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~—ZABSTRACT ~

Objectives: This study aimed to compare the measurement accuracy of cone-beam computed tomography
(CBCT) and multi-detector computed tomography (MDCT) for the linear distance between the stapes and
round window, and the incudostapedial joint thickness for cochlear implantation treatment planning.

Materials and methods: In this in vitro study, 12 temporal bones along with their covering soft tissue
underwent high-resolution (HR) and low-resolution (LR) CBCT and MDCT. The linear distance between
the stapes and round window as well as the incudostapedial joint thickness were measured on images by an
oral radiologist and a general radiologist. Data were analyzed by paired t-test, Wilcoxon test and Pearson’s
correlation test (alpha=0.05).

Results: Significant correlations and excellent agreement were noted between HR-CBCT and MDCT,
HR-CBCT and LR-CBCT, and LR-CBCT and MDCT in both measurements (P<0.05). The mean distance
between the stapes and round window on HR-CBCT was significantly higher than that on MDCT and
LR-CBCT, and there were significant differences in the measurement accuracy of HR-CBCT with MDCT
(P=0.014) and LR-CBCT (P=0.027). The difference between LR-CBCT and MDCT was not significant
(P=0.102). The mean joint thickness on HR-CBCT was significantly higher than that on MDCT and the
measurement accuracy of CBCT and MDCT was significantly different in this respect (P=0.014). The

Kdszerences between LR-CBCT and MDCT, and HR-CBCT and LR-CBCT were not significant (P>0.05). )
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Conclusion: The results of the present study showed an acceptable accuracy of CBCT comparable to
that of MDCT for measurement of the linear distance between the stapes and round window, and the
incudostapedial joint thickness for cochlear implantation treatment planning.

Keywords: cochlear implantation, cone-beam computed tomography,
multidetector computed tomography, round window, ear.

ABBREVIATIONS

CBCT: cone-beam computed tomography
MDCT: multi-detector computed tomography
HR: high-resolution

LR: low-resolution

CT: computed tomography

mAs: millampere-seconds

kVp: peak kilovoltage

ANOVA: analysis of variance

MSCT: multi-slice CT

INTRODUCTION

earing loss is the most common

birth defect and one of the most

prevalent neurosensory deficits in

humans. However, due to its hid-

den nature, its early detection is
often difficult. At present, approximately 360 mil-
lion people worldwide (equal to 5% of the
world’s population) live with debilitating hearing
loss (hearing loss > 33 dB), out of whom 32 mil-
lion are children. Generally, 1-3 out of 1000
neonates are born with hearing loss. The preva-
lence of auditory defects is 2.6/1000 births in
Asia, which is the highest in the world, and
0.7/1000 births in other continents. An estima-
ted number of 4000 neonates with hearing loss
are born in Iran every year (1).

Several etiologic factors, such as non-syndrom-
ic genetic diseases, are involved in different types
of hearing loss. However, they all have the same
treatment. The optimal efficacy of cochlear im-
plants as an effective, safe and low-cost modality
for treatment of severe neurosensory hearing loss
has been well confirmed (2). It can profoundly im-
prove hearing, verbal intelligence and the related
aspects of the quality of life (3). Two of the most
common approaches for placement of cochlear
implants include the round window insertion and
cochleostomy; however, controversy still exists re-
garding the best approach (4). Posterior tympa-
notomy is the main commonly adopted technique
for insertion of cochlear implant, which provides
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a safe access to the basal turn of the cochlea
through the round window. Access through the
round window decreases the risk of intracochlear
trauma because it does not require perforation of
the cochlear bone. However, anatomical varia-
tions of the round window often complicate this
approach (5).

The incudostapedial joint is a synovial joint in
the middle ear that connects the incus to the
stapes. It transfers the mechanical vibrations of the
tympanic membrane to the stapes and ear co-
chlea and ensures the required flexibility of the
bony chain in the middle ear. The width (thick-
ness) of this joint plays a pivotal role in the co-
chlear implant surgical process (6).

Recent technological advances in computed
tomography (CT) enable precise measurement of
length and thickness of different structures of the
ear. Data obtained from CT imaging minimize in-
juries to the nerves and cochlea (7). Preoperative
assessment of the temporal region by CT prior to
cochlear implantation is imperative to precisely
evaluate the inner ear structures and the mastoid
fossa (8). Computed tomography is the reference
imaging modality for the diagnosis of ear condi-
tions and post-surgical follow-ups (8). Knowledge
about the anatomical variations of the round win-
dow and its correlation with the stapes prior to
surgery can minimize the incidence of periopera-
tive complications during cochlear implantation
9.

Cone-beam computed tomography (CBCT),
which is extensively used in dentistry, has lower
radiation dose than CT and much higher spatial
resolution than multi-detector CT (MDCT). Also,
the accuracy of linear measurements is less sensi-
tive to patients’ movement (10). Cone-beam com-
puted tomography can be performed in high-re-
solution (HR) and low-resolution (LR) modes. It
enables sufficient contrast between the temporal
bone, air and soft tissue (10).

Some studies qualitatively compared the ac-
curacy of CBCT and MDCT for assessment of
temporal bone structures and showed that clinical
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application of LR-CBCT was promising for surgical
planning, perioperative guide and postoperative
assessments but called for further investigations in
this respect (10-13).

To the best of the authors’ knowledge, no pre-
vious study has compared the measurement ac-
curacy of MDCT and CBCT for the linear distance
between the stapes and round window, and also
the incudostapedial joint thickness. Considering
the significance of such measurements prior to
cochlear implant surgery, this study aimed to
compare the measurement accuracy of CBCT and
MDCT for the linear distance between the stapes
and round window, and the incudostapedial joint
thickness for cochlear implantation treatment
planning. A comparison between HR and
LR-CBCT images for this purpose was made as
well. Using a single CBCT and MDCT scanner
model might have been a deliberate choice to re-
duce variability introduced by different device
specifications. This ensures consistency in the ima-
ging parameters and data quality. However, in-
cluding an explanation of this decision in the pre-
sent study would provide a valuable context, such
as whether it was due to equipment availability,
study budget, or a specific focus on evaluating the
selected scanner's performance, addressing po-
tential concerns about the scope of the study. 1

MATERIALS AND METHODS

his in vitro study was conducted on 12 tem-

poral bones with the covering soft tissue con-
taining the cochlear structure that were obtained
from the archives of the Ear, Nose and Throat
Department of Imam Khomeini Hospital in
Ahwaz, Iran. The study was approved by the
ethics committee of Ahwaz Jundishapour Uni-
versity of Medical Sciences.

For imaging, the temporal bones were fixed in
a plastic container containing alginate impression
material and underwent MDCT (Helical Emotion
16-slice; Siemens, CT, USA) with the exposure
settings of 70 mAs, 120 kVp, 0.6 slice thickness
and 1.4 pitch. To obtain CBCT scans, the contai-
ners containing temporal bones were fixed in the
scanner with adhesive tape and CBCT images
were obtained with 8 x 12 cm field of view,
110 kVp, and 3.6 seconds time in LR mode, and
5.4 seconds time in HR mode. A total of 24 CBCT
scans were obtained. Both MDCT and CBCT ima-
ges were transferred to NNT viewer software and

tomography

after coding, they were saved on a DVD. The ima-
ges were viewed by an oral radiologist and a ge-
neral radiologist on a LED flat-screen 14-inch
monitor (Asus) with 1080 x 1920-pixel resolution
in a semi-dark room. The observers evaluated the
images in the axial, coronal, and sagittal planes
and were allowed to change the contrast and
brightness of the images. On each image, the dis-
tance between the round window and the stapes
and also the thickness of the incudostapedial joint
were measured by the digital ruler of CT and
CBCT software programs (Figures 1 to 5).
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FIGURE 1.
Distance between the
stapes and round
window on a
multi-detector
computed
tomography
(MDCT) image

FIGURE 2.
Thickness of
incudostapedial joint
on a multi-detector
computed
tomography
(MDCT) image

FIGURE 3. Distance
between the stapes and
round window and
incudostapedial joint
thickness on a low-resolution
cone-beam computed

(LR-CBCT) image
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FIGURE 4.
High-resolution

cone-beam computed
tomography (HR-CBCT)
of the temporal bone

FIGURE 5. Thickness of
incudostapedial joint on

a high-resolution

RESULTS

istance between the stapes and round

window
Table 1 presents the mean distance between the
stapes and round window on MDCT and LR and
HR-CBCT images. Significant correlations were
found between the linear distance from the stapes
to the round window measured on MDCT and
HR-CBCT (r=0.953, P<0.001), MDCT and
LR-CBCT (r=0.948, P<0.001), and HR-CBCT
and LR-CBCT (r=0.985, P<0.001). Also, the in-
ter-examiner agreement was found to be excel-
lent.

Table 2 compares the measurement accuracy
of HR and LR-CBCT and MDCT in measuring the
distance between the stapes and round window
by paired t-test. The mean distance between the
stapes and round window on HR-CBCT was
greater than that on MDCT. Paired-test showed a
significant difference in the measurement accu-
racy of HR-CBCT and MDCT in measuring this
distance (P=0.014). The difference in this regard
was not significant between LR-CBCT and MDCT

Cone'beal?lcompu’fed (P=0.102). The measurement accuracy of
tomography _ . .
(HR-CBCT) image HR-CBCT was aIs.o significantly different from that
of LR-CBCT in this respect (P=0.027).
Statistical analysis Thickness of the incudostapedial joint
Data were analyzed using SPSS Version 23 Table 3 pl‘esents the mean th|CkneSS Of the inCU'
(SPSS Inc., IL, USA). The Shapiro-Wilk test was dostapedial joint measured on MDCT and HR
applied to analyze the normality of data distri- and LR-CBCT images. Significant correlations
bution. Considering the normal distribution of ~were found between the measured incudostape-
data (P>0.05), comparisons were made with dial joint thickness on MDCT and HR-CBCT
paired t-test and Analysis of variance (ANOVA) (r=0.908, P<0.001), MDCT and LR-CBCT
and correlations were analyzed by the Pearson’s ~(r=0.924,P<0.001), and HR-CBCT and LR-CBCT
correlation test. Level of statistical significance was ~ (r=0.985, P<0.001). Also, the inter-examiner
setat 0.05. 4 agreement was found to be excellent.
MDCT HR-CBCT LR-CBCT TABLE 1. Mean distance between the stapes and
Variable Standard Standard Standard | round window (in millimeters) on MDCT and LR
Mean | geviation | V™ | deviation | V™ | deviation | and HR-CBCT images
L:;‘i’;::j’f::;;‘:‘w‘h” sapes | 484|057 500 | 046 495 | 045
95% confidence TABLE 2. Comparison of
aniiopmoiiiily Mean | Standard | Standard | interval Degreeof |, . [measurement accuracy of HR and
. ; deviation | error Lower | Upper freedom LR-CBCT and MDCT in
bound b 1 . .
HR CBCT vs. MDCT _| 0.162__| 0.191 0.055 0283 |0.040 [2928 |11 o1z | measuring the distance between the
LR CBCT vs. MDCT | 0.103 | 0.200 0.058 0231 [0.024 [1.786 |11 0.102__| stapes and round window
HR CBCT vs. LR CBCT | 0.058 | 0.079 0.023 0008 |0.109 [2.548 |11 0.027
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MDCT HR-CBCT LR-CBCT TABLE 3. Mean thickness of incudostapedial joint (in millimeters)

Variable Mean | Standard |, . [Standard |, o | Standard | measured on MDCT and HR and LR-CBCT images

deviation deviation deviation
Joint thickness | 2.05 0.35 2.17 0.38 2.13 0.38
Comparisons 95%  confidence — TABLE 4. Comparison of measurement

M |, Stamdard | Stemdard | nferval t of P-value | accuracy of HR and LR-CBCT and MDCT

deviation | error Lower | Lower Troadoni . . he i R
boond | bound in measuring the incudostapedial joint

HR CBCT vs. MDCT 0.117 | 0.159 0.046 0.015 0.218 2.537 11 0.028 thickness
LR CBCT vs. MDCT 0.083 [0.144 0.042 0.008 [0.175 |2 1 0.071
HR CBCT vs. LRCBCT [ 0.033 | 0.065 0.019 0008 0075 [1773 |11 0.104

Table 4 compares the measurement accuracy
of HR and LR-CBCT and MDCT in measuring the
incudostapedial joint thickness by paired t-test.
The mean joint thickness measured on HR-CBCT
was higher than that on MDCT and the paired
t-test showed a significant difference in measure-
ment accuracy of HR-CBCT and MDCT in this
respect (P=0.014). Paired t-test showed no sig-
nificant difference in measurement accuracy of
LR-CBCT and MDCT (P=0.071), and HR-CBCT
and LR-CBCT in this regard (P=0.104). 0

DISCUSSION

his study compared the measurement accura-

cy of CBCT and MDCT for the linear distance
between the stapes and round window, and the
incudostapedial joint thickness for cochlear im-
plantation treatment planning. A comparison be-
tween HR and LR-CBCT images for this purpose
was made as well. The results showed a significant
difference in the measured distance between the
stapes and round window on MDCT and HR-CBCT,
and also HR-CBCT and LR-CBCT, but the dif-
ference between MDCT and LR-CBCT was not
significant. Also, a significant difference was found
in incudostapedial joint thickness measured on
MDCT and HR-CBCT, but the difference between
HR-CBCT and LR-CBCT, and also LR-CBCT and
MDCT was not significant. Significant differences
between HR-CBCT and MDCT measurements
have important clinical implications. So, HR-CBCT
may provide superior detail for smaller anatomi-
cal structures, potentially improving diagnostic
precision in complex cases, such as identifying
fine fractures or variations in bone morphology.
Conversely, MDCT might excel in broader dia-
gnostic applications where high accuracy in larger
regions is needed. These differences emphasize
the importance of selecting the appropriate ima-
ging modality based on the clinical question, ba-

lancing resolution requirements with radiation
exposure and accessibility to optimize patient
outcomes.

Burck et al (14) compared the accuracy of
CBCT (95 kV, 120 kV) and MDCT by histological
analysis of 20 temporal bone samples after place-
ment of cochlear implant electrode. They showed
significantly higher radiographic assessment of the
otic capsule bony structures, cochlear wall (except
for the outer part), osseous spiral lamina, elec-
trode position, visualization of single electrode
contacts on the array, and metal artifacts on CBCT,
and its significantly higher overall image quality,
compared with MDCT. They found no significant
difference between 96 kV and 120 kV CBCT
scanners. They concluded that CBCT had higher
diagnostic accuracy than MDCT for temporal
bone imaging for cochlear implant placement.
Despite different methodology, their results were in
agreement with the present findings. Debeaupte
et al (15) compared CBCT with MDCT for detec-
tion of hearing loss in 10 adults who required
temporal bone reconstruction. They reported a
satisfactory agreement between MDCT and CBCT
(kappa value=0.69) and concluded that CBCT is
a reliable low-dose modality for evaluation of
hearing loss in adults with sound tympanic mem-
brane. They added that its superiority to MDCT
for detection of middle ear pathologies such as
otosclerosis has not yet been confirmed. How-
ever, the preliminary data are promising in this
respect (15). Kemp et al (16) compared CBCT and
multi-slice CT (MSCT) for diagnosis of hearing
loss. They evaluated 16 landmarks in the inner ear
and middle ear and showed higher image quality
of HR-CBCT than MSCT. Also, the effective do-
sage of HR-CBCT was 69.5% lower than that of
MSCT. They concluded that CBCT is a promising
imaging modality for temporal bone scanning in
patients with hearing loss. They also revealed
comparable efficacy of CBCT and MSCT for eva-
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luation of important clinical anatomical structures.
Their results were in agreement with the present
findings despite different methodologies.

Erovic et al (11) compared CBCT and MSCT
for temporal bone imaging and concluded that
the CBCT image quality was comparable to that
of MSCT for evaluation of anatomical areas of the
temporal bone. Although they assessed the results
qualitatively, their findings were in accordance
with the present results. Saeed et al (17) used
CBCT for identification of cochlear implant elec-
trode position in human temporal bone by evalu-
ation of fresh frozen temporal bones with cochle-
ar implants that were histologically sectioned. The
results revealed that CBCT images optimally visu-
alized the position of implant electrodes, and had
a shorter scanning time and lower radiation those
than the conventional CT. Their results were in
line with the present findings.

In a prospective study, Redfors et al (18) as-
sessed the anatomy and pathologies of temporal
bone by MSCT and CBCT in patients with oto-
sclerosis. They evaluated patients who had under-
gone stapedectomy 30 years earlier and showed
that CBCT reliably revealed anatomical structures
of the middle and inner ear with lower artifacts
and lower radiation dose than MSCT. They con-
cluded that CBCT may be suitable for assessment
of otosclerosis patients with small otosclerotic
areas and middle ear prosthesis. Their results were
in accordance with the present findings. Pein et al
(19) compared CBCT and MDCT for precise ima-
ging of temporal bone, and middle ear structures,
and reported that both modalities would yield
comparably excellent results given that optimal
imaging protocols are applied. They reported that
CBCT with optimal protocol better revealed the
stapes and incudostapedial joint, while CT with
optimized protocol more clearly visualized the in-
ner ear structures such as the modulus and osse-
ous spiral lamina. Their results were in agreement
with the present findings since in the present
study, the incudostapedial joint thickness and the
distance between the stapes and round window
were measured on CBCT scans with acceptable
accuracy. Komori et al (12) compared the quality
of CBCT and MSCT for temporal bone asses-
sment. They reported significantly higher image
quality of CBCT compared with MSCT. They con-
cluded that CBCT can provide images of temporal
bone with higher quality and lower radiation dose
than MSCT. Although they performed qualitative
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assessment (unlike the present study), they stated
that CBCT is qualitatively valuable for evaluation
of the stapes and malleus. Dahmani-Causse et al
(12) morphologically evaluated the temporal
bone by CBCT and MSCT. They concluded that,
due to the higher spatial resolution of CBCT com-
pared with MSCT, CBCT enabled a reliable mor-
phological assessment of the temporal bone with
lower radiation dose. Their methodology and
type of CBCT scanner were similar to those in the
present study and reported results similar to the
present findings.

All the above-mentioned studies, irrespective
of their in vitro or in vivo design and qualitative or
quantitative nature, confirmed the comparable or
even higher accuracy of CBCT than MDCT for
measurements related to external, middle, or in-
ner ear. In the present study, LR-CBCT had no sig-
nificant difference with MDCT in two important
measurements. However, higher values were
shown by HR-CBCT compared with MDCT. Con-
sidering the higher resolution of HR-CBCT, the
obtained values may be closer to the actual va-
lues; however, further studies are required to ver-
ify the accuracy of this statement.

Only one CBCT scanner and one MDCT scan-
ner were evaluated in the present study. Also, the
sample size was limited and an assessment of
measurement accuracy in comparison with the
actual peri-operative values was not possible. Fu-
ture studies on different types and brands of CBCT
and MDCT scanners with a larger sample size are
required. Also, the measurements made on CBCT
scans should be compared with the actual perio-
perative values. The accuracy of CBCT for other
important measurements related to ear bones
should be evaluated as well.

Furthermore, Gheorghe et al (20) discusses a
rare congenital malformation of the middle ear.
The case involves the coexistence of three anoma-
lies: a persistent stapedial artery, oval window
atresia and congenital stapes agenesis. These con-
ditions lead to conductive hearing loss. Their re-
port emphasizes the significance of detailed ima-
ging and clinical examination in diagnosing such
anomalies. Computed tomography scans revealed
the absence of the stapes, closure of the oval win-
dow and presence of a stapedial artery. Surgical
intervention was not performed due to the ana-
tomical complexities, and alternative treatment
options were considered. Moreover, the impor-
tance of anatomic variability of the inner ear re-
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gion should also be subject to future comparison
between CBCT and HRCT (20). Using Micro-CT
imaging, a 3D model of the stapes and nearby
anatomical structures was developed to assess
their detailed dimensions. Measurements ob-
tained from this model emphasized the need for
precision in stapedotomy procedures, recom-
mending an implanted piston diameter of appro-
ximately 0.6 mm and a length near 4.6 mm. Dur-
ing surgery, extra care should be taken to avoid
damage to the facial nerve canal, ensuring patient
safety and optimal outcomes (21).

This research has some limitations. The study's
small sample size restricts the statistical power and
robustness of the findings, making it challenging
to draw definitive conclusions. Additionally, the
limited sample may not fully represent the broa-

der population, reducing the generalizability of
the results. Future research should involve larger
and more diverse samples to validate the findings
and improve their applicability across different
clinical settings (22). 4

CONCLUSION

he results of the present study showed an ac-

ceptable accuracy of CBCT comparable to
that of MDCT for measurement of the linear dis-
tance between the stapes and round window,
and the incudostapedial joint thickness for co-
chlear implantation treatment planning. O
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