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Characteristics of Universal Iterative Image Reconstruction Software for Ultra-High
Resolution Computed Tomography: Comparison with Hybrid Iterative Reconstruction
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[Summary]

High-resolution images can be obtained using ultra-high resolution CT (Aquilion Precision). However, when a small
focal spot is used, an increase in image noise is a concern from the perspective of output limitation. Iterative reconstruc-
tion (IR) and hybrid IR are reconstruction processing techniques that are useful in reducing image noise, but CT systems
from different manufacturers have their own characteristic differences. Universal iterative image reconstruction software,
SafeCT, has been introduced to the market in recent years. It performs iterative reconstruction from output images in a
digital imaging and communication in medicine (DICOM) format instead of from projection data. The purpose of the
present study was to examine the usefulness of SafeCT in noise reduction of ultra-high resolution CT images by compar-
ing the physical characteristics with those of a hybrid IR system. Images of a TOS phantom were taken at 10 mAs (low
dose) and 100 mAs (normal dose).Three types of data sets were created from image reconstruction using filtered back
projection (FBP) and hybrid IR and from FBP images processed using SafeCT. Noise and resolution properties were eval-
uated using noise power spectrum (NPS) and modulation transfer function (MTF), respectively. For SafeCT only, NPS
and MTF were evaluated by iterative strength level. The NPS values for hybrid IR and SafeCT were the same up to 0.2
cycles/mm at the low dose. However, they were lower for hybrid IR in the higher spatial frequency range. At the normal
dose, NPS was lower for SafeCT up to 0.80 cycles/mm but was lower for hybrid IR in the higher spatial frequency range.
When NPS was examined by iterative strength, NPS did not change as the strength increased in the low frequency range
but was very low in the high frequency range. The MTF value was highest for FBP, followed by SafeCT and then hybrid IR
at the low dose. MTF of SafeCT was higher than that of hybrid IR at the normal dose, and there was no significant differ-
ence between MTF of FBP and SafeCT.There was no difference in MTF by iterative strength level. This study showed that
SafeCT is useful in ultra-high resolution CT images to reduce image noise independent of the frequency while maintain-
ing high resolution.
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Fig.1 Overview of SafeCT
The input image is divided into noise and signal by nonlinear noise reduction processing.
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Fig.2 Overview of TOS phantom

(a) A phantom with a body axis of 25 cm (18 cm in
diameter) is composed of a water phantom and a
TOS. Noise characteristics were calculated in the
water phantom part and resolution characteristics
were calculated in the TOS part.

(b) TOS consists of 5 types. In this study, acrylic parts
were used to measurement of modulation transfer
function (MTF).
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Fig.3 Evaluation method of physical properties
(a) Measurement of standard deviation (SD) in the water part was calculations were made using five ROIs with a diameter

of 8 mm.

(b) Measurement of noise power spectrum (NPS) in the water part was calculated by the radial frequency method.
(c) Measurement of modulation transfer function (MTF) in the acrylic part was calculated by the circular edge method.
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Table 1 Comparisons of standard deviation (SD)
for each parameter

The higher the parameter strength, the lower
the SD.

FBP default  soft+  soft++ soft+++
10mAs 139.9 86.6 59.6 46.1 33.1
100mAs 38.8 20.6 14.0 10.7 7.4

Table 2 Comparisons of noise reduction rate (%)
for each parameter

The noise reduction rate of each parameter of
SafeCT does not depend on the dose.

default soft+ Soft++ SOft+++
10mAs 40 60 70 79
100mAs 4 61 71 80
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Fig.4 Comparisons of NPS

(a) 10mAs (b) 100 mAs
SafeCT is independent of dose and reflects the frequency characteristics of filtered back projection (FBP).
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As the processing intensity increases, the value decreases The MTF of each parameter was consistent with FBP.
at high frequencies. Changing the SafeCT parameters does not affect the

resolution.
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Fig.6 Comparisons of MTF

(@) 10 mAs (b) 100 mAs
SafeCT does not change with dose like AIDR3D.
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Fig.8 Clinical case of abdomen CT images

(a) FBP (b) AIDR3D (c) SafeCT
The sense of discomfort in the texture is less with SafeCT than with AIDR3D.
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