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Temporal bone computed tomography (CT) is frequently performed for pediatric patients with ear diseases.
Advances in CT technology have improved diagnostic imaging quality, but reduction of radiation exposure
remains a goal. We evaluated the potential for radiation dose reduction in temporal bone CT examinations
using porcine ear ossicles and a photon-counting detector CT system. Three scans of the bilateral temporal
bone were performed on each of three pig cadaver heads. In each of seven successive imaging sessions, the
radiation dose was reduced by an additional one-seventh of the reccommended dose (RD). Two board-certified
radiologists independently scored the resulting images on a scale of 1 to 5 points, where 5 represented the
image quality at the RD. Images scoring >4.5 points were considered acceptable. Noise was assessed in a
2-cm-diameter region near the ear ossicles, and standard deviation was measured for each of the seven decre-
ments from the RD. As the radiation dose decreased, the noise progressively increased, and visual assessment
scores progressively decreased. Acceptable image scores were obtained at six-sevenths (4.9), five-sevenths (4.8),
four-sevenths (4.7), and three-sevenths (4.6) of the RD. Thus, acceptable porcine temporal bone CT images
were obtained with a radiation dose reduction of approximately 50%.
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C omputed tomography (CT) has become widely

used and indispensable in daily clinical practice.
Advances in CT technology have improved diagnostic
imaging quality and provided many benefits to patients.
However, CT has the unavoidable disadvantage of
exposure to ionizing radiation, and there is consider-
able interest in further reducing patients’ radiation
exposure.
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Temporal bone CT scans are performed for patients
with a variety of ear diseases including congenital mal-
formations of the ossicles, otitis media with osteoma,
tympanosclerosis, and traumatic separation of the ossi-
cles [1,2]. In these diseases, which often affect chil-
dren, pre- and postoperative evaluations of the oto-
acoustic ossicles are important, and CT scans are thus
performed aggressively. There is thus a serious need to
realize lower radiation doses at the time of imaging.
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The recently developed photon-counting detector
CT (PCD-CT) system uses a photon-counting detector
(PCD) to measure the number of incident X-ray pho-
tons and their energy [3,4], rather than the energy-
integrating detector (EID) used in the conventional CT
system. The PCD-CT thus provides higher-resolution
images with less image noise [5,6]. These images can be
particularly useful for evaluating fine bone tissue such as
that in the temporal bone area, including the ear ossi-
cles [1,7]. PCD-CT may be more suitable for evaluat-
ing the ear ossicles than conventional CT models
because it produces acceptable images at a lower radia-
tion dose [5]. However, the efficacy of low-dose imag-
ing of ear ossicles in clinical practice with this new CT
technology has not yet been fully evaluated.

We conducted the present study to investigate the
extent of radiation dose reduction that could be attained
while obtaining diagnostic images in temporal bone CT
examinations with PCD-CT. We used pig’s ear ossicles
as an ex vivo model, and the noise was not significantly
increased.

Materials and Methods

Temporal bone CT images. Three pig cadaver
heads for eating were purchased and used for CT imag-
ing. The size of each cadaver pig head was approxi-
mately 280x200 mm. A total of nine CT scans of the
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bilateral temporal bone were performed three times per
pig on separate days with a NAEOTOM Alpha PCD-CT
system (Siemens Healthineers, Forchheim, Germany).
The clinical imaging conditions were set as the recom-
mended dose (RD) as detailed in Table 1.

At each successive imaging session, the radiation
dose was reduced by an additional seventh of the RD to
obtain CT images at seven different radiation doses (i.e.,
the RD [as a reference], six-sevenths of the RD,
five-sevenths of the RD, four-sevenths of the RD,
three-sevenths of the RD, two-sevenths of the RD, and
one-seventh of the RD) (Fig.1).

Image analysis.  Visual and noise assessments
were performed on the obtained CT images. A total of

Table 1 Clinical imaging conditions (recommended dose)

120 kV
Quality ref. mAs 252

Tube voltage
Tube current

CTDI vol. 38.7~46.3 mGy (16 cm)
Collimation 120 x 0.2 mm-UHR mode
Rotation time 05s

Pitch 0.55

Kernel Hr 76.

Strength of iterative reconstruction QIR 1

FOV 100 X 100 mm

Image matrix 512

Slice thickness 0.2 mm

CTDI, computed tomography dose index; UHR, ultra-high resolu-
tion; QIR, quantum iterative reconstruction; FOV, field of view.

Fig. 1

CT images obtained with seven different radiation doses in the same porcine right-ear ossicle. The seven CT images were

obtained at the recommended dose (RD) (A: 60 mGy), six-sevenths of the RD (B: 51 mGy), five-sevenths of the RD (C: 42 mGy),
four-sevenths of the RD (D: 34 mGy), three-sevenths of the RD (E: 25 mGy), two-sevenths of the RD (F: 17 mGy) and one-seventh of the

RD (G: 8 mGy).
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18 bilateral ear ossicles (i.e., 9 right and 9 left ossicles)
were used for visual assessment. Two board-certified
diagnostic radiologists from two different countries
with 20 years (S.H.) and 10 years (T.K.) of experience
independently scored the images as follows: 5 points
(excellent score [i.e., image at RD]), 4 points (good
score), 3 points (possible score), 2 points (poor score),
or 1 point (not diagnostic). Acceptable images were
defined as those with a score >4.5 points.

For the noise assessment, a 2-cm-diameter region of
interest was identified in the vicinity of the ear ossicles
(Fig.2), and the standard deviation was measured for
each of the seven steps from the RD in a total of 18
bilateral ear ossicles (i.e., 9 right and 9 left ossicles).

Statistical analysis.  The scores of each of the six
images (obtained using one-seventh to six-sevenths of
the RD) were tested with a Wilcoxon matched-pairs
signed-rank test for the difference in scores from the RD
images. Because these were multiple tests, alpha was
adjusted by the Holm method to control for family-wise
error rates. The inter-rater agreement between the two
raters was evaluated using weighted kappa statistics.
The weights were 1—{(i—j)/(k—1)}>, where i and j
index the rows and columns of the ratings by the two
raters, and k is the maximum number of possible rat-
ings. Since no images had a rating score of 1, we used
k=4.

Alpha was set at 0.05, and p-values <0.05 were con-
sidered significant. However, to keep the family-wise
error rate within 5% in multiple tests, an alpha of 0.05

Fig. 2

The region of interest used for the noise assessment.
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or less was used to determine the significance of indi-
vidual test results. The statistical analyses were per-
formed using Stata ver. 18 (Stata Corp., College Station,
TX, USA) and Statistical Package for Social Science ver.
22.0 software (IBM, Armonk, NY, USA).

Results

As the radiation dose decreased, the image quality
also decreased. The results of the visual assessment of
each score are depicted in Figure 3. There was no
significant difference between the scores of the images
taken at the RD and the scores of the images obtained at
six-seventh of the RD (mean score 4.9 points) (p=
0.125). However, there was a significant difference
between the scores of the images at the RD and those at
<five-sevenths of the RD; the images at five-sevenths,
four-sevenths, and three-sevenths of the RD had mean
scores of 4.8 (p=0.0039), 4.7 (p=0.0005), and 4.6 points
(p=0.0001), respectively and were therefore considered
acceptable images. The unacceptable CT images at
two-sevenths and one-seventh of the RD had much
lower scores at the means 4.1 (p<0.0001) and 3.1
(p<0.0001), respectively.

The average noise of the radiation dose reduction
from the RD is illustrated in Fig.4. The average noise
value of the images at the RD was 161.5. The noise
increased gradually as the radiation dose decreased, as
follows: 171.7 (six-sevenths of the RD), 186.2 (five-
sevenths of the RD), 201.2 (four-sevenths of the RD),
222.5 (three-sevenths of the RD), 250.7 (two-sevenths
of the RD), and 287.9 (one-seventh of the RD). There
were significant differences between the noise at the RD
and the noise at <six-sevenths of the RD; the noise at
six-sevenths (p=0.0002), five-sevenths (p<0.0001),
four-sevenths (p <0.0001), three-sevenths (p<0.0001),
two-sevenths (p <0.0001), and one-seventh (p <0.0001)
of the RD.

The expected agreement between raters was 88.02%,
and the observed agreement was 95.41%. The weighted
kappa statistics was thus 0.6171, and the inter-rater
agreement was considered good.

Discussion
The results of this ex vivo study demonstrated an

increase in noise and a decrease in visual assessment
scores with decreasing radiation doses. For the visual
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Fig. 3 The average visual scores of the ear ossicles. The average scores of the RD (5.0), six-sevenths of the RD (4.9 +0.3), five-sev-
enths of the RD (4.8 +0.4), four-sevenths of the RD (4.7 +0.5), three-sevenths of the RD (4.6 £+ 0.5), two-sevenths of the RD (4.1 £ 0.4),
and one-seventh of the RD (3.1 & 0.5) are shown. *p<0.01.
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Fig. 4  The average noise of the images of pig ear ossicles. The average noise values for the RD (161.5 + 27.6), six-sevenths of the RD
(171.7 +30.8), five-sevenths of the RD (184.7 +31.5), four-sevenths of the RD (201.2 + 32.0), three-sevenths of the RD (222.5 + 37.0),
two-sevenths of the RD (250.7 & 35.5), and one-seventh of the RD (287.9 + 23.7) are depicted. **p<0.001.

assessment, only the score of the images at six-sevenths  acceptable.

of the RD was not significantly different from those at Computed tomography is an indispensable diagnos-
the RD. Even the mean score of the images at tic tool for ear diseases because it excels in depicting
three-sevenths RD was >4.5, suggesting that imaging  changes in the ossicles and soft tissues against back-
using a dose as small as half the RD may be clinically ~ ground air in the middle ear cavity [8]. However, in CT
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scans of this region, certain body parts. such as the
temporal bone, have a limited volume (z-axis) and
require very high resolution. In examinations using
conventional EID-CT, it is challenging to reduce the
radiation dose, and there have been reports of imaging
protocols that reduce the radiation dose to the lens and
techniques to reduce the radiation dose, such as itera-
tive reconstruction methods [9-11].

Hearing loss is often detected during early child-
hood and may require repeated pre- and postoperative
CT examinations to evaluate its cause and/or the hear-
ing status after surgery. Children are more radiosensi-
tive than adults, and the associated potential cancer risk
from ionizing radiation makes reducing the radiation
dose an important issue [12].

PCD-CT produces high-resolution images with less
image noise compared to EID-CT [13]. Its beneficial
applications include imaging of the heart, lungs, and
bone structures of the wrist, where the exquisite spatial
resolution adds clinical value [14,15]. PCD-CT can
also be clinically useful for temporal bone CT because of
its ability to image small changes in the ear ossicles at
high-resolution [1,7]. PCD-CT is thus well suited for
evaluating diseases such as ossicular chain dislocation,
tympanosclerosis, and cholesteatoma [1].

A few studies have compared PCD-CT and EID-CT
in terms of their usefulness in the assessment of bone
[15-17]. A comparison of PCD-CT with EID-CT using
a human cadaveric wrist showed that PCD-CT provided
better delineation of small nondisplaced fractures and
changes in bone structure due to fracture and healing
than EID-CT, and gave superior visualization of the
wrist bone structure even at half the dose [15]. Bette et
al. [16] and Gruntz et al. [17] also demonstrated that
the overall image quality and bone assessment were bet-
ter with PCD-CT despite the decreased contrast noise
ratio and increased noise. These previous reports and
our present findings are consistent, indicating that
diagnostic imaging is feasible even with a reduction
from the RD.

Several study limitations bear mention. Pig ear ossi-
cles, not human ear ossicles, were used for the evalua-
tion. However, the pig middle-ear anatomy is highly
comparable to that of humans [18], and we thus con-
sidered it a suitable model for the middle ear. Despite
this limitation, the dose reduction was based on the
recommended dose, suggesting the possibility of a sig-
nificant reduction in the radiation dose from the rec-
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ommended dose in human ear ossicles (since they are
smaller than those in pigs) based on our results. We
focused on radiation dose reduction and visual evalua-
tion under imaging conditions used in clinical practice,
and future research should include contrast with con-
ventional EID-CT and objective evaluations of the
reconstruction kernel and modulation transfer func-
tion.

In addition, two raters were involved in this study,
and their rate of agreement was unexpectedly high. This
was unlikely to be attributable to variation by chance,
since the kappa coeflicient obtained in this study was
0.6171, but p<0.0001. It is also possible that the two
raters systematically made similar judgments. This pos-
sibility could make it difficult to generalize the present
results.

In conclusion, temporal bone CT images acceptable
for use in clinical diagnosis were obtained in pigs even
when the radiation dose was reduced to three-sevenths
of the recommended dose, a reduction of approxi-
mately 50%. This result may serve as one reference for
reducing radiation exposure in patients undergoing CT
scans.

Availability of data and materials. ~ The data that
support the findings of this study are not openly avail-
able due to reasons of sensitivity; they are available
from the corresponding author upon reasonable
request. The data are located in controlled-access data
storage at Okayama University Hospital.
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