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BACKGROUND: Cochlear morphology and cochlear duct length 
(CDL) play important roles in the selection of appropriate electrodes. 
Cochlear parameters such as diameter (A value) and width (B value) are 
used as inputs for calculating the CDL. Current measurements of these 
parameters are inefficient and time consuming. Recently developed 
otological planning software (OTOPLAN) allows surgeons to directly 
measure these parameters and then automatically calculate the CDL. 
OBJECTIVES: The primary objective was to validate this new software 
for measuring the cochlear parameters and CDL. The secondary aim 
was to investigate the correlation between each cochlear parameter 
with the calculated CDL.
DESIGN: Retrospective.
SETTINGS: Ear specialist hospital.
PATIENTS AND METHODS: The measurement of cochlear diameter 
(A value) was chosen as the validation parameter. To do this, the A 
value was measured by a neurotologist on the new OTOPLAN planning 
software and was validated to the one measured on the currently used 
DICOM viewer. Upon the validation of the OTOPLAN software, the 
other two cochlear parameters, namely width (B value) and height (H 
value) were measured, and CDL was automatically calculated. Finally, 
the correlation of all parameters with the CDL was statistically analyzed.
MAIN OUTCOME MEASURES: Validation of OTOPLAN and CDL es-
timation.
SAMPLE SIZE: 88 ears.
RESULTS: There was no significant difference between the A-value 
measured on the DICOM viewing software and that on the new plan-
ning software by the two independent neurotologists (P=.27). Both A- 
and B-values showed a high positive correlation to the CDL. However, 
the B-value showed a stronger correlation to the CDL than the A-value 
(r=0.63 for A, and r=0.96 for B).
CONCLUSION: The direct measurement of cochlea parameters and 
automatic calculation of the CDL could improve the efficiency of clini-
cal workflow and make otology surgeons more independent. Moreover, 
the cochlear width (B) has a strong correlation to the CDL. Thus, we 
suggest using the combination of A and B to accurately estimate the 
CDL rather than using only one.
LIMITATIONS: Single center and small sample size.
CONFLICT OF INTEREST: None. No relationship with manufacturers.
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Cochlear implantation (CI) is the main treatment 
modality for sensorineural hearing loss where 
regular hearing aids do not provide any benefit. 

In patients who have undergone CI, the intracochlear 
electrode transmits electrical stimulation to the audi-
tory nerve through spiral ganglion cells in the cochlea. 
However, a thorough understanding of the variability in 
anatomical dimensions and the intracochlear compart-
ment is essential to minimize any possible trauma dur-
ing electrode insertion.1 Since the cochlear structure di-
mensions can vary by as much as 30% to 40% between 
the shortest and longest cochleas,2-6 interindividual 
variability in the normal cochlear morphology and other 
parameters should be considered preoperatively by the 
surgical team to select the most suitable type of elec-
trode that can (i) prevent damage to the cochlear struc-
ture and degeneration of cochlear cells, which will be 
reflected in the performance of speech understanding, 
and (ii) preserve the postoperative residual hearing.7-9 

The electrode array of the implant should be sufficient-
ly stimulate a wide frequency range.10 Thus, numerous 
electrode arrays with different lengths, sizes, designs, 
and number of channels are available. The first step 
toward selecting the most suitable electrode for the 
patient is to measure the cochlear duct length (CDL). 
Although several studies have attempted to determine 
the ideal approach in measuring the (CDL), their find-
ings have yielded multiple approaches, including his-
tological and radiological methods.10-14 Wurfel et al4 

used 3D planar reconstruction in cone-beam computed 
tomography (CT) to measure the CDL by determining 
the length of a curved line drawn from the midpoint of 
a round window of the cochlea to the terminal point of 
the apical turn along the outer lateral wall of the co-
chlea. This method is, however, time consuming and 
requires a high-resolution CT image. 

Currently the most clinically viable methods rely on 
cochlear basal turn parameters of diameter (Figure 
1A) and width (Figure 1B), which are visible in routine 
clinical CT resolutions.6,15 In the current clinical practice 

workflow, these parameters are measured by the radio-
logical DICOM viewing software from the CT scanner 
and sent to the surgeon. The surgeon then puts these 
parameters in one of the available formulas to calcu-
late the CDL and select the suitable electrode. This 
workflow has the disadvantage of extra work and also 
requires the surgeon has to rely on the measurements 
performed by the radiologist.

Recently developed systems allow the surgeon to 
obtain these measurements themselves. One such sys-
tem, the OTOPLAN, is a new otological planning soft-
ware program developed by CAScination AG (Bern, 
Switzerland) in collaboration with MED-EL (Innsbruck, 
Austria) that enables the surgeon to import and analyze 
patient images (Figure 1). 

The primary aim of the current study was to com-
pare the A-value measurements obtained using the 
OTOPLAN and DICOM viewing software from the CT 
scanner (PHILIPS ICT 256) by two independent neu-
rotologists to validate the new tool, the OTOPLAN, 
to determine if it can provide equivalent measure-
ments. The secondary aim was to examine the relation-
ship between all measured cochlear parameters and 
CDL. There is disagreement in previous studies where 
Escude2 assumes a linear dependency of A and B and 
Schurzig15 argues that the ratio of A and B is not consis-
tent but may vary quite substantially from one cochlea 
to another.. In this work we wanted to evaluate these 
correlations.

PATIENTS AND METHODS
This retrospective study was approved by the eth-
ics committee of King Saud University, College of 
Medicine, Saudi Arabia, (Ref. No. 19/0338/IRB). Of 
127 ears assessed, only 88 met the inclusion criteria; 
the selected ears belonged to children aged <7 years 
with prelingual deafness and normal cochlear morphol-
ogy (2.5 turns) who underwent CI either unilaterally or 
bilaterally between 2013 and 2014 at King Abdullah 
Ear Specialist Center. Confirmation of normal cochlear 

Figure 1. (A) DICOM viewing software from the CT scanner, The A-value is the length of the cochlear base, indicated by the yellow line. B, 
C and D: Cochlear view in the OTOPLAN: The A-value, indicated by green dots. The B-value is the width of the cochlear base, indicated by 
blue dots. The H-value is the height of the cochlea, indicated by red dots.
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morphology was performed using the 3D segmentation 
of the inner ear (3D Slicer) software (https://www.slicer.
org/) (Figure 2). Additionally, we reviewed the findings 
from the high-resolution CT that was performed rou-
tinely before the surgery and used OTOPLAN to mea-
sure the cochlear parameters.

Normal cochlear morphology confirmation
The images for each ear were uploaded into the 3D 
Slicer software to confirm whether the inner ear mor-
phology was normal or malformed through a 3D recon-
struction of the inner ear and internal auditory canal 
(Figure 2). Ears with abnormal morphology were ex-
cluded, 39 ears of 127 ears, including those showing 
abnormalities in the internal auditory canal, cochlea, 
vestibule, and semicircular canals.

Cochlear parameter measurements 
For each sample, the neurotologist performed HRCT 
to measure the cochlear diameter (A-value), which 
was defined as the diameter of the cochlear base. The 

Figure 2. 3D SLICER software segmentation for one of our sample shows 
normal inner ear morphology including full 2.5 turns cochlea.

measurement was performed in the DICOM viewing 
software from the CT scanner (PHILIPS ICT 256) and 
determined by measuring the length of a straight line 
starting from the midpoint of the round window passing 
through the mid-modiolus axis and ending at the con-
tralateral wall. Then, another independent neurotolo-
gist with the same level of experience and performance 
in cochlear implants performed the same measurement 
using the OTOPLAN software. Both software consist of 
multiplanar reconstruction (MPR) viewers. Moreover, 
two other cochlear parameters, namely, (i) width of 
the cochlear base (B-value) measured as a straight line 
perpendicular to the A-value line at the mid-modiolus 
and (ii) height of the cochlea (H-value) as a straight line 
starting from the lowest point at the base to the end 
at the apex, were measured using the OTOPLAN soft-
ware (Figure 1). Then, the A-values measured using the 
PHILIPS ICT 256 and OTOPLAN were compared. The 
ratios of the diameter to width and height of the co-
chlea were calculated in each case to determine if there 
were any correlations among the A-, B-, and H-values.

Cochlear length measurements 
The A- and B-values were used to estimate the length 
of the basal turn of the cochlea at the level of the lateral 
wall BTL (LW) as shown in equation 1 using the ECA 
formulas:

In this study, it is assumed that the organ of Corti 
is located 0.5 mm from the lateral wall (Figure 3), as 
reported by Alexiades.6 Therefore, to calculate the 
BTLOC, 1 mm was subtracted from the A- and B-values 
to accommodate this distance (equation 2). Then, the 
full CDL (OC) was calculated by applying the BTL(OC) 
in the Alexiades formula, as shown in eq. 3. The 1.58 
mm was added to the calculated CDL to accommodate 
for the organ of Corti in the hook region: 

Statistical analysis
The statistical analysis was performed using IBM SPSS 
(Armonk, NY: IBM Corp) version 24. The Kolmogorov 
test was performed to determine the normality of quan-
titative variables. Parametric variables were compared 
between paired data using the paired t test, while non-
parametric variables were compared between paired 
data using Wilcoxon signed-rank test. Parametric vari-
ables were compared between the two groups using 

Figure 3. Cross-sectional of the cochlea shows the level of the organ of Corti 
(OC) as green dots and at level of lateral wall (LW) as blue dots. The organ of 
Corti (OC) is located 0.5 mm away from the lateral wall (LW).
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an independent sample t test, while the Mann-Whitney 
test was used to compare two groups of nonparametric 
variables. The correlation between parametric variables 
was assessed using Pearson correlation analysis, while 
the correlation between nonparametric variables was as-
sessed using Spearman rank correlation. A P value <.05 
indicated statistical significance.

RESULTS
Of 127 ears, 88 met the inclusion criteria.The age of the 
patients ranged from 1 to 7 years and the mean [SD] was 
2.9 [1.3] years) (Table 1).

A-value
The A-values obtained using the PHILIPS ICT 256 
ranged from 7.50 to 9.40 mm (mean [SD] 8.43 [0.39] 
mm). The corresponding values obtained using the 
OTOPLAN ranged from 7.60 to 9.30 mm (mean [SD] 
8.44 [0.39] mm). The statistical analysis showed no sig-
nificant difference between the A-values obtained by 
the two independent neurotologists using both tools, 
namely, PHILIPS ICT 256 and OTOPLAN (P=.27), and 
the two sets of readings showed a significant positive 
linear correlation (r=0.989, P<.001) . The mean A-value 
obtained using the OTOPLAN was 8.54 mm in males 
and 8.34 mm in females, and the values for males and 
females were significantly different (P=.016). However, 
the difference between the A-values of the right and 
left sides in all included patients was not significantly 
different (8.45 mm vs. 8.42 mm, P=.704).

B-value
The B-values obtained using the OTOPLAN ranged 
from 5.40 to 7.80 mm (mean [SD] 6.53 [0.40] mm), and 
the values in males and females were significantly dif-
ferent (6.62 mm vs. 6.45 mm, P=.044). No significant 
difference was noted between the values for the right 
and left ears (6.52 mm vs. 6.55 mm, P=.780).

H-value
The H-values obtained using the OTOPLAN ranged 
from 2.00 to 3.40 mm (mean [SD] 2.71 [0.31] mm), and 
no significant difference (P=.350) was observed be-
tween the mean values in males 2.74 mm and females 
2.68 mm. No significant difference was noted between 
the values for the right and left ears (2.75 mm vs. 2.64 
mm, P=.095). Additionally, the H-values showed a 
weak positive association to the previous values.

Correlation between A- and B-values 
The A- and B-values obtained using the OTOPLAN showed 
a moderate positive correlation (r=0.398 and P<.01).

B/A ratio
The B/A ratio showed a weak negative correlation to 
the A-value obtained using the OTOPLAN (r=0.351 
and P<.01). However, it showed a significant strong 
positive correlation with the B-value (r=718 and P<.01) 
and a very weak negative correlation with the H-value 
(r=0.087) obtained using the OTOPLAN. Moreover, the 
B/A ratio showed moderate positive correlations with 
CDL (oc) (r=0.498, P<.01). The ratio showed no signifi-
cant difference between the right and left ears and be-
tween males and females.

H/A ratio 
The H/A ratio showed an extremely weak negative 
correlation to all parameters, including the CDL (oc). 
This ratio also showed no significant difference be-
tween the right and left ears and between males and 
females.

CDL(oc)

Table 2 shows the mean values and range in each sex, 
showing a clear significant difference. In contrast, no 
significant difference was observed between the mean 
values for the right and left ears.

First turn(oc) and first turn(LW)

These values were significantly different between 
males and females (Table 2). However, they did not 
significantly differ between the right and left ears.

Correlation of CDL and first turn to other pa-
rameters 
Table 3 shows the positive correlation of all CDL(OC), 
first turn(OC), and first turn(LW) values to other parameters, 
except H/A ratio. There was an extremely strong sig-
nificant positive correlation between CDL and B-value 
and a moderate positive correlation between CDL 
and A-value. Moreover, the CDL showed an extremely 
weak and negligible association with the H-value.

Table 1. Distribution of sex and ear side in the study 
sample.

N %

Sex

   Females 46 52.3

   Males 42 47.7

Ears

   Left 37 42

   Right 51 58
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Table 2. Cochlear duct length (CDL) at the level of the organ of corti(OC) and the first turn of the cochlea at the organ of corti(OC) and lateral 
wall(LW). 

Range
(mm)

Mean
(mm) SD N Mean SD SE P value Significance

CDL(OC) 28.1–37.8 32.91 1.78 Male 42 33.39 1.52 0.23 .014 Significant

Female 46 32.47 1.90 0.28

1.0 Turn(OC)

15.39–
21.08 18.22 1.05 Male 42 18.50 0.89 0.14 .015 Significant

Female 46 17.96 1.12 0.16

1.0 Turn(LW)

18.39–
24.10 21.23 1.05 Male 42 21.51 0.89 0.14 .015 Significant

Female 46 20.97 1.12 0.17

Cochlear duct length (CDL), organ of Corti (OC), lateral wall (LW).

Table 3. Correlation of cochlear duct length CDL(OC), 1.0 turn(OC) and 1.0 turn(LW) to other parameters, n=88.

A-value 
OTOPLAN

B-value
OTOPLAN

H-value
OTOPLAN B/A H/A CDL(OC) 1.0 Turn(OC) 1.0 Turn(LW)

CDL(OC)

Pearson 
correlation .636** .961** 0.189 .498** -0.068 1 1.000** 1.000**

Sig. (2-tailed) 0.000 0.000 0.078 0.000 0.531 0.000 0.000

1.0 
Turn(OC)

Pearson 
correlation .636** .961** 0.189 .498** -0.068 1.000** 1 1.000**

Sig. (2-tailed) 0.000 0.000 0.078 0.000 0.531 0.000 0.000

1.0 
Turn(LW)

Pearson 
correlation .634** .962** 0.188 .501** -0.067 1.000** 1.000** 1

Sig. (2-tailed) 0.000 0.000 0.079 0.000 0.534 0.000 0.000

Cochlear duct length (CDL), organ of Corti (OC), lateral wall (LW).

DISCUSSION
Variations in cochlear structure dimensions, which 
can be as high as 40%, and interindividual anatomi-
cal variations in the normal cochlea affect the size and 
length of the cochlea itself. Thus, selection of an op-
timal electrode requires the use of a clear and valid 
method or tool that can help the surgeon assess the 
inner ear morphology and measure cochlear dimen-
sions. Subtle cochlear variations are less likely to be 
detected by routine CT with single-plane assessments 
in the coronal and axial views.5,14,16 

In the current clinical setting, if the surgeon is in-
terested in selecting the right electrode, he/she would 
ask the radiologist for cochlear parameters measure-
ments. The surgeon would then take these param-
eters and manually (using calculator or Excel) place 
them in one of the known CDL formulas to measure 
the cochlear length. After that, the surgeon uses the 
Greenwood function to calculate the frequency map-
ping of that specific cochlea.13 Only then he/she can 

see what length of electrode would suit the patient 
best. With the new planning software’s electrode visu-
alization feature, the calculation of CDL and frequency 
mapping is done automatically upon the measurement 
of A and B. In the first part of the study, measurements 
of the new planning software were validated. To do 
this equivalency in the A-value measured by the neu-
rotologist using the DICOM viewing software from the 
CT scanner (PHILIPS ICT 256) and measured by anoth-
er independent neurotologist using the OTOPLAN.

The A-values measured through the PHILIPS ICT 256 
and OTOPLAN showed no statistically significant differ-
ence (P=.27). Thus, surgeons can utilize this new tool to 
independently measure the cochlear parameters. 

The second aim of the study was to investigate the 
correlation of the cochlear parameters and CDL. Both 
A- and B-values showed a positive correlation, which 
was consistent with the findings of previous studies. 
An extremely weak positive correlation was shown be-
tween the H-value and both A- and B-values.
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In the present study, the mean A-value obtained 
using the OTOPLAN was 8.44 mm, while the mean 
B-value was 6.53 mm (Table 4), indicating that our re-
sults were comparable to those reported in previous 
studies that used a similar radiological method.2,10,16-21 
The mean A-value in our study was short but within the 
previously reported range, and the mean B-value was 
consistent with the average B-value in previous stud-
ies. However, participants’ ethnic backgrounds may 
influence these measurements. Our study participants 
were from the Saudi population, which generally shows 
a shorter CDL than other populations. Thus, the lower 
values obtained in our study are consistent with the 
findings reported by Alanazi et al.22 Wurfel et al4 mea-
sured the CDL ranged from 30.8 to 43.2 mm. Similarly, 
Meng et al21 noted significant variations in the anatomy 
of 310 normal cochlea and suggested a CDL range of 
30.7–42.2 mm for personalized cochlear implants. Sato 
et al23 reported a CDL range of 32.7–43.2 mm.

The mean H-value in this study was 2.71 mm 
(range, 2.00–3.40 mm), which was significantly shorter 
than those reported in few available studies that mea-
sured the height of the cochlea, such as those by Avci 
et a l(H-value, 4.4 mm) and Liu et al  (H-value, 3.59 
[0.12] mm).10,21

In this study, we did not include age-related vari-
ables since this study aimed to evaluate the differ-
ences related to the tools we utilized and to identify 
the cochlear parameters that could allow more accurate 

Table 4. The different reported means of cochlear parameters values in the various studies that are done based on the 
radiological method in measurement including our current study.

Author Year N A (mm) B (mm) H (mm)

Escudé et al2 2006 84 9.23 6.9 N/A

Martinez-Monedero 
et al16 2011 124 8.39 6.98 N/A

Van der Marel et al17 2014 671 8.85 6.58 N/A

Avci et al10 2014 16 9.2 7.0 4.4

Pelliccia et al18 2014 482 9 6.8 N/A

Meng J et al21 2016 178 men 9.12 6.41 N/A

132 women 8.93 6.22

Liu et al19 2017 204 8.84 ± 0.29 6.30 ± 0.38 3.59 ± 0.12

Rivas et al20 2017 309 9.22 ± 0.44 N/A

This study 2019 88 DICOM viewer 
8.43 N/A N/A

OTOPLAN 8.44 6.53 2.71

estimations of CDL. With respect to sex, we found that 
males had slightly higher cochlear parameters than fe-
males. Alanazi et al conducted a study in a population 
with almost similar characteristics as our study popu-
lation, and their results were consistent with our find-
ings.22 While this finding is potentially debatable, other 
studies have also reported longer diameters in males 
than in females.4,17,23,24 However, no statistically signifi-
cant difference was observed between the right and left 
cochlea, which indicated that there was no particular 
difference in morphology. Moreover, post-experimental 
studies support our findings.4,17,25,26

There were several limitations in our study. These in-
cluded the small sample size and the fact that the sub-
ject’s physical measurements, such as height and head 
circumference, were not included. In conclusion, in addi-
tion to HRCT, 3D-segmentation reconstruction can help 
surgeons analyze cochlear morphology. No significant 
differences were observed between the assessments 
performed by the two independent neurotologists. 
Therefore, the new OTOPLAN software can be vali-
dated as a tool for surgeons to independently perform 
preoperative planning, including electrode visualization. 
This will help toward optimizing the pre-operative clini-
cal workflow. The study also showed that the cochlear 
width (B) had a higher correlation to the CDL and the 
combination of A- and B-values to estimate the CDL was 
more accurate than A- or B-value alone. More research 
is needed to further improve CDL estimation.
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