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Abstract
Introduction Spectral shaping aims to narrow the X-ray spec-
trum of clinical CT. The aim of this study was to determine the
image quality and the extent of radiation dose reduction that
can be achieved by tin prefiltration for parasinus CT.
Methods All scans were performed with a third generation
dual-source CT scanner. A study protocol was designed using
100 kV tube voltage with tin prefiltration (200 mAs) that
provides image noise levels comparable to a low-dose refer-
ence protocol using 100 kV without spectral shaping
(25 mAs). One hundred consecutive patients were prospec-
tively enrolled and randomly assigned to the study or control
group. All patients signed written informed consent. The
study protocol was approved by the local Institutional
Review Board and applies to the HIPAA. Subjective and ob-
jective image quality (attenuation values, image noise, and
contrast-to-noise ratio (CNR)) were assessed. Radiation expo-
sure was assessed as volumetric CT dose index, and effective
dose was estimated. Mann-Whitney U test was performed for
radiation exposure and for image noise comparison.
Results All scans were of diagnostic image quality. Image
noise in air, in the retrobulbar fat, and in the eye globe was
comparable between both groups (all p > 0.05). CNReye globe/

air did not differ significantly between both groups (p = 0.7).
Radiation exposure (1.7 vs. 2.1 mGy, p < 0.01) and effective
dose (0.055 vs. 0.066 mSv, p < 0.01) were significantly re-
duced in the study group.

Conclusion Radiation dose can be further reduced by 17% for
low-dose parasinus CT by tin prefiltration maintaining diag-
nostic image quality.

Keywords Parasinus CT . Tin filtration . Spectral shaping

Introduction

Multidetector helical computed tomography (CT) enables vi-
sualizing of small bony details individual anatomic variants
and thickening of the mucosal surfaces. Three dimensional
reconstructions are used for surgery planning and ease
image-guided navigation as well as robotic surgery.
However, the drawback of CT is its radiation burden.
Patients referred for imaging are often of young age, and ra-
diation sensitive organs like eye lenses and thyroid gland are
directly or indirectly affected by X-rays during the examina-
tion. This is especially of concern when repetitive examina-
tions are required. Magnetic resonance imaging visualizes
sinonasal mucosal disease avoiding any radiation exposure,
but is limited in delineating fine bony structures and is rather
time consuming and expensive compared to CT. According to
the ALARA principle (Bas low as reasonably achievable^),
radiation dose should be reduced as much as possible without
impairing the diagnostic value. Different approaches to de-
crease the radiation exposure have been proposed including
direct shielding, judicious adjustments of the tube settings,
and iterative image reconstructions [1].

The radiation dose to the eye lenses can be significantly
reduced by direct bismuth shielding of the orbits with the
drawback of reduced image quality in the protected region
[2]. Reducing the tube current leads to an increase in image
noise, which is acceptable to a certain degree for the paranasal
sinuses. Diagnostic accuracy can be preserved due to the high
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contrast between air, mucosa, and the bony walls [3–5].
Reducing the tube voltage represents another popular ap-
proach to decrease the radiation dose, even below the lower
radiation exposure limits of the conventional technique using
120 kV. Another recently introduced approach to decrease the
radiation dose below the lower edge of technically applicable
radiation dose at 120 kV is spectral shaping. Third generation
dual-source CT systems are equipped with additional tin
prefiltration that removes the primarily low energy photons
in the X-ray beam, which contribute little to image quality
but increase the radiation dose. Thus, diagnostic image quality
can be maintained at a reduced radiation dose [6, 7].

The aim of this comparative noninferiority study was to
assess the effect of tin prefiltration on image quality and radi-
ation dose at 100 kV compared to a standard CT protocol at
100 kV without tin filtration at equal image noise levels using
the same CT unit.

Materials and methods

The study complies with the Declaration of Helsinki and the
HIPAA andwas performedwith local ethics committee approv-
al. Informed patient consent was obtained. Data acquisition was
performed between October 2014 and June 2015. All scans
were performed using a third generation dual-source CTsystem
(Somatom Force, Siemens, Forchheim, Germany) in a single
source mode with the following parameters: 0.5-s gantry rota-
tion time, 192 × 0.6 mm collimation using a z-flying focal spot,
tube current modulation switched off. Since tin prefiltration is
only available at 100 and 150 kV, with higher diagnostic dose
efficiency at 100 kV [6], the lower kV setting was used for this
study. The lowest mAs setting at 100 kV without tin
prefiltration is 25 mAs, which served as reference protocol.
Phantom measurements (Gammex 464, Middleton, WI, USA)
were performed to identify the tube current settings with tin
prefiltration to reach a comparable image noise level. Line pair
resolution was additionally assessed for both protocols as an
objective quality measure. For clinical evaluation, 100 consec-
utive patients scheduled for paranasal sinus CT for inflamma-
tory disease were randomized to the study or control group.

Patient position was supine with a slight reclination of the
head aligning the upper jaw to the gantry in order to minimize
artifacts from dental hardware in both groups. The scan range
included the roof of the frontal sinuses to the maxillary alve-
olar process. Image reconstruction from the raw data set was
performed in a 2-mm axial, 2-mm coronal, and 2-mm sagittal
orientation using the same bone (Br64) and soft tissue kernels
(Bf36). Additionally, thin overlapping slices in an axial orien-
tation (0.6 mm slice thickness, 0.5 mm increment) were re-
constructed using the same kernels for MPR evaluation and
transferred to a 3D workstation (SyngoVia VA30A, Siemens
Healthcare GmbH, Forchheim, Germany). For dose

distribution, additional Monte Carlo simulations were per-
formed with the study and reference protocol and a ROI with
a size of 5 × 5 pixels were measured in the left eye lense.

Objective image quality

To obtain and to compare objective parameters between the
two acquisition protocols, regions of interest (ROIs) were
placed on axial 2-mm soft tissue reconstructions in both eye
globes, in the retrobulbar fat and in the air within the maxillary
sinuses. ROIs with at least an area of 2 mm2 were measured to
obtain attenuation values (AV). Image noise (N) was consid-
ered as the standard deviation of the measurement in the eye
globes. Attenuation differences between eye globe and air (A)
as well as eye globe and retrobulbar fat (B) divided by image
noise were used for calculation of contrast to noise ratios
(CNR A or CNR B) according to the following equation:

CNR A
.
B

� �
¼

AV eyeglobeð Þ−AV air
.
fat

� �

Noise

In order to compare the CNR values independently of
radiation dose, each obtained CNR value was dose nor-
malized [8].

To account for anatomic differences between patients, the
ROIs were chosen as large and as similar as possible, while
carefully avoiding image artifacts and adjacent structures in
order to prevent partial volume effects.

Subjective image quality

Radiation dose

The radiation exposure was assessed as volumetric CT
dose index (CTDIvol) and dose-length product (DLP) pro-
vided by the scanner. For the control group, calculation of
an effective dose (ED) associated with the CT examina-
tions was based on multiplication of the DLP with a
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Subjective parameters were evaluated independently by two
radiologists as proposed in the European Guidelines on
Quality Criteria for CT. Both readers were blinded to all clin-
ical data. BEntirely acquired volume from the apical edge of
the frontal sinus to the palate and visually sharp reproduction
of anatomic structures^ (cortical and trabecular bone struc-
tures, frontal sinuses, sphenoid sinuses, orbitae, optic nerve
and orbital muscles, ethmoid, maxilla and its sinuses, nasal
cavity, and rhinopharynx) were evaluated on a dichotomous
scale (1 yes; 2 no) image noise and spatial resolution were
assessed on a 3-point scale (1 too much; 2 optimum; 3 too
little), and the overall diagnostic image quality on a 4-point
Likert scale (1 fully acceptable; 2 probably acceptable; 3 only
acceptable under limited conditions; 4 unacceptable).



previously published conversion factor for the head region
(0.0019 mSv × mGy−1 × cm−1) that is referenced to the
16-cm CTDI-phantom [9].

CTDIvol values from the study group, which are referenced
to a 32-cm CTDI-phantom in the patient protocol, had to be
converted to match the 16-cm reference CTDI-phantom from
the patient protocol of the control group [9]. Therefore, an
additional conversion factor of 2.5 was introduced [6]. As
currently no energy spectra specific (100 kV + tin
prefiltration) conversion factor is available, we extrapolated
the conversion factor to calculate the DLP for the study group
based on the publication from Deak et al. [9]. The extrapola-
tion was done using a linear regression between the mean
effective energies of the known tube spectra (80–140 kV)
and the corresponding (known) conversion factors. We chose
to prefer a linear regression over a more complex
(polynomial) extrapolation because the conversion factors
were too close (0.0018 and 0.0019 for all tube voltages) to
identify a true trend of the conversion factor for higher effec-
tive energies. Assuming there is a small trend, we extrapolated
a conversion factor of 0.00197 mSv × mGy−1 × cm−1.

Statistical analysis

Values are given as mean ± standard deviation if normal
distribution was assumed by Kolmogorow-Smirnov tests
and as median and range if normal distribution was not
assumed. Sample size calculation was performed follow-
ing a noninferiority hypothesis with a desired statistical
power of 0.9 using the standard deviation of image
noise from the ex ante trial (3 HU) and a noninferiority
limit of 2 HU. All statistical tests were two-tailed and
performed for the entire group size. Mann-Whitney U
test was performed for radiation exposure, image noise,
and CNR compa r i s on be tween bo th g roup s .
Nonparametric Wilcoxon signed-rank test was used for
comparison of subjective image quality. Interrater agree-
ment was assessed using Cohen’s kappa test, and values
>0.61 were interpreted as substantial and >0.81 as

almost perfect agreement according to Landis and
Koch [10]. Significance levels of 0.05 were assumed.
Test statistics are provided as standardized values.
Statistical analysis was performed using a dedicated
software package (SPSS Statistics, Version 19, SPSS
Inc./IBM, Chicago, IL).

Results

Patient characteristics

Sample size calculation concluded that 39 patients are re-
quired per group to be 90% sure that the lower limit of a
one-sided 95% confidence interval will be above the noninfe-
riority limit of −2. We included a total of 100 patients that
were randomized to the study (n = 50) and the control group
(n = 50). In the study group, the population consisted of 21
female and 29 male patients with a mean age of 52 ± 16 years.
In the control group, 24 female and 26 male patients were
included with a mean age of 51 ± 16 years. Acute paranasal
sinusitis was found in 29 patients (n = 18 in the study group
and n = 11 in the control group) and chronic paranasal sinusitis
in 10 patients (n = 4 in the study group and n = 6 in the control
group). In 14 patients (n = 10 in the study and n = 4 in the
control group), complete obstruction of the maxillary sinus
was present.

Radiation exposure

Radiation exposure was very low in both groups, but signifi-
cantly lower in the study group (CTDIvol 1.7 mGy vs.
2.1 mGy, p < 0.01). The mean ED using the study protocol
with tin filtration was 0.055 mSv and 0.066 mSv in the control
group (p < 0.01) which corresponds to 17% dose reduction.
Detailed results are displayed in Table 1.

According to the Monte Carlo simulation, mean radiation
dose for the left eye lense was μ: 7.1 mGy/Sigma: 4.4 for the
study protocol and μ: 10.8 mGy/Sigma: 16.6 for the reference

Table 1 Patient characteristics
including age, BMI, and radiation
exposure for the study and
reference protocol

Study group Control group Test
statistic

p
value

Mean Standard
deviation

Mean Standard
deviation

BMI [kg/m2] 26 4 26 5 0.1 0.948

Age [y] 52 15 51 16 0.5 0.634

CTDI [mGy] 1.7 0 2.1 0 NA NA

DLP [mGy*cm] 28 2 35 4 −2.4 0.022

ED [mSv} 0.055 0.003 0.066 0.008 −14.8 <0.001

NA not available
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protocol which corresponds to 35% dose reduction (see
Fig. 1).

Objective image quality

Both protocols were able to discriminate 10 line pairs per
centimeter with slight subjective advantages in edge sharpness
for the study protocol (Fig. 2).

Attenuation values in air (−979 ± 11 HU vs. −963 ± 12,
p < 0.01), in the eye globe (5 ± 3 vs. 9 ± 5, p < 0.01), and in the
retrobulbar fat (−81 ± 8 vs. -84 ± 11, p < 0.01) were signifi-
cantly different between the study and the control group.
Image noise in the eye globe (15.9 ± 2.4 vs. 15.8 ± 2.5,
p = 0.70), in air (14.4 ± 3.0 vs. 14.7 ± 2.6, p = 0.08), and in
the retrobulbar fat (17.3 ± 2.8 vs. 17.7 ± 2.6, p = 0.16) was
comparable without statistically significant differences. CNR
calculations for air and soft tissue of the eye globes were
comparable between both groups (63.2 ± 10.5 vs.
62.9 ± 10.1, p = 0.7). Attenuation differences of the soft tissue
measurements resulted in small but statistically significant de-
crease in CNR when calculated for the soft tissues of the eye
bulbs and the retrobulbar fat (5.5 ± 1 vs. 6.2 ± 1.2, p < 0.01).
However, CNR normalized to unit dose was higher for the
study protocol (5.5/1.7 mGy = 3.2 mGy−1) compared to the
reference (6.2/2.1 mGy = 3.0 mGy−1). Detailed results are
displayed in Table 2.

Subjective image quality

All scans included the roof of the frontal sinus to the palate,
and the evaluated anatomic structures were clearly discernible
in all patients. All scans were fully acceptable. Subjective
image noise and spatial resolution were rated optimal in both
groups. Interrater agreement was perfect (kappa value = 1).
Typical images of the study and control group are shown in
Figs. 3, 4, and 5.

Discussion

We could demonstrate that equivalent image noise levels can
be achieved at substantially reduced radiation exposure by
spectral shaping using additional tin prefiltration in low-dose
CT examinations of the paranasal sinuses. All evaluated ana-
tomic landmarks were sufficiently visualized, and diagnostic
confidence was maintained.

Different approaches to reduce the radiation dose in CT of
the paranasal sinuses have been evaluated. Lowering of the
tube current significantly reduces the exposure with the back-
side of increased image noise levels. With iterative reconstruc-
tion technique, image noise can be reduced as shown for other
regions. Hoxworth et al. recently published a study comparing
high dose parasinus CT (120 kV, 210 mA, and 31.6 mGy)
with a low-dose parasinus CT (120 kV, 20 mA, and
2.9 mGy), performed back-to-back in 20 patients [11]. They
concluded that iterative reconstruction algorithms (VEO, GE
Healthcare) significantly improved image quality in the soft
tissues, but negatively affected the detailed delineation of
bony structures. Moreover, the lower limit of radiation expo-
sure is limited by the minimum tube output in this approach
with CTDIvol around 2.9–3.6 mGy using 120 kV, depending
on the type of scanner [6, 11].

High pitch scan mode was proposed by other groups to
combine the advantages of low dose and minimal motion
artifacts due to the fast scan speed. However, dose distribution
along the z-axis is less homogeneous using this approach and
overranging is higher compared to conventional pitch modes
[12].

Another alternative to further reduce radiation dose is low
kV scanning. Bodelle et al. evaluated the diagnostic image
quality and radiation dose of low-dose parasinus CT at
70 kV/75 mAs (2.3 mGy, n = 44) in comparison to 100 kV/
40 mAs (4.0 mGy, n = 42) and 120 kV/40 mAs (6.3 mGy,
n = 41). The attenuation of organ structures was increased, and
the diagnostic confidence maintained using the 70 kV proto-
col, but they also concluded that the strong increase in image

Fig. 1 Monte Carlo simulation
with the reference and study
protocol

172 Neuroradiology (2017) 59:169–176



noise limits the potential for radiation dose reduction and
yielded to a reduced subjective image quality [13].

Due to the high contrast of the relevant structures in
parasinus CT—bone vs. mucosal soft tissue vs air—diagnos-
tic image quality is muchmore limited by the image noise than
the image contrast. Higher photon energies can decrease the
image noise measured in the detector because of reduced ab-
sorption in the patient. Tin filtration narrows and shifts the X-
ray spectra towards higher keV levels. Hence, radiation dose
can be reduced while the obtained image noise is equivalent

compared to a reference by absorbing the vast majority of low
energy photons emitted from the X-ray tube.

Tin filtration was recently evaluated for the parasinus re-
gion in a cadaveric phantom study using different tube volt-
ages, tube currents, pitch values, and rotation times to opti-
mize image quality and radiation exposure on a third genera-
tion dual-source CT [6]. The best tradeoff between radiation
dose and image quality was figured out for a low-dose proto-
col using 100 kV tube voltage and tin filtration (150 mAs,
1.2 mGy). However, the exact radiation dose reduction by

Fig. 2 Comparable resolution of
10 line pairs per centimeter is
attained by the study (a) and the
reference protocol (b) with slight
subjective advantages in edge
sharpness for the images with
spectral shaping

Table 2 Attenuation values
(median, range) of the evaluated
regions for the study and
reference protocol

Study group Control group Test statistic p value

Median Range Median Range
[Min/max] [Min/max]

AVeye bulb [HU] 5 −3/15 10 −5/23 6.4 <0.001

AV sinus maxillaris [HU] −981 −994/−922 −962 −984/−915 9.1 <0.001

AV intraorbital fat [HU] −81 −100/−61 −84 −119/−59 −2.1 0.039

N eye bulb [HU] 16 8/23 15 11/23 −0.4 0.695

N sinus maxillaris [HU] 14 9/25 15 8/23 1.7 0.082

N intraorbital fat [HU] 17 12/25 18 12/23 1.4 0.155

CNR (eye globe/air) 62 43/122 61 42/90 −0.4 0.677

CNR (eye globe/fat) 5 4/11 6 3/9 4.0 <0.001

The CNR values given represent the average CNR values for both eye globes

AV attenuation values, N image noise
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means of tin prefiltration at equivalent noise levels was not yet
assessed.

We could demonstrate that tin prefiltration substantially
reduces radiation dose by an average of 17% with an even
higher dose reduction of 35% for the eye lense while image
noise, CNR for air and soft tissue, subjective image quality,
and diagnostic confidence are maintained. Even when CNR
for soft tissues like the eye bulb and the retrobulbar fatty tissue

were statistically decreased using the study protocol, its CNR
normalized to unit dose was higher. Thus, protocols using tin
prefiltration might also provide dose efficient image quality if
the clinical focus is on soft tissue structures, like ruling out
orbital complications in symptomatic patients.

Some limitations of our study merit consideration. First, tin
prefiltration is not available on the vast majority of CTsystems
at this moment. Second, we adapted the tube current setting in

Fig. 3 Image quality attained by
the study (a/b) and the reference
protocol (c/d), 2-mm slice
thickness in a coronal (a/c), and
an axial plane (b/d). Images are
displayed with a soft tissue
window of W:300, C:40. Patients
were addressed to rule out
sinusitis. Even thin bony
structures like the lamina
papyracea are clearly discernible
in both groups

Fig. 4 Image quality in patients
with pansinusitis using the study
(a/b) and the reference protocol
(c/d), 2-mm slice thickness in
coronal planes using a sharp (a/c),
and a soft convolution kernel (b/
d). Images are displayed with a
bonewindow ofW:3000, C: 1000
and soft tissue window of W:300,
C:40. Extensive obstruction of the
ethmoid cells and the maxillary
sinus with clear delineation of the
lamina papyracea and comparable
image noise in the orbital soft
tissues. Both protocols provide
sufficient image quality to rule out
orbital complications
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the study protocol to the image noise level obtained by the
lowest applicable radiation dose using 100 kV without tin
filter (25 mAs, 2.1 mGy) for comparative reasons. Thus, the
radiation dose level used in this study (200m As, 1.7 mGy)
was slightly higher than the optimum dose level found in the
cadaveric phantom study (150 mAs, 1.2 mGy). Third, this
study only compares protocols using 100 kV tube voltages.
The radiation dose reduction by tin filtration at different tube
voltages remains unclear and should be evaluated in further
studies. Fourth, image quality of the proposed protocol was
considered to be sufficient to detect or rule out sinusitis, to
provide relevant anatomic information for surgery and allow
3D surgical navigation. Patients with other indications, like
trauma or leakage of cerebrospinal fluid where additional soft
tissue evaluation is necessary, were not included.

As a conclusion, we can summarize that spectral shaping
by tin prefiltration allows for an average dose reduction of
17% without impairing the diagnostic image quality in low-
dose parasinus CT using 100-kV tube voltages.
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