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Interactive bone drilling
using a 2D pointing device to support

Microendoscopic Discectomy planning*

Keiho Imanishi

Abstract

In the field of orthopedic surgery, lumbar disc disease has recently been treated
by minimally invasive procedures such as Microendoscopic Discectomy(MED).
Compared to the traditional open surgery, MED provides various benefits such
as a small incision, reduced postoperative pain, and quick recovery to daily life or
work. Not only patients but also practitioners have been awaiting the generalized
use of MED. However, high technical skills with long clinical experience is required
for drilling the intended region at MED. Currently, there is no efficient method
to assist the preoperative planning of MED, and surgeon can only refer to the
defined drilling region from 2D CT images from which the surgeon cannot easily
associate the 3D region. Therefore, there is a need to develop a method to assist
strict planning of drilling region, enabling the surgeons to refer to a 3D image
easily during the surgery.

In this research, we propose a method to assist the planning of MED using a
general-purpose 2D pointing device. Unlike existing methods, our method has

the following features: (1) a method to directly cut away arbitrary 3D regions on

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of In-
formation Science, Nara Institute of Science and Technology, NAIST-IS-DD1061001, February
3, 2011.
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the volumetrically rendered image, (2) 3D drilling algorithm with only a general-
purpose 2D pointing device to provide a simple interface to end-users, (3) a
GPU-based rendering scheme for high quality shading of drilled boundaries, (4)
a smart depth control to ensuring the continuity of the drilling operation to
reduce both over-drilling and unnatural drilling of an unintended region caused
by inputs from the 2D pointing device, (5) a method to interactive drilling on the
arbitrary 3D internal region for assisting the planning of drilling to the internal
region at MED, and make the user can define the drilling region more strictly by
constraining the drilling points on the clipping plan, (6) a scheme that introduces
volume rendering method utilizing the endoscope’s lens characteristics in order to
assist the user to plan the insert position and the direction of the microendoscope.

We applied our techniques to some CT data of specific patients. Several exper-
iments confirmed that the user was able to directly drill a 3D complex region on
a volumetrically rendered lumbar spine through simple mouse operation. Also,
our rendering scheme clearly visualizes time-varying drilled surfaces at interactive
rates. By comparing simulation results to actual postoperative CT images, we
confirmed the user interactively simulates similar cutting to that carried out in
real surgery. In the evaluation by the medical specialists, the comment that® the
distortion of viewing from the fish-eye endoscope is reproduced and there is no
sense of incongruity ” was obtained.

From the above validation, we found that our framework can supply an efficient
environment for the surgical planning of MED and contribute to the wide spread
use of MED. Furthermore, extending our methods and applying them to surgical

navigation can help making safer MED surgery.

Keywords:

MED, volume sculpting, 2D pointing device, surgical planning, endoscope
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