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Summary of Topic
In many cases of hearing loss, especially those involving damage to the sensory hair cells of the cochlea, hearing can be restored by way of a cochlear implant. These devices are arrays of electrodes that are curled inside the cochlea, and transmit sound sent by an external receiver into electrical signals that are sent to the brain. The implantation of the electrode array is a difficult procedure even for highly trained surgeons due to low visibility, the precision required, and the small scale of the force that can cause damage to the cochlea. In order to make this procedure safer and more repeatable, we propose a system that uses a tremor-cancelling robot that guides the implant along the axis of the cochlea to the point of insertion. Virtual fixtures are enacted based on imaging that constrain the motion of the robot to the center axis of the cochlea, guiding the implant to the ideal insertion point. This increases the chance of success for the operation, as well as minimizing the chance of cochlear damage.Fig. 1: Internal and external parts of a cochlear implant
Image credit: Wikipedia.org

Fig. 2: Electrode array insertion system diagram
Image credit: Paul Wilkening



























Background
In order to access the cochlea, the surgeon must first perform a mastoidectomy and cochleostomy. The mastoidectomy machines the flesh (mastoid cells) around the cochlea, and the cochleostomy drills a hole into the temporal bone. Once this is complete the round window, the most direct entrance to the cochlea, is accessible. The surgeon then inserts the implant until the desired position is reached. This is typically just before the basal turn, which is the first turn in the spiral of the cochlea. This location is communicated by way of a marker on the implant itself. Once this marker reaches the site of the cochleostomy, the implant should be at the proper depth. The surgeon then grips the stylet, a wire that keeps the implant straight, and continues to push the electrode array. Because the electrode array is naturally curved, removing it from the stylet causes it to curve into the spiral of the cochlea and the insertion is then complete.Fig. 3: Electrode array insertion into a phantom cochlea
Image credit: Paul Wilkening


Specific Goals
1. Create a model of the cochlea from an OCT bulk scan
2. Create a model of the cochlea from B-scans taken by a side-viewing fiber
3. Register these models together to remove error found in either
4. Develop virtual fixtures that assist the implantation procedure

Significance
This project is significant because cochlear implant insertion is a difficult procedure that has widespread use. As of December 2010, 219,000 people worldwide use cochlear implants [8]. The market for cochlear implants is large, and several companies are working to develop cochlear implants that are easier to insert. Cochlear is a company that is working closely with ERC CISST to develop implants suited to a robotic system for this insertion, and their investment of time, effort, and resources showcases the potential effect this system can have once implemented. The methods used in this project also have potentials applications to other surgical procedures, as they increase the overall safety of the surgery by constraining the movement of the robot.



Technical Summary of Approach
The steady-hand robot is a robotic arm to which the side-view probe, bulk OCT scanner, and implant-holding tool can be mounted. It uses tremor-reduction to eliminate the hand tremors surgeons train to reduce, but can never completely remove. Even these slight hand tremors can cause significant damage to the cochlea, and so this is an important piece of the system. The robot is also able to enact virtual fixtures, which are constraints on the motion of the robot in its environment. The virtual fixtures we will use are discussed in more detail below.

Side-viewing Probe Imaging
A probe has been developed that uses an angled fiber to capture OCT A-scans out of a window drilled into its side. It can be mounted to a motor that turns the sideview probe, enabling it to create B-scans out of the A-scans it receives and create a contour that shows a 360 degree view of its surroundings, up to 5 mm. When inserted into the cochlea, it can give contours at several depths, which can then be stitched together into a model of the cochlea. These contours are also useful for virtual fixtures, which is discussed below.Fig. 4: Side-viewing Probe Imaging Setup 
Image credit: Berk Gonenc





Bulk Scan Imaging
An OCT bulk scanner has been constructed that can create a 5 mm x 5 mm x 5 mm volume. It takes several A-scans until a row is complete, and then takes A-scans for the next row. This process is repeated until a cube has been populated. The size of this volume isn't sufficient to capture the entire cochlea, but several are taken and then the images are stitched together. This volume can then be turned into a surface model, which is useful for virtual fixtures.Fig. 5: Bulk Scan Imaging Setup
Image credit: Emily Daggett











Virtual Fixtures
Virtual fixtures are constraints on the motion of the robot in its environment. We plan on implementing several virtual fixtures that will assist in inserting the implant. The first virtual fixture is halting the implant at the basal turn and capturing the axis of insertion. This virtual fixture saves the coordinates of a point identified to be the basal turn, and the orientation of the robot at the point. From then on, when the virtual fixture is enacted the robot will only be able to move the implant along that axis and halts all motion once the desired point is reached. This way, a user will be able to guide the implant along the proper axis and the stop will notify them that the proper depth has been reached. This is difficult to achieve without the virtual fixture, so it is a good first step in proving that such an insertion can be repeated reliably.
A second virtual fixture involves the side-view probe's contours. These can be used to identify the center of the cochlea and location of the probe at several depths, and the virtual fixture guides the probe so that it is in the center of the cochlea at all depths. The side-view probe is currently very difficult to insert, so this virtual fixture will greatly help us get better B-scans.Fig. 6: Side-view B-scan contour
Image credit: Saumya Gurbani

Another virtual fixture involves the volume obtained by the bulk OCT scanner. The model extrapolated from this volume can be used to identify the desired axis of insertion and point of insertion, which would then be used with our first virtual fixture to assist in inserting the implant. Instead of needing to insert and determine the desired location manually, it can be done automatically. This would allow us to find this point without expert guidance, which would be greatly helpful.Fig. 7: Bulk Scan Volume
Image credit: Mingtao Zhao
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