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Limitations Of The Standard Set of VOI Tools
Despite the flexibility and range offered by the standard set of 
VOI tools, there are situations in which it is time consuming, 
inconvenient or even impossible to use one of the simpler 
methods. Consider an example where a focus of interest is in 
close proximity to an adjacent high activity focus, for example 
another lesion or an area of high non-specific uptake, such as 
the heart, brain or bladder in FDG-PET/CT. The segmentation 
of such structures can prove laborious with conventional tools, 
such as the 3D Ellipsoid isocontour (See Figure 1). If the user 
would like to use one of the simpler tools, such as the 3D Ellip-
soid isocontour, it is necessary to define and adjust the boundary 
of the ellipsoid carefully to avoid including voxels corresponding 
to non-specific uptake. This may be very time consuming or, in 
certain circumstances, impossible due to the relative positions 
and proximity of the two regions. 

The setting of an appropriate threshold is also not a trivial issue. 
First, the user must decide which of the two threshold methods 
to use, percentage of local maximum or absolute threshold and 
then set an appropriate threshold. This threshold may be some 
particular value taken from a set of pre-defined thresholds for 
that disease or region of the body that is the convention at 
the particular institution. Alternatively, and more typically, the 
threshold may be adjusted until the segmentation is satisfac-
tory. This necessitates the examination of all slices over the 
VOI to confirm that all the appropriate parts of the hotspot are 
included. This can also be time consuming.

Finally, it may not be clear from the outset that an appropriate 
threshold exists that includes the voxels of interest, but excludes 
the other non-specific regions. Unfortunately, whether or not such 
a threshold exists can only be determined once the user has spent 
some time defining the boundary and adjusting the threshold.

Figure 1: Lesions that are in close proximity to regions of high uptake can be difficult to segment using tools, such as the 3D Ellipsoid Isocontour. 

In this case, four adjustments were necessary with additional checking by scrolling through the slice multiple times. Data courtesy of Prof Slosman,  

Clinique Générale Beaulieu, Geneva, Switzerland

1. �The 3D Ellipsoid VOI tool requires the user 
to define the boundary ellipsoid carefully to 
avoid the inclusion of unwanted foci.

4. �Next, the user should scroll through all the 
slices to confirm that the segmentation is cor-
rect. Here part of a bone lesion is also included.

2. �First, the user must draw the bounding ellipsoid. 
With the default threshold (2.5 SUV), the resulting 
segmentation includes too much background.

5. �Further adjustment of the boundary excludes 
the bone lesion, but on another slice the adja-
cent lesion is included.

3. �Adjustment of the threshold results in an 
improved segmentation.

6. �A final boundary adjustment results in a 
satisfactory segmentation.
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The New 3D Freeform Isocontour Tool

What It Is
The new 3D Freeform Isocontour tool aims to address some of 
the limitations of the standard set of VOI tools by providing the 
user a fast way to generate Freeform isocontour VOIs without 
the need to define each contour slice by slice. This combines 
the flexibility of the Freeform methods with the simplicity of the 
Ellipsoid methods (See Figure 2).

A 3D Freeform Isocontour VOI is a 3D VOI with a freeform 
boundary where the actual VOI is defined by a threshold applied 
within the boundary. In this aspect, it behaves in a similar 
manner to other isocontour-based methods. For example, 
quantification is calculated over the inner threshold region, not 

1. �This tumor in the mediastinum can be time-consuming to segment 
using the 3D Ellipsoid Isocontour. 

4. �Potential VOIs are shown as a preview as the user navigates around the 
MPR. Here, the mouse is moved to another lesion in the mediastinum. 
The user can scroll through the slices with the mouse wheel. Again, the 
text box displays the current threshold. 

2. �The 3D Freeform Isocontour tool can automatically select the threshold 
and freeform boundary, so that only the lesion is included. First, select  
the Contrast method by right clicking on the button.

5. �Releasing the mouse inside the VOI selects the VOI for edition. The tool en-
ters the Adjust mode in which the Up and Down arrow keys can be used to 
grow or shrink the VOI in pre-configured threshold steps. In this example, the 
user has increased the size of the VOI by pressing the Up arrow key several 
times. Note how both the threshold region and boundary region are grown. 

Figure 2: Data courtesy of Prof Slosman, Clinique Générale Beaulieu, Geneva, Switzerland
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over the whole boundary region and the user may adjust the 
threshold once the VOI is created. In contrast to other VOI tools, 
the boundary region is derived automatically, at creation time, 
from the actual VOI; it is also defined to be an isocontour. 

How To Use IT
A 3D Freeform Isocontour can be created in three steps, Preview, 
Adjust and Confirm, with two mouse-clicks:

1) Preview. First, after navigating to a focus of interest in an 
appropriate MPR, and activating the tool in the Quantification 
panel, the left mouse button is pressed and held in the relevant 
MPR. The tool now enters “Preview mode”, which displays a 
preview of the automatically determined VOI nearest to the 
mouse pointer. Moving the mouse pointer around or navigating 
to other slices will show, in real-time, other VOIs that have been 
found by the tool. The preview shows both the inner isocontour 
and the boundary contour of the VOI.

2) Adjust. Releasing the left mouse button, while the mouse 
pointer is inside one of the previewed VOIs, will select that VOI. 
The tool now allows the user to adjust the VOI using the Up and 
Down arrow keys. “Up” increases the size of the VOI, whereas 
“Down” decreases it. Each Up/Down key press increases or 
decreases the threshold of the VOI by a fixed amount, defined in 
the configuration panel. With each adjustment, the VOI preview 
is updated. During this time, the user may navigate through the 
MPRs to examine the extent of the VOI. During this step, TrueD 
will grow and shrink the VOI around the maximum intensity 
voxel within the VOI and will re-derive the boundary after each 
adjustment.

3) Confirm. Once the user is satisfied with the VOI, a single click 
inside the previewed VOI will confirm its creation as a standard 
TrueD VOI. All the normal quantification will now be available 
and the user can adjust the threshold as with other isocon-
tour VOIs. To reject the VOI, the user should click outside the 
previewed VOI. 

There is an important difference between making adjustments 
to the threshold in Step 2 and after the VOI is created after 
Step 3. In Step 2, TrueD will re-derive the boundary according 
to the new threshold, whereas after Step 3, any change to the 
threshold using the slider bar will only adjust the actual VOI 
without changing the boundary. See Figure 3 for an illustrative 
example of this difference.

Setting the threshold
The user can control the characteristics of the VOI in three ways: 
absolute SUV threshold, percentage of local maximum, and 
contrast. The first two methods define the isocontour to be a 
fixed SUV or a percentage of the local maximum SUV respec-
tively. The values used are set in the TrueD configuration panel 
and are shared with the other VOI tools. In both cases, TrueD 
searches all isocontours close to the mouse position for isocon-
tours that meet the specified criteria. Note, it is possible that 
no isocontours can be found and hence, no preview VOI will be 
shown. The user must adjust the parameters to ensure that an 
isocontour exists that will result in a preview.

3. �Once the tool is enabled, the user can enable Preview mode by pressing 
and holding the left mouse button. Here the mouse is near a lesion near 
the lung/mediastinum boundary. Both the boundary and actual contours 
are shown. A text box displays the current threshold. 

6. �By clicking inside the VOI, the VOI proper is created and the conventional 
quantification is shown as with other VOI types. In this example, the VOI 
threshold was adjusted back to 5.00 SUV prior to creation. The new VOI  
on MIP feature renders the surface of the VOI in the MIP. 
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The contrast-based method alleviates this problem by automati-
cally selecting an appropriate threshold determined by the local 
characteristics of the image. It searches for PET regions with 
high contrast to their local surroundings and selects an optimal 
threshold; Figure 2.6 explains the concepts underlying the 
Contrast algorithm.

Deriving the boundary of the VOI
Given a particular isocontour, determined either from the user 
specified or the automatic contrast thresholds, TrueD will derive 
a boundary VOI that entirely encapsulates it. This boundary is 
defined such that it is guaranteed to contain only one connected 
VOI at the threshold specified. In other words, there will be no 
‘islands’ of voxels that do not neighbor any other voxels in a 
6-neighbor sense. 

The benefit to the user of such a VOI boundary definition is that 
any increase in size of the actual VOI after creation in Step 3 
brought about by an adjustment to the threshold can be made 
without including any voxels that belong to another nearby high 
intensity focus (See Figure 2).

However, in some circumstances, it may occur that the boundary 
of the VOI and the actual threshold region are very similar, if 
not identical. This can occur in particularly noisy data or where 
other high intensity regions neighbor the focus of interest.

Also, if the user subsequently increases the threshold above that 
defined at the time of creation, the VOI may not remain a single 
connected component as at the time of its creation, and may 
look like a set of islands within the boundary VOI.

Volume limits
The VOIs that can be created by the 3D Freeform Isocontour tool 
are subject to a number of volume constraints. All VOIs gener-
ated by this tool are limited to a maximum volume of 2000ml. 
This limit is applied to the boundary of the VOI. For the absolute 
SUV threshold and the percentage of local maximum, a warning 
will be displayed in the message bar if one or more VOIs were 
found near the mouse position and exceeded the size limit. Note 
that TrueD may still return a VOI that meets the specified criteria, 
while at the same time displaying the warning. This is because 
another VOI was detected, but was rejected for exceeding the 
maximum volume size.

For the contrast method, no such warnings will be shown since 
the user cannot force a particular threshold to be used; TrueD 
is automatically selecting the threshold and will only select 
VOIs that meet the volume limits. The contrast method also 
imposes a limit for the minimum VOI size that will be suggested 
(to reduce incidence of small very VOIs being returned in noisy 
data). However, the VOI can be reduced in the adjust step above, 
once the preview has been accepted.

Figure 3: The threshold of a 3D Freeform VOI can be adjusted during the 

Adjust mode of the creation process using the Up and Down arrow keys or 

afterwards using the threshold slider bar or edit box. In each case the re-

sult is different. Adjusting the threshold after the VOI is created will change 

the inner threshold region without changing the boundary; the middle pa-

nel shows the result of setting the threshold 4.00 SUV after the VOI shown 

in the top image has been created. Adjusting the threshold using the Up 

and Down arrow keys will rederive the VOI boundary. The bottom image 

shows the resulting VOI after the threshold was changed to 4.00 sUV using 

the Up and Down arrow keys while in Adjust mode. Data courtesy of Prof 

Slosman, Clinique Générale Beaulieu, Geneva, Switzerland
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Figure 4: Illustration of region grow-

ing in a 2D synthetic image, shown 

on the top right, represented as a 

surface in 3D. Each black contour 

represents a particular isocontour 

in the image surface; here the 

thresholds are 3, 1.8 and 1.4. Notice 

how the regions, illustrated by the 

black contours, grow and merge as 

the threshold is lowered.

Figure 5: The process of finding regions that are connected is called 

connected components analysis.

How It Works
The 3D Freeform Isocontour tool is based on the idea of region 
growing [Pratt] (See Figure 4). When a threshold is applied to 
an image, the result can be represented as a set of contours in 
2D (equivalently surfaces in 3D). For example, consider the two 
contours generated when choosing a threshold of 3 in Figure 
4 (the highest contours on the surface). As the threshold is 
lowered, the contours grow and then eventually merge into one 
single structure. The underlying region growing is the concept 
of connectivity, where voxels belong to the same region if they 
are adjacent to one another in some neighborhood. In the 3D 
Freeform Isocontour tool, a 6-neighborhood is used (See Figure 
5). The process of finding regions that are connected in the 
above sense is called connected components analysis.

The tool operates slightly differently for each of the threshold 
specification methods. With the absolute SUV threshold, TrueD 
first applies the specified threshold to the whole image and 
then finds all connected components. The region nearest to the 
mouse pointer location is returned. 

In the percentage of local maximum mode, TrueD applies the 
region growing technique to find all regions which contain 
a minimum voxel value that is greater than the specified 
percentage of the maximum within the region. This process is 
iterative since the maximum inside the region may vary during 
the region growing process – a technique sometimes referred 
to as mode-seeking region growing. The approach is illustrated 
in Figure 6. Briefly, mode-seeking works by checking that the 
specified threshold relative to the local maximum exists before a 
merge with the region of another maximum. If it does not, then 
TrueD iteratively checks the same condition for maximum of the 
merged region. This process continues until either a valid region 
is found or no more merges are to be found. In all cases, the final 
region returned is the closest to the mouse pointer position.
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The contrast mode does not require a predefined threshold from 
the user. Instead, in this mode, TrueD examines all regions at all 
thresholds and selects those that exhibit a high local contrast 
to their local background. Such regions tend to correspond to 
hotspots in the image, although the technique will also find 
regions will quite low absolute SUV uptake if they exhibit suffi-
cient contrast.

In all cases, the nearest VOI is found by calculating the minimum 
Euclidean distance from the mouse location to all points on all 
region boundaries within the plane of the currently active MPR. 
VOIs outside a 50mm local window around the mouse location 
are not considered.

For all returned VOIs a boundary region is derived. This is done 
by growing the desired VOI under the condition that all voxels 
added will not create any disconnected regions when the 
threshold of the VOI is applied.

Conclusion

The VC60 release of TrueD includes a new VOI feature, 3D Freeform 
Isocontour, which aims to improve the ease with which clinical 
users can create accurate VOIs. The tool combines the flexibility 
of the conventional 2D Freeform tools with the ease of use of the 
automated Isocontour tools. The tool automatically derives the 
best boundary to delineate lesions and can automatically suggest 
a suitable threshold for structures of primary interest.

Figure 6: Mode seeking in the Percentage of Local Maximum method – a 1D example. Consider an 80 percent threshold for local maximum A; this exists 

and is shown as the red solid line. A 40 percent threshold of the same maximum does not exist in the sense that the point A is no longer the maximum 

inside this region, shown as the red dashed line. Since the largest region for maximum A merges with that of B, the 40 percent of the latter should be  

checked. In this case, this also does not exist as indicated by the green dashed line. Finally both maxima A and B merge with the C, and hence, the  

40 percent relative to maximum C is checked. In this case, this exists shown by the blue solid line and is returned by TrueD.

Intensity (SUV)



9

References
[Pratt] W. K. Pratt, Digital Image Processing 4th Edition, John 
Wiley & Sons, Inc., Los Altos, California, 2007

About the author
Dr Timor Kadir received MEng with Distinction in Electrical and 
Electronic Engineering from the University of Surrey in 1995, 
and then joined Motorola in the European Research Labora-
tory, UK, where he investigated techniques for wireless image 
and video transmission. In 1998, he left Motorola to study for 
a DPhil in Computer Vision at the University of Oxford. After 
graduating in 2001, he continued as a post-doctoral researcher 
at Oxford working on numerous topics including feature detec-
tion, density estimation, sign language recognition and medical 
imaging. Since 2004, he has worked for CTI Mirada Solutions/
Siemens Molecular Imaging as a Research Scientist in the Oxford 
Science & Technology Group.




