using Protocol Files ......................................................................................... 32 

Global Settings Modification  .......................................................................... 33 

Batch Processing ............................................................................................... 34 
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Model Selection  

For processing a new data set it is recommended to start with an empty workspace. Either, 

one of the existing workspaces is cleared with the  button, or a new workspace is created 

with the  button of a workspace tab. In this case, all configurations of the currently active 

workspace will be copied.  

As the first thing an adequate model should be selected from the Menu/Model  or from the 

option list in the workspace tab.  

 

The reason is that the different user interface elements such as the TACs to be defined are 

adjusted to fit the requirements of the model.  

How To Continue  

After the model selection, the actual data processing can start with image loading described 

below. 

 
 

Image Data Loading 

The image data can be directly loaded using the  button from the taskbar. In this case the 

selected data set and how it was loaded (including any data transformations) is reflected in 

the data configuration.  

The alternative is defining and loading the images in two steps using the corresponding 

elements on the Image Data  page. 

 

This procedure is described below. 
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Input Data Settings  

The first step consists of defining the image data set with the Input Data Setting  button. It 

opens a window which allows switchi ng between the different data formats and selecting 

one or multiple image series, depending on the model. The lower part of the window serves 

for the specification of data transformations during loading.   

 

It is the standard image loading dialog which changes according to the format of the image 

data. When the FRAMES or the SLICES boxes are checked, image loading can be restricted 

to a sub-range using the corresponding Select buttons. In the lower part of th e dialog 

window, image processing options can be specified which will be applied during loading.  

It is very important that the acquisition timing is correct when loading dynamic series. For 

formats which have this information defined in the file (such as D ICOM) the Times  box does 

not become active. Otherwise, the user needs to activate the Edit Time  button. A dialog 

window is then shown in which the frame START  and END  times can be modified. 

 

Notes:  

1. The data loader always retains the definition of the last successful loading operation. This 
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is important when working with data formats which do not include time and unit 

information, or if image processing options have been applied such as smoothing. 

2. The fastest way to reset all operations is using the Reset loading parameters  button.  

3. Image data without timing information should be avoided in PXMOD. In such cases it is 

recommended to convert the data to a format with full timing support and proper frame  

times. Wrong timing will in many cases produce erroneous results.  

Data Loading 

A description of the selected image is shown in the text field underneath the Input Data 

Setting  button. The actual image loading is finally performed with the red Load button.  

The advantage of this organization is that the data configuration can be maintained between 

sessions, when creating new workspaces, and when switching models. 

 

How To Continue  

There are two ways to continue. If you do not want to create a mask or outline VOIs then use 

the Modeling  button to proceed to the Modeling  page. Otherwise select the Masking  

button.  
 

Image Masking 

Initially the Masking  page appears with the loaded images in the left display area.  
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Averaging Frames 

To obtain an appropriate data set for masking it is recommended to average the dynamic 

frames within an appropriate range. The range can be specified by the From and To 

numbers or using the slider handles. When the Average button is activated, the average 

uptake in the specified frame range is calculated and the result image shown on the 

Averaged  sub-pane. 

Segmentation for Creating a Mask  

The next step consists of generating segments which represent tissues of interest. The 

segments can then be combined into a single mask. Segmentation can be performed on the 

Averaged  images, but also on the dynamic Input  series, depending on which tab is selected. 

The Histogram  of the pixel  values is updated according to the selected images. 

It is recommended to change the color table to Gray , and to enable the Overlay . Then, select 

one of the segmentation methods (described below) to specify an inclusion criterion. The 

pixels which satisfy the criterion are colored in red in the image overlay. Note that overlay 

updating might be slow when changing a segmentation parameter, depending on the 

segmentation method. Run Segmentation  performs the actual segmentation and shows the 

result in the Curr ent tab to the right. While standard segmentations create binary images 

with 0 (background) and 1 (segment) pixel values, there are clustering approaches which 

generate multiple segments in a single calculation. These segments are distinguished by 

increasing integer pixel values. Each Run Segmentation  activation overrides the previous 

contents in Current . 
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Multiple segments can be combined into a mask. To prepare such a combination, copy 

promising segments to the Combined  tab using the Set button to the right of SAVE MASK . 

As soon as the first segment has been copied, the button's name changes to Append . By 

repeated Run Segmentation and Append  operations a list of segments can be built up in the 

Segments pane as illustrated below.  

 

The No  entry in the Segments list indicates the number by which a segment is identified in 

the Combined  image, Name provides some descriptive information, Volume its physical 

volume, and Method  identifies the applied segmentation method. Multiple segments in the 

list can be selected and transformed into a single segment by the Merge  button. Hereby, the 

initially distinct values are replaced by a common value, and the original list entr ies deleted.  
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Saving the Mask for Model Processing  

In order to use a generated segment image as a mask in model processing it must be saved 

as a file and configured. Saving can be performed using the Save MASK  button in any of the 

supported image formats. Note that automatically the mask configuration button switches 

from No Masking  to Mask by File , and the saved file is configured.  

If a mask file already exists, the interactions described above are not necessary and it can be 

simply configured with the Set File  button. The  button next to Set File can be used to 

load the specified mask and show it in the Combined  pane.  

The Save MASK  function can be applied on the Current  or on the Combined  panes. The 

corresponding image are saved as a mask.  

Note that the saved mask is not binary in the case of multiple segments, so that the segments 

can be recovered. However, during the pixel -wise calculation only the non -zero mask pixels 

will be processed, while the other pixels are blanked. 

How To Continue  

There are two ways to continue. If you do not want to outline VOIs then use the Modeling  

button to proceed to the Modeling  page. Otherwise first configure the image on which the 

VOIs should be outlined ( Current Segment , Combined Segments , Input Image Data , 

Averaged Input ), and then select the TACs  button.  
 

VOI Definition  

The VOIs (TACs)  page supports two processing steps and therefore has two sub-pages 

VOIs  and TACs . VOIs  serves for the actual VOI outlining, while TACs  allows saving either 

the VOIs or their corresponding TACs.  
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VOI Definition  

Initially, VOIs (TACs)  shows the VOIs  page with the images selected in the Masking  step, 

as well as a list of VOIs. These VOIs correspond to the activity curves required in the 

Modeling  part. Therefore the list may show blood -related and tissue-related VOIs. In the 

example below one blood curve and one tissue TAC is required. The blood-related VOI 

could be used for specifying an image-derived i nput curve, but is most often disregarded. 

Rather, a processed blood curve will typically be imported in a later panel. For reference 

models, two tissue VOIs representing target and reference tissue are typically listed. 

 

Interactive VOI Outlining  

Initially all VOI definitions are empty. If no file containing suitable VOIs exists, contour 

VOIs can be outlined in a standard manner as described in the corresponding section of the 

PMOD Base Functionality  guide. Briefly:  

1) Navigate to a proper slice and adjust the color contrast. 

2) Double-click at the VOI to be outlined in the VOIs  list to select it. 

3) Select one of the VOI definition tools. 

4) Outline a contour in the axial slice. Add a new contour in the same slice with the New 

CNTR  button, or scroll to the next slice and outline a new contour.  

Repeat this procedure for all required VOIs.  
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Using Existing VOIs 

If there exists already a file with suitable VOI definitions, they can be loaded with the 

Append button from the l oading section. 

 

As a result, the VOIs are added to the list and shown in the image as illustrated below. 

 

Now, all functions of outline VOIs are available. F or instance, the two striatal regions 

Striatum re  and Striatum li  can be merged on the Group tab to form a Striatum  VOI which 

will then be used for TAC1.  

How To Continue  

As the aim of entering VOIs (TACs)  was to outline VOIs, there is only one way to conti nue 

with the Prepare TACs button for saving the work.  
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VOIs or TACs Saving 

The TACs  page shows in the upper left part the list of modeling VOIs, and in the lower part 

their currently assigned TACs. Use the from VOI  list to show th e list of all defined (not 

empty) VOIs and change the assignment. In the example below only TAC1 is relevant, and it 

is assigned the merged Striatum  VOI.  

 

Saving the VOI Information  

As of now the assigned VOIs and the corresponding TACs are only transient. For use in 

modeling a "save" operation has to be performed for each of the relevant VOIs. There are 

two saving possibilities:  

 With this button the outline VOI definition can be saved in the database 

or as a file. The corresponding TAC will be calculated again each time it 

is required for the Modeling .  

 With this button the activity curve can be saved in the database or as a 

disk file. In this case, no recalculation will be required, so that 

processing might be faster. On the other hand, without the VOI 

definition, it will not be possible any more to recover the exact image 

pixels which produced the saved TAC.  

As soon as either of the saving functions has completed, the saved file is entered 

correspondingly into the Modeling configuration. This approach has the advantage, that no 

transient information is used, so that the processing can be exactly repeated.  
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How To Continue  

All preparations have been completed, so that Prepare Model  can be activated for 

proceeding to Modeling . 
 

Model Processing 

Model processing consists of several steps which depend on the selected model. Basically, 

two d ifferent model types can be distinguished.  

1) Models using blood data consist of a Blood Preprocessing  step with some Results, and 

then a Model Preprocessing  step with Results. 

 

2) Reference models do not use blood data. Accordingly, they only require a Model 

Preprocessing step with Results. 

 

 
 

Blood Preprocessing  

In the case of a model with blood data the Modeling page starts with the Blood 

Preprocessing pane open. The window contents depends on the selected model and is 

documented for every model. A typical example is shown below.  

 

The Blood data  must always be specified. There are four blood definition methods which 

can be selected from the list: FILE, THRESHOLD , VOI , or TAC(DB) . 

External Files  

Initially, FILE will be selected to load the blood data from an externally prepared text file. In 

this case, a file must be specified which contains the blood data (usually the activity of the 

unchanged tracer in arterial plasma) as well as a descriptive header line as follows: 

sample-time[time_unit]  value[value_unit]  

0.0 0.0 

6.0 0.01 
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12.0 0.02999 

... ... 

Valid time units are seconds, minutes and hours , and value activity units are kBq/cc, 

MBq/cc , and uCi/cc. For FILE type data there appear also selections for specifying the units 

which are applied if no unit information is found in the file.  

 

Adequate blood files can easily be prepared in text editors, or with MS Excel and saving as a 

tab delimited text file, such as 

 

Note: The header line is required  - otherwise the values in the first line will be s kipped. If 

valid units are found in the file header they are used to convert the data into the internal 

representation [sec] and [kBq/cc]. If there are no valid units in the header line the import 

procedure uses the units configured in the configuration li sts. 

Blood Files in the Database  

If the blood data is contained in a database, TAC(DB)  is used to select the data. The 

organization of the data in the file is identical to that used for FILE. In the case of TAC(DB) 

it is assumed that the correct data units are contained in the file header. 

Note that it is easy to store curve data appearing anywhere in PMOD to the database by 

using the  button in the curve control area:  

 

A database save dialog will open. It is recommended to attach the blood data to the PET 

studies. To this end select the Attach to Patient (Serie) button , and select the PET image 

series. Then define a name for the blood data in the Enter name field, and complete with 

Save.    

 

Blood Activity from a VOI  

The VOI  blood type is intended for image -derived input curves. If it is selected, a VOI must 

be defined. This VOI is applied to the dynamic study dur ing loading and the calculated TAC 

is used as the blood time-activity curve. This option is probably most useful for cardiac 

studies. 
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Blood from a Threshold  

If THRESHOLD  is selected, a % threshold can be entered. All pixels above the threshold 

relative to the maximal value in the file will be considered as blood signal.  

Decay Correction  

If the Correct radioactive decay of blood data  box is checked, the appropriate isotope 

should be selected from the isotopes list. 

  

Important Note : For the decay correction it is assumed that the timing of the blood and 

image data have been synchronized. Because the image data are usually decay corrected to 

the start of the first acquisition, blood time zero must correspond to the scan start time, and 

decay correction is performed relative to time zero.  

Results to be Shown  

If the Display Original blood data  and the Display Corrected blood data  boxes are 

checked, the respective blood curves are shown on the Result page. Some of the checks are 

set by the model. They are mandatory, hence the [M]  indication, whereas [O]  boxes indicate 

options. 

How To Continue  

Once the configurations are completed the blood data can be loaded and preprocessed with 

the Preprocess Blood button.  
 



 

 PXMOD Data Processing  23 

 

Blood Preprocessing Results  

The next tab shows the blood preprocessing Results. In most of the cases, the correction of 

the blood data will be performed outside of PXMOD, for instance in PKIN. Correspondingly, 

the Original blood data and the Corrected blood data  are typically identical as in the 

example below. 
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The models for H 215O are very sensitive to the delay and dispersion of the input curve and 

therefore include corresponding corrections. In this case the Results page shows much more 

information. Note that the blood curves and tissue TACs can be shown on two panels 

(Blood, TAC) as in the example above, or on a single panel as in the water example below. 

 

How To Continue  

There is nothing else to do on this page than to inspect the results. If the outcome is ok, 

proceed to the model preprocessing step with the Set Model Preprocessing Parameters 

button.  
 

Model Preprocessing  

For many of the supported models some type of preprocessing or the specification of some 

information piece is required before the actual pixel -wise calculation can be started. 

Preprocessing operations may require certain input information,  typically:  
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8 Tissue time activity curves: They serve for the calculation of initial parameters such as t*, 

or for checking that the model is working properly with the current data.  

8 Model parameters: A typical case is the Logan plot (and derived methods) whi ch 

requires the specification of the equilibration time t*. t* may be entered as a fixed value 

by removing the fit check  and entering the number. Alternatively it can be fitted using 

the specified TAC and an error criterion ( Max. Err.). In this case the fit box need to be 

checked . 

8 Input parameters : Here user input is requested. The Threshold  for instance is such an 

input parameter.  

In the Model Preprocessing  panel, the preprocessing parameters of the current model are 

listed. Typically, there are input parameters which will also be used in the pixel -wise 

calculation, as well as parameters of interest calculated during preprocessing. These are 

shown in the Macroparameters  section. The parameters of each model are described in a 

separate section (on page 35) of this document. Note the Set Defaults  button which rest ores 

the configuration typically used with the model.  

Logan Plot Example  

In the case of the Logan plot shown below the equilibration time t* must be defined from 

which on the plot is considered linear and a regression line is fitted. To determine t* the us er 

must provide a tissue time -activity curve (TAC1) to which the Logan plot will be applied 

and shown on the Result  pane. A fit or visual inspection allows specifying t*.  

 

The first mandatory box Logan plot for one region  indicates that the Logan plot must be 

performed with representative time -activity data. It uses the corrected blood curve resulting 

from the blood preprocessing step (mandatory Use corrected blood data  box). The 

information used as TAC1 must  be specified. This can be done by referencing a previously 

defined VOI as in the example above (VOI  selection), by referencing a TAC data file with the 

FILE selection, the TAC (DB)  selection, or a THRESHOLD  selection. 

The check besides t*  indicates that this parameter will be fitted during preprocessing using 

the error criterion specified in Max. Err . The Threshold  is a common input parameter in 

preprocessing which serves for background masking. All pixels with energy below the 

specified percentage of the maximal energy will be masked to zero.  
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Below the parameters is a section related to the information seen on the Result  panel of 

preprocessing. Again, some elements are M andatory, while others are Optional. For 

example, to inspect the TAC used in the Logan plot the Display TAC1  box can be checked. 

Note, however, that the axis scales differ between the TAC and the Logan plot in the Result  

curve plot.  

How To Continue  

If all required information for the selected model has been specified, start the model 

preprocessing step with the Preprocess Model  button.  
 

Model Preprocessing Results  

The Results tab shows the outcome of the model preprocessing. Again, the information 

shown is highly model -dependent, and in some cases will be entirely empty. The example 

below shows the result of fitting t* for the Logan plot with an error criterion of 10%. The 

Logan plot with the regression line is shown in the TAC curve panel, whereas the numeric 

output can be found in the Info  area. The Blood data can also be inspected using the 

corresponding tab. 

 

How To Continue  

The purpose of this tab is to provide information for the user to decide whether the 

preprocessing was successfully. If this is the not the case, please select the Model 

Preprocessing tab and adjust the configuration. Otherwise proceed to the configuration of 

the desired parametric maps with the Set Map Parameters button.  
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Maps Configuration and Cal culation  

The Maps  page lists all model parameters for which a map can be calculated. Only the maps 

with checked fit box will be created. Note that the omission of parameters will not always 

have an impact on speed, since the model calculation often results in all of the values. 

The Restrict  box allows forcing the parameters values within a physiologic value range 

limited by the Lower and Upper threshold values. 

 

Note the Set Defaults  button which restores the configuration typically used with the 

model. 

How To Continue  

After configuration of the target maps and their restrictions the actual calculation can be 

started with the Pixelwise Calculation  button. The calculation is limited to the slice 

currently shown  on the Image Data  page as long as the single slice box in the taskbar is 

checked as illustrated below. 

 

Otherwise the parametric maps of the full data volume, optionally restricted by a mask, are 

calculated and shown on the Parametric Maps  page. 

Note:  The calculation of time-consuming models has been parallelized. If the computer 

running PMOD has N>2 processors, pixel-wise processing will be distributed among N -1 

processors and the overall calculation time is proportionally reduced .  
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Result Maps 

As soon as pixel-wise calculation completes, the results are available on the Parametric 

Maps  page. Initially, it shows the map of the first fitted model parameter. If multiple 

parameters have the fit check enabled, the corresponding maps are organized as separate 

studies and can be switched using the controls in the upper right.  

 

The following actions are supported on this page:  
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8 Individual parameter values inspection: To see all the parameter values of a pixel start 

the data inspector with the  button and extend it with the >> button. Click at different 

pixels to get the numbers updated. 

8 VOI statistics: To calculate statistics use the VOI button . The VOI tool is opened with 

all parametric maps loaded so that an outlined VOI can easily be applied to the different 

maps without the need of first saving the ma ps. 

8 Maps saving: Use the Save Maps button to save the currently shown map in any of the 

supported formats. If the All  box is checked, all maps are saved in separate files. Note 

that the parameter name is added to the series description or the file name, so that the 

data meaning can be seen when loading the data. 

Output Data Settings  

This button is mainly used to specify the output data format for the batch mode. Note that 

when maps are interactively saved the existing configuration is overwritten by the for mat 

used. 

 

How To Continue  

Proceed to explore the parametric maps with the fusion tools by activating the Compare 

button.  
 



 

 PXMOD Data Pro cessing 30 

 

Map Comparison 

The Map Comparison  page is a subset of the PMOD Image Fusion tool (PFUS). Note that the 

dynamic input images as well as all maps are available and can be selected in the different 

rows by the indicated arrow button.  

 

The page supports different layouts w hich can be switched using the button in the lower 

right image corner as illustrated above.  

8 Image Algebra  supports pixel -wise arithmetic operations of two parametric maps. This 

can for instance be used to calculate the difference image of Vt assessed by distinct 

methods. 

8 Image Fusion  shows the fused image of the first and second row in the third row. An 

example application of this feature would be the overlay of a parametric map on the 

input images.  

8 Regular Display  allows inspecting three data sets in parallel. Additionally, correlation 

plots of the pixels enclosed in VOIs can easily be generated. 

8 Blank is simply for blanking the third row.  

To learn more about the functionality on this page please refer to the PMOD Image Fusion  

guide.   
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Interface to Kinetic Modeling (separate Option)  

Sending VOI TACs to PKIN  

The PXMOD tool is not aimed at interactive modeling. However, if the PKIN tool has been 

licensed, the PXMOD blood and TAC data can be easily transferred to PKIN by the  

button in the taskbar. A dialog will be opened, showing the TAC data available.  

 

Use a Send to to Kinetic Modeling button to copy the selected PXMOD information to 

PKIN. There are two variants available: the [SET] variant will overwrite the data in PKIN 

without asking for a confirmation, while the  [ADD] variant will first create a new PKIN 

workspace. If PKIN is not yet running, it is start ed and loaded with the selected data. In 

PKIN, interactive modeling can be performed using all methods, and the information gained 

can be useful for improving the configuration of the PXMOD model.  

Sending Pixel -wise TACs to PKIN  

In addition to using the V OI TACs it is also possible to send pixel-wise TACs to PKIN. To 

this end configure in the first row of the Map Comparison  page the dynamic input data, 

open and extend the data inspector window so that the pixel -wise TAC is shown when 

clicking at an image pixel.  
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Use a Send to to Kinetic Modeling button as described above to copy the selected PXMOD 

information to PKIN. Note the Append TAC data  box.  If it is checked, the TACs are added 

to the current PKIN wo rkspace, allowing to work with many pixel -wise TACs. 
 

Using Protocol Files  

The configuration of PXMOD can be saved in protocol files (with suffix .defpmod). By 

loading a protocol file the processing configuration can exactly be r estored at any later time. 

This may help when the need arises to retrospectively check the exact processing details of a 

result data set, or it may serve as a template for similar analyses with other data sets. 

Therefore it is recommended to not only save the parametric maps, but also a protocol file 

when a processing session has been successfully completed. Note that only the configuration 

of the current workspace is saved in a protocol file.  

There are two ways of saving and restoring the PXMOD configurati on: 

1) Model and data only: Menu/Save Model Settings  or  from the taskbar saves the 

current model configuration including the data definitions. Menu/Load Model Settings  

or  from the taskbar are used for restoring. 

2) Model, data and PXMOD configurations: With Menu/Settings/Save  and 

Menu/Settings/Retrieve  the configurations of the PXMOD tool are considered in 

addition to the model configuration and the data.  
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Note: When closing PXMOD, the current configuration is written to the initial settings file of 

the PXMOD user. Upon restarting PXMOD, this configuration is restored so that the user 

can continue with his most recent environment.  

 

 
 

Global Settings Modification  

Menu/Settings/Modify  or the  button open a dialog window which allows to inspect and 

modify the configuration settings very easily. As illustrated below it contains a tab for all 

processing steps steps, and each of the tabs contains the same configuration elements as the 

full processing pages.   

 

For instance, after loading a protocol file, the configurations can be inspected very quickly 

by stepping through the pages with the arrow keys at the bottom.  
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Batch Processing 

The Batch Mode  menu entry starts a utility for running a set of pre -configured processing 

tasks which have been saved as .defpmod protocol files. Initially, a dialog window appears 

for selecting the protocols. After one or several of these have been selected and Set activated, 

the actual batch dialog window appears:  

 

The list shows the tasks which are currently scheduled. The Add file(s)  button allows to add 

more entries to the list. If protocol files are selected with the Set file(s)  button, the list is first 

cleared before adding the new entries. Entries can also selectively be removed with the 

Remove button.  

The Model description  area summarizes the relevant information of the selected 

configuration entry. It shows the Model name , the Number of parameters  in the model, the 

data which will be processed, and information how the resulting maps are  saved. View/Edit 

Details  serves for checking the selected configuration more closely and changing it if 

necessary. For instance, it is important to define a reasonable output path to find the results 

and to be able to relate them to a specific processing. So if the Parameters output path  needs 

to be corrected, this can quickly be done using the View/Edit Details  button and then 

selecting the Ok button.  

When the Run button is activated, PXMOD performs one configured task after the other, 

writing out the re sults in the prescribed way. PXMOD will be blocked until the batch has 

been completed. If there is a need to stop the batch, the  button in the progress bar can be 

selected which will take effect after the next completed task. 
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While the purpose and the usage of the PXMOD tool have been described above, this section 

presents background information about the availab le models and how they are 

implemented. For each model the relevant requirements and configurations are given in an 

own sub-section. The description per model specifies the:  

8 Reference(s) according to which the model has been implemented.  

8 Required input d ata such as the image data, blood data, and time-activity curves (TACs) 

for performing preprocessing steps, or serving as a reference TAC in reference models. 

Please remember that all the input data must be calibrated to calculate meaningful 

results, and that the right timing information and data units must be provided during 

data loading.  

8 Preprocessing of the blood data to optionally correct for radioactive decay, arrival delay 

and bolus dispersion.  

8 Model -related preprocessing steps required before the actual pixel -wise calculations can 

be started. 

8 Meaning of the model parameters.  

To see how the PXMOD models should be set up it is recommended to load the prepared 

protocols from the example Pmod database, run the analysis, and inspect the different 

configuration parts.  

Note: For a full understanding of the model applicability and the results interpretation 

please refer to the cited publications.  
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List of Implement ed Models 

The following lists provides a quick overview of the implemented models. If one of the 

models does not appear in the Model list of the Menu it may have been hidden and can be 

added using the configuration  (on page 6) facility.  

Chapter 2 

PXMOD Model Reference 
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Note that outdated models from previous versions have a "Legacy" in the name. These 

models are only supported for backward compatibility.  

Models with Blood Data  

Model Name  Data 
Dynamic

? 
Blood? 

Vt (3 Calc Methods)  (on page 

39) 

Tracers without irreversible 

uptake. 
yes yes 

Vt (Logan Plot)  (on page 44) 
Tracers without irreversible 

uptake. 
yes yes 

Vt (RE-GP Analysis, Zhou)  (on 

page 47) 

Tracers without irreversible 

uptake 
yes yes 

1-Tissue (Alpert)  (on page 50) 
Tracers which allow time -

weighted integral solution.  
yes yes 

1-Tissue (Wu GRRSC) (on 

page 52) 

Tracers with 1-tissue compartment 

kinetics 
yes yes 

2-Tissue Compartments, K1/k2  

Tracer with 2-tissue compartment 

kinetics; preferably with K 1/k 2 

constant and k4=0. 

yes yes 

2-Tissue K1/k2, RR  (on page 

58) 

Tracer with 2-tissue compartment 

kinetics. Fit with Ridge -Regression 
yes yes 

Receptor Reference Models  

Model Name  Data 
Dyn amic

? 
Blood? 

BPnd (6 Calc. Methods)  (on 

page 87) 
Reversible receptor tracers yes no 

BPnd (Ichise MRTM0 Ref) ( on 

page 79)  
123I  IBF, 11C Raclopride yes no 

BPnd (Ichise MRTM Ref)  (on 

page 82) 
11C DASB yes no 

BPnd (Ichise M RTM2 Ref)  (on 

page 84) 
11C DASB yes no 

BPnd (Logan Ref (on page 77)) 11C Raclopride, 11C dMP yes no 

BPnd (Gunn SRTM Ref ( on 

page 71)) 

11C Raclopride, 11C CH 23390, 11C 

CTF 
yes no 
































































































































































