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INTRODUCTION 
The cochlea is the end organ of hearing within the inner ear responsible for transducing mechanical sound vibrations into the electrical impulses we perceive as sound. The basilar membrane (BM) is an important soft-tissue structure within the cochlea responsible for the perception of different sound frequencies. Cochlear implants are neural-prosthetic devices surgically inserted along the length of the cochlea to restore sound perception in cases of severe-to-profound sensorineural hearing loss. Along its trajectory, the implant’s electrode should remain below the BM, as going above it by piercing the BM would cause structural damage. The objective of the current work is to analyze the intracochlear trajectory of implant electrodes relative to the BM to ascertain that the BM is not pierced using image processing techniques.
METHODS
Four implanted human cadaveric cochleae were scanned at 9µm using a synchrotron radiation phase-contrast imaging technique (SR-PCI). SR-PCI combines synchrotron X-ray and phase contrast with computed tomography, producing high-resolution three-dimensional discernment of both bone and soft tissue, including the BM, in intact cochleae [1].
The BM and implant electrode were segmented in each image using 3D Slicer. The segmentations were then radially sliced at 5° increments along the cochlea’s modiolar axis of rotation using MATLAB. The outer- and inner-most BM points and the centroid of the electrode were automatically generated at each cross-sectional slice of the segmentation, as shown in Fig. 1.
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Fig. 1 (A) Shows the basilar membrane (green) and cochlear implant electrode (black) segmentation. (B) Shows the automatically generated basilar membrane points (green) with the respective line connecting them, and the cochlear implant electrode (black) points.
The BM line was defined by the outer- and inner-most two BM points. The orthogonal distance between the electrode centroid and the BM line was calculated along the entire cochlear length.
RESULTS & DISCUSSION 
Fig. 2 shows that as angular depth increases, the implant electrode moves towards the BM but does not cross it. A distance greater than 0 mm indicates that the electrode has been safely inserted without impinging on the BM. Therefore, all implants studied were safely inserted based on their distance from the BM, i.e., none of them pierced the BM. Future work will examine more implanted cochleae. This work is significant as it may give surgeons confidence in the electrode type examined to achieve atraumatic insertions.
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Fig. 2 The three-dimensional orthogonal distance of the implant from the basilar membrane line along various angular depths in four samples.
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