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Rationale and Objectives: This study assesses the image quality of temporal bone ultra-high-resolution (UHR) Computed tomography
(CT) scans in adults and children using hybrid iterative reconstruction (HIR) and a novel, vendor-specific deep learning-based re-
construction (DLR) algorithm called AiCE Inner Ear.

Material and Methods: In a retrospective, single-center study (February 1-July 30, 2023), UHR-CT scans of 57 temporal bones of 35
patients (5 children, 23 male) with at least one anatomical unremarkable temporal bone were included. There is an adult computed
tomography dose index volume (CTDIvol 25.6 mGy) and a pediatric protocol (15.3 mGy). Images were reconstructed using HIR at normal
resolution (0.5-mm slice thickness, 5122 matrix) and UHR (0.25-mm, 10242 and 20482 matrix) as well as with a vendor-specific DLR
advanced intelligent clear-IQ engine inner ear (AiCE Inner Ear) at UHR (0.25-mm, 10242 matrix). Three radiologists evaluated 18 anatomic
structures using a 5-point Likert scale. Signal-to-noise (SNR) and contrast-to-noise ratio (CNR) were measured automatically.

Results: In the adult protocol subgroup (n = 30; median age: 51 [11-89]; 19 men) and the pediatric protocol subgroup (n = 5; median
age: 2 [1-3]; 4 men), UHR-CT with DLR significantly improved subjective image quality (p <0.024), reduced noise (p <0.001), and
increased CNR and SNR (p < 0.001). DLR also enhanced visualization of key structures, including the tendon of the stapedius muscle
(p <0.001), tympanic membrane (p < 0.009), and basal aspect of the osseous spiral lamina (o < 0.018).

Conclusion: Vendor-specific DLR-enhanced UHR-CT significantly improves temporal bone image quality and diagnostic performance.
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Abbreviations: AiCE (Advanced Intelligent Clear-1Q Engine), AiCE Inner Ear (Advanced Intelligent Clear-1Q Engine Inner Ear), AIDR
3D (Adaptive Iterative Dose Reconstruction), CNR (contrast to noise ratio), ConvCT (conventional multi-detector row computed
tomography), CT (computed tomography), DLP (dose-length products), DLR (deep learning- based image reconstruction), DCNN
(deep convolutional neural network), CTDIvol (computed tomography dose index volume), ICC (Intraclass Correlation Coefficient),
FBP (Filtered back projection), FoV (field of view), HIR (hybrid iterative image reconstruction), HR-CT (high-resolution computed
tomography), IR (iterative image reconstruction), MBIR (model-based iterative reconstruction), MDCT (multi-detector row computed
tomography), NR (normal resolution), SNR (signal to noise ratio), STARD (Standards for Reporting of Diagnostic Accuracy), UHR
(ultra-high resolution), UHR 1024 (ultra-high resolution 1024x1024 matrix), UHR 2048 (ultra-high resolution 2048x2048 matrix), UHR-

CT (ultra-high resolution computed tomography)
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INTRODUCTION

omputed tomography (CT) imaging is frequently

used in patients with hearing disorders or vertigo, as it

offers insights into the intricate anatomy of the middle
and inner ear structures. The small size, three-dimensional con-
figuration, and the complex interconnections of bony structures
pose unique challenges for imaging modalities, necessitating ad-
vanced technology to achieve accurate visualization. Accurate
imaging of these structures is critical for diagnosing pathologies
such as otosclerosis, cholesteatoma, and congenital malforma-
tions, as well as for planning surgical interventions like cochlear


mailto:ahmed.e.othman@googlemail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.acra.2025.02.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acra.2025.02.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acra.2025.02.002&domain=pdf
mailto:ahmed.e.othman@googlemail.com

Academic Radiology, Vol 32, No 6, June 2025

DEEP LEARNING UHR-CT OF THE TEMPORAL BONE

implantation or ossiculoplasty. Multi-detector row CT (MDCT)
enabled the identification of subtle anatomical structures such as
the auditory ossicles, which were challenging to detect in earlier
single-detector row scans (1). Alongside hardware improvements,
image reconstruction algorithms evolved rapidly. Filtered back
projection (FBP) was one of the first methods employed to
allow, fast image reconstruction but was dependent on high ra-
diation doses to allow significant image quality. Iterative re-
construction (IR) has been used since the early 2010s as it
demanded increased computational capacities (2). IR methods
enabled radiologists to reduce radiation dose and improve image
quality by lowering image noise in temporal bone imaging (3,4).
In the last decade, machine learning has entered the field of
health care and revolutionized medical imaging (5,6). In medical
image reconstruction, deep learning has already been applied to
improve image quality by increasing signal-to-noise (SNR)) and
contrast-to-noise ratio (CNR). DLR algorithms have been
successfully employed on various body parts (10-20).

Not only has the reconstruction software improved over time,
but also the hardware of the CT scanners. A distinction can be
made between high-resolution (HR) and ultra-high-resolution
(UHR) CT scanners. While UHR-CT has a precise definition,
HR-CT lacks a universally accepted standard. HR-CT typically
refers to thin slices, usually ranging from 0.625 to 1.25 mm,
which are acquired and reconstructed using sharp algorithms (7).
UHR-CT is defined by detector elements measuring 0.25 mm
or smaller along the z-axis, resulting in a slice thickness of
0.25 mm or less (8). This allows for detailed visualization of
micro-anatomical structures, making it particularly useful for
imaging small and intricate anatomical details. (2—4).

Recent studies have shown that DLR improves the image
quality of the temporal bone HR-CT (9,10). Imaging on
UHR-CT is known to have higher noise and lower CNR
and SNR (17).

This study therefore aimed to assess the image quality and
visibility of anatomic microstructures in the temporal bone
using UHR-CT with vendor-specific deep learning re-
construction (Advanced intelligent Clear-IQ Engine (AiCE)
Inner Ear, Canon Medical Systems, Otawara, Tochigi,
Japan) and compare it to hybrid iterative image reconstruc-
tion (AIDR 3D) in an adult and pediatric subgroup.

MATERIAL AND METHODS

The Ethics Committee of the Rhineland-Palatinate Chamber of
Physicians gave its approval for this retrospective, single-center
study (approval number: 2021-15948_1-retrospektv, approval
number: 06.07.2021). The 2013 revision of the Helsinki
Declaration was followed in conducting the study.

Study Sample

Between February 1st, 2023 and July 30th, 2023, a retro-
spective analysis included a total 52 patients (43 adults and 9
children; 20 female; resulting in 104 temporal bones) who
underwent UHR-CT of the temporal bone. The primary

indications for imaging were unclear hearing loss, progressive
hearing impairment and/or preoperative evaluation prior to
cochlear implant. As the aim of the underlying work was the
evaluation of image quality by analyzing relatively small
anatomical structures, only volume UHR-CT scans with at
least one anatomical unremarkable temporal bone were in-
cluded. This results in a final cohort of 35 patients. The
STARD flowchart in Figure 1 illustrates the inclusion und
exclusion criteria for this study.

Two distinct CT scanning protocols are employed based on
the patient’s age, resulting in a pediatric and an adult protocol
subgroup. Table 1 provides an overview of patient demographics
and the indications for CT scans within these subgroups. In to
the absence of standardized diagnostic reference values for the
radiation dose in temporal bone scans, it is the responsibility of
individual clinical departments to establish protocols that balance
sufficient diagnostic quality and radiation.

The scanning protocols are align with our standard clinical
practices, where three age groups are differentiated: children
under four years, children aged four to ten years, and chil-
dren older than ten years, with the latter being scanned using
the adult protocol.

Image Acquisition and Reconstruction

All enrolled patients underwent imaging of the temporal bone
using a non-contrast volume UHR-CT scan on the Aquilion
Precision CT scanner of Canon Medical Systems (Otawara/
Tochigi/Japan). The scanner features a focal spot size of 0.4 mm
X 0.5 mm, a detector element size of 0.25 mm X 0.25 mm, and
beam collimation of 0.25 mm X 160 rows with 1792 channels.
The scan range of a volume CT scan is determined by the beam
collimation resulting in a scan width of 40 mm (160 X 0.25 mm).
The scanning protocol includes a tube voltage of 120 kV, with
tube currents set at 250 mA for the adult protocol and 220 mA
for the pediatric protocol. Rotation times are 0.75 s for the adult
protocol and 0.5s for the pediatric protocol. A field of view
(FoV) of 200 mm and a scan range of 4 cm are maintained to
capture detailed volume images. The computed tomography
dose index volume (CTDIvol) measures 25.6 mGy (DLP 102.4
mGy-cm) for the adult protocol and 15.30 mGy (DLP 61.20
mGy-cm) for the pediatric protocol. In the pediatric protocol
group, all patients underwent short sedation (anesthesia) during
the CT scan to minimize motion artifacts and ensure optimal
image quality.

The two primary reconstruction methods utilized are
HIR, using AIDR 3D (mild level) with an FC81 kernel, and
a novel delicated DLR especially developed for temporal
bone imaging AiCE Inner Ear (mild level), Canon Medical
Systems, Otawara, Tochigi, Japan).

Deep Learning-Based Image Reconstruction for Temporal Bone
Imaging: AiCE Inner Ear

Using high-quality, sophisticated MBIR target images as
training material, the AiCE Inner Ear algorithm learns to
convert low-quality input data into crisp, low-noise images.
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Figure 1.
patients were included, resulting in a total of 57 temporal bones.

TABLE 1. Patients Characteristics

STARD Flowchart of the inclusion/exclusion process. UHR CT scans of anatomical, non-pathological temporal bones from 35

Parameter Adult protocol subgroup Pediatric protocol
subgroup
Mean age in years (range) 51 (11-89) 2 (1-3)

Gender
Indication for CT

11 female; 19 male 1 female; 4 male

preoperative assessment before cochlear implantation in cases of severe 20 5

hearing loss bordering on deafness

Assessment of electrode and implant positions of cochlear implants

diagnosis and management of cholesteatoma
Evaluation of acute hearing loss

hearing impairment and pulse-synchronous ear noise
sound conduction disorders in auditory canal atresia
Assessment of chronic otitis media

suspected perilymphatic fistula following surgery

A a2 a aanpw

Thousands of phantom and patient images were included in
the development. In order to effectively reconstruct pictures,
AiCE Inner Ear functions in both the raw and image do-
mains in the clinic. The AiCE Inner Ear algorithm leverages
high-quality reference images, reconstructed with advanced
model-based iterative reconstruction (MBIR), as its training
material. The training process involves comparing the output of
the deep convolutional neural network (DCNN) to the re-
ference images and adjusting the network's weights iteratively
through backpropagation. This optimization ensures that the
algorithm minimizes discrepancies between its output and the
reference images. The training dataset includes millions of image
pairs, ensuring robustness across various clinical scenarios. To
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enhance its utility in low-dose imaging, the algorithm was trained
with low-quality data to enable it to generate high-quality images
while maintaining signal integrity and spatial resolution.

The reconstruction parameters are categorized into normal
resolution (NR), ultra-high resolution 1024* matrix (UHR
1024), ultra-high resolution 2048” matrix (UHR 2048), and
DLR UHR. NR employs a 512* matrix and DLR UHR is
reconstructed with a 1024* matrix. All data are reconstructed
with a FoV of 60 mm. For NR, a slice thickness of 0.5 mm, a
slice increment of 0.5 mm, and 80 reconstructed slices are used.
For UHR 1024 and UHR 2048 a slice thickness of 0.25 mm, a
slice increment of 0.125 mm and 320 reconstructed slices are
employed.
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Subjective Image Analyses

Subjective image analyses were conducted by three radi-
ologists: one certified neuroradiologists with eight years of
experience in head and neck imaging and two radiologist
with five years of experience in head and neck imaging
(M.A.A.M., N.F.G. and L.A.B.).

To minimize bias and ensure objective assessment, the
four image reconstructions were randomized and the readers
were blinded during the evaluation process. Additionally, a
washout period of more than six weeks was implemented
between the two readings to further reduce potential car-
ryover effects.

The readers evaluate the acquired thin-slice axial images
with a slice thickness of 0.25mm (matrix size 1024 and
2048% or 0.5 mm (matrix size 512%). They were able to re-
construct the images in the MPR (multi-planar reformation)
mode as needed, enabling optimal visualization of the small
anatomical structures of the temporal bone. To ensure
standardized image reading, all three readers received a
briefing on the evaluation criteria and the use of a 5-point
Likert scale prior to image evaluation. The subjective para-
meters included image noise and sharpness, the extent of
artifacts, and the diagnostic confidence of the reader during
image analysis. Additionally, the assessability of 18 predefined
micro-anatomical structures of the middle and inner ear was
rated by each of the three readers using the 5-point Likert
scale (Table 2).

The selection of the analyzed micro-anatomical structures
was guided by their clinical relevance in diagnosing and
managing various otologic conditions, as well as their im-
portance in preoperative planning for interventions such as
cochlear implantation and ossicular prosthesis placement.
Furthermore, several structures were chosen specifically for
their fine anatomical detail or small size, making them ideal
for exploring the diagnostic boundaries of UHR-CT.

The tympanic membrane, for example, is critical for sound
transmission and typically only becomes visible in conven-
tional multi-detector row computed tomography (ConvCT)
imaging when thickened or affected by pathology. Similarly,
the ossicular chain structures, such as the stapes and the

incudomalleolar and incudostapedial joints, are crucial for
sound conduction but challenging to evaluate in standard CT
due to their minute size. Other structures, such as the ten-
dons of the tensor tympani and stapedius muscles, as well as
the chorda tympani, present particular challenges for con-
ventional imaging. Assessment of the bony coverage of the
facial canal is paramount in preoperative planning for co-
chlear implants to avoid damaging the facial nerve or causing
unintended stimulation. Additionally, the tegmen tympani is
vital to evaluate for potential defects that could lead to cer-
ebrospinal fluid leaks. Other structures, such as the singular
canal, the osseous spiral lamina, and the modiolus within the
cochlea, offer a unique challenge due to their exceptionally
small and thin features, often partially or entirely invisible on
ConvCT. Finally, structures such as the cochlear and ves-
tibular aqueducts, as well as the petromastoid canal, hold
significance due to their roles in inner ear physiology and
their potential to present abnormalities that may impact
hearing. Enlarged vestibular aqueducts, for instance, are as-
sociated with sensorineural hearing loss, emphasizing the
importance of their accurate imaging. By including these
challenging yet clinically significant structures, this study
aims to thoroughly evaluate the capabilities and limitations of’
UHR-CT in visualizing critical temporal bone anatomy. For
the purpose of image evaluation, the Sectra software (Sectra
Workstation; Linkdping, Sweden) was employed, harnessing
its capabilities including the ability to manually adjust slice
thickness and perform multi-planar reconstructions.

For the assessment of overall image quality, the adapted
European guidelines on quality criteria for CT imaging
(11,12) were employed. In order to rate the visibility of very
small anatomical structures, a 5-point Likert scale originally
developed for rating facial nerve canal dehiscence (13) was
applied (Table 2). Consistent use of the 5-point Likert scale
was maintained across all patients and categories.

Objective Image Analyses

For an observer-independent assessment of image quality, images
were exported from Sectra (Sectra Workstation; Linkoping,
Sweden) in DICOM format to a workstation equipped with

TABLE 2. Adapted 5-point Likert Scale for Evaluation of the Subjective Overallimage Quality and the Visibility of Micro-anato-

mical Structures

Grading Overall image quality, noise, General Artifacts Visibility of micro-anatomical
sharpness, and diagnostic precision Structures
5 outstanding/excellent minimal, noticeably little (well clearly continuous delimitable
below average)

4 very good/above average low (somewhat below average) generally delimitable with punctiform
blur or discontinuity

3 good/average moderate (average) generally delimitable with linear blur
or discontinuity

2 poor/below average marked (somewhat above average) partially delimitable

1 very poor pronounced (unacceptable) not delimitable
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MATLAB tools (2022b, The MatWorks). The following ob-
jective image parameters were evaluated: noise, signal-to-noise
ratio (SNR), contrast-to-noise ratio (CNR).

A radiologist with 5 years of experience in head and neck
imaging selected an exemplary 0.25 mm (DLR UHR 1024,
HIR UHR 2048, HIR UHR 1024) or 0.5 mm (HIR NR)
image focused on the epitympanic recess, the incus and
malleus. In the chosen slice, a region of interest was mea-
sured in the air of the meatus externus and in the partially
depicted cerebellar hemisphere. The regions of interest
(ROIs) were circular in shape with a diameter of 1 cm. For
each patient, the same location was used for all reconstruc-
tions to ensure consistency in the analysis.

Statistical Analysis

The SPSS (SPSS IBM Statistics for Windows, Version 23.0 IBM
Corp) statistical analysis program was used. If regularly dis-
tributed, the mean and standard deviation are used to express all
continuous variables. Variables for categorization were presented
in absolute frequencies and ratios. A Wilcoxon signed-rank test
was used to compare subjective image quality graded for each
anatomic structure on the temporal bone. Intrer-rater correlation
(Fleiss” kappa and intraclass correlation coefficient) was evaluated.
The level of agreement was defined as follows: >0.75 as ex-
cellent, 0.6-0.75 as very good, 0.5-0.6 as good, 0.4-0.5 as fair,
and <0.40 as poor (14). Only significant Fleiss’ kappa values
(p <0.001) are reported.

RESULTS
Patient Cohort

The final study sample consisted of 35 patients, encompassing
both infants and adult patients with a gender distribution of 12
female and 23 males. The STARD flowchart in Figure 1 illus-
trates the inclusion und exclusion criteria for this study. The
pediatric protocol group included five patients (10 temporal
bones) with a median age of 2 years (rage: 1-3 years). The adult
protocol group incorporating 30 patients (47 temporal bones)
with a median age of 51 years (rage: 11-89 years).

The indications for CT imaging within the patient cohort
varied, and they are delineated alongside the patients' char-
acteristics in Table 1.

Subjective Image Quality

The analysis of both adult and pediatric protocol subgroups
demonstrated the clear superiority of DLR over HIR. DLR
provided superior image quality, reduced noise, and en-
hanced visibility of numerous anatomical landmarks.

The following sections provide a detailed breakdown of
the findings within the adult and pediatric subgroups.

Adult Protocol Subgroup

Within the adult protocol subgroup, the analysis of general
subjective image parameters revealed that a DLR specifically
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trained for inner ear structures demonstrated unequivocal
superiority over all HIR techniques (p <0.001) (Fig 2,
Table 4). Specifically, DLR facilitated significant clearer
identification of almost all selected anatomical landmarks
(Fig 4, Fig 5), with the cochlear aqueduct being the sole
exception, showing no significant difference.

‘Within the group of hybrid iterative reconstructions, HIR
UHR 2048 exhibited significantly higher image noise and
artifacts. Nonetheless, some anatomical landmarks, such as
the stapes crus anterior (p <0.010), tendon of the stapedius
muscle (p <0.021), chorda tympani in the tympanic segment
(p <0.010) and posterior canaliculus (p <0.018) as well as
tegmen tympani (p <0.003), were delineated better with
HIR UHR 2048 to HIR UHR 1024.
Furthermore, 12 of the 18 anatomical landmarks were clearer
to identify with HIR UHR 1024 compared to HIR NR.
However, no significant difference in identification was

compared

observed for the tympanic membrane, posterior limb of the
stapes, incudomalleolar joint, the apical aspect of the osseous
spiral lamina, modiolus of the cochlea, and the cochlear
aqueduct.

Table 3 presents the inter-rater agreement assessed using
Fleiss’ Kappa. Inter-rater reliability between the three readers
ranged from 0.5 to 0.8 with a mean k value of 0.7. Notably,
the lowest inter-rater agreement was observed concerning
the identification of the incudostapedial joint with DLR.
The Intraclass Correlation Coefficient (ICC) analysis 1is
available as supplementary data (S1), offering deeper insights
into the reliability of the ratings and providing a more
comprehensive assessment of the agreement among the
raters.

Pediatric Protocol Subgroup

In the pediatric protocol subgroup, the assessment of general
subjective image parameters unveiled DLR's superior per-
formance in comparison to HIR UHR 2048 (Fig 3). No-
tably, DLR yielded higher general image quality (p <0.024),
image noise (p <0.006),
(p <0.006) (Table 5). However, no significant disparities
were observed in terms of diagnostic confidence or general

reduced and fewer artifacts

image sharpness. Moreover, DLR demonstrated superior
performance across all general subjective image parameters
when juxtaposed with both HIR UHR 1024 (p < 0.027) and
HIR NR (p <0.013) techniques.

DLR enhances the wvisibility of the selected anatomic
landmarks in comparison to HIR UHR 2048. These in-
cluded the tympanic membrane (p <0.021), tendon of the
stapedius muscle (p <0.009), tendon of the tensor tympanic
muscle (p <0.024) and basal aspect of the osseous spiral la-
mina (p <0.018). Additionally, compared to HIR UHR
1024, DLR improved the visibility of the crus anterior of the
stapes (p < 0035), the vestibular aqueduct (p <0.036) and the
posterior canaliculus of the chorda tympani (p <0.036).
Furthermore, in comparison to HIR NR, DLR improved
the visibility of the crus posterior of the stapes (p <0.024),
the tympanic segment of the chorda tympani (p < 0.028), the
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Figure 2. Subjective image quality in the adult protocol subgroup. Three radiologists assessed image quality of 18 anatomic structures
using a 5-point Likert scale (1 = very poor, 2 = poor, 3 = good/average, 4 = very good/above average, 5 = outstanding/excellent; further
Likert scale details are provided in Table 4).
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Figure 3. Subjective image quality in the pediatric protocol subgroup. Three radiologists assessed image quality of 18 anatomic structures
using a 5-point Likert scale (1 = very poor, 2 = poor, 3 = good/average, 4 = very good/above average, 5 = outstanding/excellent; further
Likert scale details are provided in Table 4).
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Figure 4. UHR-CT volume scan. Modiolus of the cochlea (arrow). Osseous spiral lamina (arrowhead). (a) HIR NR (AIDR 3D, 5122 matrix). (b)
HIR UHR 1024 (AIDR 3D, 10242 matrix). (c) HIR UHR 2048 (AIDR 3D, 20482 matrix). (d) DLR UHR 1024 (AiCE Inner Ear, 10242 matrix).

Figure 5. UHR-CT volume scan. Oval window (arrow 1). Pyramidal eminence and tendon of the stapedius muscle (arrow 2). Handle of the
malleus (arrow 3). Stapes with anterior and posterior crus (arrow 4). Tympanic membrane (arrowhead). (a) HIR NR (AIDR 3D, 5122 matrix). (b)
HIR UHR 1024 (AIDR 3D, 10242 matrix). (c) HIR UHR 2048 (AIDR 3D, 20482 matrix). (d) DLR UHR 1024 (AiCE, 10242 matrix).

tegmen tympani (p <0.036) and the modiolus of the cochlea
(p <0.044).

Table 3 presents the inter-rater agreement assessed using
Fleiss’ Kappa. Inter-rater reliability between the three readers
ranged from fair to excellent, with x values ranging from 0.4
to 0.8 with a mean k value of 0.6. The lowest inter-rater
agreement in the pediatric protocol subgroup was observed
regarding the singular canal with DLR. The ICC analysis is
available as supplementary data (S1) to provide additional
insights into the reliability of the ratings and offers a more
comprehensive evaluation of the agreement among the
raters.

Objective Image Quality

DRL demonstrates significantly lower noise levels with a
mean of 96 HU *+ 17 HU (p <0.001), while HIR UHR
2048 exhibits the highest noise at 236 HU + 21 HU
(p <0.001), as shown in Figure 6. The contrast-to-noise
ratio (CNR), calculated from bone, air, and noise signal
intensities, is notably higher for DLR with a mean of
25 £ 7 (p <0.001) and significantly lower for HIR. UHR

2048 with a mean of 12 * 3 (p <0.001). Similarly, the
signal-to-noise ratio (SNR), derived from bone signal in-
tensity and noise, is significantly higher for DLR (mean:
16 £ 4; p<0.001) and markedly lower for HIR UHR
2048 (mean: 7 * 2; p <0.001).

DISCUSSION

This study aimed to evaluate the subjective and objective
image quality of temporal bone imaging using a UHR-CT
scanner equipped with a vendor-specific DLR (AiCE Inner
Ear, matrix: 1024%). The performance of DLR was compared
to the widely used HIR-based algorithm (AIDR 3D; Canon
Medical Systems; FC81 kernel) across varying resolutions:
UHR with a matrix size of 2048%>, UHR with a matrix size
of 1024?, and NR with a matrix size of 512%). Depending on
the patient’s age, imaging was conducted using either an
adult protocol (CTDIvol: 25 mGy) or a low-dose pediatric
protocol (CTDIvol: 15 mGy). Notably, this is the first study
to compare a vendor-specific DLR to HIR UHR 2048
Matrix while including pediatric patients.
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TABLE 3. Fleiss Kappa for Image Quality for the Pediatric and Adult Protocol Subgroup

Assessed parameters

Fleiss’ Kappa: adult protocol subgroup

Fleiss’ Kappa: pediatric protocol subgroup

HIR HIR HIR DLR HIR HIR HIR DLR
NR UHR UHR UHR NR UHR UHR UHR

1024 2048 1024 1024 2048 1024
General image quality 0.620 0.517 0.517 0.517 0.517 0.664 0.634 0.747
General image sharpness 0.700 0.747 0.747 0.747 0.747 0.529 0.747 0.597
Diagnostic confidence 0.628 0.686 0.686 0.686 0.686 0.616 0.700 0.813
General image noise 0.597 0.584 0.584 0.584 0.584 0.644 0.486 0.747
General artifacts 0.632 0.644 0.644 0.644 0.644 0.678 0.597 0.678
Tympanic membrane 0.633 0.586 0.586 0.586 0.586 0.644 0.644 0.644
Stapes. anterior limb 0.714 0.702 0.702 0.702 0.702 0.586 0.817 0.538
Stapes. posterior limb 0.719 0.598 0.598 0.598 0.598 0.607 0.607 0.657
Incudomalleolar joint 0.578 0.639 0.639 0.639 0.639 0.592 0.667 0.598
Incudostapedial joint 0.624 0.553 0.553 0.553 0.553 0.564 0.598 0.522
Tendon of tensor tympani muscle 0.656 0.667 0.667 0.667 0.667 0.733 0.597 0.678
Tendon of the stapedius muscle 0.724 0.723 0.723 0.723 0.723 0.727 0.598 0.553
Chorda tympani: anterior canaliculus 0.694 0.591 0.591 0.591 0.591 0.713 0.607 0.535
Chorda tympani: tympanic segment 0.708 0.642 0.642 0.642 0.642 0.503 0.604 0.505
Chorda tympani: posterior canaliculus 0.595 0.667 0.667 0.667 0.667 0.664 0.569 0.634
Facial canal: tympanic segment 0.618 0.644 0.644 0.644 0.644 0.597 0.597 0.644
Tegmen tympani 0.706 0.591 0.591 0.591 0.591 0.561 0.690 0.747
Singular canal 0.618 0.686 0.686 0.686 0.686 0.625 0.625 0.373
Osseous spiral lamina: basal 0.776 0.686 0.686 0.686 0.686 0.586 0.667 0.747
Osseous spiral lamina: apical 0.769 0.644 0.644 0.644 0.644 0.686 0.644 0.538
Modiolous of cochlea 0.742 0.686 0.686 0.686 0.686 0.515 0.813 0.832
Cochlear aqueduct 0.717 0.644 0.644 0.644 0.644 0.686 0.644 0.719
Vestibular aqueduct 0.654 0.623 0.623 0.623 0.623 0.517 0.709 0.625
Petromastoid canal 0.582 0.569 0.569 0.569 0.569 0.579 0.707 0.500

Our findings demonstrate that temporal bone UHR-
CT with DLR is superior to HIR UHR 2048 matrix in
both, subjective and objective image quality for the adult
and pediatric protocol group. Notably, in the adult pro-
tocol group, DLR enhanced the clarity of 17 out of 18
selected anatomical landmarks compared to both HIR
UHR with superior SNR and CNR. Our findings in-
dicate that a DLR explicitly trained for reconstruction of
inner ear structures provides significantly improved image
quality compared to HIR UHR 2048 in adults as well as in
a pediatric population, underscoring its potential for
widespread clinical application. DLR. UHR 1024 allows
excellent visualization of the anatomical structures of the
temporal bone in the submillimeter range. The enhanced
visualization of anatomical microstructures is particularly
relevant for clinical diagnostics, as accurate imaging of
these structures plays a crucial role in diagnosing pathol-
ogies such as otosclerosis, cholesteatoma, and congenital
malformations. Furthermore, improved imaging is essen-
tial for planning complex surgical interventions, including
cochlear implantation and ossiculoplasty.

Our findings are in line with the results of a technical
report, showing that UHR-CT with DLR provides a better
visibility of the chorda tympani nerve and the stapes in
-
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omparison to HIR UHR 1024 Matrix and a model-based
reconstruction algorithm in different dose levels (15). Na-
gayama et al. highlight the potential of DLR to improve
image quality at lower radiation doses for pediatric temporal
bone imaging (16).

In HR-CT imaging, low-dose DLR (CTDI
6.7 mGy, matrix size: 512°, slice thickness 0.5 mm) also

vol:

improves the image quality in comparison to filtered back
projection (CTDI vol: 32.5 mGy, matrix size: 5127 slice
thickness 0.5 mm) with satisfactory clinical diagnosis making
in patients with otitis media and mastoiditis (10). Another
recently published study showed that DLR provides superior
image quality compared to HIR and filtered back projection
using HR-CT (9).

Our analysis of hybrid iterative reconstruction methods
revealed a significant benefit of HIR UHR 2048 (matrix
size: 2048%; slice thickness: 0.25 mm) compared to the HIR
UHR 1024 (matrix size: 10247; slice thickness: 0.25 mm) and
HIR NR (matrix size: 5127 slice thickness: 0.5 mm) in adult
protocol group, even though HIR UHR 2048 suffers from
higher image noise and artifacts. In the adult protocol sub-
group, the subjective analysis indicates that HIR UHR 2048
provided a better definition for five out of 18 anatomic
landmarks compared to HIR UHR 1024. In the pediatric
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TABLE 4. Adult Protocol Subgroup: p-values of Subjective Image Analysis

Assessed parameters DLR UHR 1024 vs. HIR HIR UHR 2048 vs. HIR HIR UHR 1024 vs. HIR NR
UHR 2048 UHR 1024

Reader 1 2 3 1 2 3 1 2 3
General image quality <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.013 <0.001 <0.001
General image sharpness <0.001 <0.001 <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001
Diagnostic security <0.001 <0.001 <0.001 0.001 0.001 0.001 <0.001 <0.001 <0.001
General image noise <0.001 <0.001 <0.001 1.000 1.000 1.000 1.000 1.000 0.989
General artifacts <0.001 <0.001 <0.001 0.978 0.857 0.655 0.978 0.932 0.055
Tympanic membrane <0.001 <0.001 <0.001 0.681 0.074 0.117 0.074 0.036 0.018
Stapes. anterior limb <0.001 <0.001 <0.001 0.010 0.003 <0.001 <0.001 <0.001 <0.001
Stapes. posterior limb <0.001 <0.001 <0.001 0.725 0.117 0.073 0.001 <0.001 0.002
Incudomalleolar joint <0.001 <0.001 <0.001 1.000 0.500 0.960 0.010 0.212 0.003
Incudostapedial joint <0.001 <0.001 <0.001 0.091 0.579 0.021 0.007 0.005 0.001
Tendon of tensor tympani muscle <0.001 <0.001 <0.001 0.074 0.010 <0.001 <0.001 0.001 <0.001
Tendon of the stapedius muscle <0.001 <0.001 <0.001 0.003 0.021 0.001 <0.001 <0.001 <0.001
Chorda tympani: anterior canaliculus <0.001 <0.001 <0.001 0.500 0.036 0.212 <0.001 <0.001 <0.001
Chorda tympani: tympanic segment <0.001 <0.001 <0.001 0.010 0.001 0.005 <0.001 <0.001 <0.001
Chorda tympani: posterior canaliculus <0.001 <0.001 <0.001 0.018 0.010 0.005 0.005 0.021 0.001
Facial canal: tympanic segment <0.001 <0.001 <0.001 0.173 0.013 0.036 <0.001 <0.001 <0.001
Tegmen tympani <0.001 <0.001 <0.001 0.003 0.001 0.001 0.001 0.002 0.001
Singular canal <0.001 <0.001 <0.001 0.173 0.074 0.074 0.001 0.001 <0.001
Osseous spiral lamina: basal <0.001 <0.001 <0.001 0.977 0.065 0.007 0.007 0.021 0.033
Osseous spiral lamina: apical <0.001 <0.001 <0.001 0.807 0.149 0.091 0.055 0.010 0.020
Modiolous of cochlea <0.001 <0.001 <0.001 0.286 1.000 0.033 0.036 0.036 0.091
Cochlear aqueduct 0.149 0.303 0.574 0.007 0.005 0.060 0.074 0.370 0.106
Vestibular aqueduct <0.001 <0.001 <0.001 0.173 0.074 0.076 <0.001 <0.001 0.002
Petromastoid canal <0.001 <0.001 <0.001 0.173 0.807 0.173 0.001 0.005 0.003

TABLE 5. Pediatric Protocol Subgroup: p-values of Subjective Image Analysis.

Assessed parameters DLR UHR 1024 vs. HIR HIR UHR 2048 vs. HIR HIR UHR 2048 vs. HIR NR
UHR 2048 UHR 1024

Reader 1 2 3 1 2 3 1 2 3
General image quality 0.024 0.015 0.010 0.044 0.102 0.172 0.293 0.579 0.383
General image sharpness 0.036 0.018 0.074 0.018 0.027 0.044 0.024 0.060 0.010
Diagnostic security 0.018 0.149 0.065 0.074 0.044 0.036 0.018 0.065 0.065
General image noise 0.006 0.006 0.006 0.996 0.993 0.991 0.715 0.715 0.172
General artifacts 0.006 0.005 0.006 0.986 0.986 0.972 0.018 0.065 0.044
Tympanic membrane 0.021 0.013 0.013 0.386 1.000 0.173 0.172 0.186 0.500
Stapes. anterior limb 0.036 0.018 0.242 1.000 1.000 0.074 0.036 0.074 0.212
Stapes. posterior limb 0.074 0.036 0.036 1.000 1.000 1.000 0.074 0.173 0.074
Incudomalleolar joint 0.807 0.212 0.036 0.500 1.000 0.681 1.000 1.000 0.977
Incudostapedial joint 0.962 0.862 0.725 0.172 0.500 0.173 0.574 0.173 0.074
Tendon of tensor tympani muscle 0.024 0.007 0.010 0.681 0.425 0.383 0.074 0.607 0.579
Tendon of the stapedius muscle 0.009 0.003 0.007 0.500 1.000 0.681 0.036 0.036 0.036
Chorda tympani: anterior canaliculus 0.445 0.102 0.117 1.000 0.977 0.977 0.074 0.173 0.036
Chorda tympani: tympanic segment 0.052 0.004 0.004 0.970 0.977 0.970 0.036 0.074 0.036
Chorda tympani: posterior canaliculus 0.036 0.036 0.500 1.000 1.000 0.074 0.500 0.500 1.000
Facial canal: tympanic segment 0.970 0.681 0.681 1.000 1.000 1.000 0.117 0.212 0.117
Tegmen tympani 0.074 0.173 0.036 0.500 0.807 0.681 0.681 0.102 0.212
Singular canal 0.607 0.500 0.074 1.000 1.000 1.000 0.500 0.500 0.173
Osseous spiral lamina: basal 0.013 0.018 0.013 0.977 0.500 0.970 0.074 0.500 0.500
Osseous spiral lamina: apical 0.173 0.977 0.173 1.000 0.681 1.000 0.386 0.172 0.173
Modiolous of cochlea 0.386 0.386 0.117 0.386 0.173 0.212 0.036 0.173 0.681
Cochlear aqueduct 0.500 0.500 0.087 1.000 1.000 0.681 0.500 0.500 0.386
Vestibular aqueduct 0.036 0.212 0.212 0.500 0.173 0.212 0.074 0.074 0.074
Petromastoid canal 1.000 0.977 0.977 0.500 0.173 0.173 0.173 1.000 1.000
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Figure 6. Image noise, signal to noise ratio and contrast to noise ratio: noise measured in the air of the meatus externus and the signal

measured in the cerebellar hemisphere.

protocol subgroup, there was no significant difference be-
tween HIR UHR 2048 and HIR UHR 1024, most prob-
ably due to the smaller number of cases (n = 10). Only the
tendon of the stapedius muscle showed a better definition in
HIR UHR 2048 compared to HIR NR.
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Our study is partially consistent with another study using a
UHR-CT scanner with HIR across different matrix sizes
and slice thicknesses (NR (0.5-mm slice thickness, 5127
matrix), HR (0.5-mm slice thickness, 1024* matrix), UHR
1024 (0.25-mm slice thickness, 1024> matrix) and UHR
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2048 (0.25-mm slice thickness, 2048” matrix). Their findings
indicated significantly higher image quality for UHR 2048
and UHR 1024 compared to NR and HR. In contrast to
our findings, they did not observe a difference between
UHR 2048 and UHR 1024 (17).

Furthermore, previous studies have consistently demon-
strated the superior delineation of fine anatomical structures
with UHR-CT compared to ConvCT (18,19). Another
study specifically highlighted the improved visibility of the
tendon of the stapedius muscle with UHR-CT in compar-
ison to ConvCT (20). Additionally, Heutink et al. were able
to detect new bone formation after cochlear implant place-
ment using UHR-CT highlighting the impact on long-term
residual hearing preservation in patients (21).

Limitations of the underlying study are (i) the relatively
small sample size, particularly in the pediatric protocol
subgroup, (ii) the single-center study design and (iii) the
fact that only patients without pathological findings were
included in order to standardize analysis of multiple small
anatomical structures. Future research should aim to eval-
uate the effect of AiCE Inner Ear on specific diseases of the
temporal bone in larger prospective, muticenter studies.
While this study is the first to include a pediatric protocol
subgroup for evaluating DLR algorithms in temporal bone
imaging, we acknowledge that the small number of chil-
dren limits the generalizability of the findings. Future re-
search should include larger pediatric cohorts to validate
these results and assess the broader applicability of the
findings. As noted by Kurokawa et al., certain micro-
anatomical structures are better visualized using HIR
compared to MBIR (22), while Hempel et al. emphasize
that MBIR outperforms FBP in terms of image quality
(23). Therefore further research should focus on com-
paring DLR with both MBIR and FBP.

CONCLUSION

Our findings suggest that deep learning-based image re-
construction of the temporal bone with ultra-high-resolution
CT significantly improves image quality and enhances di-
agnostic performance, hereby potentially affecting treatment
decisions.
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