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Abstract

The cochlear length virtually describes the
length of the cochlea in a straight line. Sever-
al theoretical options for measuring the
length of the cochlea are conceivable. In
choosing the type of cochlear implant elec-
trode, this can play a crucial role. A wide
range of electrodes is available, especially
among the models designed to preserve re-
sidual hearing and structural integrity. It is
believed that the depth of cochlear implant
electrode insertion has an influence on the
functional hearing based on the area of the
cochlea that is electrically stimulated.

Method:

Imaging of nine human temporal bone speci-
mens was performed using histological serial
micro grinding imaging, micro computed to-
mography (microCT) and experimental flat-
panel volumetric computed tomography
(fpVCT). Measurements were then performed
by outlining the cochlea in OsiriX (Pixmeo, Los
Angeles USA). Results: The cochlear length of 9
human temporal bones was determined in each
histological serial microgrinding imaging, fpVCT
and microCT. Cochlear length ranges in histolog-
ical serial grinding imaging from 45.3 mm to
38.7 mm, in microCT from 46.1 mm to 39.3 mm
and in fpVCT from 45.8 mm to 39.8 mm. Signifi-
cant inter- and intraindividual differences in the
cochlear length were observed.
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The presented methodology is capable of deter-
mining the cochlear length in each imaging modali-

ty.
Discussion:

A methodology to experimentally determine the
cochlear length is interesting from both clinical and
preclinical perspectives. Insertion studies are high-
ly relevant to the development and evaluation of
new electrode arrays. This study presents a meas-
urement methodology that allows for individual-
ized cochlear length measurement based on three
established imaging modalities. The data present-
ed here confirm differences in cochlear length. The
method described here can be used to evaluate a
cochlea in an experimental setting. This allows an
individualized, pre-interventional evaluation of the
specimen’s specific cochlear anatomy and subse-
qguently a personalized evaluation in cochlear im-
plant insertion studies.

Introduction

A Cochlear Implant (Cl) is an electronic device for
the treatment of profound hearing loss or deaf-
ness. The Cl replaces the damaged inner hair cells
of the organ of Corti and electrically stimulates the
spiral ganglion cells directly via an intra-cochlear
electrode, ideally located in the scala tympani.

Cls are also indicated for the treatment of patients
who are severely hearing impaired, but still have
some useful residual hearing. In such patients a
minimally traumatic implantation -both with re-
gard to surgical technique as well as implant de-
sign- is recommended. In minimally traumatic Cl
surgery, preserving the integrity of the cochlear
microstructure is essential.

The choice of the electrode plays a crucial
role here [1]-[7] . The electrodes that are de-
signed to preserve residual hearing are typi-
cally straight electrodes, which are positioned
along the outer contour of the cochlea. They
are available in different lengths, bending
stiffnesses and number of contacts [8], [9].
With the ever-expanding indication range for
treatment of patients with residual hearing
with ClI’s the manufacturers have responded
(as can be expected) by offering a portfolio of
electrodes with different array lengths and
diameters: personalized treatment is a cen-
tral point of interest.

The length of the human cochlea is a poorly
defined entity. Several methods have been
introduced to measure the cochlear length
(CL). Likewise the generally accepted land-
marks used to define CL are numerous: the
basilar membrane, spiral lamina or inner and
outer bony rim of the cochlea, the choice of
which often depends upon the imaging mo-
dality used in the study [10]-[20]. It has been
chosen in this study to measure the length of
the cochlea along the outer contour, as meas-
ured beginning from the round window
membrane (anterior — superior) up to the hel-
icotrema, as has been similarly described in
previous histological studies[12], [16], [19],
[21], [22]. As there is no formally accepted
definition of CL, it seems prudent to establish
a reliable, and easily performed method for
doing just that. The goal of the current paper
is to demonstrate that a consistent cochlear
length can be measured using multiple high-
resolution imaging modalities if a standard-
ized procedure is employed. The study is de-
signed as methodological translational re-
search.
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Methods

Imaging data was obtained from nine fresh human
temporal bones embedded in epoxy resin. A total
of 27 data stacks was acquired, made up of nine
each from an experimental flat-panel volumetric
computed tomograph (fpVCT — GE Corporate
R&D), microCT and histological microgrinding im-
aging [23], [24]. The specimens were first scanned
in an fpVCT at the Department of Diagnostic Radi-
ology at Gottingen University Hospital. The scan-
ning parameters corresponded to the values used
throughout our former studies using fpVCT [25]—
[29]. fpVCT consists of a modified circular CT gan-
try and two amorphous silicon flat-panel X-ray de-
tectors, each measuring 20.5 x 20.5 cm with a
1024 x 1024 matrix of 200 mm detector elements
[16]. The specimens were labelled utilizing sequen-
tial numeration together with the explanted side.
As such, an identical specimen number indicates
the same individual.

For micro CT imaging, the commercial desktop
cone beam scanner puCT 80 (Scanco Medical AG,
Briittisellen, Switzerland) was used. The scanner
consists of a micro focus X-ray source with 5 um
spot size and a detector providing 2048 x 128 ele-
ments (48 um pitch), resulting in a resolution of 36
pMm x 36 um x 36 um after reconstruction for speci-
mens over 20 mm in diameter.

Histological serial microgrinding imaging is a highly
accurate serial cross-sectional abrasive prepara-
tion technique, which is an adequate modality for
imaging both soft and bony tissue structures with
high contrast and spatial resolution. The imaging
method is based on a custom-made device, in
which the specimen surface can be abraded and
sliced with micron precision.

The abrasion is documented using a tactile meas-
uring device (Heidenhain Specto ST 3048, Hei-
denhain GmbH, Traunreut, Germany) with 2 um
resolution.

The acquired image sets were converted to
the DICOM standard with full compatibility to
conventional clinical DICOM viewers. The re-
sulting voxel size corresponds to approxi-
mately 16 um x 60 pm x 100 pm. This proce-
dure has been previously published by our
workgroup [23], [24].

The study was conducted in concordance
with the principles of the Declaration of Hel-
sinki and Good Clinical Practice. The use of
the explanted human temporal bones was
also approved by the local medical ethics
committees of the Hannover Medical School
(Hannover, Germany).

The imported DICOM data were then trans-
ferred to OsiriX MD and measured using 3D
curved multiplanar reconstruction. The soft-
ware’s MPR interface provides 4 windows —
one for each of 3 two-dimensional sections
(each of which are oriented perpendicular to
one another) and 1 additional window for the
curved MPR, which is assembled based on
the 3 two-dimensional views. The defined
two-dimensional views are configured manu-
ally as follows: One is parallel to and passes
through the basal turn of the cochlea, view-
ing it from the side; the second is placed at
90° to the first and passes through round win-
dow, viewing the cochlea from the other side;
the third is centred on the modiolus and
views the cochlea from above (fig. 1). This
view of the cochlea has been published by
Aschendorff et al. [21].
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Figure 1: Starting point of the measurement (red dot): distal bony of the round window.

The curved MPR window uses the points de-
fined manually along the outer wall of the
cochlea to virtually unroll it and display the
cochlea as a longitudinal tube in 2 dimensions
as follows. The data points used to construct
the curved MPR are defined by manually spec-
ifying locations along the outer edge of the
bony cochlea in the 3 two-dimensional views
along the projection of the osseous spiral lam-
ina - or along the basilar membrane, in the
case of histological samples (fig. 3 to 6, 8 and
9).

In all cases, the points of the measurement run
from the outside edge of the bony rim of the
round window (fig. 2) up to most apical and lat-
eral point at the helicotrema (fig 6). The OsiriX
software utilizes an algorithm to create a best-
fit curve through the points defined in the pre-
vious step and establishes a curved MPR sec-
tion which can be seen in the bottom right win-
dow in figures 4 through 6, 9 and 10. Figure 7a
is 3D rendering of the cochlea in fpVCT and the
manually set points along the lateral wall. Fig-
ure 7b illustrates the best fit curve through the
set points and figure 7c the unrolled curve
which is per definition the CL.
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Figure 2: Starting point of the measurement

(red dot): distal bony of the round window in
3D reconstruction of microCT data stack; a:
medially dissected incus, b: malleus, c: facial
nerve canal, d: stapes, e: round window.

The greater the number of points defined be-
tween the round window and the helicotre-
ma, the smoother and more accurately

shaped the curve along the lateral wall will be.

Increasing the number of points reaches a
threshold of diminishing returns: beyond a
certain number of points no further change in
the measured cochlear length is observed.
This is used as the cut off for choosing the
number of defined points necessary.

Statistical data were analysed by using paired
and unpaired t-test.

Results

Table 1 shows the statistical data for each spec-
imen and for each of the imaging modalities
(histological serial microgrinding, microCT and
fpVCT, respectively). In the histological serial
microgrinding imaging the minimum mean
length was measured at 38.7 mm in TB3R com-
pared to a maximum length of 45.31 mm in
TBA4L, which results in a span length of 6.61
mm. For the microCT modality, the minimum
mean length measured was 39.32 mm in TB3L
with a maximum of 46.14 mm in TB5R, re-
sulting in a span of 6.82 mm. The minimum
length as measured in fpVCT was 39.84 mm in
TB3L with a maximum of 45.83 mm in TB5R,
yielding a span length of 5.99 mm.

Table 2 shows a comparison of means using an
unpaired and paired t-test to determine wheth-
er a statistical significance in the measured
lengths of the individual temporal bones is pre-
sent in the three modalities. A paired t-test was
used when comparing left and right side in the
same specimen. Based on table 1 and 2, it can
be seen that there are no statistically significant
differences regarding histological serial mi-
crogrinding imaging in the lengths of TB4L and
TB5R. In histological imaging samples can be
arranged in the following order starting with
the longest cochlea: TB5R (45.25 mm) and TB4L
(45.31 mm) with no significant difference, TB2R
(43.84 mm), TB4R (42.49 mm), TB5L (41.86
mm), TB1R (39.97 mm), TB3L (39.09 mm), TB1L
(38.89 mm) and TB3R (38.7 mm).
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Figure 5: Curved measurement along the lateral wall of the cochlea in projection of the basilar
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Figure 6: End point of the measurement (black arrow): helicotrema.

Figure 7: lllustration of three dimensional curve setting. a: 3D rendering oft the cochlea based on fpVCT data stack
of TB4R. Green points in a are manually set along the outer wall. b: three dimensional best fitting curve through the

Drtbalu’s Otolaryngology online



Figure 8: CL determination in histological serial microgrinding imaging.

Figure 9: CL determination in fpVCT modality.
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Table 1: Statistical data of 10 length measurements of each data stack

Mean Median Std. Variance  Maximum  Minimum ﬁange
[mm] Deviation

Histology
TBIL 33.89 38.85 .20 .028 382 387 5
TBIR 39.97 40.05 40 160 403 3249 14
T8ZR 2354 43.5 14 018 230 430 4
T83L 35.09 381 a4 .01d 39.3 KRR 4
T83R 33.7 35.00 A7 02 33.9 382 4
TB4L 2331 42.2 16 .00 58 452 4
T84R 2249 420 23 052 429 422 B £
B3l 21.50 41.80 12 023 221 410 i
T8oR 23.2% 40.20 .16 0Z2 432 450 R

miclL
TBIL 40.25 40.25 18 .038 408 40,0 0.6
T81R 20.33 40.3 22 .0o1 403 400 0.8
T8ZR 224 453 33 110 423 441 12
TB3L 34.32 349.3 41 160 401 33.0 12
T83R 2027 40.45 .16 022 0.7 40.3 4
TB4L 4459 445 .28 081 450 442 8
T84R 2287 435.00 24 .Ub% 232 423 By ¢
TB5L 420 42.2 k1] B33 223 3.3 27
T85R g 12 40.1 .16 .UZo 40.4 4298 2

fRUCT
[~ TBIL 409 40.65 30 081 413 404 ]
T81R 20.43 0.5 N 0Z3 407 402 R
T82R 4344 43.45 20 038 437 430 By ¢
TB3L 39.54 38.80 A7 Ko 201 358 k)
T83R 20.23 40.5 A3 017 0.7 403 4
T84l 433 45.20 21 042 3.7 45,0 4
T84R 230 43.1 18 033 232 420 .
TBoL 2293 420 12 023 827 422 k)
T85R 23.83 40.80 .16 .UZo 40.1 450 2
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[l (e ]

b= [povaioe
TBIL T81R .000* .588* .003*
T8ZR {000 .000 000
TB3L 017 001 000
T82R .03 603 002
TB4L 000 .00C 000
T34R 000 000 000
TBaL 000 001 000
TBOR 000 00C 000
T81R T8ZR 000 000 000
TB3L 000 .00C 000
T83R 000 21 621
TBaL 000 .00C 000
T284R 000 000 000
TBaL 000 .00C 000
T8OR 000 000 000
TBZR TB3L .000 .000 .000
T83R 000 .00C 000
TBaL 000 209 000
T84R 000 00C 000
TBoL {000 {000 000
TB5R 000 .000 000
TB3L TB83R .000* .000* .000*
TBaL {000 00C 000
T24R 000 .00C 000
TBol 000 000 000
TB5R 2000 .000 000
T83R TB4L 2000 .000 000
T84R 000 00C 000
TBaL 000 .00C 000
T8OR {000 000 000
TB4L TB4R .000* .000* .000*
TBaL 000 .00C 000
TE5R 408 00C 001
TB5L T85R .000* 000 .000*

Table 2: Comparison of means using paired (*) and unpaired t-test from one specimen to another in histological
serial microgrinding imaging, mCT and fpVCT.
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One can similarly use tables 1 and 2 to examine
the CL using the microCT imaging modality.
This leads to following order starting with long-
est cochlea: TB5R (46.14 mm), TB4L (44.59
mm) and TB2R (44.41 mm) with no significant
difference, TB4R (42.97 mm), TB5L (42.0 mm),
TB3R (40.47 mm) as well as TB1R (40.35 mm)
and TB1L (40.25 mm) with no significant differ-
ence and shortest CL in TB3L (39.32 mm).

The same principle can be applied to the fpVCT
modality using tables 1 and 2 leading to follow-
ing order of CL starting with the longest: TB5R
(45.83 mm), TB4L (45.5 mm), TB2R (43.44 mm),
TB4R (43.0 mm), TB5L (42.55 mm), TB1L (40.9
mm), TB3R (40.48mm) and TB1R (40.45mm)
with no significant difference and as shortest
CL TB3L (39.84 mm).

Table 3 utilizes a paired t-test (p = .05) to com-
pare the means obtained for the individual
samples between the different imaging modali-
ties. 10 measurements of one specimen are
compared from one modality to the same spec-
imen to the other modalities. No significant
differences were observed between the meas-
urements obtained between microCT and his-
tological imaging in TB1R, TB3L and TB5L. Simi-
larly, no differences were seen using microCT
and fpVCT in TB1R, TB3R and TB4R. As well
there were no significant differences between
fpVCT and histological imaging in TB4L (p
=.076).

Discussion

Cochlear length is an often used but seldom
clearly defined entity. Its importance has been
mentioned — among other places — in clinical
and preclinical settings of Cl insertion studies
[1]-[3], [5], [6], [20]. Evidence has shown a re-
lationship between decreased speech percep-
tion and short insertion depth on the one hand
[30], while on the other hand, deeper insertion
has been associated with a significant reduc-
tion in the ability to preserve residual hearing
[31]1-[37].

Adunka et al. [38] observed indirect indications
of interindivdual differences in the length of
the scala tympani by comparing electrode
placement in specimens after Cl-insertion in
experimental setting. They determined that
using the manufacturer’s data for insertion
depth did not lead to comparable intracochle-
ar placement. On the contrary, they observed
significantly different insertion angles.

Literature research shows founded evidence
for individual CL differences [10]-[20]. Despite
this, there is as yet no standardized method
for determining the desired insertion depth of
Cl electrodes preoperatively. It is therefore
critical to establish a methodology for deter-
mining CL preinterventionally to enable pru-
dent decisions with regard to electrode choice,
allowing the patient’s anatomy to complement
the audiological data in this endeavour.
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Table 3: Comparison of means of one imaging modality to each other by using paired t-test.

Histology micaCL micaCL fRMUCT [mm] fRMCT [mm] | Histology

[mm] [mm] p-value [mm] p-value [mm] p-value
TBIL 33.89 40.25 .000 40.25 4049 .000 4049 33.80 .000
TBIR 38.97 40.35 .057 40.35 4045 185 4045 3097 008
162K 4354 4241 2001 2241 4344 .000 4344 4354 2001
Ta3l 38.08 3032 A7s 3032 389.84 007 389.84 3808 000
B3R 38.7 40.47 000 40.47 2045 R:31] 2045 33.7 000
T840 4331 4258 .000 4258 235 .000 235 43.51 076
B4R 42.40 42.87 002 42.87 230 Ji0 230 42,48 .000
Tasl 41.50 220 618 220 42.59 047 42.59 41.50 000
1BOR 43.20 40.14 000 40.14 42.83 000 42.83 4320 000

Several methods for determining CL are in
common practice in an experimental setting.
Miller et al [10]Jmention four methods for de-
termining CL and length of the organ of Corti
(COL) and are summarized below.

The surface preparation method described by
Bredberg et al [39] ,Ulehlova et al [13] and
Wright et al [40] is a dissection-based micro-
scopic approach in which inner and outer hair
cells are stained, counted and measured in
their extent.

The Guild method [14] was introduced in 1921
and later modified by Schuknecht in 1953 [15]
and involves a serial histological dissection
method that considers the COL in each individ-
ual dissected section and reassembles it into a
complete organ.

Sato et al measured the COL in 1991 using indi-
vidual histological celloidin slides and then vir-
tually reconstructing them using a software-
based approach [11] (histological 3D recon-
struction method). They observed significant
sexual dimorphism with a COL of 37.1 mm in
males and 32.3 mm in females.

There are computed tomography (CT) and
magnetic resonance imaging (MRI)-based
methodologies that have evolved due to the
progress of technology. They are generally
based on a volume generated using one or
both of these modalities. Using landmarks
within the volume, distance measurements
can be performed [12], [20], [22], [41]-[44].
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Miller et al found no significant differences in
the average COL between males and females
by reviewing three histological and one CT-
based method. He found an average COL of 34
mm and 33 mm in males and females, respec-
tively. The discrepancy between Miller’s and
Sato’s findings may lie in the different modali-
ties used in their studies. Conventional histo-
logical sections are subject to process-
dependent distortion in images, which has to
be taken into account.

Histological serial microgrinding imaging does
not, in principle, fall into one of the above-
listed categories. It is a highly accurate serial
cross-sectional abrasive preparation technique,
which is an adequate modality for imaging
both soft and bony tissue structures with high
contrast and spatial resolution [Ref Rau]. The
process is based on taking serial images of a
temporal bone sample that has been previous-
ly fixed in an epoxy resin. It is then sequentially
and precisely abraded and the sequential imag-
es taken. The distance and orthogonality of the
image layer are controlled by high-precision
measurement techniques. This results in the
generation of a defined image stack of known,
verifiable metric dimensions [23], [24]

A high precision 3D curved MPR measurement
tool with proven, reproducible results is inte-
grated in the OsiriX software suite OsiriX is an
open-source software package for Mac OS X
[45], [46], which is increasingly used in medical
imaging evaluation [47]-[49].

It is an intensively functional program for 3D
reconstruction and measurements using DI-
COM data. The imaging modalities described in
this paper are state of the art experimental
methods with unmatched imaging quality of
the bony inner ear architecture.

Experimental fpVCT represents a methodologi-
cal bridge to the clinically established and ap-
proved cone beam CT (CBCT). However, mi-
croCT and histological serial microgrinding im-
aging are essentially experimental techniques.
MicroCT is widely used in experimental high-
resolution imaging of the temporal bone [41],
[44], [50]—-[54]. Histological serial microgrind-
ing imaging allowed the CL measurements to
be performed in a high-precision 3D data stack
with approved, unique and unmatched quality
[23], [24].

Our research here involved a systematic ap-
proach beginning with high-precision histolo-
gy, moving on to high-resolution x-ray CT
(microCT) and then on to volume tomography
(fpVCT), the latter method being directly adja-
cent to the clinically established CBCT modali-
ty. As such the perspective of applying this
technique to the clinically available CBCT ap-
pears promising. Nevertheless, the clinical ap-
plication has not been adequately evaluated
yet.

In this study, each cochlea in the 27 data
stacks was measured ten times to ensure a val-
id mean value (see table 1). This was per-
formed using the 3D curved MPR measure-
ment tool.
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The technique presented here is not only an
estimation, but rather a specific individual de-
termination (see figures 1 and 3 to 9).

The paired comparison of two imaging modali-
ties measuring the same sample (see table 3)
detected significant differences and analogies
in the three modalities in between the same
specimen. The main reasons for the differences
may be partial volume effects in MPR. Voxels in
microCT and fpVCT are isotropic, in comparison
to the anisotropic voxels in the microgrinding
imaging (16 um x 16 um x 100 um). This may
have led to different absolute lengths in the
MPR measurement. Each imaging modality has
its specific charecteristic in resolution and de-
piction. That is why the standard deviation in
measurements is relevant. The standard devia-
tion in histological imaging ranges from .15 mm
to .23 mm and in fpVCT imaging from .13 mm
to .3 mm. In microCT is a standard deviation
from .16 mm to .8 mm which seems to be a
wide variation in measurement for TB5L (tab.
1). Inbetween the 10 measurements for TB5L is
one value of 39.8 mm that is far off the mean
value. Regarding this as outlier the standard
deviation for TB5L in microCT would be .2 mm
and the maximum standard deviation in mi-

croCT in total .41 mm.

Therefore, the presented method is capable of
reproducibly determining the CL in between
the used imaging modalities for human tem-
poral bones in an experimental setting. This
could be shown in the small standard deviation
for the CL (tab. 1) and the significant differ-
ences in t-test for the means in between the
three modalities for the same specimen (tab.
2).

Results show that TB5R and TB4L are signifi-
cantly considered as longest cochleae in all im-
aging modalities and that there is an incre-
ment in CL from TB5R to TB4L, TB2R, TB4R and
TB5L. TB1R, TB1L, TB3R and TB4L can be con-
sidered as shortest cochleae with a clear rank-
ing at least in between modalities.

Mean distances between the CL for each mo-
dality and specimen differ in a maximum of
2.01 mm (TB1L) and a minimum of .19 mm
(TB4L) between fpVCT and histological imag-
ing. Comparing CL of histological imaging to
microCT there is a maximum difference of 1.36
mm (TB1L) and a minimum of .14 mm (TB5L).
Similarly between microCT and fpVCT there is
a maximum difference of .91 mm and am mini-
mum of .03 mm.

In summary it can be deducted from these da-
ta that there is a non negligible variation in be-
tween the modalities but also a high correla-
tion and small standard deviation within the
modalities. This means that the single imaging
modalities lead to a reproducible result in CL
determination and will give a significant CL in a
temporal bone specimen.

Knowledge about the CL is crucial in Cl re-
search and is therefore a topic of intense re-
search. The recognized tonotopy along the
basilar membrane and spiral ganglion cells has
led to the utilization of the pure tone audio-
gram as a tool for choosing the type of Cl ar-
ray. But further considerations must be taken
into account when preserving the structural
integrity of the cochlear anatomy is an issue
[7,8].
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These concerns are based on the understand-

ing that a deeper insertion may lead to trauma
to the basilar membrane, as the scala tympani
narrows apically.

There are only few methods to determine the
CL preinterventionally in an experimental
setting [22], [44], [55]. Especially Erixon et al
reported in 2013 on their previous corrosion
cast studies in wich they estimated the CL that
an Archimedean curve as used by them will
lead to wrong estimations in cochleae which
are not within in the standard deviation of a
normally distributed CL [55]. Their method is
suited to estimate the basal turn length but is
indeed no measurement method itself.

Metric analysis of the cochlear anatomy with-
out changing the anatomy itself through prepa-
ration techniques is of central preclinical clini-
cal importance. On the one hand up to now
preclinical Cl insertion studies are rarely per-
formed with individualized determination of
the CL. On the other hand different individual
CL and anatomy is a known topic as listed in
previous paragraphs.

There is no evidence that identical implanta-
tion in two different human cochleae with the
same Cl array length will result in identical po-
sitioning in terms of insertion depth or angle.
Indeed, there are contrariwise indirect signs for
interindividual differences in CL when the in-
sertion depths are measured as shown by
Adunka et al [38].

The significance of tailoring the array to the
patient can be observed in the reaction of
manufacturers. New arrays do have various
lengths such as the Nucleus Cochlear Hybrid L
(16 mm), the Nucleus Cochlear Cl422 (20 mm)
and the Med-El Flex (20 mm, 24 mm and 28
mm and 31,5 mm) series are manufacturer’s
answer to the problem of tailoring the arrays
to new audiological indications [8], [9].

These electrodes regard indirectly to the CL
without a reliable methodology to measure
the CL whether in preclinical nor in clinical
setting.

Harming the basilar membrane by Cl operation
leads to a loss of residual hearing that is bene-
ficial to Cl patients [56]—[60]. Therefore, spe-
cial electrodes were designed to preserve re-
sidual hearing. These are typically thin straight
electrodes without a stylet, which are posi-
tioned through the round window along the
outer wall of the cochlea within the scala tym-
pani.

The presented method considers this charac-
teristic of electrode placement. Starting point
of the measurement is the round window as
well the fitting of the curve for CL determina-
tion is along the outer cochlear wall up to the
helicotrema. This measurement is therefore
especially suited for evaluation in insertion
studies for lateral wall arrays. The presented
data support evidence for different CL in hu-
man cochleae which should be enforced to
adapt in Cl research wherever possible. Conse-
guent consideration of the CL in Cl array devel-
opment may have presumably an impact on
electrode design in general.
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