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1.

INTRODUCTION

The Nuclear Medicine Quality Control (IAEA-NMQC) plugins are a set of Fiji-based codes
developed in Java v.1.8 that allow to process and analyse nuclear medicine (NM) images
acquired for the quality control (QC) of gamma cameras and SPECT systems. The plugins
can be freely downloaded from the IAEA Human Health Campus website
( http://bitly.com/IAEA-NMQC ).
This software package supports the image processing of exchangeable data among different
nuclear medicine workstations using DICOM format. The plugins also allow processing of
NM images in any other medical image formats that are supported by Fiji such as Interfile,
MHD, Analyze, raw data and TIFF.
Depending on the test to be analysed, the plugins manage different types of images (static,
dynamic, SPECT projections and tomographic reconstructions) combined with additional
data which must be provided interactively by the users, as described in this document. The
plugins include different options that involve manual, semi-automatic or automatic methods,
depending on the characteristics of the parameters to be evaluated and available information.
Manual intervention is kept to a minimum in the plugins, contributing to higher
reproducibility of the results.
Each plugin is focused on a specific quality control test of the planar or SPECT system.
However, for some of the tests included in the current IAEA-NMQC version 1.0 more than
one option is available, as shown in the following list:
1- Planar Uniformity
2- Maximum Count Rate
3- Sensitivity
 Detailed Activity with background
 Simple Activity with background
 Detailed Activity (no background)
 Simple activity (no background)
4- Intrinsic Resolution and Linearity (NEMA ISRL Phantom)
5- System Spatial Resolution and Pixel Size
 Two Vertical Line Sources
 Two Horizontal Line Sources
 Four Line Sources
 Quadrant Bar Mask
 Quadrant Bar Mask Single Region
6- Centre of Rotation
7- Tomographic Contrast
8- Tomographic Resolution
9- Tomographic Uniformity
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2.

SYSTEM REQUIREMENTS

Software requirements: IAEA-NMQC requires the freely available Fiji (1) installed.
Therefore, IAEA-NMQC runs on Windows, Linux and Mac OSX, Intel 32-bit or 64-bit with
bundled Java. To download Fiji, go to the link http://fiji.sc. The minimum hardware
requirements for running IAEA-NMQC are the same for Fiji; a HDD with free space for
storing nuclear medicine images (minimum 500 MBytes) is recommended.

3.

PLUGINS INSTALLATION

To install the developed set of plugins, copy the IAEA-NMQC-1.0.jar file in the plugins
folder of the Fiji software package. The software language is automatically selected from
English, Spanish, Italian, Portuguese or French, depending on the operative system language.

4.

RUNNING THE IAEA-NMQC PLUGINS

A mandatory requirement, common for all the plugins, is to open the image or set of images
to be processed before running the plugins. As mentioned above, the images to be loaded
could be in any image format DICOM, Interfile, MHD, Analyze, raw data, TIFF, etc.
Once the images are loaded, the plugin can be run from the drop-down list, as shown in
Figure 1, depending on the test that is meant to be performed. Some of the plugins include
more than one option in their sub-menus.
To perform the calculations, the plugins use acquisition parameters normally stored in the
image header. This is the case, for example, for images in DICOM format. In any case, the
user will be asked to confirm or provide information such as, pixel size, frame duration, etc.
Dialog Boxes are used to verify or provide these parameters.

Figure 1. Available options of the NMQR plugins.
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4.1. Planar Uniformity
This plugin computes the planar uniformity from an image acquired with a uniform flux of
photons over the detector field of view. The collected image should be acquired as described
in the chapter 2.3.3 or 2.3.7 of the IAEA publication Quality Assurance for SPECT systems
(2) and as it is shown in these videos for Intrinsic Uniformity and for System Uniformity.
The steps to run this plugin are:
1- Load the acquired uniformity image. If two or more uniformity images from a multihead SPECT system are acquired and stored together in a single file, all of them will
be processed at the same time.
2- Run the “Planar Uniformity” plugin as shown in Figure 2.

Figure 2. Running the “Planar Uniformity” plugin.

3- A dialog box will appear showing the pixel size of the loaded image. Check the data
and modify it if required (Figure 3).

Figure 3. Dialog box to check the pixel size and modify if required.
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4- The software will provide an image with the ROI (region of interest) definition
including additional information (Figure 4A) and the results in another dialog box
(Figure 4B). A message asking if the results need to be stored in a text file will be also
displayed (Figure 4C).

(A)

(B)

(C)
Figure 4. Outputs of the “Planar Uniformity” plugin, (A) showing the defined UFOV, CFOV and
pixels with minimum and maximum values, (B) computed parameters and (C) dialog box to save the
results.

The dialog box (Figure 4B) reports the main parameters computed according to NEMA
standards (3), such as integral and differential uniformity. The average, minimum and
maximum pixel values are also reported. The image (Figure 4A) display the areas Useful
Field of View and Centre field of View(as UFOV and CFOV) used for the computation of the
uniformity. Here, the position of pixels with minimum and maximum values used to compute
the integral uniformity in both areas is also shown.
Note: All the plugins provide the possibility of saving the results of processed data, by
clicking "OK" in the Dialog Box shown in Figure 4C. This option will not be mentioned
again in the rest of this document.
4.1.1.

Plugin´s description

Once the user has loaded the uniformity image and launched the plugin, the following tasks
are carried out. Firstly, the pixel size is checked and if it is out of the range 6.4 mm ± 30%
6

(4.48-8.32mm) an automatic rescaling of the matrix size (sum method) is performed. In case
the pixel size is smaller than the pixel size value recommended by NEMA (4), adjacent
detector pixels are summed to yield an effective pixel size within the specified range. (It is
not appropriate to acquire uniformity images with a pixel size much larger than the value
recommended by NEMA. Therefore, downsizing of the pixel size will not be performed and a
warning will be displayed). Then the plugin automatically defines the Field of View (FOV)
for any detector geometry (circular, rectangular and non-rectangular), as shown in Figure 5
and described below.
The algorithm will perform a normalized convolution with the kernel defined by NEMA, then
it set pixels to zero that have less than 75% of the mean of a central FOV (50% of bounding
FOV), and finally it set pixels to zero if at least one of their four directly abutted neighbours
containing zero counts or if it is located in the image border. The UFOV is computed as the
reduction of the external bounding polygon in a fixed number of pixels defined by the 95% of
the largest dimension and the CFOV is computed as a rectangle with 75% of the respective
UFOV bounding rectangle dimension. In the case of circular shaped detectors all polygons
are treated as circles, the UFOV will be a circle with radius of 95% bounding circle radius
and CFOV will be a circle with 75% of UFOV radius.

Figure 5. Automatic definition of UFOV (yellow line) and CFOV (red line) for different detector
geometries.

The plugin then automatically computes the Integral and Differential Uniformity (IU and
DU) in each region of interest (UFOV and CFOV). The IU is calculated by using the
minimum and maximum pixel values, according to:
𝐼𝑈 =

𝑚𝑎𝑥𝑖𝑚𝑢𝑛 − 𝑚𝑖𝑛𝑖𝑚𝑢𝑛
∗ 100
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 + 𝑚𝑖𝑛𝑖𝑚𝑢𝑚

For the DU a similar expression is used, but the highest and lowest pixel values are identified
every five consecutive pixels in each direction (X and Y) and their differences are computed
according to:
𝐷𝑈 =
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ℎ𝑖𝑔ℎ − 𝑙𝑜𝑤
∗ 100
ℎ𝑖𝑔ℎ + 𝑙𝑜𝑤

The maximum computed value is reported as DU for the corresponding regions (CFOV and
UFOV).

4.2. Maximum Count Rate
This plugin computes the Maximum Count Rate of a Gamma Camera or SPECT system
using a dynamic image acquired from a source, which is slowly moved toward the crystal
surface of the detector (Figure 6). This is described in the chapter 2.3.11.4 of the IAEA
publication Quality Assurance for SPECT systems (2) and as is also shown in this video.

Figure 6. Source and detector configuration to check the maximum count rate.

The steps to run this plugin are:
1- Load the acquired images (acquisition in dynamic mode) from a source getting closer
to the crystal.
2- Run the “Maximum Count Rate” plugin as shown in Figure 7.
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Figure 7. Running the maximum count rate plugin.

3- A dialog box will appear showing the frame duration of the dynamic study. Check the
data and modify it if required (Figure 8).

Figure 8. Dialog box to check the frame duration of the dynamic study and modify it if required

Note: The dynamic study must contain only one phase.

4- The system will automatically compute the maximum count rate showing the results
in a ‘Count Rate vs Time’ graph (Figure 9A). The computed value of the maximum
count rate is displayed in a dialog box (Figure 9B).
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Figure 9. Outputs of the Maximum Count Rate plugin: (A) Time-Count Rate curve and (B) Value of
the computed parameter.

4.2.1.

Plugin’s description

To compute the maximum count rate, the plugin calculates the number of counts from each
frame in the dynamic study that was previously loaded. Using the entered frame duration, the
counts per second are computed for each frame and a ‘count rate vs time’ curve is obtained.
Its maximum value of the count rate is calculated and reported. The computed curve and its
maximum are displayed to the user in a graph and in a dialog box, respectively.

4.3. System Planar Sensitivity
This plugin computes the system sensitivity by using an image acquired from a planar
sensitivity phantom as described in chapter 2.3.9 of the IAEA publication Quality Assurance
for SPECT systems (2) and as it is shown in this video.
Four options were considered for this plugin. The first one considers all the data about the
radioactive source (e.g. activity of the syringe and residual activity, measurement times,
acquisition times and duration, etc.). The second one just requires the phantom activity at the
time of image acquisition. For both options, background radiation can be either considered or
disregarded by the user. A correction for decay during acquisition is always performed.
4.3.1.

Detailed activity with background method

This plugin computes the system planar sensitivity considering detailed input data about the
radioactive sources, images of the sensitivity phantom and images of the background.
The steps to run this plugin are:
1- Load the image of the sensitivity phantom and the background.
2- Run the ¨Detailed Activity with background¨ plugin as shown in Figure 10.
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Figure 10. Running the Planar Sensitivity plugin “Detailed activity with Background”

3- Select the background image and the sensitivity phantom image as requested by the
system (Figure 11). If the background image was acquired for multiple detectors, the
correct image must be visualized before running the plugin.

Figure 11. Selection of the images for the computation of system sensitivity.

4- A dialog box will appear asking for inputs by the user, related to the radioactive
source. Modify the data as required (Figure 12).
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Figure 12. Dialog box to enter the data related to the radioactive source

Note: The data should be entered in the format presented in the dialog box (e.g. measurement
time as hh:mm), although it can be entered it in the format h:mm.

5- After completing the requested data about the radioactive source, click OK to obtain
the results, as shown in Figure 13.

Figure 13. Final result of the System Planar Sensitivity test

The report of the results will include the system planar sensitivity in common units (cps/MBq
and cpm/µCi), the radionuclide and the method used.
4.3.2.

Simple activity with background method

To compute the system planar sensitivity with this plugin, the user needs to provide the exact
activity of the sensitivity phantom at the time of image acquisition. It is not required to enter
the detailed data of the radioactive source.
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The steps to run this plugin are:
1- Follow the steps 1 to 3 described in 4.3.1. In step number 2, select the “Simple
activity with background”, as described in Figure 14.

Figure 14. Running the Planar Sensitivity plugin “Simple activity with background”.

2- A dialog box will be displayed to enter the pre-calculated activity in the sensitivity
phantom at acquisition time, the time duration of the acquired image and the
radionuclide used (Figure 15).

Figure 15. Dialog box to enter data of the phantom source and duration of image acquisition

3- Follow the step (5) described in chapter 4.3.1
4.3.3.

Simple activity and detailed activity methods (without background).

These two plugins are similar to the ones described in 4.3.1 and 4.3.2, and should be used in
case the user decides to disregard the background count rate from the calculation. In this case,
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it is assumed that the count rate due to the background is negligible compared to the count
rate during acquisition of the sensitivity phantom. Special consideration should be taken by
the user to guarantee this assumption. To run both plugins, just follow all the steps described
in 4.3.1 and 4.3.2 without loading the background image.
4.3.4.

Plugin´s description.

The “Detailed activity with background” plugin uses the loaded images (the Petri dish image
and the background image) to compute the number of counts contained on each one of them
(Emcounts and Bcounts). The acquisition time (tstu) is read from the image header or is given by
the user in the Dialog Box (Figure 12). The count rate computed from the Petri dish phantom
image is corrected for the count rate in the background image. The plugin also computes the
exact value of the activity in the Petri dish at the acquisition start time (tacq), by using the data
(Activity measured: Ameas and measure time: tmeas) entered by the user (Figure 12). This
includes decay corrections (DC), which are calculated by considering the half-life (𝑇1⁄ ) of
2

the selected radionuclide. This data is finally used to compute and report the system planar
sensitivity in common units.
(1 − 𝑒 −𝑥 )
𝐷𝐶 =
𝑥
where
𝑡𝑠𝑡𝑢
𝑥 = 𝑙𝑛2 ∗
𝑇1⁄
2

𝐴𝑎𝑐𝑞 = 𝐴𝑚𝑒𝑎𝑠 ∗ 𝑒 −𝑦
where
𝑦=

𝑙𝑛2 ∗ (𝑡𝑎𝑐𝑞 − 𝑡𝑚𝑒𝑎𝑠 )
𝑇1⁄
2

𝐸𝑚𝑐𝑜𝑢𝑛𝑡𝑠
( 𝐷𝐶
− 𝐵𝑐𝑜𝑢𝑛𝑡𝑠 )
𝑆𝑒𝑛𝑠 =
𝐴𝑎𝑐𝑞
The “simple activity with background” plugin follows a similar procedure to perform the
calculations, excluding the calculation of the activity in the Petri dish at acquisition time. This
value should be manually entered by the user.
The "Simple Activity without background" and "Detailed Activity without background"
plugins follow a procedure similar to the one just described, with the only difference that they
do not correct sensitivity for the background count rate. Therefore, loading background
images is not necessary in this case and sensitivity will be calculated according to the
following formula:
𝐸𝑚𝑐𝑜𝑢𝑛𝑡𝑠
( 𝐷𝐶
)
𝑆𝑒𝑛𝑠 =
𝐴𝑎𝑐𝑞
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4.4. Intrinsic Resolution and Linearity
4.4.1.

NEMA IRSL Phantom

This plugin computes the Intrinsic Linearity and Resolution of a gamma camera from an
image acquired using an Intrinsic Spatial Resolution and Linearity (ISRL) phantom (Figure
16). The collected image should be acquired as described in chapter 2.3.6 (method 2) of the
IAEA publication Quality Assurance for SPECT systems (2) and as it is shown in this video.

Figure 16. Diagram of the intrinsic spatial resolution and linearity phantom.

The steps to run this plugin are:
1- Load the image acquired with the ISRL phantom to test the intrinsic resolution and
linearity.
2- Run the NEMA ISRL Phantom plugin as shown in Figure 17.
3- A Dialog box will appear showing the data related to the pixel size, as shown if
Figure 3. Check and modify it if required.
4- The plugin will automatically provide the results in one dialog box (Figure 18A) and
one image showing the Regions of Interest considered as UFOV and CFOV (Figure
18B) .
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Figure 17. Running the “Intrinsic Resolution and Linearity” plugin for the NEMA ISRL phantom.

Figure 18. Outputs of the “Intrinsic Resolution and Linearity” plugin. (A) Dialog Box with the
computed parameters, (B) image showing the resulting UFOV and CFOV, where resolution and
linearity are measured.

The resolution and linearity parameters are computed according to the NEMA standards and
they include the FWHM, FWTM plus the absolute and differential linearity (3). Details to
estimate these quantities are provided below.
4.4.2.

Plugin´s description

After loading the image of the intrinsic resolution and linearity phantom and launching the
plugin, the line orientations are determined by Fourier analysis. Then the FOV, UFOV and
CFOV of the image are automatically computed. The FOV is divided in 30mm bins
16

perpendicular to the line sources. Each one of them is averaged in the determined axis
𝑅𝑂𝐼

direction creating n = [ 30 ] bins, where ROI is the ROI width or height of the FOV. For each
bin a profile is constructed and peaks are determined, by fitting a multigaussian function to it;
the peak positions as well as their FWHM and FWTM are computed and stored. The mean
and worst values of the FWHM and FWTM are identified and reported. The peak positions
are then fitted to linear functions. The absolute linearity is the maximum deviation of the
fitted points to the theoretical 2D grid. The differential linearity is the standard deviation of
the residuals from all fitted points to a best line.

4.5. System Spatial Resolution and Pixel Size (SSRPS)
To compute the System Spatial Resolution and the Pixel Size (SSRPS) three plugins were
developed, based on images collected form: 1) a two line sources phantom, 2) a four line
sources phantom and 3) a four quadrant bar phantom. The images should be acquired as
described in chapter 2.3.8 (method 2) of the IAEA publication Quality Assurance for SPECT
systems (2). Some details related to these tests are shown in this video.

4.5.1.

Calculation of SSRPS with the two vertical line sources phantom

The steps to run this plugin are:
1- Load the image acquired with the two lines phantom (in X axis or Y axis.
2- Run the plugin “Two Vertical Line Sources” or “Two Horizontal Line Sources”
depending on the direction of the line sources (see Figure 19).
3- A ROI with 1cm of width is automatically positioned in the central area of the line
sources (Figure 20). The user is allowed to manually modify the ROI, if needed.
4- A dialog box will appear asking for the actual distance (cm) between the line sources,
as shown in Figure 21.
5- The calculated pixel size, FWHM and FWTM will be reported in a dialog box (Figure
22).
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Figure 19. Running the System Spatial Resolution and Pixel Size plugin with the two lines phantom.

Figure 20. ROI automatically positioned in the centre of the line sources.

Figure 21. Dialog box requesting the distance between the line sources.
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Figure 22. Dialog box reporting the computed parameters such as pixel size, FWHM and FWTM.

Note: To compute the FWHM, FWTM and pixel size in the Y Axis direction, just load an
image acquired with both line sources parallel to the X Axis and run the plugin “Two
horizontal lines sources”. Then follow the same steps described above.
4.5.2.

Plugin’s description

The rectangular ROI includes a central portion of the image containing both line sources.
This ROI with width of approximately 1 cm is used to create the profile of the pixel counts in
the direction perpendicular to the line sources. The pluging then searches for the two peaks
contained in the profile and fits them with a two peak gaussian function. The peak positions
and spatial resolution (FWHM and FWTM) are computed and stored. To calculate the pixel
size, the real distance between the two lines sources, given as an input by the user, is
𝑑

considered (d). The pixel size is defined as 𝑝𝑥𝑠𝑧 = 𝑝𝑥, where px is the distance in pixels
between the two peaks. This value is compared with the pixel size bundled in the image
header, if available.
Similar steps and procedures are followed by the plugin in order to compute the system
spatial resolution in the Y axis direction.
4.5.3.

Calculation of SSRPS with the four lines phantom

The steps to run this plugin are:
1- Load the image acquired with the four lines phantom.
2- Run the “Four Line Sources” plugin as shown in Figure 23.
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Figure 23. Running the Four Line Sources plugin.

3- A dialog box will ask the distance between the parallel linear sources in the phantom
(Figure 24).

Figure 24. Dialog Box to enter the distance between the parallel line sources.
Note: The distance between the parallel line sources in both directions X and Y must be the
same.

4- Two ROIs with 1cm of width are going to be automatically positioned in the central
area of the four line sources. The first one crosses both vertical line sources and the
second one crosses both horizontal line sources, as shown in Figure 25A.

Figure 25. Results of the “Four Lines Sources” plugin. (A) ROIs automatically positioned by the
software, (B) Report of the computed parameters.
20

5- The calculated FWHM, FWTM and pixel size are displayed in a dialog box (Figure
25B). Differences in the estimations for the two directions and the differences with
the nominal pixel size are also reported.
6- If the image contains the acquisitions of multiple detectors, all of them are reported
and clearly identified.
4.5.4.

Plugin´s description.

The procedures included in the plugin “Four Lines Sources” are similar to the ones described
in paragraph 4.5.2. However, this procedure requires only one image per detector and the
calculations are performed simultaneously in both directions.
4.5.5.

Calculation of SSRPS with the Quadrant Bar Mask phantom.

This plugin computes the FWHM, FWTM, MTF and pixel size, using an image acquired with
a quadrant bar phantom. The quadrants are Euclidean quadrants, meaning that the top right is
Quadrant I, top left is Quadrant II and so on, counting counterclockwise.
The steps to run this plugin are:
1- Load the image acquired with quadrant bar phantom
2- Run the “Quadrant Bar Mask” plugin as shown in Figure 26.

Figure 26. Running the “Quadrant Bar Mask” plugin.

3- A dialog box will appear asking the user to draw a rectangle containing only the
relevant area of the quadrants.
4- A dialog box will appear showing the pixel size of the loaded image. Check the data
and modify it, if required (Figure 3).
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5- A dialog box will appear to enter the details related to the bar widths of the used four
quadrant bar phantom (Figure 27). The plugin first estimate the bar widths using
Fourier spectral analysis, and then, using the provided pixel size, check the data and
modify it, if required. Once you modify the data, the plugin will remember your bar
widths for future evaluations.

Figure 27. Dialog box to enter the bar widths of the used quadrant bar.

The plugin will then automatically compute and report the parameters of interest from each
quadrant of the phantom (pixel size, MTF, FWHM and FWTM) as shown in Figure 28. The
position of the ROIs used for the calculations are also shown (Figure 29). Note that quadrants
are sorted from highest to lowest bar widths in the report.

Figure 28. Results of the “Quadrant Bar Mask” plugin. Dialog box with the results of the
calculated parameters.

4.5.6.

Plugin´s description

Once the image acquired using the four quadrant bar phantom is loaded, the plugin propose a
rectangular area to define the region containing the quadrant bars. The user should make sure
that this rectangular ROI has its centre approximately in the same position of the centre of the
phantom. The image is then divided in four equal’s quadrants, each of which is reduced 95%
to avoid border undesired effects Finally 4 fully contained circular ROIs, respectively
centered in each quadrant are constructed. In these ROIs, the MTF, FWHM, FWTM and
spatial bar frequency are calculated, according to the procedures described by Hander et al
(4). The pixel size is loaded from the image header and modifiable by the user. The bar
widths are requested to the user to be entered and remain in the input inbox until new vales
are provided.
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Figure 29. Results of the “Quadrant Bar Mask” plugin. ROIs used for the calculations in each
quadrant.

4.5.7.

Single Region Calculation

It may happen in some systems that automatic quadrant detection fails. This can occur due to
a range of different reasons, from bad system resolution to non-optimal positioning. Thus, a
simpler version of this plugin was implemented to allow single region calculations. A
rectangular selection with desired ROI is expected, then the plugin will ask for real bar width
and the rest is the same procedure as described above.

4.6. Centre of Rotation (COR): Fitting to a sinusoidal function method
This plugin computes the COR offset of a SPECT system from a set of projections acquired
around a point source. These images should be collected as described in the chapter 4.3.6 of
the IAEA publication Quality Assurance for SPECT systems (2) and as it is shown in this
video.
The steps to run this plugin are:
1- Load the projections acquired around the point source.
2- Run the “Centre of Rotation” plugin as shown in Figure 30.
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Figure 30. Running the COR plugin (option: “Sine Fit”).

3- A dialog box will appear reporting acquisition parameters stored in the image header
such as scan arc, starting angle, rotation direction and pixel size. The user should
check and modify the data, if needed (Figure 31).

Figure 31. Dialog Box with acquisition parameters used for the COR test.

4- After selecting “OK”, the plugin will compute and report the results in two graphs and
one dialog box. The first graph shows the data fitted to a sinusoidal function with
calculated fitting parameters used compute the COR offset in the X axis (Figure 32A).
The second graph shows the outputs of the fitting to a constant Y value in order to
estimate the COR offset on this axis (Figure 32B). The dialog box reports the COR
offset values in both the X and Y axis directions (Figure 32C).
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Figure 32. Outputs of the COR offset calculation: (A) Fitted data to compute the COR in the X Axis,
(B) Fitted data to compute the COR in the Y Axis, (C) final report for both axis.

4.6.1.

Plugin´s description.

5- This plugin automatically computes the COR offsets in the X and Y axis directions.
Firstly, it calculates the centre of mass from each projection (ImageJ bundled
function). The X coordinates are fitted to a sine function, and the maximum residual is
computed and reported as the COR offset for the X axis direction. The Y coordinates
are fitted to fixed Y value and the maximum deviation of its residual is reported as the
COR offset in the Y Axis. If the input image contains more than 360º of scan angle
then 360º per detector is assumed and calculated separately. These fits are performed
using iterative reweighted least squares algorithm to avoid outliner frames influence
typically produced by misaligned cameras and that are detection purpose of this
plugin.
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4.7. Tomographic Contrast
This plugin computes the tomographic contrast of a SPECT system from a set of tomographic
images containing cold spheres. The tomographic slices are reconstructed using the
projections acquired with a total performance phantom (Jaszczak or Jaszczak Deluxe)
according to the procedures described in the chapter 4.3.9 of the IAEA publication Quality
Assurance for SPECT systems (2) and as it is shown in this video.
To compute the tomographic contrast the user must follow a set of interactive actions
providing the required input data from the tomographic slices. The steps to run this plugin
are:
1- Load the tomographic slices reconstructed from the total performance phantom.
2- Run the Tomographic Contrast plugin as shown in figure 33.

Figure 33. Running the tomographic contrast plugin.

3- Select the slice containing the cold spheres.
26

4- Select the “Multi-point” tool in the ImageJ menu as shown in in Figure 34 and click
on the centre of each one of the cold spheres starting from the biggest one. This
procedure can be done on different slices if necessary. Once selected all the visible
spheres click OK on the dialog box to continue.

Figure 34. Selection of the spherical inserts using the “Multi-point” tool.

5- The plugin will ask for a uniform region in the image, so the slider should be used to
review and identify a slice from the uniformity section (Figure 35A). The two slices
adjacent to the selected one should also belong to the uniform section of the phantom,
since the plugin will use the average of these three slices for the uniformity
calculation. The user should then click "OK" to select it, as shown in Figure 35B.
6- A dialog box will appear reporting pixel size and slice thickness, as stored in the
image header (figure 36A). The user should check the data and modify it, if needed.
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Figure 35. Selecting a slice from the uniform section.

(A)

(B)
Figure 36. Requested data for entry to calculate tomographic contrast.
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7- Enter the requested data for tomographic contrast calculations, as shown in Figure
36B. Then select the appropriated data related to spheres and tank diameter. It is
recommended to not modify the tank diameter values. When ready click OK.
8- The plugin will automatically provide the final results in three different windows. One
showing the calculated uniformity section; the second showing the position of the
centers of detected spheres added to the original image, and the final window showing
a dialog box with the computed values of contrast for the detected spheres (see Figure
36). The spheres are numbered both in the image and the dialog box.

Figure 37. Outputs of the Tomographic Contrast plugin: (A) Image of the selected uniformity slice,
(B) Image of the labelled hot/cold spheres automatically identified by the software, (C) Dialog box
containing the tomographic contrast values.

4.7.1.

Plugin´s description.

This plugins requires the slice containing the cold spheres and the slice containing the
uniformity sector of the total performance phantom. The user is guided by the dialog boxes
and selects both of them manually.
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Once the user has selected the spheres detected by the SPECT system a spherical volume of
interest is automatically created by the code based on the volume of each sphere as defined
by the user. For each selected sphere, the plugin will automatically search in 3D the position
of the sphere that maximizes the average contrast. The average contrast is finally reported,
together with the maximum contrast that considers a single voxel in the sphere.

4.8. Tomographic Resolution and Slice Thickness
This plugin computes the spatial resolution of a SPECT system from a set of tomographic
slices reconstructed from the projections collected around a radioactive point source. The
SPECT data should be acquired as described in the chapter 4.3.4 of the IAEA publication
Quality Assurance for SPECT systems (2) and shown in this video.
The steps to run this plugin are:
1- Load the tomographic slices reconstructed from the point source acquisition.
2- Run the “Tomographic Resolution” plugin as shown in Figure 38.

Figure 38. Running the “Tomographic Resolution” plugin.

3- A dialog box will appear reporting the pixel dimensions as stored in the image header.
The user should check the data and modify it, if needed (Figure 39).
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Figure 39. Dialog Box to enter the pixel dimensions.

4- The software will report the computed results as shown in Figure 40. Figure 40 (A),
(B) and (C) show the profiles of the point source in the X, Y and Z axis direction,
fitted to a Gaussian function; they include the computed parameters. The computed
values for tomographic spatial resolution (FWHM and FWTM) in the three axis
directions, as well as pixel size values, are summarized in a Dialog Box as shown in
Figure 40 (D). The slice thickness is considered to be the FWHM along the Z axis
direction, as described in the IAEA publication (2).

Figure 40. Outputs of the Tomographic Resolution plugin.

4.8.1.

Plugin´s description.

Once the reconstructed slices of the point source have been loaded, the plugin identifies the
position of the source by searching the maximum count value of the series. The computed X,
Y and Z coordinates are automatically identified, and profiles of the counts in the source are
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derived in the X, Y and Z axis directions. The tomographic resolution (X and Y) are
computed from the transversal slices and the slice thickness is computed in its perpendicular
direction, as suggested in the IAEA publication (2). All profiles are fitted to a Gaussian
function and the FWHMs are computed form the fitting parameters.

4.9. Tomographic Uniformity
This plugin computes the Tomographic Uniformity of a SPECT system from a set of
tomographic images acquired and processed from the uniformity section of a total
performance phantom (Jaszczak, Jaszczak Deluxe, etc), based on the procedures described in
chapter 4.3.3 of the IAEA publication Quality Assurance for SPECT systems (2) and as it is
shown in this video.
The steps to run this plugin are:
1- Load the tomographic slices reconstructed from the total performance phantom.
2- Run the “Tomographic Uniformity” plugin as shown in Figure 41.

Figure 41. Running the tomographic uniformity plugin.

A dialog box will ask the user for the range of slices to be summed and processed
(Figure 42). In case you are not using the Jaszczak phantom, please change the
phantom internal diameter value, if necessary.
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Figure 42. Dialog Box to enter the range of slices from the uniform section of the phantom to be
summed and analysed.

3- The plugin will automatically compute the centre to border ratio in the selected slices
(see Figure 43). The planar NEMA values of uniformity in the CFOV area are also
computed and reported, as described in section 4.1.

Figure 43. Outputs of the Tomographic Uniformity plugin.

4.9.1.

Plugin´s description.

Once the user has loaded the tomographic study and selected the slices corresponding to the
uniformity section, the software will compute a new image, from the mean values of the
pixels located at the same position on the selected volume. The useful field of view is
computed subtracting 2 centimetres to the internal Jaszczak phantom radius (or to the radius
defined by the user) in order to avoid the partial volume effect on the calculations. The centre
field of view area will be computed as 75% of the defined useful field of view.
Simultaneously, the central to border ratio is computed by using the mean value of a central
area (defined as a circular region with radius of 3 cm) and the mean value in the area between
the CFOV and UFOV. The planar uniformity values as described in section 4.1 are also
computed and reported for the CFOV.

33

5.

CONTACT INFORMATION

For any question or comment on the plugins, please contact dosimetry@iaea.org
-

6.

Gian Luca Poli (IAEA, Vienna, Austria) – project's coordinator
Alex Vergara Gil (DIC-CENTIS, La Habana, Cuba) – main developer
Leonel A. Torres Aroche (DIC-CENTIS, La Habana, Cuba) – collaborator
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