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Abstract

Objective. This study aimed to determine anatomical landmarks for accurate and safe middle
turn cochleostomy on cadaveric temporal bones.
Methods. In 17 cadaveric wet adult temporal bones, cortical mastoidectomy was performed,
followed by extended posterior tympanotomy through which a middle turn opening was
created anterior to the stapes footplate. Micro-measurements of various lengths were taken
from the cochleostomy to normal middle-ear anatomical landmarks using a digital
microscope.
Results. The mean length from the middle turn cochleostomy to the processus cochlearifor-
mis was 1.8 ± 0.3 mm and to the tympanic segment of the facial nerve was 2.2 ± 0.3 mm.
The mean shortest length from the oval window to the osseous spiral lamina was 2.4 ±
0.3 mm and to the internal carotid artery was 5.0 ± 0.6 mm. The mean shortest length
from the round window to the internal carotid artery was 4.3 ± 0.6 mm.
Conclusion. A middle turn cochleostomy can be safely drilled by using the measured lengths
in difficult cases.

Introduction

Labyrinthitis ossificans is a pathological condition wherein ossification of the cochlear
lumen occurs as a result of varying aetiology. This makes cochlear implant electrode
insertion difficult for the operating surgeon if the round window or the basal turn is
obstructed with bone. The first option would be to drill further into the proximal basal
turn from the round window until a definite lumen is visualised. If this is not successful,
an alternative technique is anterograde or retrograde double array insertion, first
described independently by Lenarz et al. and Bredberg et al. in 1997, which takes advan-
tage of a second opening or cochleostomy created into the middle turn of the cochlea.1,2

This may be the only option when resistance is encountered to passage of the electrode
beyond 7–8 mm of the round window. The current existing guideline for middle turn
cochleostomy is to drill a few millimetres anterior to the oval window. Cochlear drilling
using a single landmark may result in complications like osseous spiral lamina trauma,
scala vestibuli insertion or internal carotid artery injury. To date, there has been no accur-
ate description of surgical landmarks for middle turn cochleostomy in the medical litera-
ture. This study aims to describe the anatomical landmarks and guidelines for a middle
turn cochleostomy so as to ensure electrode insertion into the scala tympani of the middle
turn of the cochlea.

Materials and methods

A descriptive cadaveric study was conducted in the temporal bone dissection laboratory of
the ENT department of a tertiary medical college hospital. Seventeen wet cadaveric nor-
mal adult temporal bones were acquired from the department of anatomy, and the study
was started after approval by the institutional review board and ethics committee
(approval number: 11109).

The study was conducted over one year from July 2018 to July 2019. In each of the
formalin-preserved temporal bones, cortical mastoidectomy followed by posterior tympa-
notomy was carried out using a surgical microscope. Once adequate exposure of the
round window and stapedial tendon was achieved through the facial recess, the incus but-
tress was drilled off for an extended facial recess approach as shown in Figure 1.

The malleus, incus and stapes suprastructure were then dislocated and removed for
better exposure of the promontory. The stapes footplate was left intact in most of the
bones after cutting the stapedial tendon and removing the firm, cadaveric stapes supras-
tructure with micro-scissors. A middle turn fenestra was then drilled with a 1-mm dia-
mond burr, commencing at a point 2 mm anterior to the oval window. This
measurement was taken using a calibrated piece of paper scale as shown in Figure 2.
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An electrode gauge (Cochlear, Sydney, Australia) was then
passed into the cochleostomy opening to confirm the lumen
patency (Figure 3a and b). Cochlear turns were next outlined
by drilling out the cochlear lateral walls for a complete drillout
(Figure 4 and 5). Then, the electrode placement within the
compartments of the middle turn was checked. Once it was
confirmed to be within the scala tympani of the middle
turn, measurements were taken from various fixed middle-ear
landmarks to the middle turn cochleostomy with the help of
the handheld camera of a digital microscope, which had pre-
viously been used for temporal bone micro-distance measure-
ments.3 The various parameters measured included the length
from the processus cochleariformis to the middle turn
cochleostomy, the length from the proximal portion of the
tympanic segment of the facial nerve canal to the middle
turn cochleostomy, the shortest length from the anterior
edge of the oval window to the osseous spiral lamina of the
middle turn, and the shortest lengths from the anterior edge
of the oval and round windows to the petrous internal carotid
artery.

Statistical analysis

Quantitative variables were summarised using mean and
standard deviation. Categorical variables were summarised
using counts and percentages. Mean lengths were presented
with 95 per cent confidence intervals. The intraclass correl-
ation co-efficient was calculated for various measured para-
meters, and inter-observer variability was checked between
the values of two authors (HS and AP). Reliability was

interpreted as follows: intraclass correlation co-efficient less
than 0.5, poor; between 0.5 and less than 0.75, moderate;
between 0.75 and 0.9, good; and more than 0.9, excellent.4

Results

Out of the 17 temporal bones, 11 were on the left side and 6
were on the right side. The inter-observer reproducibility of
the measured parameters was acceptable, as shown in
Table 1. The distance between the processus cochleariformis
and middle turn cochleostomy ranged from 1.3 to 2.4 mm,
with a mean length of 1.8 ± 0.3 mm (Figure 6). Drilling infer-
iorly beyond 1.8 mm caused wrong opening into the scala ves-
tibuli of the basal turn of cochlea in 12 bones (71 per cent).
The mean oblique length from the most proximal part of
the tympanic segment of facial nerve to the middle turn
cochleostomy was 2.2 ± 0.4 mm (Figure 6).

The mean length from the anterior edge of the oval window
to the osseous spiral lamina of the middle turn was 2.4 ±
0.2 mm (Figure 7), and the shortest length from the oval win-
dow to the osseous spiral lamina was just 1.8 mm. The shortest
length from the oval window to the petrous internal carotid
artery was 5.0 ± 0.6 mm, and the shortest length from the
round window to the internal carotid artery was 4.3 ±
0.6 mm (Figure 8). The ideal direction of drilling of the middle
turn cochleostomy was from posterior to anterior along a

Fig. 2. Middle turn cochleostomy performed 2 mm anterior to stapes footplate (left
side).

Fig. 1. Extended posterior tympanotomy (left side).

Fig. 3. (a) Electrode gauge inserted through the middle turn cochleostomy. (b) Close
up view of the electrode gauge inserted through the middle turn cochleostomy.

770 H Samuel, A Lepcha, A Philip et al.

https://doi.org/10.1017/S0022215123000026 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215123000026


linear line between the oval window and the Eustachian tube
orifice, parallel to the tensor tympani.

In most of the temporal bones (10 of 17), safe entry into the
scala tympani of the middle turn of the cochlea could be
achieved via the postero-inferior quadrant of the point of
intersection between these two arbitrary lines (Figure 9): a
line from the oval window to the Eustachian tube orifice and

a line from the processus cochleariformis towards the hypo-
tympanum at the 6 o’clock position.

Discussion

Cochlear implantation in ossified labyrinths poses a challenge
even in the best surgical hands. In most cases of labyrinthitis
ossificans, ossification of the basal turn occurs because the dis-
ease originates from around the round window, probably
because the opening of the cochlear aqueduct into the basal
turn is close to the round window.5 In advanced stages of
such ossification, it is difficult both to find a cochlear lumen
within the basal turn upon drilling along the round window
niche and to achieve adequate electrode insertion even if a
lumen is found. The basis for a middle turn cochleostomy in
the case of labyrinthitis ossificans is that the spiral ganglion
population in the middle turn and apical turn is likely to be
functionally better than in the most affected basal turn. This
technique has been proven to show improved results with
regard to post-operative auditory outcomes as well.6

Bredberg et al.1 described drilling of a middle turn

Fig. 4. Cochlear drillout exposing basal and middle
turns of left cochlea. ETO = Eustachian tube opening;
OSL = osseous spiral lamina; MT =middle turn; BT =
basal turn; PC = processus cochleariformis; RW =
round window niche partially drilled; VII (T) = tympanic
segment of facial nerve; OW = oval window; VII (M) =
mastoid segment of facial nerve; LSCC = lateral semi-
circular canal

Fig. 5. Cochlear dissection of right cochlea showing
the compartments (scala vestibuli (SV), scala tympani
(ST)) within the basal and middle turns (BT and MT)
of cochlea along with exposed internal carotid artery
(ICA).

Table 1. Intraclass correlation between two raters or observers

Parameter Intraclass correlation

PC-MTC 0.95 (0.62, 0.99)

VII-MTC 0.97 (0.92, 0.99)

OW-OSL 0.87 (0.65,0.95)

OW-ICA 0.98 (0.97, 0.99)

RW-ICA 0.99 (0.98, 0.99)

PC = processus cochleariformis; MTC =middle turn cochleostomy; VII = tympanic segment of
the facial nerve; OW = oval window; OSL = osseous spiral lamina; ICA = internal carotid
artery; RW = round window

The Journal of Laryngology & Otology 771

https://doi.org/10.1017/S0022215123000026 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215123000026


Fig. 6. Mean length between the middle turn
cochleostomy to the processus cochleariformis and
tympanic segment of facial nerve. PC = processus
cochleariformis; MTC =middle turn cochleostomy; VII
= tympanic segment of the facial nerve

Fig. 7. Mean length from the middle turn cochleost-
omy to the osseous spiral lamina of the middle turn.

Fig. 8. Mean length from the oval window (OW) and
round window (RW) to the internal carotid artery (ICA).
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cochleostomy superior to the oval window in a direction par-
allel to the tympanic facial nerve, whereas Lenarz et al.2 advo-
cated drilling 2–3 mm anterior to the oval window below the
tensor tympani canal. Drilling parallel to the tympanic seg-
ment of the facial nerve would mean entering the middle
turn almost perpendicularly onto the osseous spiral lamina,
whereas drilling in a direction between the oval window and
the Eustachian tube orifice, as in this study, ensures that the
drill bit is parallel to the osseous spiral lamina within the mid-
dle turn, hence minimising the risk of injury.

Moreover, drilling postero-superior to the actual middle
turn just at the anterior border of the oval window might
risk injury to the labyrinthine segment of the facial nerve
because it runs in a lateral to medial direction towards the fun-
dus of the internal auditory canal. The nerve lies within the
triangle bounded by the geniculate ganglion antero-superiorly,
the middle turn antero-inferiorly and the apex formed by the
spherical recess of the vestibule.7 Drilling the middle turn
cochleostomy less than 2 mm from the oval window might
cause an entry into the pars descendens of the basal turn itself.
If the opening is created inferiorly, wrong entry into the scala
vestibuli of the basal turn is also possible. We achieved an
entry into the middle turn in all bones at a length of 2 mm
anterior to the oval window. In the study by Isaacson et al.
as well, entry into the middle turn was achieved in 8 out of
10 bones at a mean length of 2 mm from the stapes footplate.8

On drilling beyond a mean length of 2.4 mm anteriorly from
the oval window, it was observed that damage to the osseous
spiral lamina attachment to the lateral wall of the middle
turn was inevitable. Keeping this length as a safety margin
in mind and drilling parallel to the direction of the spiral lam-
ina would actually be crucial for hearing preservation in these
difficult cases. The ideal electrode insertion site has been
demonstrated to be into the scala tympani, as it is more robust
and closer to the nerve cells, and such an insertion ensures
minimal intra-cochlear structural damage, good hearing out-
comes and less post-operative vertigo.9,10,11 The safe point
for entry into the middle turn, as shown in Figure 9, can
guide electrode insertion into the scala tympani compartment
of the middle turn.

In a study on 20 cadaveric temporal bones, it was inferred
that the tunnel for the middle turn should be created at an

angle of about 134 degrees in relation to the tympanic seg-
ment of the facial nerve.12 We believe that intra-operatively,
in view of the magnified working surgical field, it is easier
and more accurate to find landmarks to a point with linear
measurements rather than angles. The mean length from
the inferior surface of the cochlear basal turn to the junction
between the petrous carotid artery and the jugular bulb was
8 mm in the study by Liu et al.13 In this study, we measured
the shortest mean distance between the round window and
the internal carotid artery to be 4.3 mm, which was
comparable to another cadaveric study in which this length
ranged from 2.79 to 5.34 mm.14 This would be the shortest
length for drilling from the basal turn, especially in cases
of ossified cochlea, beyond which injury to the horizontal
part of the internal carotid artery can be encountered.
Similarly, the shortest mean length from the oval window
to the internal carotid artery was found to be roughly
5 mm as measured in this study, which should be kept in
mind as the anterior length limit while drilling the middle
turn cochleostomy. As middle turn cochleostomies are
performed in ossified cochlea, it is possible for the surgeon
to overlook this length while attempting to find a lumen in
difficult cases.

• Finding cochlear lumen for electrode insertion is a surgical challenge
during cochlear implantation in labyrinthitis ossificans

• Middle turn cochleostomy involves entry into the middle turn of cochlea
when the basal turn is completely ossified by disease

• Accurate middle turn cochleostomy and electrode placement is necessary
for minimising intra-cochlear trauma and better cochlear implantation
outcomes for ossified labyrinths

Conclusion

Knowledge of the surgical anatomy and landmarks for drilling
a middle turn cochleostomy is essential for any neurotologist
performing cochlear implantations in challenging cases.
The mean length for safe entry into the scala tympani of the
middle turn of the cochlea is between 2 mm and 2.4 mm
from the anterior edge of the oval window and 1.8 mm from
the processus cochleariformis. The angulation to drill should
be in an antero-inferior direction along a line parallel to the

Fig. 9. Safe entry point into the middle turn of left
cochlea marked by the green arrow. ETO = Eustachian
tube opening; PC = processus cochleariformis; RW =
round window; OW = oval window
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line drawn between the oval window and the Eustachian tube.
The postero-inferior quadrant of the intersection of a line
between the oval window and the Eustachian tube orifice
with a line from the processus cochleariformis towards the
hypotympanum at the 6 o’clock position is the safest entry
to the scala tympani in middle turn cochleostomy.
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