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Full model-based iterative reconstruction (MBIR) in abdominal CT
increases objective image quality, but decreases subjective acceptance
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Abstract
Objective Evaluate and compare the image quality and acceptance of a full MBIR algorithm to that of an earlier full IR hybrid
algorithm and filtered back projection (FBP).
Methods Acquisitions were performed with a 320 detector-row CT scanner with seven different dose levels. Images were
reconstructed with three algorithms: FBP, full hybrid iterative reconstruction (HIR), and a full model-based iterative reconstruc-
tion algorithm (full MBIR). The sensitometry, spatial resolution, image texture, and low-contrast detectability of these algorithms
were compared. Subjective analysis of low-contrast detectability was performed. Ten radiologists answered a questionnaire on
image quality and confidence in full MBIR images in clinical practice.
Results The contrast-to-noise ratio of full MBIR was significantly higher than in the other algorithms (p < 0.0015). The spatial
resolution was also higher with full MBIR at high frequencies (> 0.3 lp/mm). Full MBIR at low dose levels led to better low-
contrast detectability and more inserts being identified with a higher confidence (p < 0.0001). Full MBIR was associated with a
change in image texture compared to HIR and FBP. Eighty percent of radiologists judged general appearance and texture of full
MBIR images worse than HIR. Moreover, compared with HIR, for 50% of radiologists, the diagnostic confidence on full MBIR
images was worse. Questionnaire reliability was considered acceptable (Cronbach alpha 0.7).
Conclusion Compared to conventional iterative reconstruction algorithms, full MBMIR presented a higher image quality and
low-contrast detectability and a worse acceptance among radiologists.
Key Points
• Full MBIR used led to an overall improvement in image quality compared with FBP and HIR.
• Full MBIR leads to image texture change which reduces the confidence in these images among radiologists.
• Awareness of the image texture change and improved quality of full MBIR reconstructed images could improve the acceptance
of this technique in clinical practice.
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Abbreviations
AIDR Adaptative statistical iterative reconstruction
CNR Contrast-to-noise-ratio
CT Computed tomography
CTP Catphan phantom
FBP Filtered back projection
HIR Hybrid iterative reconstruction
HU Hounsfield units
IR Iterative reconstruction
LDPE Low density polyethylene
MBIR Model-based iterative reconstruction
MTF Modulation transfer function
NPS Noise power spectrum
ROI Region of interest
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Introduction

CT is responsible for a significant portion of health care-related
patient exposure to ionizing radiation with potential impact on
the development of secondary neoplasm [1]. Iterative recon-
struction (IR) algorithms play an important role in dose reduc-
tion allowing for the same image quality with reductions of
more than half of the patient delivered dose [2–4]. The first
generations of IR algorithms were based on series of indepen-
dent comparisons (iterations) between a single model (filtered
back projection—FBP reconstructed image) and actual dat.
This iterative process can be done in the image domain alone
or in both image and raw data domains (full iterative reconstruc-
tion) [5]. Recently, a new generation of IR algorithms became
available. It uses image reconstruction with an iterative correc-
tion process that considers multiple models that account for
scanner hardware parameters, cone beam trajectory, photoelec-
tric trajectory, etc. These algorithms can also be active in both
image and raw data domains (full model-based iterative
reconstruction—full MBIR)maintaining image quality at lower
dose levels while increasing image resolution [6–12].

The clinical use of full MBIR is, however, not without diffi-
culty. MBIR leads to considerable changes in image texture
compared to earlier IR algorithmswith images appearing coarser
and plastic-like (Fig. 1). These image texture changes are related
the magnitude of image quantum noise which is also dependent
on multiple factors (dose, patient body habitus, reconstruction
kernel, etc.). Compared to FBP, IR algorithms change the quan-
tum noise frequency distribution on the images. IR algorithms
and full MBIR in particular lead to a signal change from higher
frequencies to lower frequencies, which translates visually to a
coarser image granulation [13]. These changes may lead to ac-
ceptance problems among radiologists who tend to be less con-
fident when interpreting full MBIR images. These algorithms
are also time consuming as it requires more computational pow-
er compared to non-MBIR techniques. Specific hardware is
sometimes required to keep reconstruction time within

acceptable range and an abdomino pelvic CTstudy can still take
5 to 15min of reconstruction time depending on the vendor [14].

In this study, the performance of a full MBIR algorithm
already available for clinical use in the field of abdominal
imaging was assessed. First, a phantom study was performed
to compare the performance of this algorithm to that of an
earlier full IR hybrid algorithm and FBP. Then, algorithm
performance for low-contrast detection, which is a meaningful
parameter for the evaluation of IR algorithms with different
dose levels [15], as well as the acceptance level of generated
images were evaluated subjectively by a group of university
hospital radiologists and residents from specialties other than
radiology with no prior knowledge of the expected appearance
of CT images. This information may help ascertain the role of
full MBIR in clinical practice and may help improve the con-
fidence of radiologists working with this type of images.

Material and methods

Phantom acquisitions

All acquisitions were performed with a 320 detector-row CT
scanner (Aquilion ONE, Canon Medical Systems) with seven
different dose levels (Table 1). All acquisitions shared the
following parameters: matrix 512 × 512, field-of-view 220 ×
220mm, 120 kV, 35 to 250mA, slice thickness 0.5 mm, z-axis
coverage 40 mm, and a 1-s tube rotating speed. All images
were reconstructed using a soft tissue kernel and a slice thick-
ness of 1 mm.

Reconstruction algorithms

All images were reconstructed with three algorithms: FBP,
HIR (full hybrid iterative reconstruction) (AIDR 3D—
adaptive statistical iterative reconstruction, Canon Medical
Systems) and full MBIR (FIRST—forward projected model-

Fig. 1 Low-dose abdominal
(kV = 120, mAs = 90) CT in the
portal phase from a 20-year-old
female reconstructed with HIR (a)
and full MBIR (b) algorithms.
Note that noise level is lower on
full MBIR image compared to
HIR and presents a different
image texture with a more plastic-
like appearance
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based iterative reconstruction—body, Canon Medical
Systems). HIR adaptively performs noise reduction according
to the actual scanning conditions and to the statistics of elec-
tronic and quantum noise. It then applies an iterative algorithm
of data improvement in the image domain and adapts to dif-
ferent organs and reconstruction filters. Full MBIR optimizes
the image quality in the raw data domain with a direct projec-
tion model which takes into account system geometry, optical
system, cone angle, and a statistical modelization of noise in
density measurements. It also provides an independent noise
penalty function which compares the initial image to the orig-
inal projection data to identify the differences in Hounsfield
units (HU) in adjacent pixels so as to retrace the noise level in
the images. For both HIR and full MBIR algorithms, a medi-
um iteration level was used; it was the standard manufacturer
recommendation. The soft tissue kernel used for FBP and HIR
(FC08) is not exactly the same one used for full MBIR since
with the latter algorithm the reconstruction kernel is integrated
in the iterative process. The FC08 soft tissue kernel was cho-
sen because the manufacturer indicated it was the kernel most
similar to that of full MBIR.

Phantom study

Phantom images were analyzed with two software programs:
ImageJ 1.48v (National Institute of Health) and IQworks
V0.7.2 (http://iqworks.org/). The following modules of a
CATPHAN 600, 6th generation (The Phantom Laboratory,
Incorporated) were used:

CTP404 module It includes four peripheral inserts made of
Teflon, polystyrene, LDPE (low density polyethylene), and
air, with different contrast attenuation (6.243, 3.335, 3.16,
and 0.004 e/cm3 × 1023 respectively). These contrast attenua-
tion value range correspond to HU references provided with
the phantom (air: − 1046:− 986 HU; LDPE: − 121:− 87HU;
polystyrene: − 65: − 29 HU; Teflon: 941:1060HU). A mea-
surement error was consideredmoderate when absolute values
differed from reference standards in more than 5% and sub-
stantial when they differed more than 10%. This module was
also used to evaluate the contrast-to-noise ratio (CNR) which
was calculated as follows:

CNR = (mean insert density − mean background densi-
ty)/standard deviation of the background density

This module also includes five central acrylic inserts of
2, 4, 6, 8, and 10 mm, which were used for subjective
low-contrast detection (Fig. 2). For this purpose, 10 resi-
dents of specialties other than radiology with no previous
knowledge of reconstruction algorithm-related image
changes and 10 senior radiologists confronted to FBP,
HIR, and full MBIR reconstructed images in their daily
practice evaluated the central image of 12 acquisitions
(three reconstruction algorithms with four dose levels
each). Phantom images were displayed in random posi-
tions to avoid memorization bias during readouts. All im-
ages were displayed in real size with identical window
settings (width and level of 400 and 40 HU). Readers
were blinded for reconstruction algorithm and dose level
used. The number of inserts detected and confidence in
detection were assessed. The detection confidence was
graded as follows:

1) Barely distinguishable insert, the reader not certain of its
existence

2) Insert is partially seen, the reader is confident in its
existence

3) Insert unequivocally present

Identification errors were taken into account. The global
subjective analysis score varied from 0 to 2. It was composed
of the ratio of correctly detected inserts (number of detected

Fig. 2 Axial CT image of the phantom’s CTP 404 module. The five
central acrylic inserts of 10, 8, 6, 4, and 2 mm which the location is
indicated by the arrows. The 2 mm insert cannot be distinguished in
this image red arrow. These inserts were used for subjective low-
contrast detection. Acquisitions with three dose levels with images
reconstructed with the three reconstruction algorithms studied were
evaluated for the number of inserts detected and confidence in detection
by each reader

Table 1 Protocol
settings for the seven
dose levels evaluated

mA CTDI (vol) DLP (mGy × cm)

35 2.9 61.2

50 4.2 87.5

70 5.9 122.4

100 8.4 174.9

120 10.1 209.9

150 12.6 262.4

250 21 437.3
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inserts/total number of inserts) added to the confidence grade
ratio of the correctly identified inserts (number of detected
inserts × confidence grade/maximum confidence). Maximum
confidence was calculated by multiplying the number of cor-
rectly detected inserts (from 0 to 5) by the confidence grade of
each correctly identified insert (1 to 3) and thus varied from 0
to 15.

CTP 515 module It contains 27 peripheral cylindrical inserts
(insert groups of nine different diameters with three density
levels each—1%, 0.5%, and 0.3%), which were used for ob-
jective low-contrast detectability. All inserts and the surround-
ing material have equal atomic numbers with concentration
differences accounting for density variation. For this purpose,
a region-of-interest (ROI) was positioned at the center of 12 of
the largest inserts to avoid ROI positioning errors. Five, four,
and three inserts were evaluated in each density level group
(from high to low density level groups). The diameters of the
evaluated inserts were 15mm, 9 mm, 8 mm, 7 mm, and 6mm.
In addition, three ROIs were positioned in the background.
Contrast-to-noise ratio (CNR) was calculated as previously
described. The threshold of detection level was arbitrarily de-
fined as a CNR of 0.9. If the CNR was higher than 0.9, the
region was considered detectable, and if it was lower than 0.9
the insert was considered undetectable.

CTP528 module This module contains a high resolution test
gauge (from 1 to 21 line pairs per centimeter) for spatial res-
olution evaluation. It also has a bead point source for point
spread function and modulation transfer function (MTF)
assessment.

CTP 486 module Composed of a uniform material yielding a
density close to water in HU, this module was used for the
calculation of the NPS.

Assessment of full MBIR in clinical practice

A questionnaire was submitted to 10 radiologists who have
been working for at least a year with abdominal images recon-
structed with both HIR and full MBIR. The questionnaire
aims at comparing the overall appearance, texture, noise level
and diagnostic confidence using full MBIR imaging with re-
spect to HIR, which has been used in our institution for over
6 years and was used as the standard of reference. A 5-point
Likert scale varying from Bmuch better^ to Bmuchworse^was
used (Fig. 3).

Statistical analysis

Statistical analysis was performed with the R Development
Core Team software (version 3.0.12013). Statistical signifi-
cance of CNR variation, the number of inserts detected

subjectively and the confidence in detection with the different
reconstruction algorithms were compared with the Wilcoxon
rank test. The Holm p value correction method was used to
counteract the problem of multiple comparisons. Linear re-
gression analysis was used to evaluate the influence of the
reconstruction algorithm and medical specialty on the number
of targets detected subjectively. Questionnaire response reli-
ability was estimated by calculating the Cronbach alpha coef-
ficient (α). Reliability was considered excellent if α was
higher than 0.9; good if it was between 0.9 and 0.8; acceptable
if it was between 0.8 and 0.7; questionable if it was between
0.7 and 0.6; poor if it was between 0.6 and 0.5, and unaccept-
able if it was under 0.5. A p value of 0.05 was used as the
threshold of statistical significance.

Results

Sensitometry

As expected, the greatest estimation errors were found with
inserts in the extremes of the densities evaluated (air and
Teflon) (Table 2). With both IR algorithms, there were no
estimation errors on inserts with intermediate densities (poly-
styrene and LDPE). With full MBIR, the mean error was
moderate for air and Teflon regardless of the acquisition dose
level. HIR showed substantial density estimation for Teflon in
all dose levels. With FBP in addition to inserts in the extremes
of density, there were errors with intermediate density LDPE
inserts with 35 and 250 mA acquisitions.

CNR was influenced by acquisition dose regardless of the
reconstruction algorithm. CNR improved as acquisition dose
was increased in materials of all densities. Compared to FBP
and HIR, the CNR of full MBIRwas significantly higher in all
materials and dose levels evaluated (p < 0.0015). These differ-
ences were particularly important in materials in the extremes
of density. For instance, with a 250 mA acquisition on air,
CNR was 78% and 150% higher for full MBIR with respect

Clinical prac�ce assessment ques�onnaire
1. How do you judge full MBIR image appearance compared to images 
reconstructed with HIR in your clinical rou�ne prac�ce?

2. How do you judge full MBIR image texture compared to HIR?

3. How do you judge full MBIR image noise level compared to HIR?

4. How do you judge full MBIR image diagnos�c confidence level 
compared to HIR?
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to HIR and FBP respectively. For Teflon, these figures were
94% and 214% (Fig. 4).

Spatial resolution

MTF analysis showed that for all dose levels, full MBIR spa-
tial resolution is higher for 10% and 50% MTF levels (be-
tween the frequencies of 0.4 and 0.8 lp/mm) with respect to
HIR and FBP. There was a gain in spatial resolution from FBP
to HIR for 10 and 50% MTF levels; however, the spatial
resolution of both these algorithms remained considerably
lower than that of full MBIR (Fig. 5). Visually, these spatial
resolution differences were only perceptible when full MBIR

was compared with HIR and FBP but not when HIR and FBP
were compared among themselves (Fig. 6).

Image texture

NPS analysis showed a shorter frequency distribution of sig-
nal with full MBIR, whatever the dose, with curve center on
lower frequencies. With FBP and HIR, the frequency band-
width was higher and curves were centered on higher frequen-
cies compared to full MBIR, which translates to a coarser
image texture for the latter algorithm. Image texture with
Full MBIR was also influenced by acquisition dose.
Regardless of the algorithm, decreasing the acquisition dose

Table 2 Sensitometry error
evaluation with FBP, HIR, and
full MBIR

Material 35 mA 100 mA 250 mA

Expected density Measured Error Measured Error Measured Error

Full MBIR

Air − 1046:− 986 − 963.5 > 5% − 965.8 > 5% − 969.9 > 5%

LDPE − 121:− 87 − 89.1 < 5% − 90.3 < 5% − 89.4 < 5%

Polystyrene − 65:− 29 − 33.5 < 5% − 32.4 < 5% − 35.1 < 5%

Teflon 941:1060 933.0 > 5% 937.5 > 5% 939.5 > 5%

HIR

Air − 1046:− 986 − 965.1 > 5% − 973.6 > 5% − 972.3 > 5%

LDPE − 121:− 87 − 87.2 < 5% − 88.8 < 5% − 87.8 < 5%

Polystyrene − 65:− 29 − 34.1 < 5% − 33.6 < 5% − 34.4 < 5%

Teflon 941:1060 861.1 > 10% 865.8 > 10% 863.3 > 10%

FBP

Air − 1046:− 986 − 957.2 > 5% − 962.8 > 5% − 965.1 > 5%

LDPE − 121:− 87 − 86.3 > 5% − 88.0 < 5% − 86,9 > 5%

Polystyrene − 65:− 29 − 33.1 < 5% − 33.3 < 5% − 33.8 < 5%

Teflon 941:1060 856.4 > 10% 858.9 > 10% 857.0 > 10%

LDPE low density polyethylene
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Full MBIR 250 HIR 250 FBP 250 Full MBIR 100 HIR 100 FBP 100 Full MBIR 35 HIR 35 FBP 35
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Fig. 4 CNR measurements in
four materials of different density
at three doses levels of 35 mA,
100 mA, and 250 mA
reconstructed with full MBIR,
HIR, and FBP. Note that the CNR
of full MBIR is higher in all
materials and all dose levels
evaluated
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led to an increase in the amplitude of the noise without mod-
ifying the peak nor the general aspect of the spectrum. As
there is more noise at lower frequencies, this results in in-
creased image texture coarseness (Fig. 7).

Low-contrast detectability

Objective analysis

At all dose levels, full MBIR performed better than HIR, with
mean CNR values of 1.29 ± 0.4 versus 0.72 ± 0.17

respectively. This translated into a median of 7 ± 1.63 inserts
detected with full MBIR and 4 ± 0.95 with HIR. The perfor-
mance of FBP (mean CNR of 0.48 ± 0.14 and median of de-
tected inserts of 2 ± 1.35) was slightly lower than that of HIR
(Table 3).

Subjective analysis

Full MBIR performed better than FBP and HIR at all dose
levels for the number of detected inserts (p < 0.0001) and
global score (p < 0.0001) (Fig. 8). This difference
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Fig. 5 MTF curves for full
MBIR, HIR, and FBP with four
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Full MBIR (blue curves) spatial
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50% MTF levels (between the
frequencies of 0.4 and 0.8 lp/mm)
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Fig. 6 Axial CT image
demonstrating the visual aspect of
the CTP528 module at the lower
dose level (35 mA) with the three
reconstruction algorithms
evaluated with a window level of
300 HU and a width of 2500 HU.
Note the clearer aspect of the
phantom gauges with full MBIR
(C) compared to FBP and HIR.
This effect is particularly well
seen at the 7 and 8 line pairs (lp)
gauges (arrows). Note also that
there is no perceptible change in
spatial resolution from FBP to
HIR; however, with full MBIR, a
perceptible improvement in
spatial resolution is seen
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increased as the dose was lowered and was greatest at the
lowest dose (35 mA) with a mean number of detected in-
serts of 2.85 ± 0.85 targets (out of five) with a global score
of 0.94 ± 0.35 with full MBIR compared to 1.35 ± 1.19
inserts detected with a global score of 0.4 ± 0.37 for HIR
and 1.3 ± 1.23 inserts detected with a global score of 0.37
± 0.35 for FBP. The mean number of detected inserts and
global scores of the three algorithms evaluated are present-
ed in Table 4. It should be noted that non-radiologists de-
tected more inserts than radiologists (mean number of de-
tected inserts of 3.5 ± 0.6 and 3.2 ± 0.9 respectively), with

a similar trend towards higher detection rates with full
MBIR (p = 0.0024).

Subjective image quality appreciation

Answer reliability was considered acceptable with a Cronbach
alpha value of 0.7. Seven out of 10 radiologists surveyed
judged the general appearance of full MBIR images slightly
worse than HIR and one radiologist graded it as much worse
(mean score 2.1 ± 0.5). Image texture with full MBIRwas also
considered slightly worse by six radiologists and much worse

Table 3 Objective evaluation of low-contrast detectability of 12 cylindrical inserts of four different diameters and three density levels each with the
three algorithms

CNR
threshold = 0.9

Full MBIR HIR FBP

Acquisition
protocol

CNR
mean

CNR
Sdev

Identified
inserts

CNR
mean

CNR
Sdev

Identified
inserts

CNR
mean

CNR
Sdev

Identified
inserts

250 mA 1.91 1.31 9 0.98 0.68 5 0.68 0.52 4

150 mA 1.66 0.95 9 0.84 0.52 4 0.59 0.41 4

120 mA 1.21 0.78 7 0.67 0.47 3 0.41 0.34 2

100 mA 1.15 0.75 7 0.58 0.41 4 0.42 0.31 1

70 mA 1.40 0.88 7 0.81 0.65 4 0.57 0.44 2

50 mA 0.88 0.61 5 0.72 0.35 4 0.43 0.33 1

35 mA 0.80 0.47 5 0.46 0.39 2 0.25 0.32 1

Mean 1.29 0.82 7.00 0.72 0.50 4.00 0.48 0.38 2.00

SD 0.40 0.27 1.63 0.17 0.13 0.95 0.14 0.08 1.35

CNR contrast to noise ratio, SD standard deviation, MBIR model-based iterative reconstruction, HIR hybrid iterative reconstruction, FBP filtered back
projection
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Fig. 7 NPS (noise power
spectrum) curves with full MBIR
(blue tone curves), HIR (red tone
curves), and FBP (green tone
curves) at three different dose
levels of 250 mA, 100 mA, and
35mA.Note that regardless of the
dose with full MBIR signal (blue)
is concentrated in a lower band-
width, which translates into im-
ages with a coarser texture (not
shown)
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by two (mean score 2.1 ± 0.8). Conversely, image noise level
with full MBIR was considered similar or slightly better by
seven out of 10 radiologists (mean score 2.8 ± 1.1). Finally,
diagnostic confidence level with full MBIR was considered
worse than HIR by five out of ten radiologists and identical by
four (mean score 2.2 ± 0.7). Only one radiologist considered
diagnostic confidence to be slightly better with full MBIR.

Discussion

The application of full MBIR yielded paradoxical results.
Compared to FBP and HIR, there was an overall improvement
in image quality with full MBIRwith a concomitant decrease in
the acceptance of full MBIR images by radiologists. The sensi-
tometry, spatial resolution, and CNR were improved with full
MBIR compared to the other tested algorithms and these differ-
enceswere higher at low dose levels which could translate into a

better performance in clinical practice. Objective assessment of
low-contrast detectability shows a superiority of full MBIR in
insert detection compared to HIR in all dose levels. Similarly,
subjective low-contrast detectability was better than HIR with a
significantly higher detection rate and global scores for both
radiologists and non-radiologists (p < 0.0001). These results
match previous literature reports and support the clinical use
of full MBIR, which also provides the highest potential to cope
with low dose protocols [2, 3, 16, 17].

Full MBIR is associated with changes in image texture
related to the fact that signal is distributed within a narrow
bandwidth of frequencies compared to HIR and FBP, which
accounts for a coarser image texture. We believe that this
texture change might influence the radiologist’s confidence
for image interpretation. Eighty percent of the participating
radiologists judged general quality of fullMBIR images worse
than HIR, half judged the image texture worse and 50% indi-
cated lower confidence in diagnosis when using full MBIR.

Table 4 Subjective analysis results for radiologists and non-radiologists. Up to five inserts could be identified and global scores ranged from 0 to 15

Detected inserts Global score Detected inserts Global score Detected inserts Global score Detected inserts Global score

Full MBIR 35 Full MBIR 70 Full MBIR 120 Full MBIR 250

Mean 2.85 0.94 3.4 1.17 3.65 1.25 3.6 1.35

SD 0.85 0.35 0.91 0.36 0.65 0.29 0.49 0.21

HIR 35 HIR 70 HIR 120 HIR 250

Mean 1.35 0.4 2.85 1.01 2.9 1.02 3.15 1.17

SD 1.19 0.37 0.48 0.17 0.77 0.31 0.48 0.19

FBP 35 FBP 70 FBP 120 FBP 250

Mean 1.3 0.37 1.35 0.41 2.7 0.91 2.7 0.93

SD 1.23 0.35 1.19 0.39 0.71 0.27 0.71 0.29

SD standard deviation, Insert number of identified inserts

a b 

c 

Fig. 8 CT images of the central
portion of the phantom’s CTP 404
module reconstructed with Full
MBIR (a), HIR (b), and FBP (c).
Images were acquired with the
250 mA acquisition protocol. The
three largest inserts are identified
in each image by the white
arrowheads. Note the differences
in noise, increasing from full
MBIR to HIR to FBP and image
texture which appears coarser in
full MBIR images compared to
HIR and FBP. Note also the
increase in conspicuency of the
inserts in full MBIR compared to
HIR and FBP
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These results contrast with the higher performance of full
MBIR in terms of spatial resolution and low-contrast detect-
ability found in the phantom study. Moreover, non-
radiologists with no familiarity with CT images detected more
low-contrast inserts than radiologists. It is likely that the
change in image texture generated by full MBIR, which trans-
lates to a plastic image appearance, has a negative effect on the
appreciation of full MBIR images for readers used to conven-
tional IR algorithms. In the studied population, this effect
seemed to overcome the potential diagnostic benefits of full
MBIR as in their clinical practice there was a clear preference
towards HIR among the radiologists. This information has
important potential implications since the increased awareness
of the potential benefits of full MBIR for abdominal imaging
despite the change in texture could help improve the accep-
tance of this algorithm in clinical practice. Moreover, this
information should be taken in consideration during the train-
ing programs of future radiologists.

Our results differ from those presented by Euler et al who
did not show any difference between MBIR and FBP recon-
structed images for low-contrast detection on abdominal CT
scans in a subjective analysis by 12 radiologists [18]. This
discordance might be explained by differences in the MBIR
algorithm used in the insert sizes evaluated, which were of
smaller size in the present study. Our results are, however, in
accordance with two other studies. Solomon et al showed
better performance of MBIR versus FBP for low-contrast de-
tection with low dose acquisitions and Gordic et al who also
reported a better performance of a MBIR algorithm for pul-
monary nodules detection [19]. In many of the previous stud-
ies however, MBIR algorithms are compared to FBP and not
to conventional IR algorithms which can be considered as
standard in today’s radiologic practice [20].

This study has some limitations that need to be acknowl-
edged. Firstly, a single MBIR algorithm and one type of CT
scanner model were evaluated. Although the basic principles
between MBIR algorithms are similar, different algorithms
and different scanner models might have a variable impact
on image quality and texture. Secondly, this was a phantom
study and it is important to keep in mind that image quality
improvements reported with full MBIR, including low-
contrast detectability, do not necessarily translate to a higher
diagnostic accuracy. The actual diagnostic impact of full
MBIR in clinical practice should be validated by further pa-
tient studies. Moreover, other factors affecting CT image qual-
ity on CT such as matrix size, FOV, patient body habitus, and
the presence of metal implants were not evaluated in this
study. These results cannot be directly transposed to CT im-
aging of other body regions such as lungs, cardiac, or bone,
which may require specific MBIR algorithms.

In conclusion, the evaluated full MBIR algorithm has the
potential to improve image quality and contribute to patient
dose reduction in abdominal CT studies, with more reliable

densitometry, higher spatial resolution for higher frequencies,
and better low-contrast detectability, particularly in lower dose
protocols. Although the radiologist’s acceptance of full MBIR
images was worse, the phantom diagnostic performance was
better with respect to conventional IR and FBP. Full MBIR
considerably alters image texture which may reduce confi-
dence in the reconstructed images and therefore have a poten-
tial impact on diagnostic performance.
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