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Abstract
Purpose  In this study, we aimed to introduce the facial nerve as a new anatomical landmark which can be used in ossified 
cochleas during cochlear implantation. We also set out to define a safe line to preserve the internal auditory canal (IAC) 
while drilling the basal turn of the cochlea.
Methods  Thirty patients who had temporal computed tomography (CT) were studied. The distances from the facial nerve and 
the round window to the IAC, carotid artery, and jugular bulb were measured in the reformatted CT images. We have created 
a line in the direction of the stapedial tendon from the round window to the IAC and called it ROWIAC (Round window–
IAC) line. We have investigated whether this line intersects the IAC and measured the distances from this line to the IAC.
Results  Fifty-four temporal CT scans were included to the study. The mean distances from the facial nerve to the IAC, 
carotid artery, and jugular bulb were 8.8 ± 0.9, 15.0 ± 2.0, and 12.2 ± 2.9 mm, respectively. The mean distances from the 
round window to these structures were 3.8 ± 0.7, 9.4 ± 2.2, and 8.3 ± 2.9 mm, respectively. ROWIAC line did not intersect 
the IAC in any of the patients. The mean distance between this line and the IAC was 0.8 ± 0.4 mm.
Conclusion  We propose that facial nerve and ROWIAC line can be used as potential landmarks during cochlear implantation 
in ossified cochleas to protect the adjacent neurovascular structures.
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Introduction

Cochlear ossification is the formation of new bone within the 
cochlea. Several diseases and trauma have been associated 
with cochlear ossification (Table 1) [1–3]. The most com-
mon cause of cochlear ossification is infection which may 
reach the inner ear by hematogenous, tympanic, or menin-
geal routes. Most bacteria and toxins use the round window 

membrane (tympanic route) and/or the cochlear aqueduct 
(meningeal route) to enter the inner ear, so pathologic bone 
growth most commonly occurs in the scala tympani near the 
round window membrane [1, 4, 5].

Cochlear ossification results in sensorineural hearing loss 
in all of the cases [6]. They benefit from cochlear implanta-
tion and, in those patients with partially ossified cochleas, 
many perform as well as patients with patent cochleas [7–9]. 
Smullen and Balkany [3] classified the ossified cochleas as: 
stage I, ossification limited to the round window area; stage 
II, inferior segment of basal turn up to 180°; and stage III, 
more than 180° of the basal turn. Stage I and II ossification 
are the most frequently encountered ones [10]. In stage I, 
new bone can often be picked away or drilled open to expose 
the patent scala. In stage II, inferior segment of basal turn 
ossification requires a drill-through procedure. The area of 
the round window is identified, and drilling is performed 
anteriorly for up to 8 mm or until a patent lumen is visual-
ized [3, 10]. During these commonly performed procedures 
in ossified cohleas, there is a risk of damaging the nearby 
neurovascular structures such as internal carotid artery, jugu-
lar bulb, and internal auditory canal (IAC) [11–14].
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Round window has been used as a landmark in ossified 
cochleas to preserve the neurovascular structures lying 
within millimeters to the basal turn of the cochlea [11, 12]. 
However, while drilling the ossified round window mem-
brane through the facial recess, this important landmark 
could be obscured and surgeons can lose their orientations. 
Inadvertant drilling of the medial side of the basal turn can 
result in damages to the IAC. Hence, identifying alternative 
landmarks would be helpful to avoid this possible and poten-
tially devastating complication. In this study, we aimed to 
introduce the facial nerve to be used as a potential landmark 
in ossified cochleas during the cochlear implantation. We 
also set out to define a safe line to preserve the IAC while 
drilling the basal turn of the cochlea.

Materials and methods

Subjects

The methods used in this study were approved by the 
local ethics committee of Yeditepe University School of 
Medicine. Data of all patients who underwent Computed 
Tomography(CT) imaging at the Yeditepe University. Hos-
pital were reviewed from January 2016 to January 2018. 
A total of 30 subjects who are older than 18 years of age 
were selected for the study. Patients with anomalies of the 
cochlea and second genu of the facial nerve and patients 
with unrecognized pyramidal eminence and stapedial tendon 
due to chronic otitis media or surgery were excluded from 
the study. All CT images of bilateral temporal bones were 
evaluated by one radiologist. As the ossification of the coch-
lea does not influence the distances which we have planned 
to measure, it was deemed appropriate to evaluate temporal 
bones with non-ossified cochleas.

Computed tomography protocol

All CT images were obtained with a 64-detector multi-
slice CT (Revolution HD/GSI, GE Healthcare, Chalfont 

St Giles, UK). The scanning technique was the stand-
ard temporal bone CT imaging protocol containing tube 
voltage of 120 kVp, tube current of 180 mA, slice thick-
ness of 0.625  mm, matrix of 512 × 512, and FOV of 
22 cm × 22 cm. Multiplanar reconstruction (MPR) images 
were obtained from high-resolution computed tomogra-
phy data. The typical display included the three orthogo-
nal CT scans (axial, coronal, and sagittal) and a fourth 
one for self-set oblique CT image whose changes were 
followed by the three orthogonal ones. The four images 
could be viewed at the same time and it was possible to 
switch to each image at the same time.

Parameter measurements

The multislice CT images were assessed in a dedicated 
workstation program of GE Volume Viewer v13.0 (GE 
Healthcare, LLC, Waukesha WI). The shortest distances to 
the neurovascular structures near the cochlea were measured 
using the facial nerve and the round window membrane as 
landmarks (Figs. 1, 2). We have used the inferomedial border 
of the round window membrane as the starting point of the 
measurements. We have also created a line in the direction of 
the stapedial tendon from the round window to the IAC and 
called it ROWIAC (Round window–IAC) line (Fig. 3). First, 
in the axial oblique cut, we have identified the stapedial ten-
don. Subsequently, we have moved the reference line on the 
same direction of the stapedial tendon (Fig. 3a). We have 
scrolled down to the level of the round window membrane 
and moved the line to the inferomedial border of the round 
window membrane (Fig. 3b). Then, we scrolled up to the 
level of the IAC and evaluated whether this line intersects 
the IAC. We have also measured the distances from this 
line to the IAC (Fig. 3c).All distances were recorded at the 
hundredth millimeter and then rounded to the nearest mil-
limeter. To demonstrate the application of ROWIAC line in 
a real patient, we have shown the direction of this line in an 
adult cadaveric temporal bone (Fig. 4). The definition of the 
distances measured on the reformatted CT images is shown 
in Table 2.

Statistical analysis

Statistical analyses were performed using SPSS software 
(IBMSPSS statistic 25.0). Descriptive analyses were pre-
sented using means, standard deviations, and minimum 
and maximum values for continous data and frequecies 
and percentages for categorical data. The variables were 
investigated using Kolmogorov–Smirnov test to determine 
whether or not they were normally distributed. For normally 
distributed data, independent sample t test was used, and for 

Table 1   Common causes of 
cochlear ossification Meningitis

Otosclerosis
Chronic otitis media
Ototoxic agents
Idiopathic deafness
Autoimmune disorders
Congenital deafness
Trauma
Iatrogenic injury
Viral infections
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Fig. 1   The distances (red lines) from the Facial nerve (FN) to the 
Internal auditory canal (IAC), Internal carotid artery (ICA), and Jug-
ular bulb (JB) are shown on the reformatted computed tomography 

images in figures a (D1), b (D2), and c (D3), respectively. R right, D1 
distance 1, D2 distance 2, D3 distance 3

Fig. 2   The distances (red lines) from the Round window (RW) to the 
Internal auditory canal (IAC), Internal carotid artery (ICA), and Jug-
ular bulb (JB) are shown on the reformatted computed tomography 

images in figures a (D4), b (D5), and c (D6), respectively. R right, D4 
distance 4, D5 distance 5, D6 distance 6

Fig. 3   The Round window–Internal auditory canal (ROWIAC) line 
(red arrows) is created in the direction of the stapedial tendon on the 
axial cut of the computed tomography images (a). This line is moved 
to the medial edge of the round window membrane (b). After scroll-

ing the images and reference line up, the distance from the ROWIAC 
line to the Internal auditory canal (IAC) (D7) is shown (c) (Black 
arrow). L left, D7 distance 7
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not normally distrubuted data, Mann–Whitney U test was 
used to compare the differences between sexes and laterality. 
p < 0.05 was considered as statistically significant.

Results

Thirty patients and sixty temporal CT scans were evalu-
ated. Of the 30 patients, 16 (53%) were female and 14 
(47%) were male, with a mean age of 44.7 years (range 
29–71). Six of the temporal bones were excluded, because 
stapes and/or stapedial tendon were not identifiable due 
to chronic otitis media or surgery. Fifty-four temporal CT 
scans were included to the study. The mean distances from 
the facial nerve to the IAC, carotid artery and jugular bulb 
were 8.8 ± 0.9, 15.0 ± 2.0, and 12.2 ± 2.9 mm, respectively. 
The mean distances from the round window to these struc-
tures were 3.8 ± 0.7, 9.4 ± 2.2, and 8.3 ± 2.9 mm, respec-
tively. ROWIAC line did not intersect the IAC in any of the 
patients. The mean distance between this line and the IAC 
was 0.8 ± 0.4 mm. The descriptive statistics of the distances 
are shown in Table 3.

No statistical difference could be found between right and 
left sides. Males were found to have a longer D3 (Facial 
nerve-Jugular bulb, p = 0.017) and D6 (Round window-Jug-
ular bulb, p = 0.023) in comparison to females. The distances 
from the facial nerve and round window to the jugular bulb 
were 13.2 ± 2.9 (range 7.4–20.1 mm), and 9.3 ± 3.0 (range 
5.3–15.5 mm) in males, respectively. Same distances in 
females were 11.3 ± 2.7 (range 6.6–18.9 mm) and 7.5 ± 2.7 
(range 2.0–13.1 mm), respectively.

Discussion

Cochlear implantation in ossified cochleas can be challeng-
ing to the surgeon depending on the degree of ossification 
within the cochlea. Since ossification mainly involves the 
round window area and the inferior segment of basal turn 
of the cochlea, a thorough understanding of the nearby 
anatomical structures is crucial for a safe cochlear implan-
tation [4, 10]. Cochlea is related anteriorly to the internal 
carotid artery, inferiorly to the jugular bulb, and medially 

Fig. 4   The endoscopic inferior view of a right tympanic cavity from 
the retrofacial recess approach of an adult cadaveric temporal bone. 
Superior red arrow shows the direction of the stapedial tendon. Infe-
rior red arrow shows the Round window–Internal auditory canal 
(ROWIAC) line. L lateral, M medial, P posterior, A anterior, ST sta-
pedial tendon (White arrow), PE pyramidal eminence, S stapes, I 
incus, M malleus, RW round window, BT basal turn of the cochlea

Table 2   The distances measured between the landmarks and the neurovascular structures

D Distance, FN facial nerve, ROWIAC Round Window-Internal Auditory Canal

D1 The shortest distance from the second genu of the FN to the internal auditory canal (measured in the axial oblique cut where the pyramidal 
eminence is most prominent)

D2 The shortest distance from the second genu of the FN to the internal carotid artery (measured in the axial oblique cut where the pyramidal 
eminence is most prominent)

D3 The shortest distance from the second genu of the FN to the jugular bulb (measured in the coronal oblique cut where the pyramidal emi-
nence is most prominent)

D4 The shortest distance from the round window to the internal auditory canal (measured in the coronal oblique cut)
D5 The shortest distance from the round window to the internal carotid artery (measured in the axial oblique cut)
D6 The shortest distance from the round window to the jugular bulb (measured in the coronal oblique cut)
D7 The shortest distance from the ROWIAC line to the internal auditory canal (Measured in the axial oblique cut)
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to the internal auditory canal. While drilling the cochlea 
to open a patent scala, the surgeon is not able to visualize 
the adjacent neurovascular structures during the procedure 
as they are covered by bone. Round window is considered 
as an important surgical landmark to know the minimum 
distances of these neurovascular structures from the cochlea 
[3, 11, 12]. Singla et al. [11] reported the distances from 
the round window niche to the carotid canal and jugular 
fossa as 8.03 ± 1.55 and 2.98 ± 1.68, respectively. In a cadav-
eric study, Wysocki and Skarzynski [15] found the distance 
between the round window niche and the carotid canal as 
8.08 ± 1.55 mm. In our study, the mean distance between the 
round window and the internal carotid artery was 9.4 ± 2.2 
and similar to the previous studies. This distance may help to 
avoid internal carotid artery injury or misplacement of elec-
trode array into carotid canal, which has been reported previ-
ously in the literature [16, 17]. The mean distance between 
the round window and the jugular bulb was 8.3 ± 2.9 mm, 
which was higher than the prior studies [11, 18]. This differ-
ence may be due to fact that the starting point of their meas-
urements was from the inferior border of the round window 
niche in the cadavers. We have used the inferomedial border 
of the round window membrane as the starting point of the 
measurements in CT images. The mean distance between the 
round window and the IAC was 3.8 ± 0.7 mm. To the best 
of our knowledge, this distance has not been reported in the 
literature. Since this is a very short distance, the surgeon 
should be aware of it and keep in mind that drilling medial 
to the round window can cause injury to the IAC and/or 
misplacement of electrode array into the IAC [16, 19].

During cochlear implantation in ossified cochleas, if the 
surgeon fails to adequately distinguish the round window or 
drills the entire round window which is an important land-
mark, he/she may have difficulty to decide the direction of 
the further drilling to open a patent scala. Since no landmark 
had been defined other than the round window so far, we 
have introduced the second genu of the FN as an adjunctive 

landmark in ossified cochleas. Jiang et al. [20] have reported 
the shortest distance between the mastoid segment of FN 
canal and the vertical segment of the petrous internal carotid 
artery as 13.33 ± 1.25 mm. However, they have not used the 
second genu of the FN which can be seen through the facial 
recess approach during cochlear implantation. We have 
found the distance between the second genu of the FN and 
the internal carotid artery as 15.0 ± 2.0 mm. Since the mas-
toid segment and second genu of the FN are close to each 
other, we have found similar results. In case of the absence 
of the round window as a landmark, the second genu of the 
FN can help the surgeon as a second landmark to protect the 
internal carotid artery. This landmark can also be used to 
avoid any inadvertent damage to the jugular bulb and IAC.

We have defined the ROWIAC line as a safe guide to 
prevent injury to the IAC. While creating the ROWIAC line, 
initially, we have determined the line according to the direc-
tion of the stapedial tendon in the axial oblique cut of CT 
images (Fig. 3a). Then, we have moved this line by scrolling 
down to the starting point which is the inferomedial edge of 
the round window. The direction of the ROWIAC line from 
the round window to the possible IAC only intersected the 
basal turn of the cochlea and the IAC remained superiorly 
(Fig. 3b). Subsequently, to investigate whether it intersects 
the IAC, we have scrolled this line up to the level of the IAC. 
It did not intersect the IAC again (Fig. 3c). If the surgeon 
preserves the inferomedial edge of the round window as a 
landmark in an ossified cochlea, and draws an imaginary 
line in the axial direction of the stapedial tendon from the 
inferomedial edge of the round window to the possible IAC 
anteriorly, he/she can stay away from the IAC by drilling 
inferolateral to this ROWIAC line. Using this line, the sur-
geon can prevent any injury to the IAC and/or misplacement 
of electrode array into the IAC even in normal cochleas [19]. 
Nevoux et al. [17] reported that the stapedial tendon is an 
important landmark to assess the proper axis for the cochle-
ostomy. They recommend to drill for the cochleostomy in a 
vertical line to avoid any injury to the carotid canal. They 
believe that the stapedial tendon is helpful in finding the 
proper axis. However, in our study, we have used the stape-
dial tendon to avoid any injury to the IAC.

The major strength of the present study is providing a new 
landmark and line for protecting the neurovascular struc-
tures during cochlear implantation in normal and ossified 
cochleas. The major limitation of this study is that it has 
been performed on non-ossified cochleas. However, we do 
believe that these results could be sufficiently translated to 
the patient population with cochlear ossification as ossifi-
cation should not interfered with the measurements. One 
of the limitations of the measurements is that if the round 
window membrane and niche cannot be identified clearly 
due to the new bone formation, our measurements cannot 
be used. Another important limitation of our study was the 

Table 3   Descriptive statistics of the distances

All measurements are in millimiters (mm)
D Distance, FN facial nerve, IAC internal auditory canal, ICA internal 
carotid artery, JB jugular bulb, RW round window, ROWIAC Round 
Window-Internal Auditory Canal

N Mean Std. deviation Minimum Maximum

D1 (FN-IAC) 54 8.8 0.9 6.3 11.0
D2 (FN-ICA) 54 15.0 2.0 10.7 22.1
D3 (FN-JB) 54 12.2 2.9 6.6 20.1
D4 (RW-IAC) 54 3.8 0.7 2.4 5.6
D5 (RW-ICA) 54 9.4 2.2 6.6 17.3
D6 (RW-JB) 54 8.3 2.9 2.0 15.5
D7 (ROWIAC-

IAC)
54 0.8 0.4 0.0 1.6
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limited sample size. Yet, we believe that as a pilot study, we 
hope this study paves way for further studies to be performed 
with larger sample sizes. Patient sample has been solely con-
sisted of adults; therefore, applicability of these parameters 
in pediatric age group is uncertain.

Conclusion

In this study, the second genu of the facial nerve has been 
introduced as a novel anatomical landmark that can be used 
during cochlear implantation of adult patients with ossified 
cochleas to protect nearby neurovascular structures. We have 
also defined the ROWIAC line that can be used to preserve 
the IAC both in normal and ossified cohleas during cochlear 
implantation.
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