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Objective: The aim of this study was to evaluate whether
application of ultralow dose protocols and iterative
reconstruction technology (IRT) influence quantitative
Hounsfield units (HUs) and contrast-to-noise ratio (CNR)
in dentomaxillofacial CT imaging.

Methods: A phantom with inserts of five types of materials
was scanned using protocols for (a) a clinical reference for
navigated surgery (CT dose index volume 36.58 mGy), (b)
low-dose sinus imaging (18.28 mGy) and (c) four ultralow
dose imaging (4.14, 2.63, 0.99 and 0.53mGy). All images
were reconstructed using: (i) filtered back projection (FBP);
(ii) IRT: adaptive statistical iterative reconstruction-50
(ASIR-50), ASIR-100 and model-based iterative reconstruc-
tion (MBIR); and (iii) standard (std) and bone kernel. Mean
HU, CNR and average HU error after recalibration were
determined. Each combination of protocols was compared

INTRODUCTION

In addition to dimensional analysis, radiological estimation
of bone quality is an essential element of pre-surgical im-
plant planning. Calculation of densities based on Gray values
obtained from CT scans has become easily applicable and
correlates well with fastening torque and implant stability
values.! In CT, Gray values can be calibrated as Hounsfield
units (HUs), which are defined as linear transformations of
measured X-ray attenuation coefficients of materials with
reference to water.” The HU scale is based on two fixed
values, which are 0 HU for water and —1000 HU for air.

In the past years, cone beam CT (CBCT) has been increasingly
overtaking CT in dentomaxillofacial imaging. CBCT scanners
can be installed in dental practices and are argued to be a low-

using Friedman analysis of variance, followed by Dunn’s
multiple comparison test.

Results: Pearson’s sample correlation coefficients were all
>0.99. Ultralow dose protocols using FBP showed errors of
up to 273 HU. Std kernels had less HU variability than bone
kernels. MBIR reduced the error value for the lowest dose
protocol to 138 HU and retained the highest relative CNR.
ASIR could not demonstrate significant advantages over FBP.
Conclusions: Considering a potential dose reduction as
low as 1.5% of a std protocol, ultralow dose protocols and
IRT should be further tested for clinical dentomaxillofacial
CT imaging.

Advances in knowledge: HU as a surrogate for bone
density may vary significantly in CT ultralow dose imaging.
However, use of std kernels and MBIR technology reduce
HU error values and may retain the highest CNR.

dose modality compared with MSCT. However, several im-
portant misconceptions have to be cleared. Owing to various
reasons inherent to the CBCT technique, such as limited field
size, relatively high amount of scattered radiation, limitations
of currently applied reconstruction algorithms and asymmet-
rical patient positioning, quantitative use of CBCT Gray value-
based density measures cannot be recommended.> Second,
CBCT shows a wide range in doses, overlapping with doses
from CT and panoramic radiography, depending on field of
view, imaging parameter and manufacturer.*®

It is not commonly known that recent CT technology
allows high-resolution protocols at dose exposition equal
or lower than CBCT (= ultralow dose CT).”® To reduce
the increase of noise in ultralow dose imaging, iterative
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reconstruction technologies (IRTs) such as adaptive statistical
iterative reconstruction (ASIR) and model-based iterative re-
construction (MBIR) have been implemented with promising
potential.*? To the best of the authors’ knowledge, this is the
first study that aimed to evaluate whether application of ultralow
dose protocols and IRT influence HU and contrast-to-noise ratio
(CNR), with a specific focus on dentomaxillofacial CT imaging.

METHODS AND MATERIALS

SedentexCT phantom and inserts

A customized polymethyl methacrylate (PMMA) phantom (Leeds
Test Objects Ltd., Boroughbridge, UK) was used. The phantom is
cylindrical and represents an adult head (diameter 16.0 cm, height
17.7 cm). It contains one central and six peripheral holes, which
allow for the placement of inserts for image quality analysis. In this
study, six different inserts were used. They consisted of small
PMMA cylinders (diameter 3.5cm, height 2.0cm) containing
a central rod of 1.0 cm diameter. Five types of materials were used
for the central rod: air, aluminium and hydroxyapatite (HA) in
three different concentrations (50, 100 and 200 mgcm_3). The
three HA test materials represent the bone. The sixth insert con-
tained homogeneous PMMA. As the region of interest (ROI) for
dental radiographic images is typically located close to the pe-
riphery of the head, the inserts were placed in the six peripheral
columns of the large phantom. The rest of the phantom was filled
up using PMMA inserts to ensure that the total mass of an average
human head was represented. More details of the phantom in-
cluding images can be found in Pauwels et al.'’

CT scanning
The entire phantom was scanned using the 64-multislice
CT scanner Discovery™ CT750 HD (GE Healthcare, Vienna,

Widmann et a/

Austria). This scanner is regularly used for surgical planning in
guided implant and maxillofacial surgery. The following high-
resolution protocols were used: (a) a reference protocol for navi-
gated dental surgery, (b) a low-dose sinusitis protocol and (c)
a series of four ultralow dose protocols (I-IV) (Figure 1, Table 1).
All protocols used fixed tube potential and mA levels without dose
modulation, collimation 20 X 0.625 mm, pitch 0.5, slice thickness
0.625 mm and reconstructive increment 0.625 mm. CT dose index
volume (CTDI,,;) values for the reference, sinusitis and ultralow
dose I-IV protocols were 36.58, 18.28, 4.14, 2.63, 0.99 and
0.53 mGy, respectively. All images were reconstructed using stan-
dard (std) filtered back projection (FBP) and the following IRTs:
ASIR-50 (50% FBP, 50% ASIR), ASIR-100 (0% FBP, 100% ASIR)
and MBIR. ASIR uses information obtained from the FBP algo-
rithm but integrates a comparison of the pixel values with an ideal
value to selectively identify and then subtract noise from an image
at adaptive blend levels.” MBIR does not rely on the FBP as
a starting point but instead uses a more complex system of pre-
diction models, including noise and the spatial and geometric
features of the X-ray beam and detector technology.'' Std and bone
kernels were used in all protocols and reconstructions except MBIR,
for which only the std kernel was available (Figure 2, Table 1).

All images were exported in digital imaging and communica-
tions in medicine format into IMPAX EE (Agfa HealthCare,
Bonn, Germany) picture archiving and communication system
for image analysis.

Image analysis

Hounsfield units

For all six materials inside the inserts, the mean HU was
obtained using a circular ROI of 47 mm?. The ROI included

Figure 1. Influence of exposure (protocol): images of test body, hydroxyapatite at a concentration of 200 mgcm ™ using reference,
sinusitis and ultralow dose I-1V protocols. All images use filtered back projection and standard kernel. Note the increase of noise for

continuous dose reduction.

Reference

Ultralow dose Il

Sinusitis

Ultralow dose Il

Ultralow dose |

Ultralow dose IV
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Table 1. List of exposure parameters and reconstruction techniques used to produce the various combinations of MSCT image

datasets
Exposure Reconstruction Rotation CTDI DLP
P . Kernel kv mAs . vol
(protocol) technique time (s) (mGy) (mGy cm)
FBP bone, std
ASIR-50 bone, std
Reference 120 100 1 36.58 808.86
ASIR-100 bone, std
MBIR std
FBP bone, std
ASIR-50 bone, std
Sinusitis 120 50 1 18.28 403.18
ASIR-100 bone, std
MBIR
FBP bone, std
ASIR-50 bone, std
Ultralow dose T 100 35 0.5 4.14 92.04
ASIR-100 bone, std
MBIR std
FBP bone, std
ASIR-50 bone, std
Ultralow dose IT 80 40 0.5 2.63 58.05
ASIR-100 bone, std
MBIR std
FBP bone, std
ASIR-50 bone, std
Ultralow dose IIT 80 15 0.5 0.99 21.77
ASIR-100 bone, std
MBIR std
FBP bone, std
ASIR-50 bone, std
Ultralow dose TV 80 10 0.4 0.53 11.59
ASIR-100 bone, std
MBIR std

ASIR, adaptive statistical iterative reconstruction; CTDl,., CT dose index volume; DLP, dose-length product; FBP, filtered back projection; kV, tube

potential; MBIR, model-based iterative reconstruction; std, standard.

most of the test material but excluded the margin to avoid
errors from calculating HU in the surrounding PMAA.
Measurements from ten consecutive axial slices were aver-
aged, leading to a total measurement area of 470 mm®.

Contrast noise ratio
The CNR for each material m was calculated using the following
formula:

MHU,, — MHU,
CNR, = | n pvima|
(SD2, + SD3yaia)

with MHU, the mean HU value, and SD, the std deviation of
HU, averaged over ten axial slices.

Statistical analysis

HU of different protocols were statistically compared because the
data were not normally distributed; Dunn’s multiple comparison test
was used to compare each combination of protocols (& = 0.05).

Additional analysis of HU stability was performed according to the
analysis method used in Pauwels et al,'* Pearson’s sample correlation
coefficient was calculated for all six materials (ra;;) and for the four
medium-density materials only (rygp). In addition, for each pro-
tocol, HU were recalibrated using the values for air and aluminium
(alu) for a calibration protocol. Calibration protocols for this analysis
differed depending on the purpose of the comparison and are de-
tailed below. The “error” after recalibration for the four remaining
materials 1, ie. the difference between the recalibrated value for that
protocol p and the measured value for the calibration protocol ¢, was
calculated as:
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Figure 2. Influence of reconstruction and kernel: images of test body, hydroxyapatite at a concentration of 200 mgcm™> using

protocol ultralow dose IV and filtered back projection (FBP), adaptive statistical iterative reconstruction (ASIR)-50, ASIR-100 and
model-based iterative reconstruction (MBIR) showing corresponding standard (std) kernel on the left and bone kernel on the right.
Note the decrease of noise for increased level of iterative reconstruction and std vs bone kernel.

FBP std FBP bone

ASIR-50 std ASIR-50 bone

ASIR-100 std ASIR-100 bone

MBIR std
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The error values for the four materials under consideration
(i.e. PMMA and HA 50, HA 100, HA 200 mg cm™~ ) were then
averaged.

Effect of exposure (protocol)

Every image was compared with the corresponding “reference”
protocol (i.e. with different exposure parameters but the same
reconstruction technique and kernel). Thus, for each non-
reference protocol, the corresponding reference protocol acted
as calibration protocol for the error estimation.

Effect of reconstruction

Every image was compared with the FBP image for the same
protocol and kernel (ie. exposure parameters are fixed and
bone/std is fixed). Thus, for each non-FBP protocol, the cor-
responding FBP protocol acted as the calibration protocol for
the error estimation.

Effect of kernel

Every “bone” image was compared with the corresponding “std”
image (i.e. exposure parameters and reconstruction technique
are fixed). Thus, for each bone protocol, the corresponding std
protocol acted as the calibration protocol for the error
estimation.

RESULTS

HU analysis

Out of 231 pairwise comparisons made between exposure
protocols, 120 (52%) showed significantly different HUs
(p<<0.05) (Tables 2 and 3). Average correlation coefficients
were: between exposure protocols: rarp = 0.9970, rygp =
0.9981; between reconstruction algorithms: ra;p = 1.0000,
rvep = 0.9995; and between std and bone kernels: rpyp =
0.9994, ryep = 0.9954. Although correlation was high
throughout due to the nature of the data (i.e. the inherent
correlation between material density and Gray values in CT), it
could thus be seen that the use of a different exposure affected

Table 2. Effect of exposure (protocol)

HU stability more than the use of a different reconstruction
algorithm and that the use of a std or bone kernel affected HU
in the medium density range. The average error values showing
the effect of protocol (=exposure), reconstruction and con-
volution kernel are found in Table 4.

Effect of exposure (protocol)

Reference vs sinusitis showed no significant differences for any
reconstruction technique. Ultralow doses I-III showed signifi-
cant differences vs reference and sinusitis in most cases (28/42
pairwise comparisons, or 23/28 for ultralow dose II-III only).
Interestingly, ultralow dose IV was not significant vs reference or
sinusitis in most cases (9/14 comparisons). MBIR showed the
highest stability for changing exposure parameters (4/15 com-
parisons significant), ASIR 100 (bone) the lowest (11/15 com-
parisons significant) (Table 2).

The error values (rounded up to 0 decimals) showed hardly any
effect of sinusitis protocol vs reference protocol, with error
values of 2-11 HU. Ultralow dose protocols showed relatively
large differences with error values of 67-108 HU for ultralow
dose Protocol 1, 173-186 HU for ultralow dose Protocol II,
162-201 HU for ultralow dose Protocol III and 138-273 HU for
ultralow dose Protocol IV (Table 4).

Effect of reconstruction

FBP vs ASIR showed no significant differences in almost all cases
(35/36 comparisons). For comparisons of MBIR vs FBP/ASIR,
mixed results were found (50% of comparisons signifi-
cant) (Table 3).

In terms of HU error after calibration, reconstruction technique
had little effect (error mostly =10 HU, ranging between 2 and
35HU), with MIBR showing the largest effect overall
(8-32HU). Ultralow dose Protocol IV showed the largest
effect of reconstruction technique with error values of
11-35HU (Table 4).

Effect of kernel

When comparing std vs bone kernel for corresponding proto-
cols, significant differences were found in the majority of cases
(15/18 comparisons) (see Table 3).

Exposure protocol Reference Sinusitis Ultralow Ultralow Ultralow Ultralow
dose I dose 11 dose III dose IV
Reference - 0 3 6 7 4
Sinusitis 0 - 2 4 6 5
Ultralow dose I 3 2 - 0 3 6
Ultralow dose II 6 4 0 - 0 5
Ultralow dose I1I 7 6 3 0 - 4
Ultralow dose IV 4 5 6 5 4 -

Comparison of Gray values for six scanned materials using Dunn’s multiple comparison test.
For each pair of exposure protocols, pairwise comparisons were made for each reconstruction technique (n=7).
The total number of significant comparisons (o« = 0.05), out of seven, are shown.
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Table 3. Effect of reconstruction technique and kernel
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Reconstruction technique (kernel) Significant Not significant
FBP (std) vs ASIR-50 (std) 0 6
FBP (std) vs ASIR-100 (std) 0 6
FBP (std) vs MBIR (std) 4 2
FBP (std) vs FBP (bone) 6 0
FBP (std) vs ASIR-50 (bone) 5 1
FBP (std) vs ASIR-100 (bone) 4 2
ASIR-50 (std) vs ASIR-100 (std) 0 6
ASIR-50 (std) vs MBIR (std) 2 4
ASIR-50 (std) vs FBP (bone) 6 0
ASIR-50 (std) vs ASIR-50 (bone) 5 1
ASIR-50 (std) vs ASIR-100 (bone) 4 2
ASIR-100 (std) vs MBIR (std) 3 3
ASIR-100 (std) vs FBP (bone) 6 0
ASIR-100 (std) vs ASIR-50 (bone) 6 0
ASIR-100 (std) vs ASIR-100 (bone) 4 2
MBIR (std) vs FBP (bone) 3 3
MBIR (std) vs ASIR-50 (bone) 3 3
MBIR (std) vs ASIR-100 (bone) 3 3
FBP (bone) vs ASIR-50 (bone) 0 6
FBP (bone) vs ASIR-100 (bone) 1 5
ASIR-50 (bone) vs ASIR-100 (bone) 0 6

ASIR, adaptive statistical iterative reconstruction; FBP, filtered back projection; MBIR, model-based iterative reconstruction; std, standard.
Comparison of Gray values for six scanned materials using Dunn’s multiple comparison test.

For each pair of reconstructions, pairwise comparisons were made for each exposure protocol (n = 6).

The total number of significant and non-significant comparisons (a = 0.05) are shown.

Considering the error values, there was hardly any effect of
convolution kernel for reference and sinusitis protocols (error
3-7HU). Larger effects were seen for low-dose protocols with
19-34HU for ultralow dose Protocols I, II and III, and
77-108 HU for ultralow dose Protocol IV (Table 4). In ultralow
dose Protocol IV, the bone kernel showed a dramatic influence
on Gray values for all materials except air and aluminium: mean
HU using bone vs std kernel for low dose Protocol IV were —5
to —1 vs 124-149HU for HA 50mgcm > 84-97 s
221-253 HU for HA 100 mg cm™%; 296-304 vs 448-506 HU for
material HA 200 mgcm73; and —271 to —244 vs 78-123HU
for PMMA.

Contrast-to-noise ratio

The CNR results are given in Table 5. The sinusitis protocol
generally showed a lower CNR than the reference protocol
(—12%), and ultralow dose Protocols I-IV showed progressively
lower CNRs, with an average decrease in CNR of 45%, 48%,
61% and 69%, respectively (Table 2, Figure 1). When comparing
the reconstruction techniques, MIBR has the highest CNR
throughout, followed by ASIR 100 (std), ASIR 50 (std), FBP
(std), ASIR 100 (bone), ASIR 50 (bone) and FBP (bone). Std

kernels showed higher CNR than bone kernels throughout
(Table 2, Figure 2).

DISCUSSION

The increased use of CT and CBCT imaging in the dentomax-
illofacial® field raised serious concerns of radiation exposure.
Legislative authorities and radiologic societies drive guidelines
for evidence-based use of CT/CBCT imaging and intend to re-
duce radiation exposition to “as low as reasonably achievable”
levels'*. However, the as low as reasonably achievable levels
depend on technological features and on the ability to suffi-
ciently answer the indicated clinical questions. Modern CT
technology has remarkable means for dose reduction such as 64-
row multislice scanning and above, automatic exposure control,
optimization of tube potential, beam-shaping filters, dynamic
z-axis beam collimation and IRTs."” Fortunately, dentomax-
illofacial imaging focuses on tissues with high anatomical con-
trast (e.g bone, teeth), which are very suitable for dose
reduction. Compared with a reference protocol at a CTDI, of
35.3mGy, the use of protocols with a CTDI,, of 1.0 and
2.6 mGy may be sufficient for the diagnosis of dislocated and
non-dislocated craniofacial fractures, respectively.” Compared
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Table 4. Error values (HU), after recalculation of HU values vs a calibration protocol, showing effect of exposure, reconstruction and
convolution kernel

. Effect of Effect of
Protocol Reconstruction Std/bone B . b Effect of kernel®
exposure reconstruction
FBP
ASIR-50 10.18
Std
ASIR-100 5.98
Reference MBIR 18.40
FBP 4.41
ASIR-50 Bone 3.61 6.34
ASIR-100 3.26 3.14
FBP 4.22
ASIR-50 6.16 2.06
Std
ASIR-100 2.34 3.94
Sinusitis MBIR 3.78 11.05
FBP 10.66 7.13
ASIR-50 Bone 4.73 2.84 3.60
ASIR-100 3.44 6.99 5.89
FBP 75.47
ASIR-50 74.42 10.62
Std
ASIR-100 81.54 12.06
Low dose I MBIR 66.51 9.21
FBP 107.54 33.51
ASIR-50 Bone 103.26 3.82 22.14
ASIR-100 101.58 5.58 18.62
FBP 185.74
ASIR-50 176.89 10.60
Std
ASIR-100 177.75 6.60
Low dose IT MBIR 163.07 7.67
FBP 182.52 11.22
ASIR-50 Bone 178.82 7.64 16.37
ASIR-100 172.61 7.90 17.30
FBP 185.98
ASIR-50 174.62 6.33
Std
ASIR-100 187.40 7.27
Low dose IIT MBIR 162.26 9.03
FBP 201.32 26.76
ASIR-50 Bone 196.65 3.38 30.36
ASIR-100 189.11 10.19 25.93

(Continued)
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. Effect of Effect of
Protocol Reconstruction Std/bone p . b Effect of kernel®
exposure reconstruction
FBP 181.47
ASIR-50 173.94 10.95
Std
ASIR-100 178.58 10.97
Low dose IV MBIR 138.28 32.44
FBP 272.67 107.82
ASIR-50 Bone 258.61 10.76 90.00
ASIR-100 234.87 35.27 76.95

ASIR, adaptive statistical iterative reconstruction; FBP, filtered back projection; MBIR, model-based iterative reconstruction; std, standard.
“For each non-Reference protocol, the corresponding Reference protocol acted as calibration protocol for the error estimation.

bFor each non-FBP protocol, the corresponding FBP protocol acted as calibration protocol for the error estimation.

“For each bone protocol, the corresponding ’std’ protocol acted as calibration protocol for the error estimation.

with the std image reconstruction technique of FBP, additional
application of IRTs in substantially reduced image noise and
improved subjective quality of low dose images. In a prior study,
two-dimensional images using ASIR-100 at CTDI,, of
3.48 mGy, ASIR-100 at CTDIL,, of 2.19mGy and MBIR at
CIDL,, of 0.82mGy; and three-dimensional images using
MBIR at CTDI,,, of 0.22 mGy showed no significant difference
in subjective image quality, as compared with a FBP reference at
CTDI,; of 30.48 mGy.®

In the present study, a low-dose sinusitis protocol at CTDI,,, of
18.28 mGy and several ultralow dose protocols at CTDI, 4.14,
2.63, 0.99 and 0.53 mGy were evaluated in terms of HU stability
and CNR. Compared with the reference protocol at CTDI,, of
36.58 mGy, the low-dose sinusitis protocol had a radiation ex-
posure of only 50%, and the subsequent ultralow dose protocols
I-IV have exposures of 11%, 7%, 3% and 1.5%, respectively.
Following the method of Dixon and Boone,'” Kyriakou et al'®
reported comparable dose levels of a CT protocol at CTDI,, of
2.7 mGy, and four different CBCT with CTDI,, of 2.3-3.1 mGy.
Dose reduction in the present study was well below these values
and, important to note, may even be lower than that of most
dentomaxillofacial CBCT devices.™®

As extensively discussed in the literature, CBCT may currently
not be reliable for quantitative bone density measures.>>'”'* By
contrast, CT-based measures using HU are relatively consistent
across different CT scanners and an integrated part of quality
control. In 2001, Norton and Gamble'® published quantitative
ranges of HU values for the Lekholm and Zarb classification
(1985), with >+850 HU for Quality 1 (almost the entire jaw is
composed of homogeneous bone; ROI, anterior mandible),
+500 to +850 for Quality 2/3 [a thick layer (2) or thin layer (3)
of cortical bone surrounds a core of dense trabecular bone; ROI,
posterior mandible or anterior maxilla], <0 to +500 for Quality
4 (a thin layer of cortical bone surrounds a core of low-density
trabecular bone; ROI, posterior maxilla or tuberosity region).
However, the authors used “std dose” protocols, and it is unclear
whether HU measures remain stable with the currently available
ultralow dose technology and IRTs.

In the present study, a customized phantom® was used, which
was developed as a quality control phantom for CBCT scanners
and previously applied for comparison of the variability of
dentomaxillofacial CBCT Gray values comparing a large number
of CBCT scanners and protocols with a 64-slice CT scanner.'?
Most CBCT scanners showed a good overall correlation with
MSCT, with Pearson correlation coefficients ranging between
0.7014 and 0.9996 in the full-density range (ra;;) and between
0.5620 and 0.9991 in the medium-density range (rvgp). How-
ever, large error values (typically between 50 and 200 Gray
values, but ranging up to 1562 Gray values) were observed,
predominately related to the large amount of scatter, effects
related to the limited field of view size and histogram shifts.'?
The Pearson correlation coefficients in the present study were all
well above 0.99. HU were very stable for air and aluminium, but
for the bone-equivalent test materials, there may be a relevant
variability. Although there was hardly any difference between the
low-dose sinusitis and the reference protocol, considerable error
values were found for the ultralow dose protocols, with lower
doses leading to higher error values. Thus, at the very end of
dose reduction, differentiation between highly dense
(>850HU), dense (+500 to +850HU) and low-density tra-
becular bone (<0 to +500 HU) may become less clear. MBIR
demonstrated the lowest error values in all ultralow dose pro-
tocols and showed a mean error of 138 HU for ultralow dose
Protocol IV. For this protocol, the largest effect of reconstruction
technique was seen. In addition, reconstruction kernel may play
an essential role, as in ultralow dose Protocol IV, a dramatic
influence on HU values for test materials was seen.

Reduction in dose increased noise and thus reduced CNR. As
expected, std kernel showed a significantly higher CNR than
bone kernel. The advantage of a higher CNR using std kernel
goes along with drawbacks in spatial resolution. Bone kernels
outline thin bone contours and trabecular bone structure but at
the cost of increased noise. MIBR demonstrated the highest
CNR throughout, followed by ASIR 100, ASIR 50 and FBP.
MBIR was able to retain the highest relative CNR at the lowest
dose and showed a approximately 55% reduction in CNR for
ultralow dose IV vs reference protocols, whereas the FBP std
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Table 5. Contrast-to-noise ratios (CNRs) of all protocols, reconstructions and convolution kernels [standard (std)/bone]

. . CNR, CNR, CNR, CNR,
Protocol Reconstruction Kernel CNR, air aluminiam HA 50 HA 100 HA 200

FBP 41.04 28.60 0.65 3.81 9.74

ASIR-50 51.96 38.08 0.66 5.11 13.43

ASIR-100 u 57.63 64.24 0.78 6.78 15.89

Reference MBIR 79.97 103.04 1.26 7.48 21.62
FBP 17.48 26.46 0.17 1.08 3.51

ASIR-50 bone 20.77 32.69 0.29 1.48 4.44

ASIR-100 31.72 43.41 0.44 2.23 6.46

FBP 33.37 36.70 0.38 2.39 7.39

ASIR-50 48.20 55.29 0.64 3.22 9.72

ASIR-100 u 63.22 68.25 0.90 4.60 11.48

Sinusitis MBIR 73.47 80.78 1.00 4.80 12.89
FBP 12.34 20.68 0.17 0.89 2.66

ASIR-50 bone 14.01 22.78 0.16 0.94 2.92

ASIR-100 22.71 28.32 0.18 1.64 4.72

FBP 15.85 19.85 0.37 1.40 3.77

ASIR-50 20.73 29.61 0.34 2.03 5.33

ASIR-100 u 29.30 41.69 0.64 3.06 7.44

Ultralow dose T MBIR 53.88 81.86 1.11 5.24 14.76
FBP 6.06 11.26 0.08 0.51 1.52

ASIR-50 bone 6.77 12.19 0.04 0.58 1.69

ASIR-100 10.37 16.37 0.03 0.82 2.30

FBP 10.89 19.37 0.31 1.52 3.58

ASIR-50 15.77 29.30 0.73 2.03 5.09

ASIR-100 Std 25.70 45.38 0.82 3.19 8.36

Ultralow dose II MBIR 47.90 79.28 1.56 5.90 17.30
FBP 420 10.17 0.01 0.47 127

ASIR-50 bone 4.99 12.28 0.09 0.54 1.57

ASIR-100 8.10 19.02 0.04 0.89 2.46

FBP 7.29 16.98 0.26 0.90 2.34

ASIR-50 10.36 23.42 0.24 1.14 3.24

ASIR-100 u 14.09 34.08 0.51 1.72 4.72

Ultralow dose III MBIR 36.39 70.27 1.44 4.82 12.62
FBP 2.43 6.20 0.14 0.44 0.92

ASIR-50 bone 2.94 7.15 0.16 0.50 1.10

ASIR-100 5.36 10.59 0.31 0.84 1.81

(Continued)
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Table 5. (Continued)

Widmann et a/

. . CNR, CNR, CNR, CNR,
Protocol Reconstruction Kernel CNR, air aluminiam HA 50 HA 100 HA 200
FBP 5.18 13.87 0.17 0.62 1.65
ASIR-50 6.77 17.74 0.15 0.71 2.08
ASIR-100 Std 10.05 26.68 0.11 1.17 2.96
Ultralow dose IV MBIR 35.69 56.67 1.67 4.95 11.08
FBP 1.31 4.10 0.41 0.55 0.88
ASIR-50 bone 1.49 4.58 0.48 0.64 1.00
ASIR-100 2.19 6.12 0.78 1.07 1.52

ASIR, adaptive statistical iterative reconstruction; FBP, filtered back projection; HA, hydroxyapatite; MBIR, model-based iterative reconstruction.

kernel showed a 87% reduction. Interestingly, ASIR could not
demonstrate significant advantages over FBP in terms of CNR.

This study was performed using a phantom that included inserts
with mean HU for HA 50, HA 100 and HA 200; and PMAA of
132.3, 202.9 and 365.8; and 117.5 (reference protocol, FBP and
std kernel). These values were within the range of bone Quality 4
according to Norton and Gamble.'” Test material for reference
values of bone Quality 1 and 2/3 was not available; however,
similar HU stability can be expected at density ranges corre-
sponding to these bone quality groups. The diagnostic CT
scanner is regularly calibrated for accuracy and uniformity of
HU based on a scanner driven quality control procedure using
a tube potential spectrum ranging from 80 to 140 kV. However,
direct comparisons of ultralow dose HU (with extreme low
levels of mA) to previous studies on HU-based classification of
bone density may be problematic. To evaluate potential (mis)
classification of bone quality, the outcome of this study may
need to be verified in a study using a series of human jaw bone
specimens with distinct bone density. The ultimate test would be

an observer study assessing the impact of reduced dose on di-
agnostic accuracy.

CONCLUSION

Ultralow dose protocols with exposures of only 11%, 7%, 3% and
1.5% of a high-resolution reference protocol were tested for var-
iability of HU and CNR. Dose reduction influenced HU. Std
kernels effectively reduced the variability of HU and should be
provided in addition to bone kernels. MBIR with std kernel had
the most beneficial effect on HU. In addition, MBIR improved
CNR of ultralow dose images and may therefore be recommended
as an additional reconstruction technique. By contrast, ASIR could
not demonstrate significant advantages over FBP. Owing to the
substantial reduction of radiation dose, it is strongly recommended
to test ultralow dose protocols and MBIR in further clinical studies
on dentomaxillofacial imaging applications.
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