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Purpose

Fiducial marker registration is the gold standard for accuracy in patient to image
registration.

For analysis of the accuracy of point based registration, three measures of error have been
suggested: Fiducial Localization Error (FLE) is the error in locating the fiducial points.
Fiducial Registration Error (FRE) is the distance between corresponding fiducial points
after registration. Target Registration Error (TRE]) is the distance between corresponding
points other than fiducials after registration.

In this study the accuracy of semiautomated fiducial marker localisation [1] was compared
to manual preregistration.

Methods

Special markers for automated preregistration and titanium screws for manual
preregistration were placed on human cadaver heads prior to CT-scanning.

In the image data the hollow cone markers positions were located automatically using a
software tool [1]. For manual preregistration, the centers of the heads of the titanium
screws were located manually in the image data.
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The actual position of the markers on the head was determined using a mechanical
localizer arm (MicroScribe G2, Immersion Corp., San Jose, California, USA).

Fiducial marker registration was performed for every selection of four fiducials out of each
set of markers. Using the subset of four fiducial markers, a rigid-body transformation
matrix was calculated. The transformation matrix for the selected fiducials then was
applied to the remaining markers that had been defined as targets. The TRE (Target
Registration Error) as the difference between the real target position and the calculated
target position was calculated for each target. Finally, according to [2], an estimate of the
FLE was calculated.

Results

In manual preregistration, all titanium screw markers could be detected in the 2mm CT-
scan as well as in the 4mm-CT scan.

For automated preregistration only 12 of the 13 markers could be evaluated, because one
marker loosened. During automated preregistration, 10 of the remaining 12 markers were
detected in the 2mm CT-scan and 11 of the remaining 12 markers were detected in the
4mm CT-scan.

Measured values for FRE and TRE were always better in automated preregistration, as was
the calculated estimate of the FLE. The accuracy was more robust to lower CT resolution.

Discussion

Three reasons can be assumed for this gain in accuracy: Firstly, in automated
preregistration, all voxels that belong to the marker, are weighted with their gray-scale
value. Thus a better approximation of the depicted object is made. Secondly, the
coordinates of the calculated center of gravity can be anywhere between the discrete
image coordinates, while in manual preregistration a voxel of the imagedata is selected as
the fiducial point. This also explains the increased error with lower resolution CT-imaging.
Thirdly, during registration the hollow cone is a better target than the center of a titanium
screw.
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