AJNR

Thisinformation is current as
of August 1, 2025.

I maging the Parasinus Region with a
Third-Generation Dual-Source CT and the
Effect of Tin Filtration on Image Quality and
Radiation Dose

M.M. Lél, M.S. May, M. Brand, A. Eller, T. Buder, E.
Hofmann, M. Uder and W. Wuest

AINR Am J Neuroradiol 2015, 36 (7) 1225-1230
doi: https://doi.org/10.3174/gjnr.A4270
http://www.ajnr.org/content/36/7/1225


https://doi.org/10.3174/ajnr.A4270
http://www.ajnr.org/content/36/7/1225

ORIGINAL RESEARCH
PATIENT SAFETY

Imaging the Parasinus Region with a Third-Generation
Dual-Source CT and the Effect of Tin Filtration on Image

Quality and Radiation Dose

MM. Lell, M.S. May, M. Brand, A. Eller, T. Buder, E. Hofmann, M. Uder, and W. Wuest

ABSTRACT

BACKGROUND AND PURPOSE: CT is the imaging technique of choice in the evaluation of midface trauma or inflammatory disease. We
performed a systematic evaluation of scan protocols to optimize image quality and radiation exposure on third-generation dual-source CT.

MATERIALS AND METHODS: CT protocols with different tube voltage (70-150 kV), current (25-300 reference mAs), prefiltration, pitch
value, and rotation time were systematically evaluated. All images were reconstructed with iterative reconstruction (Advanced Modeled
Iterative Reconstruction, level 2). To individually compare results with otherwise identical factors, we obtained all scans on a frozen human
head. Conebeam CT was performed for image quality and dose comparison with multidetector row CT. Delineation of important anatomic
structures and incidental pathologic conditions in the cadaver head was evaluated.

RESULTS: One hundred kilovolts with tin prefiltration demonstrated the best compromise between dose and image quality. The most
dose-effective combination for trauma imaging was Sn100 kV/250 mAs (volume CT dose index, 2.02 mGy), and for preoperative sinus
surgery planning, Sn100 kV/150 mAs (volume CT dose index, 122 mGy). “Sn” indicates an additional prefiltration of the x-ray beam with a tin
filter to constrict the energy spectrum. Exclusion of sinonasal disease was possible with even a lower dose by using Sn100 kV/25 mAs
(volume CT dose index, 0.2 mGy).

CONCLUSIONS: High image quality at very low dose levels can be achieved by using a Sn100-kV protocol with iterative reconstruction.
The effective dose is comparable with that of conventional radiography, and the high image quality at even lower radiation exposure
favors multidetector row CT over conebeam CT.

ABBREVIATIONS: CBCT = conebeam CT; CTDI, = volume CT dose index; HPM = high-pitch mode; MDCT = multidetector row CT; Sn = an additional
prefiltration of the x-ray beam with a tin filter to constrict the energy spectrum

P rojection radiography was used in the past for the evaluation
of midface trauma and inflammatory sinonasal disease, but
due to insufficient delineation of the complex anatomy, cross-
sectional imaging has largely replaced radiography.'™ Multide-
tector row CT (MDCT) has become the criterion standard due to
its exquisite delineation of small bony details, 3D properties, short
examination time, and relatively low cost. MDCT is, however,
responsible for the most radiation exposure in medical imaging.
MR imaging can also exquisitely depict sinonasal mucosal disease,
thereby avoiding radiation exposure, but delineation of fine bony
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structures is not optimal. Conebeam CT (CBCT), primarily in-
troduced for dental applications, has evolved as an alternative to
MDCT because its large flat panel detectors can image the maxil-
lofacial region or even the complete head and provide excellent
detail of bony anatomy, though only very limited soft-tissue in-
formation. CBCT provides high spatial resolution and low radia-
tion exposure, though at the cost of longer image-acquisition
times and, therefore, a higher risk of motion artifacts. In recent
years, radiation dose—optimized MDCT protocols have been pro-
posed, reducing the tube current from 170 effective mAs at 120 kV
down to 33 effective mAs.” Iterative reconstruction and special
scanning techniques like high-pitch mode (HPM) and low-kilo-
volt scanning have further decreased radiation exposure.**” Ra-
diation exposure is considered a relevant issue because sinonasal
disease may require repetitive imaging in a relatively young, oth-
erwise healthy patient population with radiosensitive organs
within the field of direct exposure (ie, eye lenses) or scattered
x-rays (ie, thyroid gland).

Image quality and radiation exposure should be individually
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adapted to the specific clinical situations: While a high noise level
may be acceptable in ruling out mucosal inflammation, less noise
may be desired in the preoperative setting, where anatomic vari-
ants need to be ruled out and thin bony structures like the lamina
papyracea and cribrosa must be assessed, especially if image-based
navigation or robotic surgery is performed.® Even higher image
quality and therefore less noise are required for the assessment of
trauma.

The aim of our study was to assess the image quality and radi-
ation exposure of different MDCT protocols and to identify pro-
tocols with an optimal compromise between radiation exposure
and image quality for specific indications.

MATERIALS AND METHODS

MDCT Image Acquisition and Reconstruction

The scans were performed on a cadaver head (see below) on a
third-generation dual-source CT system (Somatom Definition
Force; Siemens, Erlangen, Germany) in single-source helical
mode with a detector collimation of 192 X 0.6 mm. Examinations
were conducted with 5 different settings of the tube current (25,
50, 100, 150, 200 mAs) and 7 different tube-voltage settings (70,
80, 90, 100, Sn100, 120, Sn150 kV). “Sn” indicates an additional
prefiltration of the x-ray beam with a tin filter to constrict the
energy spectrum. Additional scans with 250 and 300 mAs were
performed with Sn100 kV. Pitch values of 0.75 and 1.2 and gantry
rotation times of 0.5 and 1.0 seconds were used, resulting in 148
different scan protocols.

All images were reconstructed with 0.6-mm section thickness,
0.4-mm section interval, FOV = 210 mm, sharp (bone) kernel
(Hr64; Br64 in case of Sn100 kV), and iterative reconstruction
(Advanced Modeled Iterative Reconstruction, level 2).

Conebeam CT

A clinical flat panel conebeam CT system (ProMax 3D; Planmeca,
Helsinki, Finland) with a maximum FOV = 230 X 260 mm was
used for comparison of image quality and radiation exposure. We
used 2 clinical protocols: a high-resolution sinus protocol with a
section thickness of 0.2 mm, 11 mA at 96 kV, and an FOV,, 0f 130
mm, FOV, of 160 mm, exposure time of 12.3 seconds; and a
low-dose head protocol with a section thickness of 0.4 mm, 11 mA
at 96 kV, an FOV,, of 230 mm, FOV, of 160 mm, exposure time
9.4 seconds.

Data Transfer and Image-Quality Assessment

The volume datasets were stored in DICOM format in our PACS
system. A 3D postprocessing platform (syngo.via; Siemens) was
used to display all datasets in MPR mode (1.5-mm thick sections,
window-level setting of 3300/300 HU on two 21.2-inch (53.85
cm) high-resolution monitors (Radiforce RX 320; EIZO,
Ishikawa, Japan) after removing all scan protocol-related infor-
mation. The readers were allowed to adjust the window-level set-
tings at their discretion. The datasets were analyzed by 2 readers
with >10 years’ experience in head and neck radiology.

Scan Object
A fresh frozen cadaver head of a white male adult was used for
imaging. Ten anatomic regions (lamina papyracea, lamina cri-
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brosa, nasal septum, ethmoid air cells, sinus walls, orbital floor,
lacrimal duct, temporomandibular joint, tympanic cavity, mas-
toid cells); and 5 incidental “pathologic” conditions (calcified
ICA plaque, temporomandibular joint osteoarthritis, intracranial
air collections, paranasal and mastoid fluid collections) were eval-
uated with a 5-point Likert scale: 5 indicating excellent, 4, good; 3,
moderate; 2, sufficient; 1, insufficient image quality. The overall
rating for each protocol was defined by the worst rating of these 15
structures or findings. For trauma assessment, high image quality
(score =4) was required. Image quality of =3 was considered
sufficient for the preoperative evaluation for sinusitis surgery, and
image quality of =2, to detect or rule out sinusitis was considered
acceptable. We did not perform noise measurements because
noise values do not adequately reflect the diagnostic value in high-
contrast objects.

To investigate the effects of different pitch values on image
quality, we performed 1-to-1 comparisons of datasets after re-
moving all identifying information, and data were displayed side
by side in random order. The same procedure was performed for
the different gantry-rotation times.

Estimation of Radiation Exposure

The estimation of the effective radiation dose (E) of the CT exam-
ination was based on the volume CT dose index (CTDI,;) and the
dose-length product derived from the patient protocol with use of
the specific conversion coefficient: E = (mGy X cm) X 0.0019
(mSv X mGy ' X cm™").° In contrast to all other scans, the
CTDI,, in the patient protocol of the Sn100-kV scan is referenced
to a 32-cm phantom. An additional conversion factor of 2.5 was
applied to compensate for the different reference phantoms. All
CTDI,,, values following are referring to the 16-cm phantom.

Statistical Analysis

Values are given as mean = SD. The image quality was measured
by using an ordinal performance scale with 5 levels. Interrater
agreement was assessed by using the Cohen weighted « test. Fleiss
equally arbitrary guidelines characterize a k of >0.75 as excellent,
0.40—0.75 as fair to good, and <0.40 as poor. Significance levels of
.05 were assumed. Statistical analysis was performed by using
the software package SPSS Statistics, Version 19 (IBM, Armonk,
New York).

RESULTS

The image quality differed significantly with dose. The readers did
not detect significant differences in image quality between corre-
sponding datasets acquired with a pitch value of 0.75 versus 1.2 or
with a gantry-rotation time of 0.5 second versus 1 second.

Image quality for Sn100 kV/300 mAs and 250 mAs was rated
perfect (score of 5) by both readers, and the corresponding
CTDI,,, was 2.45 and 2.05 mGy. Image quality and the corre-
sponding CTDI, ., of the other tube current and tube voltage com-
binations are given in Tables 1 and 2.

Interrater agreement was good (k = 0.71). The most dose-
effective combinations for trauma imaging (requiring a rating
of =4) were Sn100 kV/250 mAs (CTDI,,, = 2.05 mGy), Sn150
kv/50 mAs (CTDI,,, = 2.61 mGy), and 90 kV/50 mAs
(CTDL,,, = 3.23 mGy).



Table 1: Scan protocols and image quality®

200 mAs 150 mAs 100 mAs 50 mAs 25 mAs
70 kv 4 3 3 2 2
80 kV 5 4 3 2 2
90 kV 5 5 5 4 3
100 kv 5 5 5 4 3
100 kV + Sn 3 3 2 2 2
120 kv 5 5 5 4 3
150 kV + Sn 5 5 5 4 3

25 indicates excellent image quality; 4, good image quality; 3, moderate quality; 2,
sufficient for special indications; 1, insufficient.

Table 2: Scan protocols and CTDI, ,,*

200 mAs 150 mAs 100 mAs 50 mAs 25 mAs

70 kV 5.71 4.27 2.84 1.41 071
80 kV 8.97 6.72 447 2.22 m

90 kV 13.05 9.78 6.50 323 1.62
100 kv 17.69 13.25 8.81 438 2.25
100 kV + Sn 1.62 122 0.82 0.4 0.2

120 kv 28.41 2128 14.16 7.03 3.61
150 kV + Sn 10.56 791 5.26 2.61 1.34

# All CTDI,, values are converted to a 16-cm phantom.

FIG 1. Dose-effective scan protocols achieving good image quality and high-dose reference
protocol. The following image quality is considered sufficient for trauma imaging at the lowest
dose. A, Sn100 kV/250 mAs. B, Sn150 kV/50 mAs. C, 90 kV/50 mAs. The following is a high-dose
protocol. D, 120 kV/200 mAs is given as a reference. Coronal multiplanar reformation; section

thickness, 1.5 mm; window width—level, 3300/300 HU.

The most dose-effective combinations for preoperative sinus
surgery planning (requiring a rating of =3) were Sn100 kV/150
mAs (CTDI,,, = 1.22 mGy), Sn150 kV/25 mAs (CTDI,, = 1.34
mGy), 90kV /25 mAs (CTDIL,,, = 1.62 mGy), and 100 kV/ 25 mAs
(CTDL,, = 2.25 mGy).

Both Sn100-kV and Sn150-kV protocols were associated with
very low radiation exposure. The Sn100-kV protocols were associ-
ated with the lowest dose values, and high image quality sufficient
for all indications was provided with tube currents of 300 mAs
(CTDI,, = 2.45 mGy) and 250 mAs (CTDI, ., = 2.05 mGy). These
scan protocols provide better image quality at a comparable dose
level than a 100-kV protocol without tin filtration and 25 mAs (Fig
1). Image quality of Sn100 kV and 150 mAs was sufficient for sinus
surgery evaluation; the respective CTDI, ; was 1.22 mGy, a dose level
that could not be matched with other kilovolt settings (Fig 2).

CBCT image ratings were 4 (good) for an FOV of 130 mm and

vol

3 (moderate) for an FOV of 230 mm. The dose-area product was
2859 mGy X cm? and 2115 mGy X cm?, respectively (Fig 3).

DISCUSSION

CT scanning of the sinuses is frequently performed; it has been
estimated that approximately 4 million scans are obtained annu-
ally in the United States.'® Many of the
patients are young, and examinations
are often repeated. It is, therefore, man-
datory to strictly follow the as low as rea-
sonably achievable concept because the
highly radiosensitive ocular lenses'' are
within the scan range. Whether and to
what extent there is a carcinogenic ef-
fect of very low radiation exposure is
of current debate.'> Abundant data
suggest that high image quality at low
radiation exposure can be achieved with
modern CT technology. Scanning at
low-kilovolt settings results in a higher
signal of iodine; thus, higher noise can
be tolerated while maintaining the sig-
nal-to-noise ratio, contrast-to-noise ra-
tio, and overall image quality.'>'* The
dose-reduction potential is highest in
CT angiography because of the high vas-
cular attenuation.'”'® In nonenhanced
CT, there is less potential of dose reduc-
tion by using low-kilovolt protocols,
though the CT numbers of bone in-
crease with decreasing kilovolt settings
and the higher image noise in low kilo-
volts is a limiting factor. We demon-
strated that the Sn100-kV protocol pro-
vided superior image quality compared
with 70- to 90-kV protocols at equiva-
lent dose levels. This has also been re-
ported in a phantom study of chest CT,
where Sn100 kV was rated superior to 70
kV for nodule detection.'® Tin filtration
restricts the bandwidth of the x-ray en-
ergy spectrum that reaches the patient.
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FIG 2. Dose-effective scan protocols achieving moderate image quality. The following image
quality is considered sufficient for preoperative evaluation in noncomplicated sinusitis at the
lowest dose. A, Sn100 kV/150 mAs. B, Sn150 kV/25 mAs. C, 90 kV/25 mAs. The following is a

Schulz et al” proposed using an HPM
(P = 3.0) to minimize radiation expo-
sure. They reported an average dose at
the eye lens of 0.64 mGy and at the thy-
roid gland of 0.085 mGy. The same
group published data of a patient cohort
comparing conventional mode and
HPM and stated that the effective dose
may be reduced by half by using HPM,
with a mean effective dose of 0.11 mSv.?*’

122

Aksoy et al*® compared conventional
mode and HPM on a second-generation
dual-source CT scanner and considered
HPM with a tube current of 18 mAs at 80
kV sufficient to rule out sinus disease.
The estimated effective dose was re-
ported to be 0.02 mSv. Yang and Chen*’
and Bulla et al** criticized the reported
dose values because the CTDI,, and
dose-length product of HPM—a scan
mode originally designed for cardiac
and chest imaging—in the patient pro-
tocols of Siemens scanners are refer-
enced to a 32-cm phantom and not to a
16-cm phantom, which is, by conven-
tion, used for head scans. To compen-
sate for the difference, an additional
conversion factor (>2, dependent on
scanner and prefiltration) is necessary.
In addition, dose distribution along the
z-axis is less homogeneous by using
HPM, and over-ranging is higher com-
pared with conventional pitch modes."®
This difference makes HPM less attrac-

low-kilovolt protocol. D, 70 kV/100 mAs has higher attenuation values of bone but is associated

with a higher dose. Coronal multiplanar reformation; section thickness, 1.5 mm; window width—

level, 3300/300 HU.

FIG 3. Conebeam CT with an FOV of 230 mm (A, moderate image quality) and FOV of 130 mm (B,
good image quality). Note improvement of the delineation of bony structures with a smaller FOV

and longer exposition time (B).

The effective dose (0.034 mSv for a typical scan range of 10 cm) is
in the range of conventional projection x-ray techniques (digital
panoramic radiograph, 0.022 mSv) and below that of conebeam
CT (0.07-0.13 mSv).2°
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tive for sinus imaging.
122 stated that scans with 18
mAs at 80 kV are sufficient to rule out

Aksoyeta

sinusitis, but they did not recommend
that protocol in the preoperative setting.
This finding is in line with our findings
in which 80 kV and 25 mAs were rated
sufficient for special indications only
(rule out sinusitis). We identified the
most dose-effective protocol with suffi-
cient image quality for preoperative
planning to be Sn100 kV and 150 mAs,
resulting in an effective dose 0f 0.03 mSv
for a typical 10-cm scan range.

While CBCT is increasingly popular,
MDCT systems provide much higher
flexibility in data acquisition and image
reconstruction. The scan range can be
individually adapted, while only fixed
FOVs are given in CBCT, leading to ex-
posure of tissue not relevant for diagnosis. Image quality and also
radiation exposure differ significantly among CBCT systems.*
While noise is relatively homogeneously distributed over the scan
range in MDCT and can be balanced with tube current modula-



tion and automatic exposure control algorithms, in CBCT, noise
and reconstruction artifacts are unevenly distributed and increase
from the central position toward the edges of the FOV. Iterative
reconstruction algorithms can decrease overall image noise, but
the appearance of the CT image may be altered by these algo-
rithms. We used only a moderate setting of the iterative recon-
struction algorithm in MDCT to avoid artifacts at delicate bone
structures like the cribriform plate or the lamina papyracea.

In a recent study, MDCT and CBCT were performed on the
same day for intraindividual comparison.>® Instead of using dose-
equivalent scan protocols, however, only “manufacturer recom-
mended” protocols were applied; this application makes the com-
parison unbalanced in terms of dose and image quality. In
another recent study, a comparison of MDCT and “simulated”
CBCT was performed to evaluate the percentage of missed soft-
tissue lesions, which was as low as 3.3%.?” The authors used high-
dose MDCT examinations (CTDI,,; = 39.8—85.1 mGy) as the
reference and concluded that if one assumes appropriate selection
of patients, CBCT can offer substantial radiation-dose reduction.
These 2 reports are only the most recent ones of many suggesting
that CBCT is more dose-efficient than MDCT. Two important
conclusions can be drawn from these studies: First, in many im-
aging centers, low-dose MDCT protocols are still neglected, and
second, appropriate patient selection is mandatory. We, there-
fore, propose different dose-optimized imaging protocols for spe-
cific indications in adults. Imaging of intracranial complications
or tumor requires injection of contrast material, low noise levels,
and therefore the use of standard dose protocols or MR imaging.
For imaging the sinuses or midface trauma, the 3 most important
tissue classes are bone, soft tissue, and air, which can be readily
differentiated with low-dose protocols and do not necessitate
contrast material injection. Still, image noise may not exceed a
certain degree because otherwise, fissures, fracture lines, or a
small dehiscence may not be detected. We found that Sn100 kV/
250 mAs (CTDI,,,;, = 2.02 mGy) was the most dose-effective com-
bination for trauma imaging. A little more noise could be tolerated in
the presurgical evaluation of noncomplicated sinonasal inflamma-
tory disease, but clear delineation of the cribriform plate, the lamina
papyracea, the orbital walls, and neurovascular canals must be main-
tained. We identified Sn100 kV/150 mAs (CTDIL,; = 1.22 mGy) as
the protocol providing sufficient information at the lowest dose. To
rule out mucosal swelling or fluid retention, protocols with even

lower exposure (CTDI,; = 0.2 mGy) could be used, still providing

vol
non-superimposed 3D data.

Some limitations of our study need to be addressed. The evalua-
tion of only 1 cadaveric head may be considered a limitation. How-
ever, for comparison of image quality, we consider the phantom hav-
ing normal-sized sinus walls and extensive fluid collections within
the sinuses more important than testing multiple phantoms. Addi-
tionally, we did not specify the organ dose of the thyroid and the eye
lenses, yet with an effective dose of 0.03 mSv for the parasinus region,
eye lenses and thyroid exposure is an order of magnitude smaller
than that with standard sinus protocols.

CONCLUSIONS
Our study demonstrates that imaging the paranasal sinuses for
preoperative planning with a third-generation dual-source CT is

feasible at very low radiation exposure (0.03 mSv) when using
Sn100 kV and iterative reconstruction. We optimized scan proto-
cols for specific indications at the lowest possible dose and found
that the radiation exposure is comparable with that of conven-
tional radiography. Future studies in a large patient population
are needed to confirm the clinical value of such protocols.
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