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Abstract

Objective. Growing interest in measuring the cochlear duct
length (CDL) has emerged, since it can influence the selec-
tion of cochlear implant electrodes. Currently the measure-
ments are performed with ionized radiation imaging. Only a
few studies have explored CDL measurements in magnetic
resonance imaging (MRI). Therefore, the presented study
aims to fill this gap by estimating CDL in MRI and comparing
it with multislice computed tomography (CT).

Study Design. Retrospective data analyses of 42 cochleae.

Setting. Tertiary care medical center.

Methods. Diameter (A value) and width (B value) of the
cochlea were measured in HOROS software. The CDL and
the 2-turn length were determined by the elliptic circular
approximation (ECA). In addition, the CDL, the 2-turn
length, and the angular length were determined via HOROS
software by the multiplanar reconstruction (MPR) method.

Results. CDL values were significantly shorter in MRI by
MPR (d = 1.38 mm, P \ .001) but not by ECA. Similar 2-
turn length measurements were significantly lower in MRI
by MPR (d = 1.67 mm) and ECA (d = 1.19 mm, both P \
.001). In contrast, angular length was significantly higher in
MRI (d = 26.79�, P \ .001). When the values were set in
relation to the frequencies of the cochlea, no clinically rele-
vant differences were estimated (58 Hz at 28-mm CDL).

Conclusion. In the presented study, CDL was investigated in
CT and MRI by using different approaches. Since no clinically
relevant differences were found, diagnostics with radiation may
be omitted prior to cochlear implantation; thus, a concept of
radiation-free cochlear implantation could be established.
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I
n cochlear implantation, optimal hearing perception can

be achieved by correct electrode selection and appropriate

cochlear coverage.1,2 Therefore, it is necessary to have a

precise understanding of the cochlear duct length (CDL). In

clinical practice, multislice computed tomography (CT)3,4

and cone beam CT5,6 are most commonly used. Experimental

imaging systems such as micro-CT5,7 and synchrotron ima-

ging8 have been shown to be more precise, but they are not

applicable for use in humans due to their higher radiation

exposure and the need for small imaging volumes.

Prior to cochlear implantation, magnetic resonance imaging

(MRI) is normally performed for the assessment of the cochlear

fluid signal and to exclude retrocochlear lesions and brain

pathologies.9 The aim of the presented study was to investigate

whether CDL measurements can be performed in MRI with

similar accuracy to CT. For the measurement of CDL, 2

approaches were used. First, the elliptic circular approximation

(ECA) formula was applied,5 which is the latest advanced for-

mula with spiral functions.10 The second approach is multipla-

nar reconstruction (MPR), which is a new development in the

field of 3-dimensional reconstructions of the cochlea.11

Methods

Patient Selection

Radiologic data sets were examined from 42 patients (21 women,

21 men) with an average age of 52.9 years (range, 28-73 years).
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In these sequential cases, acoustic neuromas were removed from

August 2016 to June 2020, and CT and MRI data sets were avail-

able. In each case, the contralateral cochlea was examined in rela-

tion to the acoustic neuroma. The data sets were exported

anonymously. The retrospective data analysis was performed in

concordance with the Declaration of Helsinki and approved by

the local ethic committee of the University of Würzburg

(2020051202).

Radiologic Measurements

The CT data sets were acquired with a SOMATOM Definition

AS1 scanner (Siemens) and commercially available software

(Syngo CT; Siemens) with the following parameters: tube cur-

rent, 38 mA; tube voltage, 120 kV; collimation, 0.6 mm; pitch,

0.55; slice thickness, 600 mm.

The MRI data sets (T2 constructive interference in steady

states) were acquired with a Skrya 3-T or Prisma 3-T mag-

netic resonance scanner (Siemens) and commercially avail-

able software (Syngo MR; Siemens) with the following

parameters: repetition time, 7.35 ms; echo time, 3.17 ms;

matrix, 384 3 384; field of view, 180 3 180; slice thickness,

600 mm.

Measurements of CDL, 2-Turn Length, and Angular
Length

The data sets were converted to the DICOM standard and

transferred to a medical image viewer (version 3.3.6; Horos

Project). Measurements were performed with a certified radi-

ologic screen (MultiSync Pa 322UHD; NEC) by an otologist

with extensive experience in cochlear analysis (J.T.).

Multiplanar Reconstruction. First the cochlear view was gener-

ated by rotating 3-dimensionally around the axial, sagittal,

and coronal axes.12,13 Then marker points were manually

defined along the bony lateral wall in the cochlear base

starting at the center of the round window (Figure 1, A and

A#). Later, the reconstruction of the cochlear spiral shape

was slowly scrolled toward upper turns, and more markers

were set (Figure 1, B and B#) until the helicotrema was

reached. In addition, different points of the path were

marked: A, round window; B, point at 720� = 2-turn length

(2TL); C, highest point at the helicotrema = CDL (Figure
1, C and C#). All landmarks were automatically connected

by the software via a Bézier path. Then the anatomically

correct course of the reconstructed spiral was guaranteed by

(1) complementing more marker points to reach closer

alignment of the reconstruction curve and lateral wall, (2)

repositioning existing landmarks to smoothen the creation

path, and (3) ensuring the anatomically correct path every

time that an alternation was made. A landmark was finally

set every 30� to 60�.14,15 The whole enrolled cochlea is pre-

sented by the software in an additional window. Herein, the

CDL (A to C) and the 2TL (A to B; Figure 1, D and D#)

were measured in millimeters. Furthermore, the angular

length (AL) was determined by measuring the angle in

degrees between a line from the center of the cochlea

through point A and B and a line from the center of the

cochlea through point C. This value was added to the angle

of 720� and thus the AL was calculated (Figure 1, E and

E#).8,16,17 An exemplary application of the process of the

MPR measurement method is shown in Supplementary

Video S1.

Elliptic Circular Approximation. In the cochlear view, the

cochlear parameters diameter (A) and width (B) were mea-

sured (Figure 1, F and F#). The cochlea diameter (A) is

defined as a straight line from the round window (Figure 2,

A and B), passing the modiolus, to the farthest point on the

opposite wall of the cochlea. The cochlear width (B) is the

straight line connecting the 2 opposite lateral walls of the

cochlea, perpendicular to the cochlear diameter passing

through the modiolus. First the basal turn length (BTL) was

calculated: BTL = 1.18 A 1 2.69 B –
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0:72AB
p

. In the

second step, the length at the desired cochlear angle (u;

CDL = maximum measured angle; 2TL = 720�) of the

cochlea was calculated with the equation for the percentage

BTL (pBTL), pBTL(u) = 8.3 3 10283u32 2.4 3

10243u21 3.4 3 10213u1 3.7, and the final equation:

CDL(u) = pBTL(u) 3 BTL.5

Statistics

After confirmation of the normality of all measured data

through Shapiro-Wilk and Kolmogorov-Smirnov tests, 1-way

repeated measures of analysis of variance and intraclass corre-

lation (ICC) were used to quantify the reliability between the

measurement methods. For reference comparison, the paired t

test was used. Differences with a P value \.05 were consid-

ered statistically significant.

A 2-way mixed model was performed, and single-measure

values of ICC were used.18 ICC was tested for absolute agree-

ment. ICC values were interpreted by applying the following

scale: inacceptable (\0.400), fair (0.400 � ICC \ 0.600),

good (0.600 � ICC \ 0.750), and excellent (�0.750). The

associated Cronbach’s alpha was calculated according to the

following scale: inacceptable (\0.700), fair (0.700 �a \
0.800), good (0.800 �a \ 0.900), and excellent (�0.900).19

Clinically acceptable margins of error were assumed: 61.5

mm for CDL, 61.31 mm for 2TL, and 650� for AL.20

Statistical analyses and the creation of diagrams were per-

formed with Prism software (version 8.4.0; GraphPad) as well

as SPSS Statistics (version 26.0.0.0; IBM). Data are presented

as Bland-Altman plots and box charts.

Results

For all parameters measured (CDL, 2TL, and AL), the mean,

SD, range, and 95% CI were determined and are presented in

Table 1. The ICC and Cronbach’s alpha values of the individ-

ual statistical tests are shown in Table 2.

Comparison of MRI and CT Imaging

The round window is the most important structure for the esti-

mation of the CDL in both approaches. The center of the

round window is the starting point to determine diameter A

(Figure 1, F and F#) and is 1 of the 2 values that are used in
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the ECA formula. In the MPR approach, the round window

defines the point at which the Bézier path starts, which is used

to measure the CDL (Figure 1, A and A#). In both imaging

techniques, the round window, indicated by the ellipse, could

be detected and used for the measurements (Figure 2, A and

B). In addition, a correct identification of the helicotrema is

needed for determination of the ALs (Figure 1, E and E#). In

CT and MRI, the helicotrema could be visualized (Figure 2,

C and D). The apical parts of the cochlea were better visua-

lized in MRI, which resulted in clearer determination of the

AL.

Measurements of the CDL

There were no significant differences (d = 0.36 mm, P =

.1562) in CDL determination by ECA and MPR with CT data

sets. The CDL measurement by ECA in MRI and CT also

resulted in no significant differences (d = 0.65 mm, P =

.1373). The CDL measured in MRI was significantly shorter

by MPR than by ECA (d = 1.09 mm, P \ .001). The MPR

approach revealed significantly shorter CDL values in MRI

than CT (d = 1.38 mm, P \ .001; Figure 3A, Table 1).

Neither ICC nor Cronbach’s alpha was rated as inacceptable19

(Table 2). The Bland-Altman plots showed differences when

comparing the measurement modalities with regard to the

clinically inacceptable error of the CDL, which was set as

61.5 mm.20 The measured CDL values in CT via MPR and

ECA (Figure 3E) showed good accuracy with low numbers

of clinically inacceptable errors (8 of 42). There were higher

numbers of clinically inacceptable errors (16 of 42) in mea-

surements in MRI with a systematic underestimation of the

Figure 1. Measuring methods. (A, A#; C, C#) Bézier curve along the lateral cochlear wall. (D, D#) Cochlea as longitudinal tube in 2 dimensions.
(E, E#) Angular length. (F, F#) Diameter A and width B.

Figure 2. Visualization of the round window (dotted circles): (A) computed tomography and (B) magnetic resonance imaging. Presentation
of the apical part of the cochlea including the helicotrema: (C) computed tomography and (D) magnetic resonance imaging.
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CDL by MPR as compared with ECA (Figure 3B). In addi-

tion, there was a systematic underestimation of the CDL in

MRI versus the measurements in CT for MPR (23 of 42;

Figure 2C) and ECA (19 of 42; Figure 3D).

Calculation of the 2TL

No significant differences (d = 0.27 mm, P = .1578) were

identified in the 2TL determination via ECA and MPR with

CT data sets. The CDL measurements based on MRI were sig-

nificantly shorter with the MPR approach versus the ECA for-

mula (d = 0.76 mm, P \ .001). 2TL was significantly shorter

in MRI versus CT per the MPR approach (d = 1.67 mm, P \
.001). By application of the ECA formula, the 2TL was

significantly shorter in MRI versus CT (d = 1.19 mm, P \
.001; Figure 4A,Table 1). ICC and Cronbach’s alpha values

were not rated as inacceptable19 (Table 2). When the mea-

surement modalities were compared with regard to clinically

inacceptable errors of the 2TL, which was set as 61.31 mm,21

the measured values in CT via MPR and ECA showed few

inacceptable errors (6 of 42; Figure 4E). The number of clini-

cally inacceptable errors was higher in the measurements with

MRI by MPR and ECA (10 of 42; Figure 4B). A systematic

underestimation of the 2TL with high numbers of clinically

inacceptable errors was found in the measurements based on

MRI as compared with CT for MPR (24 of 42; Figure 3C)

and ECA (19 of 42; Figure 4D).

Measurements of the AL

A significantly lower AL was determined in CT data sets

as compared with MRI (d = 26.79�, P \ .001; Figure 5A,

Table 1). ICC and Cronbach’s alpha were not rated as inac-

ceptable (Table 2). The Bland-Altman plot showed that the

AL was systematically overestimated in measurements with

MRI than CT data sets. There were 14 of 42 inacceptable clin-

ical errors in MRI measurements, exceeding the set value of

650� (Figure 5B).21

Discussion

The results of the presented study show that there is a small

but significant difference in the determination of the CDL and

the 2TL between CT and MRI by the application of 2

approaches: ECA5 and MPR.11 The 2 modes of calculation

were chosen since they are currently the most elaborated

methods for measuring the CDL from radiologic data sets,

and more important, they use different techniques for measur-

ing cochlear parameters.

Table 1. Cochlear Duct Length, 2-Turn Length, and Angular Length in MRI and CT Scans With Different Calculation Methods (n = 42)

MRI CT

MPR ECA MPR ECA

Cochlear duct length, mm

Mean 35.50 36.59 36.88 37.24

Range 31.00-40.60 31.30-32.50 30.50-43.00 32.50-43.10

SD 2.41 2.64 2.37 2.29

95% CI 34.75-36.26 35.77-37.41 36.15-37.62 36.53-37.95

Two-turn length, mm

Mean 32.80 33.56 34.48 34.75

Range 29.70-36.40 28.70-37.30 29.30-38.80 31.10-29.00

SD 1.68 1.86 1.71 1.82

95% CI 32.28-33.32 32.98-34.15 33.94-35.01 34.19-35.32

Angular length, deg

Mean 841 814

Range 724-974 726-935

SD 66.52 41.70

95% CI 820-861 801-827

Abbreviations: CT, computed tomography; ECA, elliptic circular approximation; MPR, multiplanar reconstruction; MRI, magnetic resonance imaging.

Table 2. ICC and Cronbach’s Alpha for the Quantification of the
Reliability Between Measurement Methods.

Modalities ICC Cronbach’s a

Cochlear duct length, mm

MRI: MPR vs ECA 0.825 0.947

MPR: MRI vs CT 0.651 0.863

ECA: MRI vs CT 0.722 0.852

CT: MPR vs ECA 0.898 0.951

Two-turn length, mm

MRI: MPR vs ECA 0.789 0.923

MPR: MRI vs CT 0.435 0.783

ECA: MRI vs CT 0.566 0.810

CT: MPR vs ECA 0.880 0.941

Angular length, deg: MRI vs CT 0.646 0.835

Abbreviations: CT, computed tomography; ECA, elliptic circular approxima-

tion; ICC, intraclass correlation; MPR, multiplanar reconstruction; MRI, mag-

netic resonance imaging.
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The ECA function is the latest development in calculations

based on spiral functions,10 which originally used only dia-

meter A for computation.16,22 In the ECA formula, the width

of the cochlea (B value) has been integrated. To precisely

measure the A and B values, the cochlea has to be rotated in

the cochlear view,12,13 which was possible in the CT and MRI

data sets. Several studies have investigated the ECA

approach, demonstrating a high precision of CDL computa-

tion23 and low intra- and interobserver variability.24 Only 1

study has described a CDL value (32.91 mm) with CT,25 but

in this investigation the CDL was corrected to the organ of

Corti, which results in about 10% to 15% reduction.21 Thus,

the mean CDL of 37.24 mm measured in CT data sets via

ECA in the present study is similar and can be compared with

MRI.

The second approach, MPR, is the newest development

described in the field of 3-dimensional reconstructions of the

cochlea.11 In this mode of calculation, a curved path (Bézier)

along the lateral wall of the cochlear duct is set from the

center of the round window to the helicotrema. In the

presented study, a point was set every 30� to 60�.20,22,26 One

study investigated the needed numbers of markers and

showed no benefit in setting more markers but an importance

of setting the Bézier path correctly to the outer wall.26 In pre-

vious studies, a CDL of 35.8 mm was determined in CT27 and

37.9 mm in cone beam CT.28 The values of the MPR measure-

ments in the presented study are between CT and cone beam

CT. Consequently, they can be reliably compared with MRI

measurements.

The values measured with MRI by ECA and MPR were

slightly but significantly shorter than the ones with CT. This

can be explained by the clearer determination of the cochlear

outer wall, which is needed to set the markers for diameters A

and B and for the curved path along the lateral wall. In con-

trast, higher values were measured for the AL, which might

be explained by the fact that the helicotrema can be better

visualized in MRI than CT. The differences are probably due

to the different imaging modalities. In CT, ionized radiation is

highly adsorbed by the bone due to its high density, which

results in a high contrast between bone and the aqueous

Figure 3. (A) Comparison of the cochlear duct length (CDL) mea-
sured in MRI and multislice CT data sets. Values are presented as
median (line), interquartile range (box), 95% CI (error bars), and out-
liers (circles). ns, not significant. ***P\.001. (B-E) Corresponding
Bland-Altman plots. Dotted horizontal lines indicate clinically accep-
table errors: 61.5 mm. CT, computed tomography; ECA, elliptic cir-
cular approximation; MPR, multiplanar reconstruction; MRI,
magnetic resonance imaging.

Figure 4. (A) Comparison of the 2-turn length (2TL) measured in
MRI and multislice CT data sets. Values are presented as median
(line), interquartile range (box), 95% CI (error bars), and outliers (cir-
cles). ns, not significant. ***P\.001. (B-E) Corresponding Bland-
Altman plots. Dotted horizontal lines indicate clinically acceptable
errors: 61.31 mm. CT, computed tomography; ECA, elliptic circular
approximation; MPR, multiplanar reconstruction; MRI, magnetic
resonance imaging.
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lymph of the cochlea. In contrast, in MRI the protons of the

lymph are responsible for the signal, which results in slightly

different imaging of the cochlea.

However, it must be mentioned that the absolute differ-

ences are small between the imaging modalities: for example,

1.19 mm (ECA) and 1.68 mm (MPR) for the 2TL would result

in a frequency shift of about 58 Hz at an intracochlear length

of 28 mm within the organ of Corti.29 In preoperative plan-

ning, these differences will not lead to the selection of a dif-

ferent electrode, since the electrodes that can reach up to 2TL

have a length difference of 4 mm.30 Consequently, the small

difference will have no clinically relevant impact on the selec-

tion of the electrode.

The measurement of CDL via MRI and CT has been inves-

tigated in 2 studies. In one study, just diameter A was used,

and a difference of 0.96 mm of the CDL was reported.31 The

other study used further development of the ECA formula, in

which a correction for the organ of Corti was implemented.21

Similar to the presented results, lower values in MRI were

estimated.32

Note that measurements of the CDL depend on the resolu-

tion of the image data sets. The longest CDL values (up to 40

mm) were determined in images from experimental imaging

systems, such as micro-CT5,33 and synchrotron imaging.8 But

in clinical imaging, there is a dependence of the CDL on the

resolution. The CDL measured in flat-panel volume CT (reso-

lution, 100 mm) resulted in a significantly longer CDL when

compared with standard flat-panel volume CT (460 mm) and

CT (600 mm).34 Furthermore, there was a tendency toward a

longer CDL in CT data sets with higher resolution.35 To

exclude the variability of the resolution, the slice thickness

was set to 600 mm for both MRI and CT in the present study.

Based on the present results, it is possible to waive ionized

radiation–based imaging prior to cochlear implantation.36

However, not performing a preoperative CT scan can lead to

different problems in surgical planning. The CT scan is

mainly used to identify structures of the temporal bone, espe-

cially the course of the facial nerve and the size of the mas-

toid.9 Nonetheless there is ongoing research regarding the

detection of these structures in MRI37,38; thus, preoperative

planning is possible by using only MRI. Furthermore, post-

operative control of the electrode can be determined in

MRI.39

Limitations

The measurements were done only by 1 experienced observer.

However, it has been shown that the ECA formula has low

intra- and interobserver variability,24 so this was not further

investigated. When different imaging modalities are com-

pared and not the quality and reliability of a formula or an

approach checked, measurements by 1 observer might be

better to not have additional variables, such as different set-

tings of contrast and brightness. Both approaches used in the

study require clear visualization of the round window. Due to

the limited resolution and the missing signal of the bone in

the CISS sequence (constructive interference in steady

state), there may arise difficulties identifying this structure

in MRI. This problem was partially solved by using a radi-

ologic high-resolution screen and identifying the semicircu-

lar impression of the perilymph. Nevertheless, other studies

have shown that is possible to detect the round window in

MRI, either for CDL measurements32 or for detection of

perilymphatic fistulas.40 Ultimately, of course, there are still

uncertainties in the area of the round window and the apical

portion of the cochlea in CT and MRI, which require an

experienced observer. In addition, the sample size might be

too small, but previous studies investigating the CDL have

shown that a number of 10 is adequate to obtain sufficient

statistical power.7,41,42

Conclusion

In the presented study, the computation of cochlear length and

angular measurements was simultaneously performed with

CT and MRI by 2 new and relevant modes of calculation. The

most relevant values regarding cochlear length (CDL and

2TL), as well as the measurement of the cochlear angle, were

determined with MRI producing similar values to CT without

clinically relevant differences.

Figure 5. (A) Comparison of the AL measured in MRI and multislice
CT data sets. Values are presented as median (line), interquartile
range (box), 95% CI (error bars), and outliers (circles). ***P\.001.
(B) Corresponding Bland-Altman plot. Dotted horizontal lines indi-
cate clinically acceptable errors: 650� for AL. AL, angular length; CT,
computed tomography; MRI, magnetic resonance imaging.
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