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Abstract

Sensorineural hearing loss is a condition characterized by damage to the inner ear or nerve pathways connecting it to
the brain, resulting in hearing impairment. Cochlear implants have been developed as a solution for children with
bilateral or unilateral sensorineural hearing loss. However, the success of cochlear implant surgery relies on the
presence and functionality of the cochlear nerve. Therefore, accurate segmentation and measurement of the cochlear
nerve are crucial for surgeons to predict the outcome of the cochlear implant procedure. In this study, we propose a
modified region growing segmentation algorithm that accurately segments the cochlear nerve region. The
segmentation accuracy is assessed using various parameters, including Jaccard, Dice, False Positive Dice, and False
Negative Dice. Additionally, the segmented region is measured using long diameter, short diameter, and cross-
sectional area. Statistical analyses, such as intra/inter-observer correlation and limits of agreement, are conducted on
the cross-sectional area of the cochlear nerve to assess the reproducibility of the automated measurement. This
automated segmentation and measurement approach holds promise for predicting the outcome of cochlear
implantation in individuals with sensorineural hearing loss.
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1. Introduction

Sensorineural hearing loss (SNHL) is a hearing impairment
caused by damage to the inner ear or the auditory nerve pathway.
Early diagnosis and treatment of SNHL are crucial for children's
development. Cochlear implants (Cls) have proven effective for
pediatric patients with congenital SNHL. To predict the success
of CI surgery, measuring the size of the cochlear nerve (CN)
plays a significant role. Additionally, CN size measurements are
valuable for diagnosing CN disorders [1-2]. Previous studies
have emphasized the importance of normal CN size. Magnetic
resonance (MR) images have been used to assess CN size
differences between patients with normal hearing and those with
post-lingual deafness [3]. However, conflicting findings
regarding CN size in acquired SNHL have been reported.
Absence or reduced CN size has been associated with SNHL,
and assessing CN integrity is critical for managing the condition.
In the context of CI surgery, the absence or underdevelopment

of the CN poses challenges, while a near-normal CN size is
associated with better implant outcomes. Therefore, accurate CN
size measurement is essential for deciding on CI surgery in
patients with congenital or acquired SNHL [4].

Traditionally, experienced radiologists manually analyze
MR images of the inner ear to measure CN size. However,
manual measurements are time-consuming, monotonous, and
prone to errors. Computer-assisted algorithms offer a faster and
more reliable alternative, aiding radiologists in diagnosis and
subsequent decision-making [5]. Developing an automatic
algorithm for CN segmentation and measurement using
computer analysis of 3D-constructive interference steady state
(CISS) images is crucial. Segmentation and measurement of the
CN in MR images present significant challenges. Precise CN
segmentation is essential for accurate measurements. An
proposed automated segmentation and measurement approach
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segment the CN and its edges. In this study, we propose a
region-growing method for CN segmentation within the ROI.
This method is simple, computationally efficient, and capable of
segmenting regions with similar properties based on initial seed
points and a threshold. Previous studies have explored region-
growing segmentation methods, such as seeded region growing
(SRG), boundary segmentation, and local seeded region growing
(LSRG). However, these methods have limitations such as over-
generation of seed points, experimental threshold selection, or
time-consuming threshold testing. To overcome these
drawbacks, we introduce a CN segmentation approach based on
kernel density estimation (KDE) that considers only the
maximum intensity pixel in the ROI. Adaptive seed points and
threshold selection are employed to ensure accurate CN
segmentation and quantification.

03 r

0.25

o 02 i
2
<
[}
e}
Q 0.15 .
o
<
0.1 B
0.086, og
0.05 b
0.027% 54 001
. .008
0 B |
Group A Group B Group C Group D
Groups

Fig. 9. Measurement accuracy- Intra-Observation groups
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Fig. 10. Measurement accuracy- Inter-Observation groups
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