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Objectives: As- low- as- diagnostically- acceptable (ALADA) doses are substantially lower than 
current diagnostic reference levels. To improve dose management, a reference quality approach 
was tested in which phantom quality metrics of a clinical ALADA dose reference protocol 
were used to benchmark potential ALADA dose protocols for various scanner models.
Methods: Spatial resolution, contrast resolution, contrast- to- noise ratio (CNR) and subjec-
tive noise and sharpness were evaluated for a clinical ALADA dose reference protocol at 80 
kV and 40 mA (CTDIvol 2.66 mGy) and compared with test protocols of two CT scanners 
at 100 kV and 35 mA (3.08–3.44 mGy), 80 kV and 54–61 mA (2.65 mGy), 80 kV and 40 mA 
(1.73–1.92 mGy), and 80 kV and 21–23 mA (1.00–1.03 mGy) using different kernels, filtered 
backprojection and iterative reconstructions. The test protocols with the lowest dose showing 
quality metrics non- inferior to the reference protocol were verified in a cadaver study by deter-
mining the diagnostic accuracy of detection of maxillofacial fractures and CNR of the optical 
nerve and rectus inferior muscle.
Results: 36 different image series were analysed in the phantom study. Based on the phantom 
quality metrics, potential ALADA dose protocols at 1.73–1.92 mGy were selected. Compared 
with the reference images, the selected protocols showed non- inferiority in the detection and 
classification of maxillofacial fractures and non- inferior CNR of orbital soft tissues in the 
cadaver study.
Conclusions: Reference quality metrics from clinical ALADA dose protocols may be used to 
guide selection of potential ALADA dose protocols of different CT scanners.
Dentomaxillofacial Radiology (2023) 52, 20220387. doi: 10.1259/dmfr.20220387

Cite this article as: Widmann G, Schönthaler H, Tartarotti A, Degenhart G, Hörmann R, 
Feuchtner G, et al. As low as diagnostically acceptable dose imaging in maxillofacial trauma: 
a reference quality approach. Dentomaxillofac Radiol (2023) 10.1259/dmfr.20220387.

Keywords: Radiation dose; Face; Bone fractures; Diagnostic Imaging; Comparative study

Introduction

Dose optimisation in computed tomography (CT) 
continuously searches for “as low as reasonably achiev-
able (ALARA)” or “as low as diagnostically acceptable” 
(ALADA) doses. Unfortunately, the optimum dose for 

each manufacturer, scanner, protocol, and reconstruc-
tion technology remains unknown for various diagnostic 
tasks. Diagnostic reference levels (DRLs) may act as 
trigger levels to initiate dose reductions.1 However, they 
do not specifically address differences between scan-
ners or lag behind the latest inventions in dose saving 
technology, including iterative reconstruction and deep- 
learning reconstruction.2 As an example, in maxillofacial 
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CT diagnostic images, it has been shown that doses of 
only 5% of current DRLs can be acceptable.3–5 Equally 
important to focusing on dose is comparing image 
quality between scanners and protocols. Image quality 
metrics such as spatial resolution, contrast resolution 
and noise may be evaluated using image quality phan-
toms.6,7 Recently, a clinical ALADA dose protocol for 
maxillofacial trauma using a volume computed tomog-
raphy dose index of (CTDIvol) of 2.66 mGy has been 
introduced in clinical routine.8,9 It is theorized that once 
the phantom quality metrics of the clinical ALADA 
dose protocol are known, the corresponding ALADA 
dose protocols for other devices may be obtained by 
comparative phantom testing. Therefore, the objective 
of this study was a) to define the phantom image quality 
metrics of this clinical ALADA dose reference protocol, 
b) to compare the reference image quality metrics to 
those obtained from various protocols of two different 
test scanners, and c) to verify potential ALADA dose 
protocols from the two test scanners, which demon-
strated phantom quality metrics that were non- inferior 
to the reference protocol, by determining the diagnostic 
accuracy of detection of maxillofacial fractures and 
contrast- to- noise- ratios of the optical nerve and rectus 
inferior muscle in a cadaver study.

Methods

Test phantom
The image quality phantom (SEDENTEXCT IQ 
phantom, Leeds Test Objects Ltd, Boroughbridge, 
UK) is a cylindrical customised polymethyl methacry-
late (PMMA) phantom, which represents an adult head 

(diameter 16.0 cm, height 17.7 cm).6,7,10 The phantom 
contains one central and six peripheral holes for the 
placement of various inserts (3.5 cm diameter, 2 cm 
height). The following inserts were selected:

(1) Line- pair inserts: alternating aluminium and poly-
mer sheets with different thicknesses, ranging from 
one line pairs per millimetre (lp mm- 1) to 10 lp mm- 
1 for an evaluation in the axial (xy) and transaxial 
(xz/yz) planes.

(2) Contrast resolution inserts: two different densities 
of hydroxyapatite (HA): 100 mg cm−3 and 200 mg 
cm−3. For each density, five cylindrical rods of dif-
ferent diameters (1–5 mm) are positioned at the 
vertices of a regular pentagon, using PMMA as a 
background material.

(3) Contrast- to- noise ratio inserts: five cylindrical rods 
1.0 cm in diameter and containing air, aluminium 
or two different densities of hydroxyapatite (HA): 
100 mg cm−3 and 200 mg cm−3, using PMMA as 
background material.

CT imaging
The test phantom was scanned using the CT scanners 
and protocols given in Table 1. The ALADA dose refer-
ence protocol at CTDIvol 2.66 mGy using FBP with bone 
and standard kernel of the reference scanner (64- row 
Discovery CT750 HD, GE Healthcare, Chicago, Illinois, 
United States of America) was compared with various 
protocols from test scanner 1 (64- row Somatom Defi-
nition AS, Siemens Healthineers, Erlangen, Germany) 
and test scanner 2 (128- row Somatom Definition Flash, 

Table 1 Scanners and scan protocols.

Scanner
Collimation 
(mm) kV mA

CTDIvol 
(mGy) Pitch

Rotation time 
(s)

Slice 
thickness 
(mm) Convolution kernel

Reconstruction 
technology

Reference 
scanner

20 × 0.625 80 40 2.66 0.5 0.5 0.6 bone, standard FBP

standard, NR40 VEO

Test scanner 1 19.2 × 0.6 100 35 3.44 0.5 0.5 0.6 H60f, H30f FBP

80 54 2.65 0.5 0.5 0.6 H60f, H30f FBP

80 40 1.92 0.5 0.5 0.6 H60f, H30f FBP

80 21 1.03 0.5 0.5 0.6 H60f, H30f FBP

Test scanner 2 38.4 × 0.6 100 35 3.08 0.5 0.5 0.6 H60f, H30f FBP

J45f, J30f SAFIRE 3, SAFIRE 
5

80 61 2.65 0.5 0.5 0.6 H60f, H30f FBP

J45f, J30f SAFIRE 3, SAFIRE 
5

80 40 1.73 0.5 0.5 0.6 H60f, H30f FBP

J45f, J30f SAFIRE 3, SAFIRE 
5

80 23 1.00 0.5 0.5 0.6 H60f, H30f FBP

J45f, J30f SAFIRE 3, SAFIRE 
5

FBP, Filtered back projection; SAFIRE, Sinogram- affirmed iterative reconstruction; VEO, model- based iterative reconstruction.
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Siemens Healthineers, Erlangen, Germany). In addition 
to filtered back projection (FBP), model- based iterative 
reconstruction VEO (GE Healthcare) and sinogram- 
affirmed iterative reconstructions SAFIRE three and 
SAFIRE 5 (Somatom Definition Flash) were used. All 
images were exported in digital imaging and communi-
cations in medicine format (DICOM) into IMPAX EE 
(Agfa HealthCare, Antwerp/Mortsel, Belgium) picture 
archiving and communication system (PACS) for image 
analysis.

No information regarding the scanner, dose and or 
reconstruction technique was available in the images. The 
images were read on high- resolution (three megapixel, 
DIN 6868–157 conformity), diagnostic colour- LCD 
monitors (RadiFOrce RX350, EIZO Europe GmbH, 
Mönchengladbach, Germany) in dimmed light condi-
tions using a pre- set window/level of 500/4000 for the 
evaluation of the spatial resolution and 300/2500 for 
the evaluation of the contrast resolution. The readers 
were allowed to adjust the window/levels and to change 
magnification levels.

Phantom image quality metrics
Spatial resolution, contrast resolution and contrast- 
to- noise ratio were evaluated by a sixth- year medical 
student using the method described previously, for which 
excellent intraobserver and good to excellent interob-
server agreement were published.6,7 Subjective noise 
and sharpness were read in consensus by two readers, a 
sixth- year medical student and an expert head and neck 
radiologist with more than 10 years of experience.

Spatial resolution
The total number of clearly separable lines of the insert 
was counted in the sharp kernel images.

Contrast resolution
The number of visible rods for each insert containing 
the three different densities of HA was counted, with 
possible scores ranging between 0 (no rods visible) and 
5 (all rods visible).

Contrast-to-noise ratio (CNR)
A circular region of interest (ROI) of 47 mm2 was placed 
within all six materials inside the inserts and the PMMA 
insert as background to evaluate Mean Hounsfield Units 
(MHU) and standard deviation (SD). The CNR of each 
material m was calculated using the following formula.7

 
CNRm =

��MHUm−MHUPMMA
��√

SD2m+SD2
PMAA   

Subjective noise and sharpness
Blinded test images of representative slices of the 
phantom inserts were displayed side- by side- with the 
reference image. Sharp and soft kernel images were 
compared to the reference bone and standard kernels, 
respectively. A 5- step grading scale was used: −2: much 

worse than reference; −1: slightly worse than reference; 
0: equal to reference; +1: slightly better than reference; 
and +2: much better than reference.

Suggested ALADA dose protocols of the test scanners
The image quality metrics of the test protocols were 
descriptively compared to the image quality metrics of 
the reference images. For each of the test scanners, the 
protocol with the lowest dose providing non- inferior 
phantom image quality metrics was suggested as 
ALADA dose protocol.

Cadaver verification of the suggested ALADA dose 
protocols
The study was approved by the legal and ethical frame-
work of the Medical University of XXX for studies on 
human cadavers.11,12 The bodies were donated by people 
who had given their informed consent for their use for 
scientific and educational purposes prior to death. Two 
cadaver heads with intact soft tissues were used. The 
cadavers have been preserved using an arterial injec-
tion of an alcohol–glycerine solution and immersion 
in phenolic acid in water for 1–3 months.13 To obtain 
maxillofacial fractures from simulated trauma the 
cadaver heads were injured to the midface, the temporal 
bone, the frontal bone, the parietal bone and the occip-
ital bone using a hammer (impacts see Table 3).

The cadaver heads were scanned using the clin-
ical ALADA reference protocol and the test protocols 
of scanner 1 and 2 using 2.65 mGy and the suggested 
ALADA dose protocols at 1.73 and 1.92 mGy, respec-
tively (Table 1 and Table 4).

Fracture classification
Fractures were classified using the AO comprehensive 
injury automatic classifier (AO COIAC), a free computer 
software developed by the AO foundation.14 This classi-
fication codes the first level on the coarse location of 
the fracture, the second level on the exact location of 
the fractures in the predefined regions, and the third 
level on special sub regions and relevant morpholog-
ical characteristics like fragmented or none fragmented. 
Fracture classification was independently performed 
by two readers (medical students in their sixth year) 
following training of CT reading and fracture classifica-
tion. The results for each image series were compared to 
the fracture classification from the reference images by 
an expert head and neck radiologist with more than 10 
years of experience.

Contrast-to-noise ratio (CNR) of orbital soft tissues
CNR of the optical nerve (ON) and inferior rectus 
muscle (IRM) of one side- of each cadaver was evalu-
ated on synchronized identical slice positions of the 
soft kernel images using a circular ROI placed on three 
consecutive slices using fat as the background tissue, as 
described in a previous publication.9
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Data analysis
For data analysis and statistics, IBM SPSS Statistics 
24 (IBM Corporation, Armonk, NY, USA) was used. 
ANOVA with repeated measures was used (α = 0.05) for 
comparison of the CNR of the ON and IRM between 
the FBP standard kernel reference images and the test 
protocols.

Results

Phantom quality metrics
36 different image series from three different CT scan-
ners were descriptively analysed in the phantom study.

Spatial resolution: The sharp kernel reference images 
allowed detection of 4 lp mm- 1. The test scanner images 
allowed detection of only two lp mm- 1 using doses of 
3.08–3.44, 2.65, and 1.73–1.92 mGy. Test scanner images 
at 1.00–1.03 mGy could not discriminate line- pairs 
(compare Figures  1 and 2). SAFIRE did not improve 
visibility of individual lines.

Contrast resolution: The soft kernel reference images 
showed scores of 3/5 HA- 100, and 4/5 HA- 200. Similar 
results were obtained by the FBP test scanner images 
using doses of 3.08–3.44, 2.65, and 1.73–1.92 mGy. At 
doses of 1.0–1.03 mGy, only a score of 2/5 HA- 100, and 
3/5 HA- 200 was achieved. SAFIRE could not improve 
contrast resolution scores. VEO outperformed FBP and 
achieved the maximum scores in each group showing 
4/5 HA- 100, and 5/5 HA- 200 (Figure 1).

Contrast-to-noise ratio (CNR): CNR differed substan-
tially between sharp and soft kernels and between FBP 

and iterative reconstructions (Table 2). Compared to the 
soft kernel reference images the HA- 100 and HA- 200 
inserts showed comparable or higher CNR only by 
the FBP soft kernel images of the test scanners using 
doses of 3.08–3.44, 2.65, and 1.73–1.92 mGy. In the 
sharp kernel images, comparable or higher results were 
only achieved using SAFIRE. SAFIRE three improved 
CNR of the HA inserts over the FBP images by approx-
imately 1.4 times and SAFIRE 5 by 1.8 times. SAFIRE 
3 and 5 reduced noise by approximately 30 and 48%, 
respectively. VEO improved overall CNR of the HA 
inserts over FBP by approximately 3.9 times using stan-
dard and 6.4 times using NR40 kernel. VEO standard 
kernel and VEO NR40 kernel showed a noise reduction 
of about 71% and 84%.

Subjective noise and sharpness: Compared to the refer-
ence images, lower sharpness scores (−1) were found in 
all the FBP and SAFIRE images of the test protocols, 
with equal results obtained with FBP, SAFIRE three 
and SAFIRE 5. SAFIRE 3 and 5 scored slightly better 
than reference (+1) for noise. VEO standard kernel and 
VEO NR40 kernel, scored much better than reference 
(+2) for both noise and sharpness.

Suggested ALADA dose protocols of the test scan-
ners: The following reference quality metrics were 
defined: spatial resolution two lp mm- 1 (because in the 
test scanners only 2lp mm- 1 were detected even using 
higher doses); contrast resolution score 3/5 HA- 100 and 
4/5 HA- 200; CNR 1.74 HA- 100 and 4.40 HA- 200. The 
suggested ALADA dose protocols of the test scanners 
were the protocol at 1.92 mGy for scanner 1, and 1.73 
mGy for scanner 2.

Figure 1 Phantom images from the reference scanner using the ALADA dose reference protocol at 2.66 mGy. A - Line- pair insert, showing four 
lp mm- 1. B and C - Contrast- to- noise ratio insert hydroxyapatite (HA) 100 mg cm- 3. D- F - Contrast resolution insert HA 100 mg cm- 3, showing 
scores of 3/5 for FBP standard kernel, and 4/5 for both VEO standard and VEO NR40.
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Cadaver verification of suggested ALADA dose protocols

Fracture classification: Compared to the reference 
images, no clinically relevant difference regarding the 
AO- classification code was found for the suggested 
ALADA dose protocols at 1.73 and 1.92 mGy 
(Figure 3). Compared to the classification by the expert 
radiologist based on the reference images, the two non- 
expert readers provided only minor and non- clinically 
relevant differences of the classification or subclassifi-
cation code (level 3) (Table 3). The reasons were differ-
ences in selecting the exact anatomical level 3 location 
of the classification system, interpreting the length of 
the fracture. For the frontal left impact of the cadaver 
head 1, observer one determined an additional classifi-
cation code, because of a bony canal that was mistaken 
as a fracture.

Contrast-to-noise ratio (CNR) of orbital soft 
tissues: The standard kernel reference images showed 
a mean (SD- standard deviation) CNR of 2.8 (SD 1.72) 
for the optical nerve (ON) and 2.36 (SD 1.14) for the 
inferior rectus muscle (IRM) (Table 4). Compared to the 
reference images, similar or higher results were obtained 

in the ALADA dose protocols of both test scanners 
and there was no statistically significant difference. 
SAFIRE increased CNR of the ON by 44.2% and IRM 
by 73.4%. VEO had statistically significant higher CNR 
than FBP and showed an increase in CNR of the ON 
even by 247.6% and of the IRM by 184.9%. (Table 3 and 
Figure 4).

Discussion

In CT of maxillofacial trauma, simple adherence to 
protocols keeping doses within national DRL (para-
nasal sinuses 8–12 mGy15,16 must not be mistaken with 
following the ALARA/ALADA principle. Further-
more, a simple focus on dose does not reflect differences 
in scanners and reconstructive algorithms, which means 
that the ALADA dose protocol of older scanners may 
significantly differ from the ALADA dose protocol 
of latest generation scanners, and may differ between 
vendors.17 Sufficient image quality is of utmost impor-
tance for setting up ALADA dose protocols. Require-
ments on diagnostic image quality in maxillofacial CT 

Figure 2 Test scanner images of the line- pair and contrast resolution insert HA 100 mg cm- 3.
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include high- resolution image data with submillimetre 
accuracy in all three dimensions to enable precise multi-
plane reconstructions, 3D volume rendering, 3D model 
printing and navigated surgery.18 Sharp convolution 
kernels are applied to outline thin bone contours and 
trabecular structures, which is needed for the correct 
diagnosis and classification of fractures.8 Orbital soft 

tissues including the optical nerve, or orbital muscles 
and fat are best evaluated using soft convolution kernels.9 
High contrast resolution and CNR are required for reli-
able diagnosis of posttraumatic entrapment of orbital 
fat or muscles.

In this study, phantom- based reference quality metrics 
from a clinically introduced ALADA dose protocol 

Table 2 Contrast- to- noise ratios for five test materials in images obtained with the test protocols.

Scanner CTDIvol (mGy) Reconstruction technology

Sharp kernels / Soft kernels

AIR ALU HA- 100 HA- 200

Reference scanner 2.66 FBP 4.33/12.42 10.82/16.70 0.48/1.74 1.21/4.40

VEO standard n.a. / 38.31 n.a. / 77.58 n.a. / 6.72 n.a. / 19.23

VEO NR40 n.a. / 49.93 n.a. / 96.04 n.a. / 11.07 n.a. / 30.70

Test scanner 1 3.44 FBP 5.49/28.41 7.34/23.07 0.39/2.38 1.17/6.00

2.65 FBP 4.27/26.18 8.37/14.04 0.42/2.43 0.99/6.47

1.92 FBP 3.75/15.46 7.63/12.74 0.35/2.08 0.88/4.41

1.03 FBP 2.57/13.14 5.78/11.55 0.31/1.51 0.75/4.07

Test scanner 2 3.08 FBP 5.47/35.22 7.56/28.81 0.43/1.99 1.09/6.18

SAFIRE 3 39.01/55.74 26.15/32.28 2.19/3.05 6.31/9.57

SAFIRE 5 53.15/75.12 26.80/33.56 2.86/3.83 8.55/13.86

2.65 FBP 4.77/28.46 7.66/34.53 0.42/2.05 1.14/5.51

SAFIRE 3 29.84/43.10 72.11/83.53 1.81/2.42 5.17/7.24

SAFIRE 5 41.70/60.21 99.74/117.36 2.18/3.01 6.54/9.12

1.73 FBP 3.37/21.31 6.71/34.79 0.29/2.10 0.81/4.69

SAFIRE 3 24.60/34.01 38.61/16.13 2.01/2.76 4.29/6.31

SAFIRE 5 32.48/42.68 43.95/82.83 2.50/3.42 5.14/7.45

1.00 FBP 2.88/14.80 5.93/34.36 0.28/1.38 0.71/3.61

SAFIRE 3 16.35/16.90 35.87/48.83 1.27/1.89 3.29/4.75

SAFIRE 5 21.95/23.53 46.67/72.57 1.60/2.41 3.79/5.72

ALU, aluminium; FBP, filtered back projection; HA, hydroxyapatite; SAFIRE, sinogram- affirmed iterative reconstruction; VEO, Trade name 
of a model- based iterative reconstruction.

Figure 3 Comparative images of maxillofacial fractures of the cadaver study.
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for maxillofacial trauma at CTDIvol of  2.66 mGy were 
evaluated to help in the selection of potential ALADA 
dose protocols for other vendors and scanners. Identical 
settings of kV, mA, rotation time and pitch showed dose 
differences of 29–35% between the reference scanner 
and the two test scanners. These variances are explained 
by the many differences in scanner hardware, geom-
etry, filter, acquisition parameters and reconstruction 
options, and underline the importance of reference 
image quality. Based on a simple descriptive comparison 
of the test and reference quality metrics, test protocols 
with the lowest dose showing non- inferiority of most of 
the metrics were suggested as ALADA dose protocols. 
For test scanner one, it was the protocol at 1.73 and for 

scanner two the protocol at 1.92 mGy. Both protocols 
showed non- inferiority in the subsequent cadaver study.

Compared with the sharp bone kernel of the reference 
scanner, the selected bone kernels used in the test scanners 
could not provide similar spatial resolution and subjective 
sharpness scores, even at higher doses of 3.08–3.44 mGy. 
However, a spatial resolution of at least 2lp mm- 1 seemed 
to be sufficient to enable the detection and classification of 
maxillofacial fractures similar to the reference protocol, as 
confirmed by the cadaver study. Based on the AO classifier 
system, only minor and non- clinically relevant differences 
in the classification or subclassification code were iden-
tified. The iterative reconstruction techniques SAFIRE 
3, SAFIRE 5 and VEO did not improve the spatial reso-
lution. In fact, iterative reconstruction techniques may 
produce texture changes and smoothing effects.19–21 The 
third- generation adaptive statistical iterative reconstruction 
(ASIR) V may significantly improve smoothing effects and 
may provide equivalent or slightly superior spatial resolu-
tion than FBP.22,23

The contrast resolution scores of the soft kernel 
images of the test scanners were similar or better than 
the reference images. In test scanner 2, SAFIRE 3 and 
5 could not improve scores. VEO outperformed FBP 
and SAFIRE and achieved the maximum scores in 
each group. Compared with the reference images, the 
HA- 100 and HA- 200 inserts showed lower CNR using 
FBP sharp kernel images. The results correlated with the 
subjective noise scores in scanner 1. The quality metrics 
of the phantom may thus be a valuable tool to quan-
tify and benchmark contrast resolution and CNR for 
different doses, kernels and reconstruction techniques.

The phantom inserts best simulating CNR of ON and 
IRM were HA- 100 and HA- 200. In the cadavers, the FBP 
images of the test scanners showed CNR of both, ON 
and IRM similar to the FBP reference images. SAFIRE 
increased CNR but the results were not significantly 
better than the reference. VEO was superior over all other 

Table 3 AO- classification codes for cadaver heads 1 and 2. In cadaver 
1, observer 1 misclassified a bony canal as fracture.

AO- classification code

Observer 1 Observer 2
Cadaver head 1
occipital 94O0m 94O0m

temporal right / /

frontal right + 
lateral midface 
right

92 Z1li.I1i.L1.Oli.m 
O(right) R(li).W1(li)2(i)

92 Z1li.I1i.L1.Oli.m 
O(right) R(li).W1(li) a

frontal left 92 mOl.Z0l O(left) R(l).
W1(l) 94 m.F0 (R(s)

92 m.Ol.Z1l O(left) R(l).
W1(l) a

temporal left / /

Cadaver head 2
occipital 94O0m 94O0m

midface orbital 
inferior right

92 Z1l.I1.L1.Oli.U0 
O(right) R(lim).W1(li)

92 Z1li.I1.L1.Oli.U0 
O(right) R(lim).W1(li) a

central midface 
left

92 m.OI.L1.I1.Z1l O(left) 
R(l).W1(l)

92 m.Ol.L1.I1.Z1l O(left) 
R(l).W1(l)

mandibular 
head left

91 m.A1.P P(left) N1.B1 91 m.A1.P P(left) N1.B1

adifference in subclassification code, depicted in bold and italic.

Table 4 CNR of the optical nerve and inferior rectus muscle.

Scanner CTDIvol (mGy) Reconstruction technology Kernel Optical nerve CNR (SD)
Inferior rectus muscle CNR 
(SD)

Reference scanner 2.66 FBP standard 2.80 (1.72) 2.36 (1.14)

VEO standard 10.18 (2.47) b 8.25 (2.91) a

NR40 16.36 (3.03) b 10.60 (4.45) b

Test scanner 1 2.65 FBP H30f 4.49 (0.75) 2.89 (0.60)

1.92 FBP H30f 3.98 (0.91) 4.19 (1.53)

Test scanner 2 2.65 FBP H30f 4.17 (0.87) 4.67 (3.25)

SAFIRE 3 J30f 5.12 (1.41) 5.47 (3.58)

SAFIRE 5 J30f 5.90 (1.91) 6.01 (3.64)

1.73 FBP H30f 3.40 (0.81) 3.25 (1.33)

SAFIRE 3 J30f 4.32 (1.08) 3.92 (1.69)

SAFIRE 5 J30f 5.08 (1.41) 3.25 (2.03)

CNR, contrast- to- noise ratio; FBP, filtered back projection; LDP, low dose protocol; SAFIRE, Sinogram Affirmed Iterative Reconstruction; 
SD, standard deviation.
aStatistically significant (p < 0.05) difference to the reference scanner protocol FBP standard.
bStatistically significant (p < 0.001) difference to the reference scanner protocol FBP standard.
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reconstructions and provided significant higher CNR to the 
FBP reference. The results of iterative reconstructions were 
in line with published literature.7,24–26

The study has certain limitations. The used phantom 
does not simulate the complexity of human anatomy 
including trabecular and cortical bone, or different soft 
tissues. The cadaver heads were not fresh frozen and the 
conservation may affect radiological depiction of bone and 
soft tissues. Artifacts from head motion and dental fillings 
were not addressed. CT scanners allow for modification of 
numerous settings incl. kV, mAs, pitch, convolution kernels 
and selection of various iterative reconstructions. Therefore, 
for practical reasons, only a limited number of protocols 
could be tested in this study. Primary goal was to develop a 
simple approach to suggest ALADA dose protocols based 
on phantom testing in which image quality metrics should 
be non- inferior to the reference, rather than performing 
complex statistical testing, with probably limited clinical 
relevance. Evaluation of modulation transfer function and 
noise power spectrum could have improved the interpre-
tation of sharpness and texture changes, respectively. The 
optimum set of phantom quality metrics and exact cut- off  
values that best predict clinical conditions still has to be 
defined.

Conclusion

Reference image quality metrics from phantom testing 
may be used for image quality benchmarking of potential 
ALADA dose protocols of different vendors and scanners. 
Such a reference quality approach may also be applied to 
other diagnostic CT examinations. The benefit for patients 
would be to receive CT examinations with the lowest diag-
nostically acceptable radiation doses, which are substan-
tially lower than current DRLs.
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Figure 4 Comparative images of the left orbital soft tissues of the cadaver study. Circular region of interest used for CNR evaluation placed at 
the optical nerve (medial) and orbital fat (lateral). The inferior rectus muscle is not depicted on this slice.
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