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I. Introduction 
One of the most common birth defects is Sensorineural hearing loss with incidence of approximately 

1:1000 live births (1). Cochlear implantation is the only U.S. Food and Drug Administration–approved 

treatment for children with marked sensorineural hearing loss. The auditory benefits of this procedure that range 

from simple sound detection to substantial word understanding.(2) The presence of a functioning cochlear nerve 

fiber is a crucial issue in the cochlear implant candidates. The purpose of this study was to determine whether a 

narrow /stenotic cochlear fossette/aperture/nerve canal could serve as a useful and dependable predictive factor 

for the presence of cochlear nerve deficiency. 

 

II. Materials and Methods 
Subjects - A prospective study based on imaging of pediatric patients diagnosed with congenital sensorineural 

hearing loss was done over a period of 3 months from December 2014 to February 2015. Imaging modalities consisted of 

both CT and MRI. The children included in the study were between 2 to 12 years of age. A total of 55 children underwent 

CT and MRI after complete audiological examination and investigations including pure tone audiometry and brainstem 

evoked response audiometry. Out of this, 6 children who had other structural abnormalities of the ear like Mondini’s 
dysplasia were excluded and only those children with no other bony abnormalities of the ear were included in the study. 

Imaging - Noncontrast temporal bone CT and MRI were performed as part of preoperative workup of all the 

patients in our study population. CT scanning was performed on a 16-channel multidetector CT (MDCT) scanner 

(BrightSpeed; GE Healthcare). The images were acquired and reconstructed in an axial plane at 0.625 mm thickness using a 
bone algorithm. The diameter of the cranial nerve canal was measured on the axial images in each ear along the inner margin 

of its bony walls at its mid portion on an axial image through the base of the modiolus.  High resolution MRI 

with CISS T2-weighted volumetric pulse sequences (3DT2) was also done in all the patients to visualise the 

cochlear nerve. Some of the children were sedated to reduce motion artefacts during the imaging process. 

 

      
Fig.1.a. Normal bony canal for the cochlear nerve in a 6-year-old boy who underwent a temporal bone 

examination for SNHL. Transverse, thin-section CT scan through the midportion of the modiolus shows a 
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normal bony canal for the cochlear nerve. The canal width was found to be 1.8mm on the right side (a) and 

2.0mm on the left side (b). 

 

      
Fig. 1.b. 3DT2 MR images in the same patient demonstrating the bilateral cochlear nerves entering the cochlear 

canal, right side(a) and left side (b). 

 

    
Fig.2. Hypoplastic bony canal for the cochlear nerve in a 7-year-old boy with SNHL. Transverse, thin-section 

CT scan through the midportion of the modiolus shows a hypoplastic bony canal for the cochlear nerve. The 

canal width was found to be 0.6mm bilaterally. 

 

     
Fig. 2. In the same patient, there is absence of the cochlear nerve bilaterally on MRI 3DT2 sequence. 
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Fig. 3. 5 year old female child with SNHL showing bilateral stenotic cochlear nerve canal. 

 

       
Fig. 3. In the same child, there is non visualisation of the cochlear nerve on both sides. 

 

Results – The statistical analysis was done with the help of Student’s T test. The total number of female patients 

included was 27 (55.1%). The mean age was found to be 6.67 with a standard deviation of 3.16. The mean (SD) 

cochlear nerve canal diameter was 1.67 (0.17) mm in patients with normal cochlear nerve and in patients with 

absent cochlear nerve, the mean (SD) diameter was found to be 0.79 (0.39) mm. The p value was found to be 

significant (<0.001). 

 
Statistics 

 Age (in yrs) 

Mean 6.67 

Std. Deviation 3.158 

 
Sex (M/F) 

 Frequency Percent 

Valid 

F 27 55.1 

M 22 44.9 

Total 49 100.0 

 
Cochlear nerve visualised (yes/no) 

 Frequency Percent 

Valid 

No 6 12.2 

Yes 43 87.8 

Total 49 100.0 
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Crosstab 

 Sex (M/F) Total 

F M 

Cochlear nerve visualised (yes/no) no Count 4 2 6 

% within Sex (M/F) 14.8% 9.1% 12.2% 

yes Count 23 20 43 

% within Sex (M/F) 85.2% 90.9% 87.8% 

Total Count 27 22 49 

% within Sex (M/F) 100.0% 100.0% 100.0% 

 

 
 

III. Discussion 
Children with congenital sensorineural hearing loss (SNHL) require a complete analysis at the earliest. 

Diagnosis of the cause of SNHL and its correction are important in speech and language development for young 

children.(3) Cochlear implantation is considered an effective treatment for pediatric patients with congenital 

SNHL. The presence of a functioning cochlear nerve becomes an important issue in the preoperative assessment 

of pediatric cochlear implant candidates.(4) Cochlear nerve deficiency implies an absence or either a hypoplastic 

cochlear nerve. A hypoplastic cochlear nerve is a relative contraindication while the absence of the cochlear 

nerve is considered an absolute contraindication for cochlear implantation. Narrow or stenotic cochlear canal are 

associated with a hypoplastic or aplastic cochlear nerve. Narrow cochlear canal on computed tomography (CT) 

and lack of visualization of cochlear nerve on magnetic resonance imaging (MRI) has been shown to be related 

to poor outcome of cochlear implantation. 

In this study, high resolution temporal bone CT was used to measure the cochlear aperture diameter 

whereas 3DT2 MRI high resolution sequence was used to identify the cochlear nerve. In all patients with HRCT 

temporal bone demonstrating a stenotic cochlear nerve canal, MR imaging revealed cochlear nerve 

hypoplasia/aplasia. However, in patients with mildly narrow (above 1.4mm) cochlear nerve canal on CT, the 

cochlear nerve was visualized on MRI.  

Our study has demonstrated that congenital SNHL pediatric patients with very small or stenotic 

cochlear nerve canal were associated with aplasia /hypoplasia of the cochlear nerve. 

Such a correlation may be helpful in identifying patients who may not benefit from cochlear 

implantation. Supportive treatment and hearing rehabilitation using a vibrotactile device can be applied and an 

auditory brainstem implant may be considered.  

The exact cause of the smaller bony canal for the cochlear nerve in patients with SNHL is unclear. 

Labyrinthine development commences at approximately 3 weeks’ gestation with the formation of the otic 

placode that will become the otic vesicle. The spiral organ of Corti develops from the cochlear duct and along 

with the fibers from the spiral ganglia together form the cochlear nerve at 7 weeks. The IAC is formed at the 

medial aspect of the otic vesicle by inhibition of cartilage formation which requires the presence of the 

vestibulocochlear nerve. A canal will not be formed in the absence of the nerve (6).  

A study by Fatterpekar et al speculated that any anomaly in development of the otic vesicle may inhibit 

normal production of nerve growth factor resulting in excessive neuronal degradation and prevention of normal 

growth of the developing cochlear nerve(7).  
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Casselman et al have speculated in their study that just as a normal cochlear nerve is required for the 

developing internal acoustic meatus for attaining normal adult dimensions, it is likely that the bony cochlear 

nerve canal also requires a similar stimulus for its normal development.(8)  

Glasgonbury et al found deficient cochlear nerves in patients with profound SNHL at high-spatial-

resolution, T2-weighted, fast spin-echo magnetic resonance (MR) imaging performed before cochlear 

implantation.(9) 

The study conducted by Fattepekar et al revealed that the cochlear apertures of patients with SNHL 

were significantly smaller then patients having normal hearing using temporal bone CT.(7) 

The mean width of cochlear nerve canal was found to be 2.58mm in a study conducted by Stjernholm and 

Muren in 117 silicone temporal bone casts. From these measurements, abnormally narrow and wide CNC 

defined as less than 1.4mm and more than 3mm correspondingly.(10) 

Similar studies conducted by Adunka et al and Miyakasa et al also concluded  that identifying a narrow 

cochlear aperture can indeed indicate hypoplasia or aplasia of the nerve that runs through it, especially in 

children with profound hearing loss.(11,12) A more recent study by Pagarkar et al have also come to similar 

conclusions.(13) 

 

IV. Conclusion 

The findings of the present study suggest that CN deficiency is not an unusual cause of congenital 

hearing loss. In majority of the children with congenital sensorineural hearing loss the cochlear aperture was 

found to be normal in size on HRCT of the temporal bone with visualization of the cochlear nerve on MRI. 

However, in those children with a significantly narrow or stenotic cochlear aperture, the cochlear nerve was not 

visualized on MRI indicating that the nerve is either hypoplastic or aplastic. Hence, detection of a 

narrow/stenotic cochlear canal on HRCT of the temporal bone can be used a s a predictor in diagnosing cochlear 

nerve hyoplasia/aplasia and should prompt for an MRI to look for the presence of cochlear nerve especially in 

children with hearing loss in the severe to profound range and cochlear implantation is being considered. 
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