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The treatment of total deafness using a cochlear implant has now become
a routine medical procedure. The tendency to expand the audiological indica-
tions for cochlear stimulation and to preserve the remnants of hearing has brought
new problems. The authors have studied the topographical anatomy of the in-
ternal structures of the ear in the area where cochleostomy is usually performed
and an implant electrode inserted.
Ten human temporal bones were obtained from cadavers and prepared in
a formalin stain. After dissection of the bone in the area of round and oval
windows, the following diameters were measured using a microscope with
a scale: the transverse diameters of the cochlear and vestibular scalae at the
level of the centre of the round window and 0.5 mm anteriorly to the round
window, the distance between the windows and the distances from the end of
the spiral lamina to the centre of the round window and to its anterior margin.
The width of the cochlear scala at the level of the round window was 1.23 mm,
and 0.5 mm anteriorly to the round window membrane it was 1.24 mm. The
corresponding diameters for the vestibular scala are 1.34 and 1.27 mm. The
distances from the end of the spiral lamina to the centre of the round window
and to its anterior margin are 1.26 and 2.06 respectively. The authors noted
that the two methods of electrode insertion show a difference of 2 mm in the
length of the stimulated spiral lamina. The average total length of the unstimu-
lated lamina is 2.06 and 4.06 in the two situations respectively.

Key words: cochlear scala, restibular scala, anatomy, measurements

INTRODUCTION
Cochlear implantation is widely performed as

a highly efficient therapeutic method in cases of pro-
found hearing impairment or deafness.

The most widely accepted indications for cochle-
ar implantation are total/subtotal sensorineural hear-
ing loss (SNHL) characterised by pure tone averages
(PTAs) of 500, 1000, 2000 Hz of 90 dB or more and
a threshold of lower than 60 dB in the free-field with

the best-fitted conventional hearing aid. Speech
understanding should be up to 30% in the open-set
sentence tests (in best-aided conditions) [7]. There
are some patients who can benefit more from co-
chlear implantation because of preserved perception
of low-frequency sounds. For these patients it is vi-
tal that implantation is atraumatic and preserves the
membrane of the round window intact as well as
the patient’s residual hearing.
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The primary route for implanting the electrode is
the scala tympani, because of its easy accessibility by
traditional surgical techniques. Different approaches
for inserting the electrode into the scala tympani have
been described in the literature [1, 2, 5, 10].

There are two main methods of implantation. The
first is through the round window and through
a small cochleostomy located antero-inferiorly to the
round window towards the basal turn of the cochlea.
The second leaves the round window intact and pre-
serves the ability to hear. The efficiency of this meth-
od depends on the preoperative status of the pa-
tient. After entering the scala tympani, an electrode
is inserted and the cochleostomy secured with fi-
brous tissue from the fascia.

Access through the round window has its advan-
tages (such as a wider stimulation surface), but leads
to the destruction of remnants of hearing in patients
with a rudimentary inner ear function. The insertion
of the electrode can also be difficult owing to the
presence of the membranous structure known as the
“cochlear hook” [9, 12]. In view of this, cochleosto-
my anteriorly to the round window membrane is
widely used. This technique probably leaves some
part of the spiral lamina out of stimulation.

Our study was undertaken to evaluate the length
of the potentially useful part of the spiral lamina
missed when anterior cochleostomy is performed.
We also paid attention to the anatomical structures
important for ENT surgeons.

MATERIAL AND METHODS
The 10 adult human temporal bones presented

in our study were isolated from cadavers and pre-
pared in a formalin stain. The bones differed with
respect to side (6 left and 4 right) and gender
(7 male and 3 female). There were no anatomical
abnormalities in the specimens examined. Firstly, the
bones were cross-sectioned in a plane parallel to the
medial wall of the middle ear. After dissection of
the bone with the diamond burr in the area of the
round and oval windows, the inner ear was opened
and the following diameters were measured using
a microscope with a scale (scale accuracy: 0.05 mm)
(Fig. 1): the maximal transverse diameters of the
scalae tympani (A) and vestibuli (B) 0.5 mm anteri-
orly to the round window; the maximal transverse
diameters of the scalae tympani (C) and vestibuli (D)
at the level of the round window; the minimal dis-
tance between the margin of round window and the
margin of the oval window (E); the distance between
the anterior margin of the round window and the

end of the spiral lamina (F); the distance between
the middle of  the round window and the spiral lam-
ina (G).

The phantom electrode of a Nucleus 24 M was
then placed either through the round window or
through the cochleostomy to assess the compara-
tive length of the unstimulated spiral lamina.

RESULTS
The average width of the scala tympani (A) and

the scala vestibuli (B) at the level of the anterior coch-
leostomy (i.e. 0.5 mm anteriorly to the membrane of
the round window) were, 1.24 mm (A), and 1.27 mm (B),
respectively. The diameters measured at the level
of the round window were similar, with widths of
1.23 mm (C) and 1.24 mm (D) for the scala tympani
(C) and scala vestibuli (D), respectively. The insensi-
ble greater width of the scala vestibuli results from
proximity to the oval window and a slight widening
of the space in this area of the cochlea. The shortest
distance between the margins of the windows is
about 1.34 mm. The values describing the distances
between the electrode and the spiral lamina in the
case of anterior (F) and posterior (G) cochleostomy
are 2.06 mm (F) and 1.26 mm (G), respectively. The
last value is loaded with great standard deviation
(0.335 mm) (Table 1).

DISCUSSION
The technique of implantation through the round

window has been used from the beginning of co-
chlear prosthetics but now an approach through
a small cochleostomy anteriorly to the round win-
dow membrane is widely used [8]. Atraumatic inser-
tion of an electrode through the cochleostomy does

Figure 1. Dissected temporal bone with measurements. The
bony wall between the round and oval windows has been re-
moved to visualise the end of the spiral lamina.
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not destroy the patient’s ability to hear spontane-
ously, especially in the low frequency range. Other-
wise, access through the cochleostomy leaves part
of spiral lamina without stimulation. This part can
be useful as a place for greater stimulation of spiral
ganglion cells and should be of benefit to some pa-
tients.

The results of the measurements show that the
widths of the scala vestibuli and scala tympani are
sufficient to insert the electrodes of the most com-
monly used systems, as the average width exceeds
1.0 mm. There are no differences between the co-
chlear scala at the level of the round window mem-
brane and the corresponding diameter of the scala
vestibuli. Wysocki [13] found that the width of the
scala vestibuli reaches approximately 1.6 mm and
that of the scala tympani approximately 2.0 mm,
which is 0.3–0.7 mm more than the results obtained
in our study. All the distances measured by Wysoc-
ki [12] were higher when compared with ours. It
would seem that this depends on the method (op-
tical measurements vs. cochlear cast in latex). How-
ever, the scalae diameters allow the insertion of
electrodes into the scala tympani without difficulty
(in cases with no history of previous disease lead-
ing to ossification of the cochlea). Some authors
[4] have proposed the insertion of the electrode into
the scala vestibuli in cases where the scala tympani
have been obliterated and, from our study, this

seems to be anatomically possible. There is some
risk of the complete destruction of Reissner’s mem-
brane when the electrode is inserted into the scala
vestibuli.

The average distance between the centre of the
round window and the spiral lamina is 1.26 mm.
Takahashi and Sando’s 3D labyrinth reconstruction
showed the distance to be similar to this (1.23 mm
in average) [11].

The distance between the round window and oval
window is important for surgeons performing sta-
pedectomy or other operations in this area, because
of the risk of unintended damage to the round win-
dow membrane or of opening the vestibule. The
average distance on our specimens was 1.43 mm.

Assessment of the point of contact between
the electrode and the spiral lamina is based on
our empirical findings. Using the phantom elec-
trode of a Nucleus 24 M-type electrode we found
that the first contact between the spiral lamina
and the lead occurs at least 0.5 mm anteriorly to
the margin of the cochleostomy or round window.
When cochleostomy is performed within the
1.5 mm distance from the anterior margin of the
round window, as indicated by Ganz [3], the ante-
rior margin of the cochleostomy is located 2 mm
anteriorly to the round window anterior margin.
On the basis of this, the electrode makes contact
with the spiral lamina 0.5 mm and 2.5 mm anteri-

Table 1. Results of measurement of examined specimens

No. of the ST maximal SV maximal ST maximal SV maximal Minimal RW anterior Middle
specimen transverse transverse transverse transverse distance margin of the RW

diameter diameter diameter diameter (D) between to the end to the SL
0.5 mm anteriorly 0.5 mm anteriorly at the level RW and OW of SL distance (G)

to the RW (A) to the RW (B) of RW (C) margins (E) distance (F)

1. 1 1.2 1 1.25 1 1.85 1.3

2. 1 1.45 1.25 1.6 1.75 1.7 1

3. 1 1 1.3 1.05 1.25 1.5 0.75

4. 1.7 1.45 1.3 1.35 1.75 2.05 1.05

5. 1.25 1.35 1.15 1.45 1.5 2.2 1.2

6. 1.5 1.5 1.2 1.4 1.75 2.3 1.55

7. 1.3 1.25 1.2 1.35 1.5 2.75 1.75

8. 1.5 1.2 1.45 1.25 1.1 2.05 1.75

9. 0.75 1.2 1.2 1.4 1.2 2.25 1

10. 1.4 1.1 1.25 1.3 1.5 1.95 1.25

Mean 1.24 1.27 1.23 1.34 1.43 2.06 1.26

SD 0.296 0.164 0.116 0.145 0.279 0.348 0.335

RW — round window, OW — oval window, SL — spiral lamina, SV — scala vestibuli, ST — scala tympani
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orly to the round window respectively. The 2 mm
difference reflects two electrode contacts (for the
Nucleus 24 M-type) (Fig. 2).

There have been no papers to date which describe
the dependence between the method of approach-
ing the cochlea and the clinical outcome of the pa-
tient. In some publications the inability to anticipate
a patient’s audiological performance after implan-
tation is pointed out [6], and it is possible that it is,
at least in part, correlated with different methods of
electrode insertion. An assumption can now be made
that an increase in the length of the spiral lamina
under stimulation would directly result in a greater
number of stimulated spiral ganglionic cells (SGC)
because of the variable number of intact cells in dif-
ferent pathologies causing hearing impairment.
Otherwise, if there are live SGC in the area of stimu-
lation, the greater number of stimulated cells should
improve the patient’s outcome.

In view of the fact that publications have report-
ed better results of cochlear implantation in patients
with rudimentary hearing before the operation [8],
it becomes important to insert the electrode into the
cochlea in such a way that the round window mem-
brane is left intact (so preserving the function of the
internal ear), at the same time ensuring the most
effective stimulation (either by the use of perimodi-
olar electrodes or by placing the cochleostomy at
the minimal safe distance from the round window
membrane).

CONCLUSIONS
The width of the scala tympani and scala vesti-

buli at the level of the anterior and posterior coch-

Figure 2. Method of assessment of the contact point between
the electrode and the spiral lamina.

leostomy allows free insertion of the electrodes of
commonly used systems. The selection of the site
for cochleostomy should depend on the functional
state of the cochlea. Anterior cochleostomy has
been preferred by most surgeons to treat non-total
hearing loss. In cases with total deafness the best
solution would be posterior cochleostomy, which
has the great advantage of bringing into use part
of the basal lamina, which often remains out of
stimulation.
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