











Surface-based registration in neurosurgery procedures

Fic. 4. Expected TRE map showing the mean estimated TRE as
isovalue lines superimposed on a representative MR imaging slice.

accuracy, and the surface is acquired in a few seconds. The
registration result is surgeon independent as he or she has
no effect on the generated surface.

The main drawback of our proposed method is the
actual cost of a 3D surface scanner (~ €20,000, although
the prices are dropping) with an accuracy of * 0.3 mm
or better. In addition, a custom stand to hold the scanner
may be required in the operating room.

Another limitation of our method is that none of the
existing TRE estimation methods are clinically validated
for image-to-patient SBR. Current TRE estimations and
appropriate visualization methods need further investiga-
tion and development.

A key limitation of SBR is that it does not include
location information from other parts of the head and
thus can be of limited use for targets in the deep tem-
poral, parietal, and occipital lobes, basal ganglia, pineal
region, and upper brainstem. We envisage 2 possible so-
lutions. The first is the addition of 1 or 2 skin fiducial
markers in strategic head locations. Although the sur-
geon will need to touch these fiducials with a tracked
probe intraoperatively, the localization uncertainty will
be much smaller than with anatomical landmarks.!® Fur-
thermore, our and other studies indicated that adding a
single fiducial marker in an optimal location can reduce
the TRE by one-half.””!® A second possible solution is to
use additional uni- or bilateral ear scans. The outer ear
surface provides lateral localization information that can
be added to the frontal surface scan. Although the ear is
flexible and deformable, we have observed that its outer
surface and location with respect to the head is relatively
stable. Thus, the outer ear surface can be extracted from
the preoperative CT/MR image and matched with an in-
traoperative side surface scan. The conjunction of both
data sets may provide a better distribution of registration
points and allow us to obtain a smaller TRE. For the su-
pine position, bilateral external ear scanning may provide
a combination of 2 opposite surface registration data sets
that may enhance TREs. Further studies will be required
to explore this idea.

We have integrated SBR into a system consisting of
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a miniature robot for keyhole neurosurgery.? We envisage
using this method for other image-guided surgery appli-
cations for which real-time tracking is not available.

Conclusions

A surface-based facial scanning—to—preoperative MR
imaging/CT data registration process is automatic, short,
and feasible with good operating room integration. Our
results on 12 patients showed that the surface registration
error is ~ 1 mm in the facial zone for both supine and lat-
eral patient positions. This level of accuracy is comparable
to that obtained using FBR with skin fiducial markers in
commercially available optical-based neuronavigation sys-
tems. The SBR accuracy was better in the face and fron-
tal zones, and the estimated registration error increased as
the target location lay further away from the upper facial
surface and deeper inside the brain. Visualization of the
mean estimated TRE as isovalue lines superimposed on
a patient’s MR image can assist the surgeon in decision
making while planning and executing his neuronavigation
procedures.
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