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1 Introduction
Stereotactic neurosurgery is a minimally-invasive surgical intervention that uses a 3D reference 
coordinate system to locate small targets inside the brain and to subsequently perform e.g. abla-
tion (tissue removal), biopsy, lesion, injection, stimulation, implantation, or radio surgery on the 
target. Starr [5] provides an excellent technical review of DBS implantation.

While different clinical units follow somewhat different procedures, in general the first step is the 
application of a stereotactic frame (see Figure 2 and Figure 3). The frame is secured tightly to the 
patient’s head under local anaesthesia and provides a reference Cartesian coordinate system in X, 
Y and Z directions corresponding to lateral, anteroposterior and vertical axes respectively 
[Salles:2006]. Thus, any target point inside the patient’s brain can described using these coordi-
nates. The target coordinates are obtained from an MRI scan that allows the visualisation of the 
soft tissues of interest.

Stereotactic frame registration is used to estimate the transformation from MRI coordinates (see 
Figure 4 and Figure 5) of the selected target to stereotactic frame coordinates. To this end, a ster-
eotactic frame contains a number of localizers (see Figure 6 and Figure 7) which give a clearly 
visible response in a MRI scan (see Figure 8 and Figure 9). Since the stereotactic frame coordi-
nates of the localizers are known, and the MRI coordinates of the localizers can be calculated 
roughly after detection in the MRI volume, the transformation can be estimated.

We have developed a method, to automatically detect the localizers in a MRI volume (see Figure 
10, Figure 11, Figure 12 and Figure 13) and to estimate the coordinate transformation based on a 
general specification of the localizers.

2 Improve the Detection of the Localizers

2.1 Better Thresholds
To detect the localizers a number of thresholds are extracted from the MRI volume. However, if 
the maximum gray value in the brain part is much higher than the gray values of the localizers, 
the extracted thresholds may be wrong. So, we need a better method to extract proper thresholds 
or preferably a better method to detect the localizers.

2.2 Generalization
Our method (and our general specification of the localizers) is based on the assumption that the 
localizer rods of a stereotactic frame are located in a xz plane at the posterior side and/or in a yz 
plane at the right side and/or in a xz plane at the anterior side and/or in a yz plane at the left side. 

But, there are stereotactic frames for which this assumption is violated (e.g. the Cosman-Rob-
erts-Wells (CRW) frame [8] described by [Brunenberg:2007]).

So, the method has to be generalized so that localizers which are not in an xz or yz plane can be 
specified and subsequently detected.

2.3 MRI distortion
In some cases the segmented localizers cannot be represented accurately by straight line seg-
ments (see Figure 14 and Figure 15). This MRI distortion ([Breeuwer:2001], [Holden:2001]) 
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should be detected, if possibly corrected for and at least investigated for its influence on the accu-
racy of the coordinate transformation.

2.4 Exploiting Special Configurations
Our method does not exploit special localizer configurations for faster extraction and/or for a 
more accurate coordinate transformation. Given for example the Leksell frame [4], the localizer 
rods of the frame at the left and right side form a square with a diagonal. Such a square may 
result in a rectangle with a diagonal in a xz slice of the MRI volume (see Figure 1

Figure 1 The localizer rods of the left side of a Leksell frame

L R

). Such a rec-

tangle can be scanned from top to bottom by a horizontal line (the thin line in Figure 1). The 
intersections with the rectangle and the diagonal give three points in MRI coordinates. The corre-
sponding stereotactic frame coordinates can be derived from the ratio between the length of the 
left side of the thin line (indicated by the letter L) and the total length of the thin line (L+R) and 
the stereotactic coordinates of the localizer rods (i.e. the corners of the square).

So, two questions arise:

1. Is it possibly to indicate such a special configuration in a general frame specification.

2. Does exploiting such a special configuration result in a more accurate coordinate transforma-
tion.

3 Assess the Accuracy of the Estimated Coordinate Transformation
The quality of the estimated coordinate transformation can be visualized by combining the sur-
face models of the stereotactic frame localizers (see Figure 6 and Figure 7) and of the detected 
localizers after the estimated coordinate transformation is applied (see Figure 16 and Figure 17).

Visual inspection gives a first indication of the quality of the estimated coordinate transforma-
tion. But, since the size of the small targets is about 5 mm, clinical application of our method is 
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only possible if the accuracy of the application of this transformation is better than about 1 mm.

So, before clinical application, our method must be assessed:

3.1 Assess the Accuracy using Simulated MRI volumes
A possible method to assess the accuracy of the estimated coordinate transformation, is the use 
of simulated (i.e. computer generated) MRI volumes. Such a simulated MRI volume can be used 
for this assessment, if the localizers and a number of simulated small targets with known stereo-
tactic coordinates can be detected. So, for the generation of such an MRI volume, the following 
entities have to be known respectively chosen:

1. The specification of a frame.

Since the localizers in the existing MRI scans are not completely visible (see Figure 8 and 
Figure 9), and since the lower extremity (the extremity closer to the neck than the other 
extremity) of the visible parts of the localizers varies between and even within MRI volumes, 
a random varying lower extremity should be possible.

2. The specification of a set of points with known stereotactic coordinates within a simulated 
head (e.g. an ellipsoid).

The set of points should cover the whole interior of the simulated head so that the accuracy as 
function of the relative head position can be estimated.

Since the basal ganglia are the primary target of deep brain stimulation, the density of the 
point set should be greater in the neighborhood of the relative position of the basal ganglia.

3. The coordinate transformation from stereotactic frame coordinates to MRI coordinates.

It should be possible to apply a number of coordinate transformations for each possible frame 
specification so that dependency on the resolution of the MRI volume can be estimated.

4. The parameters of the point spread function and the noise function.

It should be possible to vary these parameters so that the range typical for clinical MRI vol-
umes can be investigated.

After the generator for this kind of simulated MRI volumes is implemented, tested and docu-
mented, a number of simulated MRI volumes should be generated, and next the stereotactic 
frame registration method applied to assess the accuracy of the estimated coordinate transforma-
tion using descriptive statistics. Since our stereotactic frame registration contains two methods 
for estimation of the coordinate transformation (a simple one based on bounding boxes and a 
complex one based on localizer points), statistical methods should be applied on the results to 
test whether the more complex method gives better results than the simple one.

3.2 Assess the Accuracy using a Synthetic Head
Since it is almost impossible to create simulated MRI volumes which represent the distortions of 
a real MRI system, it is not possible to assess the accuracy of the estimated coordinate transfor-
mation by simulated MRI volumes completely. So, we need a synthetic head (e.g. a sphere, a cyl-
inder, a block etc.), made for example from perspex, with small objects located at the basal 
ganglia (STN, VIM, GPi etc.) which give an easily detectable response in a MRI recording.

It must be possible to connect this synthetic head to a stereotactic frame (e.g. the Leksell frame) 
so that MRI volumes can be recorded. These MRI volumes can be used to asses the influence of 
a real MRI system on the accuracy of the estimated coordinate transformation.

4 Validate the Improved Method using Clinical Data
Assessing the accuracy of the estimated coordinate transformation by simulated MRI volumes 
and MRI volumes of a synthetic head, give a good indication of the adequacy of a stereotactic 
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frame registration method but in the end such a method must be validated by real patient data. 

Unfortunately, since the position of brain nuclei may change as a consequence of the opening of 
the skull and especially of the dura mater, the stereotactic frame coordinates of brain nuclei in the 
MRI volumes may differ from the stereotactic frame coordinates possibly collected during neu-
rosurgery.

Fortunately, clinical MRI volumes can be used to validate a stereotactic frame registration 
method by comparing the detected localizers after the estimated coordinate transformation is 
applied with the localizer rods of the stereotactic frame.

5 Benchmark the Improved Method
Many manufacturers of stereotactic frames do not only supply a frame but also planning soft-
ware. Such a software system includes estimation of the coordinate transformation from MRI 
coordinates to stereotactic coordinates. Our stereotactic frame registration method will be 
applied only if it is better than the systems of the manufacturers. So, we need to benchmark our 
method. Therefore, the planning software of these manufacturers must be applied to the simu-
lated MRI volumes and the MRI volumes of the synthetic head so that the accuracy of the esti-
mated coordinate transformations can be compared.
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A Pictures
Figure 2 Leksell Stereotactic Frame 

Figure 3 ZD Stereotactic Frame 
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Figure 4 Top view of MRI coordinate system

Figure 5 Front view of MRI coordinate system 
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Figure 6 Surface model of the Leksell rods 

Figure 7 Surface model of the ZD rods 
© Philips Electronics N.V. 2009 8



For Internal Use Only November 2, 2009
Figure 8 Three orthogonal MIP’s of a MRI volume with a Leksell frame 

Figure 9 Three orthogonal MIP’s of a MRI volume with a ZD frame 
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Figure 10 The segmented localizers of a Leksell frame 

Figure 11 The segmented localizers of a ZD frame 
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Figure 12 Surface model of the segmented localizers of a Leksell frame 

Figure 13 Surface model of the segmented localizers of a ZD frame 
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Figure 14 Possibly distorted localizers 

Figure 15 Possibly distorted localizers 
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Figure 16 Surface model of a Leksell frame and the segmented localizers 

Figure 17 Surface model of a ZD frame and the segmented localizers 
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