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INTRODUCTION

The recent development of multidetector CT (MDCT) 
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Objective: To evaluate the impact of the adaptive iterative dose reduction (AIDR) three-dimensional (3D) algorithm in CT 
on noise reduction and the image quality compared to the filtered back projection (FBP) algorithm and to compare the 
effectiveness of AIDR 3D on noise reduction according to the body habitus using phantoms with different sizes.
Materials and Methods: Three different-sized phantoms with diameters of 24 cm, 30 cm, and 40 cm were built up using 
the American College of Radiology CT accreditation phantom and layers of pork belly fat. Each phantom was scanned eight 
times using different mAs. Images were reconstructed using the FBP and three different strengths of the AIDR 3D. The 
image noise, the contrast-to-noise ratio (CNR) and the signal-to-noise ratio (SNR) of the phantom were assessed. Two 
radiologists assessed the image quality of the 4 image sets in consensus. The effectiveness of AIDR 3D on noise reduction 
compared with FBP were also compared according to the phantom sizes.
Results: Adaptive iterative dose reduction 3D significantly reduced the image noise compared with FBP and enhanced the 
SNR and CNR (p < 0.05) with improved image quality (p < 0.05). When a stronger reconstruction algorithm was used, 
greater increase of SNR and CNR as well as noise reduction was achieved (p < 0.05). The noise reduction effect of AIDR 3D 
was significantly greater in the 40-cm phantom than in the 24-cm or 30-cm phantoms (p < 0.05).
Conclusion: The AIDR 3D algorithm is effective to reduce the image noise as well as to improve the image-quality parameters 
compared by FBP algorithm, and its effectiveness may increase as the phantom size increases.
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has caused an explosive growth in the number of CT 
examinations. This can be attributed to its wide availability, 
speed and diagnostic benefits (1, 2). Although the 
widespread use of MDCT examinations for the evaluation 
of various abdominal diseases may result in significant 
improved diagnostic performances, there has been 
considerable concern regarding the increased radiation 
exposure and the risk of radiation-induced cancer (3-5). 
In order to address the concerns regarding the radiation 
dose associated with CT, several approaches have been used 
to reduce the radiation dose, including automated tube 
current modulation, dynamically adjustable z-axis X-ray 
beam collimation and the use of a volumetric acquisition 
mode to reduce the over-ranging phenomenon (6-14). 
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However, despite the development of dose reduction 
technologies, dose reduction remains limited if filtered back 
projection (FBP) reconstructions are used (15). Indeed, 
FBP reconstructions create a significant increase in image 
noise when the dose is reduced excessively (16). More 
recently, several iterative reconstruction (IR) techniques, 
including ASIRTM, VeoTM (GE Healthcare, Waukesha, WI, USA), 
iDoseTM, iDose4TM (Philips Healthcare, Cleveland, OH, USA), 
and IRISTM and SAFIRETM (Siemens Healthcare, Forchheim, 
Germany) have been introduced with the attempt to solve 
this problem (17-19) and several studies demonstrated that 
IR techniques can achieve a significant dose reduction up 
to 66% compared with FBP reconstructions (6, 12, 15, 20).
However, some researchers have encountered image quality 
problems such as artificial texture or a blotchy appearance 
when high strength of IR is used. And profound changes 
in the image appearance with higher levels of iterative 
weighing could adversely affect the diagnostic confidence 
level (15, 21). Furthermore, this problem seemed to be 
more serious when a lower dose was used for patients with 
larger body size (22).

Recently, a three-dimensional (3D), adaptive iterative 
dose reduction (AIDR) algorithm (Toshiba Medical Systems 
Corporation, Otawara, Japan) which concerns raw-data-
based, statistical IR techniques and consists of a dual-
model, i.e., noise and anatomical technique, has been 
developed and can be applied to volumetric and wide-
volume modes (20). AIDR 3D is the manufacturer’s 
commercial hybrid IR algorithm which combines 
reconstruction and noise reduction in the raw data and 
image space domain. The adaptation of AIDR 3D to the 
diversities of various patients, the scanning parameters 
and the scanner itself is explicitly implemented using 
the statistical models of noise and the scanner model in 
to operate the projection data and by adapting the filter 
strength according to the relative noise level. In addition, 
in the image space, AIDR 3D uses a special algorithm of 
adaptive, weighted, anisotropic diffusion for de-noising 
with edge preservation in order to reduce noise while 
maintaining edge structures and noise texture. For the 
final new feature of AIDR 3D can be said to be that it is 
blending of the image initially reconstructed using the 
FBP algorithm and the image resulting from the iterative 
processing in the image space. The intention is to maintain 
the natural appearances of FBP which is already familiar 
to radiologists. In AIDR 3D processing, a statistical noise 
model considering both the photon and electronic noise, 

is used to eliminate noise caused by photon starvation in 
the projection data. Furthermore, the AIDR 3D technique 
has been designed to be fully integrated into the Automatic 
Exposure Control (SUREExposure, Toshiba Medical Systems 
Corporation, Otawara, Japan) (14). Therefore, theoretically, 
this technique can choose the amount of dose reduction 
(50–75%) for CT scanning, regardless of the patient’s body 
size and also can choose a different strength of IR as to 
improve the spatial resolution. However, there has been 
no definite proof whether the AIDR 3D technique can 
effectively reduce image noise even in large body habitus 
patients, similar to that which occurs in small body habitus 
patients until now. 

Therefore, the purpose of this study was to evaluate the 
impact of the AIDR 3D algorithm on noise reduction and the 
image quality compared to that of the FBP algorithm and 
to compare the effectiveness of AIDR 3D on noise reduction 
according to the body habitus using phantoms of different 
sizes.

MATERIALS AND METHODS

This phantom study was conducted to evaluate the impact 
of the AIDR 3D algorithm on the image quality compared to 
that of the FBP algorithm in phantoms mimicking different 
patient body sizes (20) and also to determine whether 
different strengths of AIDR can equally reduce the tube 
current in different-sized phantoms. 

Phantoms
The American College of Radiology (ACR) CT Accreditation 

Phantom (Gammex 464; Gammex Inc., Middleton, WI, 
USA), was used to create phantoms with varying sizes. 
It was originally designed for the ACR CT accreditation 
program. The phantom size was 20 cm in diameter and 16 
cm long. The matrix material was solid water with 0 ± 5 
Hounsfield units (HU). The phantom was composed of four 
modules and the first module was used in this study. The 
imbedded test objects in module 1 were a water-equivalent 
linearity rod (0 HU), bone equivalent linearity rod (955 
HU), air (-1000 HU), acrylic linearity rod (120 HU), and a 
polyethylene linearity rod (-95 HU).

In order to mimic the different body sizes of humans, 
we produced three phantoms of different sizes, i.e., 24 cm 
in diameter, 30 cm in diameter, and 40 cm in diameter by 
covering the ACR CT Accreditation Phantom with one to 
three layers of pork belly fat (Fig. 1). The smallest phantom 
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(24 cm in diameter) was made by directly covering the 
phantom with one layer of pork belly fat (2-cm thickness), 
thus mimicking a person with a waist circumference of 29.6 
inches. The medium-sized phantom (30 cm in diameter) 
mimicked an approximately 37-inch-waist size person and 
the largest phantom (40 cm in diameter) mimicked an 
approximately 49.4-inch-waist size person. The latter both 
were made by covering the ACR CT phantom with two layers 
of pork belly fat of 5-cm thickness and with three layers 
of pork belly fat of 10-cm thickness. All three layers were 
covered with plastic wrap and were taped to the ACR CT 
phantom.

CT Acquisition
CT scanning was performed on a 320-detector-row 

CT scanner (Aquillion ONE; Toshiba Medical Systems 
Corporation, Tokyo, Japan). The protocol consisted of 
acquisition of a CT volume data covering the entire 
phantom with eight different tube current values, i.e., 
100, 120, 140, 160, 180, 200, 250, and 290 mAs for all 
three phantom models. The detailed CT parameters were 
as follows: tube energy 120 kVp; collimation 80 x 0.5 mm; 
rotation time 0.5 seconds; and pitch 0.75. The computed 
tomography dose index (CTDI) and the dose length product 
(DLP) were recorded for each mAs. An automatic tube 
current modulation software (SureExposure 3D, Toshiba 
Medical Systems Corporation, Otawara, Japan) was not used 
as it can produce minor changes in the tube current-time 
product settings in each scan. Instead, eight fixed-tube, 
current-time product settings were used as they can deliver 
exactly the same image noise as predicted. Other benefits 
of the use of a fixed tube current technique could include 
better comparability and reproducibility with CT scanners 
from other manufacturers. The phantom was positioned 
within the isocenter of the CT scanner with its cross-section 
perpendicular to the scanner’s z-axis. 

Image Reconstruction
Then 4 different types of images were reconstructed 

for each scan using the traditional 3D FBP technique as 
well as the hybrid IR algorithm (AIDR 3D, Toshiba Medical 
Systems Corporation) using 3 different strengths, i.e., mild, 
standard or strong level. Therefore, 32 image sets were 
reconstructed for 3 different-sized phantoms and a total 
of 96 reconstructed image sets were obtained. The FBP 
and AIDR 3D data sets were reconstructed with the same 
reconstruction filter FC 04. 

Image Quality Evaluation
All images were analyzed on a Picture Archiving and 

Communication System (PACS) (Maroview 5.4, Infinitt, 
Seoul, Korea) using monitors with a spatial resolution of 
1600 x 1200 (Totoku Electric Co., Ltd, Kanagawa, Japan).

Quantitative Analysis
The image quality was quantitatively evaluated by 

measuring image noise, the signal-to-noise ratio (SNR), 
and the contrast-to-noise ratio (CNR). One reader drew 
the circular region of interests (ROIs) on module 1. To 
ensure consistency, all measurements were performed three 
times and the mean values were calculated. Module 1 of 
the phantom was built up for the evaluation of 5 different 
materials, i.e., polyethylene, bone, air, water and acryl. A 
total of 3 circular ROIs (2.0 ± 0.5 cm2) were drawn at the 
center of the different phantom composites, i.e., on the 
acryl (ROI #1), on the water portion in the center of the 
phantom (ROI #2) and in the background area adjacent to 
the measured target (ROI #3). All 3 ROIs were measured on 
the slice with a clearly shown alignment line of the module 
1 phantom.

As the noise corresponded to the measurement of the 
standard deviation (SD) of the measured HU of ROI #1, the 
acrylic phantom data was selected for assessing the SNR and 
the CNR as it may mimic attenuation features of soft tissue 
(20). The ratio between the mean attenuation value of ROI 
#1 (acrylic phantom) and the SD of ROI #1 corresponded 
to the SNR, which can be expressed as a equation: ROIm/
SDm, where ROIm is the CT number of the acrylic phantom 
and SDm is the SD of the acrylic phantom (23). Whereas the 
difference ratio in the mean attenuation of the two ROIs (ROI 
#1 and ROI #2) and the SD of ROI #2 (noise) corresponded 
to the CNR, which is calculated as follows: (ROIm - ROIB) / 
SDB, where ROIm and ROIB are the numbers of CT measured 
in the acrylic phantom and the background ROI and SD is 

Fig. 1. Images of three phantoms with different thicknesses 
of subcutaneous fat: 24-cm-diameter phantom (left); 30-cm-
diameter phantom (middle); and 40-cm-diameter phantom 
(right).
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the SD of the background (Fig. 2) (24). 

Qualitative Analysis
Under consideration of artifacts and using a five point 

scale, two blinded radiologists with 22 years respectively 3 
years of clinical experience in radiology jointly assessed in 
consensus the 96 image sets regarding image noise, lesion 
conspicuity and overall image quality. All CT images were 
reviewed on a PACS. Prior to the evaluation process, the two 
radiologists agreed in consensus regarding the evaluation 
criteria using a 5-point scale and with standard reference 
images for each grade. The representative images, scanned 
through module 1 of the ACR accreditation phantom and 
showing all 5 internal markers as well as the alignment 
markers, were selected for qualitative analysis (Fig. 3).

The overall image quality was graded using a 5-point 
scale in which a score of 5 indicated excellent; a score 
of 4, better than average; a score of 3, average; a score 
of 2, worse than average; and a score of 1, unacceptable 
diagnostic image quality (25). The image noise was 
graded according to the presence and amount of mottle 
or graininess in the images with use of a 5-point scale in 
which a score of 1 indicated unacceptable noise; a score 
of 2, above-average increased noise; a score of 3, average 
noise in an acceptable image; a score of 4, less than 
average noise; and a score of 5, minimum or no image 
noise. Lesion conspicuity of the alignment lines in module 
1 of the phantom were assessed using a 5-point scale as 

follows: a score of 1 indicated the definite presence of an 
artifact that mimicked a lesion; a score of 2, the presence 
of a suspicious lesion or an artifact that mimicked a lesion; 
a score of 3, the presence of a subtly noted lesion with ill-
defined margins; a score of 4, the presence of a clearly 
visible lesion with poorly visualized margins; and a score 
of 5, the presence of a clearly visible lesion with well-
visualized margins (26). 

Statistical Analysis
In order to demonstrate the effectiveness of the AIDR 

3D reconstruction algorithm with 3 different strengths to 
reduce image noise and improve the SNR and CNR compared 
to the FBP algorithm, the quantitative image parameters 
of the 4 image sets were compared for each of the 3 
phantoms, using the repeated measures analysis of variance 
(ANOVA) and the Bonferroni correction. In addition, the 
relative changes (%) in image noise, SNR and CNR in the 
AIDR 3D algorithm with 3 different strengths compared to 
the FBP, were analyzed using the repeated measures ANOVA 
and Bonferroni correction for each of the 3 phantoms. For 
these analysis of quantitative parameters, each of the 4 
image sets (AIDR 3D mild, standard, strong settings and 
FBP) of the 3 phantoms had 8 CT data sets, as those CT 
scans were obtained with 8 different tube current time 
products (100–290 mAs). A Bonferroni corrected p value < 
0.05 was regarded as statistically significant to compare the 
intergroup. Also a comparison of the qualitative analysis 

Fig. 2. Region of interest circles drawn for quantitative 
analysis of phantom study on CT image of 40-cm phantom 
reconstructed with filtered back projection at tube current 
time product of 200 mAs.

Fig. 3. CT image of module 1 of 40-cm phantom reconstructed 
with adaptive iterative dose reduction three-dimensional 
standard mode at tube current time product of 180 mAs, 
showing alignment line (arrows).
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results was performed among the 3 AIDR 3D image sets and 
the FBP image set. First the Friedman test was used and 
thereafter the Wilcoxon signed rank test to compare the 
intergroup. A p value < 0.017 was considered as statistical 
significant.

Secondly, to determine whether the effectiveness of the 
AIDR 3D algorithm was affected by the phantom size, the 
percentage of noise reduction of the AIDR 3D standard 
algorithm was compared with FBP in different-sized 
phantoms: i.e., 24 cm, 30 cm, and 40 cm in diameters, 
using ANOVA test with Bonferroni correction. The noise 
reduction could be expressed as an equation: 1 - (Noiseb 

/ Noisea). Noisea was the noise value of AIDR 3D, whereas 
Noiseb was the noise of FBP. For this comparison, the 
percentage of noise reductions of the AIDR 3D standard 
algorithm compared with FBP in each of the 3 phantoms 
was determined for with different tube current time 
products (100–290 mAs) for 8 CT scans.

All statistical analyses were performed using commercially 
available software (SPSS, version 17.0; SPSS Inc., Chicago, 
IL, USA).

RESULTS

The CTDIvol and the DLP (DLP = CTDIvol x scan length) of 
CT scans at each mAs were in range of 12.2–35.1 mGy and 
362.8–1052 mGy·cm, respectively.

Quantitative Analysis

Comparison of AIDR 3D and FBP for Image Noise, SNR 
and CNR

When the FBP and the 3 AIDR 3D reconstructed CT image 
sets of the 3 phantom models obtained with 8 different 
tube current values (100–290 mAs) were compared for 
noise, SNR and CNR, the noise values of the AIDR 3D 
reconstructed images, were lower than those of the FBP 
images regardless of the degree of strength. In addition, 
also the average CNR and SNR of the AIDR 3D images sets 
were higher than those of the FBP image sets (p < 0.05) 
(Table 1). 

When AIDR 3D was used, the relative changes in noise, 
SNR and CNR in percentages, confirm the raw data as well 
as all of the quantitative parameters improved greatly. And 
a better SNR, CNR and noise reduction were achieved when 
a stronger reconstruction algorithm was used (p < 0.05) 
(Table 2). In particular, in the 24-cm phantom model, an 
average of 11.7%, 22.6%, and 30.5% image noise reduction 
was achieved using the mild, standard and strong AIDR 3D 
techniques, respectively (Table 2). 

Impact of Body Habitus on the Effectiveness of AIDR for 
Image Noise Reduction

Regarding the degree of image noise reduction, the 
AIDR 3D technique was even more effective with the 40-
cm phantom than with 24-cm and 30-cm phantoms (Table 
3). The percentage of noise reduction of AIDR 3D was also 

Table 1. Noise, SNR, and CNR from Phantom Imaging in Different-Sized Phantoms

Phantom 
Size

Reconstruction
Method

24 cm 30 cm 40 cm
Average P* P1,2,3

† Average P* P1,2,3
† Average P* P1,2,3

†

Noise

FBP 9.63

0.001 < 0.05

16.53

0.002 < 0.05

30.69

0.001 < 0.05
Mild 8.46 12.025 20.78
STD 7.41 10.575 17.74
STR 6.66 9.368 15.20

SNR

FBP 13.45

0.011 < 0.05

7.49

0.013 < 0.05

3.10

0.001 < 0.05
Mild 15.22 10.23 5.40
STD 17.37 11.61 6.35
STR 19.33 13.10 7.41

CNR

FBP 12.17

0.001 < 0.05

7.80

0.001 < 0.05

3.52

0.001 < 0.05
Mild 13.85 9.84 5.93
STD 15.80 11.40 6.94
STR 17.62 12.68 7.63

Note.— Average values for all data using 100, 120, 140, 160, 180, 200, 250, and 290 mAs, respectively, are shown. *P value indicates 
p value from repeated measures analysis of variance, †P1,2,3 indicates that all three p values from Bonferroni correction are < 0.05. AIDR 
= adaptive iterative dose reduction, CNR = contrast-to-noise ratio, FBP = filtered back projection, Mild = AIDR mild reconstruction 
algorithm, SNR = signal-to-noise ratio, STD = AIDR standard reconstruction algorithm, STR = AIDR strong reconstruction algorithm, 24 = 
24-cm phantom, 30 = 30-cm phantom, 40 = 40-cm phantom, respectively  
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greater in 30-cm phantoms than in 24-cm phantoms (p < 
0.05). The average percentage of noise reduction of the 
AIDR 3D standard setting compared with FBP in 24-cm, 30-
cm, and 40-cm phantoms was 22.6%, 35.9%, and 51.3%, 
respectively. Compared to the 24-cm phantom model (noise 
reduction range: 17.1–28.4%), the 30-cm phantom showed 
even greater noise reduction (range: 31.6–42.3%) when the 
AIDR 3D algorithm was used, and the 40-cm phantom model 
showed the most noise reduction (range: 46.6–57.9%) 

when using the AIDR 3D algorithm, compared to the other 
phantoms (p < 0.05). Regarding the noise reduction, the 
AIDR 3D reconstruction algorithm was more effective in 
larger-sized phantoms (p < 0.05). 

Qualitative Analysis
According to the consensus review by the two radiologists 

regarding the image noise, lesion conspicuity and the 
overall image evaluation of all 3 different-sized phantoms 

Table 3. Comparison of Effectiveness of AIDR 3D Standard Setting on Noise Reduction Depending on Phantom Size

Tube Current-
Time Product
(TCTP, mAs)

CTDI DLP
Noise Level % of Noise Reduction 

with AIDR 3D StandardFBP AIDR Standard
24 cm 30 cm 40 cm 24 cm 30 cm 40 cm 24 cm 30 cm 40 cm P*, P1,2,3

†

100 12.2 362.8 12.71 20.73 51.22 9.09 13.78 21.57 28.48 33.53 57.89
120 14.6 435.3 11.55 19.51 39.88 9.07 12.41 21.29 21.47 36.39 46.61
140 17.1 507.9 10.98 18.79 38.90 8.32 10.84 19.56 24.23 42.31 49.72
160 19.5 580.4 9.54 16.71 38.32 7.05 10.42 18.36 26.10 37.64 52.09
180 21.9 653.0 8.80 15.72 37.48 6.95 10.36 17.62 21.02 34.10 52.99
200 24.4 725.5 8.09 14.61 31.55 6.68 9.99 15.88 17.43 31.62 49.67
250 30.5 906.9 8.01 14.02 28.20 6.64 8.47 14.23 17.10 39.59 49.54
290 35.1 1052.0 7.33 12.18 27.99 5.50 8.33 13.43 24.97 31.61 52.02

Average 9.63 16.53 36.69 7.41 10.58 17.74 22.60 35.85 51.32
< 0.001, 

P1,2,3 < 0.001
Note.— *P value indicates differences in % of noise reduction after using AIDR standard setting compared with FBP, depending on size 
of phantoms by repeated measures analysis of variance test, †P1, P2, and P3 indicates p values from Bonferroni correction: P1 represents 
difference in % of noise reduction with AIDR standard setting between 24 cm and 30cm phantom; P2 represents difference in % of noise 
reduction with AIDR standard setting between 24-cm and 40-cm phantom; and P3 represents difference in % of noise reduction with 
AIDR standard setting between 30-cm and 40-cm phantom, respectively. AIDR = adaptive iterative dose reduction, CTDI = computed 
tomography dose index, DLP = dose length product, FBP = filtered back projection, TCTP = tube current-time product, 3D = three-
dimensional, 24 cm = 24-cm phantom, 30 cm = 30-cm phantom, 40 cm = 40-cm phantom

Table 2. Effectiveness of AIDR 3D Algorithm with Three Different Strengths for Image Noise Reduction and Improvement of SNR 
and CNR in Different-Sized Phantom Models

Relative Changes in Noise, SNR, and CNR with AIDR Techniques Compared with FBP
P P1 & P2

Mild STD STR

Noise
24 cm -11.66 -22.60 -30.51 0.001 0.001
30 cm -27.18 -35.85 -43.19 0.001 0.001
40 cm -42.95 -51.32 -58.20 0.001 0.001

SNR
24 cm 13.56 29.60 44.22 0.001 0.001
30 cm 36.86 55.47 75.37 0.001 0.001
40 cm 75.47 106.08 140.95 0.001 0.001

CNR

24 cm 13.58 29.81 44.97 0.001 0.001
30 cm 31.01 51.74 68.83 0.001 0.001

40 cm 70.47 99.32 113.87 0.001
P1 < 0.001, 
P2 < 0.05

Note.— Average values for all data using 100, 120, 140, 160, 180, 200, 250, and 290 mAs, respectively, are shown. Values indicate 
percentage of relative decrease or increase of noise, SNR or CNR after applying different strengths of AIDR techniques: negative values 
indicate decrease of value in percentage, whereas positive values indicate increase of value in percentage. P1 indicates difference in 
noise reduction between Mild and Standard settings compared with FBP, and P2 indicates difference in noise reduction between Standard 
and Strong setting compared with FBP. AIDR = adaptive iterative dose reduction, CNR = contrast-to-noise ratio, FBP = filtered back 
projection, Mild = mild reconstruction algorithm, SNR = signal-to-noise ratio, STD = standard reconstruction algorithm, STR = strong 
reconstruction algorithm, 3D = three-dimensional
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with 24 cm, 30 cm, and 40 cm, we obtained the following 
results (Table 4).

In the 30-cm phantom model, the image noise 
significantly improved with the AIDR 3D compared to that 
of the FBP (p < 0.017), although the overall image quality 
was significantly different between the FBP and the AIDR 
3D strong reconstruction mode (p < 0.017) only. Moreover, 
the lesion of conspicuity also improved with standard and 
strong settings of AIDR 3D if compared to FBP (p < 0.017). 
For the 40-cm phantom model, both the image noise and 
the overall image quality improved with the use of the AIDR 
3D standard and strong settings (p < 0.017) (Fig. 4). Also, 
in particular, the image noise, improved with all AIDR 3D 
algorithms in 40-cm phantom (p < 0.017). With regard to 
the lesion conspicuity, there was significant improvement 
in the 30-cm phantom with standard and strong AIDR 3D 
algorithms only. Strong mode had the greatest overall 
image quality score in the 40-cm phantom (p < 0.017) and 
a similar tendency was shown in the 30-cm phantom (p < 
0.17). However, in the 24-cm phantom, although the image 
quality improved with the strength increase of the AIDR 
3D algorithm, no significant distinction in image quality 
resulted (p > 0.05) statistically speaking. The impact 
of AIDR 3D algorithm on noise, lesion conspicuity and 
image quality were different according to phantom size by 
qualitative assessment. 

DISCUSSION

In our study, AIDR 3D was able to significantly lower the 
image noise. It enhanced SNR and CNR in variable phantoms 

without image-quality degradation and achieved better 
image quality in a large-sized phantom also. According to 
a previous study (27), the noise index as the parameter 
indicative of the level of image noise, is proportional to 
the inverse square root of the dose. Therefore, a reduction 
of the tube current time product with AIDR 3D is expected 
compared with FBP while maintaining the same image noise 
and equivalent image quality. For example, in our study, the 
stronger AIDR reconstruction method significantly reduced 
the image noise level in a range of 12–58% if compared 
to the FBP reconstruction method. In addition, the AIDR 
3D strong setting significantly enhanced CNR in a range of 
45–114% in all three phantoms also. Our study results are 
in good agreement with those of previous studies regarding 
IR algorithms. Also it demonstrates that they not only 
reduce the radiation dose without image deterioration, but 
also reduce image noise as well as improving both the SNR 
and the CNR (20, 28, 29).

Also our study presents with regard to the image quality 
assessment for AIDR 3D and FBP, that AIDR 3D provided 
improved image noise if compared with that of FBP 
reconstruction at the same tube current time product. 
Furthermore the study demonstrated that AIDR 3D provided 
at least a similar image quality at the same time-tube 
current product to FBP, regardless of the strength of the 
AIDR reconstruction. Also the AIDR 3D strong setting 
showed better image quality than FBP in the 40-cm 
phantom. Considering the image quality of FBP technique 
can be lower in patients with large body habitus if 
compared with patients with small and intermediate body 
habitus, due to an increased noise and inadequate image 

Table 4. Qualitative Analysis Results of AIDR 3D Image Sets and FBP Image Set in Different-Sized Phantoms

Phantom Size Analysis Item
Reconstruction Algorithm

P*, P1,2,3
†

FBP AIDR-Mild AIDR-STD AIDR-STR

24 cm
Image noise 4.13 ± 0.99 4.63 ± 0.52 4.88 ± 0.35 4.88 ± 0.35 0.013, P1,2,3 > 0.017
Lesion conspicuity 4.75 ± 0.46 4.88 ± 0.35 4.88 ± 0.35 4.88 ± 0.35 0.392
Overall image quality 4.13 ± 0.99 4.63 ± 0.52 4.75 ± 0.46 4.75 ± 0.46 0.012, P1,2,3 > 0.017

30 cm
Image noise 3.00 ± 0.76 4.00 ± 0.76 4.00 ± 0.76 4.50 ± 0.93 0.001, P1,2,3 < 0.017
Lesion conspicuity 3.13 ± 0.99 3.75 ± 0.89 3.88 ± 0.83 4.00 ± 0.76 0.001, P2,3 < 0.017
Overall image quality 2.50 ± 0.76 3.38 ± 1.19 3.88 ± 1.25 4.00 ± 1.07 0.001, P3 < 0.017

40 cm
Image noise 2.13 ± 0.83 3.25 ± 1.04 3.88 ± 0.83 4.00 ± 0.76 0.001, P1,2,3 < 0.017
Lesion conspicuity 1.50 ± 0.53 2.00 ± 0.76 2.38 ± 0.92 2.38 ± 0.92 0.002, P1,2,3 > 0.017
Overall image quality 2.00 ± 0.76 2.50 ± 0.53 3.13 ± 0.83 3.50 ± 0.76 0.001, P2,3 < 0.017

Note.— Values presented indicate mean ± standard deviation. *P values indicate result of Friedman test, †P1, P2, and P3 indicate result of 
Wilcoxon test: P1 indicates difference between FBP and AIDR-mild reconstruction mode; P2 indicates difference between FBP and AIDR-
standard reconstruction mode; and P3 indicates difference between FBP and AIDR-strong mode, respectively. AIDR = adaptive iterative 
dose reduction, FBP = filtered back projection, Mild = mild reconstruction algorithm, STD = standard reconstruction algorithm, STR = 
strong reconstruction algorithm, 3D = three-dimensional
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contrast due to underpenetration of X-rays, the superior 
results of AIDR 3D in the large phantom could be attributed 
to a significant reduction of noise and an enhancement 
of contrast within a strong setting (7). Therefore, we may 
expect within the same noise level, the radiation dose 
which is required to produce an image should diminish with 
the use of the AIDR 3D technique. Currently, IR technique 
modifications are often being installed in numerous types 
of CT scanners, although their implementation differs for 
each manufacturer. ASIR (GE Healthcare), iDOSE (Philips 
Healthcare), and SAFIRE (Siemens Healthcare) techniques 
require the choice of a percentage of the mixture between 
FBP and IR images, and the dose reduction as well as 
the final image quality depend on these parameters (20, 
23, 30-33). However, until now, the changes of imaging 
characteristics with the use of various IR techniques 
may affect the CT performance for a diagnosis finding as 

choosing a too large percentage of ASIR or a too high 
strength of the SAFIRE or iDOSE techniques could result in 
image over-smoothing or plastic image features caused by 
the changes in the image noise spectra (16, 34). According 
to a previous study on AIDR (20), AIDR 3D may be less 
susceptible to the imaging over-smoothing effect as it 
automatically chooses the number of iteration. Therefore, 
if we can reproduce these phantom results in the actual 
clinical setting, it would be beneficial as we could reduce 
the radiation dose while maintaining the image quality.

We also evaluated the effectiveness of the AIDR 3D 
technique according to different patient body sizes using 
the different-sized phantoms which were specially designed 
to mimic patients’ different body sizes. Regardless of the 
phantom size, the AIDR 3D technique improved the image 
quality by reducing image noise as well as improved the 
SNR and CNR compared with FBP techniques. In addition, 

A

C

B

D
Fig. 4. CT images of 40-cm phantom scanned with tube current time product of 180 mAs reconstructed with filtered back 
projection (A), adaptive iterative dose reduction three-dimensional mild (B), standard (C), and strong modes (D). 
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the percentage of noise reduction of AIDR 3D was greater 
in the 30-cm phantom than in the 24-cm phantom also: 
the average percentage of noise reduction of AIDR 3D 
standard setting compared with FBP in 24-cm, 30-cm, and 
40-cm phantoms were 23%, 36%, and 51%, respectively. 
Furthermore, the effectiveness of the AIDR 3D algorithm on 
image noise reduction compared with FBP was greater in the 
40-cm phantom compared with 24-cm or 30-cm phantoms. 
Also the effect of image noise reduction by AIDR 3D 
algorithm compared with FBP technique was confirmed by 
the reviewers in our qualitative analysis. However, although 
quantitative results demonstrated that AIDR 3D could 
enhance SNR and CNR significantly compared with FBP by 
reducing image noise, an overall image quality improvement 
by AIDR 3D was achieved only with some algorithm in the 
30-cm and 40-cm phantom, mimicking large body habitus 
patients. Although AIDR 3D provided at least similar or 
slight better image quality than FBP, it failed to achieve 
better image quality than FBP in the 24-cm phantoms. We 
could conclude from these results that the effect of the 
AIDR 3D algorithm may increase as patients’ body size 
increases, and a stronger IR setting of AIDR 3D could be 
more beneficial than other settings in patients with large 
body habitus due to its stronger noise reduction effect.

Our study had several limitations. First, the used 
phantoms were modifications of the ACR CT accreditation 
phantom using pork belly fat. As the ACR phantom is 
designed to be used for CT accreditation programs, the 
phantom may not effectively represent the actual clinical 
scenario seen in humans. Second, we analyzed only the 
acrylic material and the background of the phantom among 
the 4 modules of the ACR phantom, although module 
1 contained several materials such as bone, air, water, 
polyethylene and acryl. Third, although we used pork-belly 
fat in order to mimic the different body sizes of human 
beings, the content of pork-belly fat might differ from that 
of the human abdominal wall. Fourth, the evaluation on 
the cons of the IR imaging, such as over-smoothing effect, 
artificial texture and blotchy appearance, have not been 
discussed in this study. Therefore, a further study should be 
performed for a more accurate comparison of AIDR 3D to 
other imaging methods. Fifth, the diagnostic effectiveness 
of the AIDR 3D data set was not assessed in comparison 
with the FBP data set. Instead, we performed an assessment 
of technical efficacy, in terms of image quality, SNR and 
CNR for dose reduction only. A further study should be 
performed on the diagnostic performance of IR algorithms 

in order to demonstrate its real clinical value in comparison 
with the conventional FBP algorithm. Last, we did not use 
the automatic dose-modulation technique with AIDR 3D 
technique in our study although the AIDR 3D algorithm 
can be used with the automatic dose-modulation technique 
(SUREExposure controls 3D, Toshiba Medical Systems 
Corporation). When AIDR 3D is used together with the 
automatic dose-modulation program (SUREExposure controls 
3D, Toshiba Medical Systems Corporation), it may simplify 
the workflow and theoretically it is less concerned with 
image smoothing together with radiation-dose reduction 
(20). 

In conclusion, our phantom study shows that compared to 
traditional FBP images, the AIDR 3D algorithm is effective 
for reducing the image noise level as well as improving the 
image-quality parameters, such as the CNR and SNR. The 
effectiveness of the AIDR 3D algorithm may increase as a 
phantom size increases. However, further clinical evaluation 
is required in order to confirm the effectiveness of dose 
reduction on image-quality preservation when using AIDR 
3D. 
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