
Introduction
Lateral skull base surgery requires drilling within millimeters of 
critical anatomical structures. Currently availably surgical 
navigations systems have the following limitations:
- Lack sub-millimetric accuracy 
- Require bulky external tracking equipment 
- Require a direct line of sight of tracked instruments (optical 

systems)
- Are susceptible to tracking errors from interference by other 

electronics in the OR (electromagnetic systems)

We seek to overcome these limitations by developing a trackerless
surgical navigation system using 3D endoscopy in the lateral skull 
base.
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Methods
Two 3D models are generated in 3D slicer during discrete steps of 
a cadaveric, translabyrinthine dissection. 

- A surface reconstruction model is generated by stitching 
videoframes captured with 3D endoscopy (4mm TIPCAM 3D 
KarlStorz) into a 3D mosaic using stereo matching and then 
aligning the resultant data using a novel feature-based 
simultaneous localization and mapping method.

- A 3D segmented CT model is generated from high resolution CT 
imaging (0.6 mm slice thickness) of the cadaveric temporal bone 
(3D slicer).

These models are fused using artificial fiducials (1.2 mm bone-
fixed screws). Registration accuracy is assessed by calculating 
fiducial target registration errors (TREs).

A pilot clinical evaluation is underway, in which intraoperative 3D 
endoscopy from lateral skull base surgeries and the corresponding 
preoperative patient CT scans are used to generate a surface and 
segmented CT model, respectively. These models will be fused 
using natural anatomic landmarks.

.

Results

Conclusions
- Our preliminary findings suggest that a stereoscopic 

surface reconstruction approach to lateral skull base 
surgical navigation may provide surgeons and trainees 
with the ability to “see through” opaque bone and a 
visual buffer zone while drilling within millimeters of 
critical structures. 

- Co-registration of models using anatomical landmarks 
requires ongoing development
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Cadaveric:
In 8 cadaveric temporal bones, surface reconstruction and 
segmented CT models were generated at five timepoints 
during translabyrinthine surgical dissection. Preliminary 
co-registration of these models using artificial fiducials 
yielded a mean TRE of 0.73 mm (SD: +/- 0.148; n= one 
temporal bone, 44 fiducials).

Clinical: 
3D endoscopic video of 18 transsphenoidal, 2 middle 
fossa, 2 retrosigmoid, and 6 mastoidectomy cases has 
been captured. Surface reconstruction model and 
segmented CT model generation, with co-registration 
using natural anatomic landmarks, is in process. 

Pilot clinical evaluation:

Intraoperative 3D-endoscopic surface reconstruction 
of a right sided exposed mastoid bone

Cadaveric validation:
Right sided internal auditory canal 
drill out shown

Segmented CT 3D model from preoperative 
patient imaging
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