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Introduction: The utility of evaluating a sagittal view of CT of the spine is well-known. In many clinical
cases, the sagittal view includes noise generated from surrounding objects and may degrade the image
quality. Iterative reconstruction (IR) techniques are useful for noise reduction; however, they can reduce
spatial resolution. The aim of this study was to evaluate the effectiveness of the adaptive statistical
iterative reconstruction (ASiR) for generating sagittal CT images of the spine when compared to filtered
back projection (FBP).
Methods: The image quality of clinical images from 25 patients were subjectively assessed. Three radi-
ologists rated spatial resolution, image noise, and overall image quality using a five-point scale. For
objective assessment, z-direction modulation transfer function (z-MTF) was measured using a custom-
made phantom. Additionally, z-axis noise power spectrum (z-NPS) was measured using a water phan-
tom. An improved adaptive statistical iterative reconstruction algorithm called ASiR-V was used in this
study. Blending levels were 50%, and 100% (ASiR-V50, ASiR-V100, respectively).
Results: For subjective assessments, images using ASiR-V100 were determined to have the best overall
image quality, despite having received the worst score in the assessment of spatial resolution. For
objective assessments, the image using ASiR-V50 and ASiR-V100 curves were slightly degraded in terms
of low contrast z-MTF when compared to FBP.
Conclusion: ASiR-V was effective to improve the image quality when compared with FBP when reviewing
sagittal reformats of the spine.
Implications for practice: This study suggests that high resolution is not the only thing that is key when
reviewing sagittal CT spinal reformats. Such images should be provided as part of routine CT spine
protocols, where available.
© 2020 The College of Radiographers. Published by Elsevier Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Computed tomography (CT) scanning using a bone kernel is
useful for evaluating bone pathology, including fractures, tumours
and malalignment and is an essential part of medical care.1,2

Using a high-resolution reconstruction kernel, i.e. a bone kernel,
the image noise typically stands out because there is a trade-off
between image noise and spatial resolution.3 Image using a high-
resolution kernel can contain significant levels of noise due to the
higher spatial resolution. On the other hand, images using a soft or
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standard kernel generally contain lower spatial resolution but also
less noise.

Multiplanar reformations (MPR) of CT data is useful for aiding
image interpretation4 and is especially important for CT examina-
tions of the spine. The evaluation of sagittal CT reformats of the
spine can be useful when evaluating spinal diseases and in-
juries.2,5,6 Streak artefacts may be apparentwhen observing sagittal
views of the spine, such artefacts are generated from surrounding
high attenuation objects such as the shoulder joints, abdominal
organs, and fat and they may degrade the image quality.7 Steak
artefacts are a type of image noise, as such noise reduction tech-
nique will potentially be useful when reconstructing the image.
Iterative reconstruction (IR) is one of the possible noise reduction
techniques.8e10 As described previously, there is a trade-off be-
tween noise and spatial resolution; therefore, even when reducing
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noise through IR, some papers have reported subsequent image
blurring.11,12 The effect of using IR for reducing noise on sagittal CT
reformats is not well reported. Thus, the aim of this study was to
explore the effect and utility of using adaptive statistical iterative
reconstruction (ASiR) (GE Healthcare, Milwaukee, WI, USA) for
generating sagittal CT reformats of the spine.
Methods

This study was approved by the Ethics Committee of Tottori
University Hospital. The requirement to obtain informed consent
from each patient was waived due to the retrospective nature of
data collection.

All the images in this study were acquired using a GE Revo-
lution 256-slice CT scanner (GE Healthcare, Milwaukee, WI, USA).
Sagittal CT reformats for all evaluated images were generated
with a 2.0 mm slice thickness and a 2.0 mm increment (no
overlap). Reformats were obtained from 0.625 mm thick axial
images acquired with a bone plus kernel and were reconstructed
initially using FBP. Additional datasets with generated using
ASiR-V with 50% and 100% blending levels (ASiR-V50, ASiR-V100,
respectively). A field of view of 20 cm was set for the axial
acquisitions.

The scan parameters to obtain the clinical images for subjective
assessment were held constant and used a helical scanning mode:
120 kVp, 0.5 s rotation time, 0.992:1 pitch and a 256 � 0.625 mm
detector configuration. Scanning used the automatic exposure
control (AEC) and a 10.0 noise index was set.
Image quality assessments

For objective assessments, all the scan parameters were same as
the subjective assessment except the tube current. This was set at
70 mA which adjusted the clinical image noise setting using AEC.
Beforehand, the standard deviation (SD) was measured on several
images using a water phantom, this aided determining the tube
current that would produce the same image noise levels for the
subjective assessments.

For subjective assessments, the image quality of 25 clinical
images from 25 patients (13 men and 12 women mean ± SD age,
68.5 ± 11.5 years, mean ± SD body mass index 21.0 ± 3.3) were
assessed. Clinical images were acquired using a consecutive neck
to pelvis CT technique and were graded by three radiologists
(H.Y., A.M., and S.Y., with 9, 6, and 20 year of experience,
respectively) for spatial resolution, image noise, and overall im-
age quality using a five-point scale. Images were randomly dis-
played one at a time on a liquid crystal display monitor, and the
radiologists scored them independently. The observers were not
informed of the image reconstruction technique or the patients'
clinical data. Window level and width were set at 200 and 2000.
A five-point scale was used to grade the images as follows:
sharpness: 1 ¼ blurry image, 2 ¼ below average spatial resolu-
tion, 3 ¼ average spatial resolution, 4 ¼ above average spatial
resolution, and 5 ¼ high spatial resolution; image noise was
ranked: 1 ¼ unacceptable image noise, 2 ¼ above average noise,
3 ¼ average image noise, 4 ¼ less than average noise, and
5 ¼ minimal image noise; and overall image quality: 1 ¼ poor,
2 ¼ fair, 3 ¼ average, 4 ¼ good, and 5 ¼ excellent image quality.
The higher the score, the better the image quality. A Wilcoxon
signed-rank test with Bonferroni's correction was used to assess
the differences for these subjective assessments.
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Objective assessments

Measuring z-MTF
z-directionmodulation transfer function (z-MTF)wasmeasured to

estimate craniocaudal axis resolution using a custom-made phantom
which had three contrast objects that were set in a cylindrical water
phantom (Fig. 1). These objects were resin plates made from poly-
carbonate (PC), polyethylene terephthalate (PET), and polyvinyl
chloride (PVC) and produced three different Hounsfield Unit (HU)
images (PC:88HU(lowcontrast), PET: 147HU(mediumcontrast), and
PVC: 790 HU (high contrast) respectively). From the resultant images,
three types ofMTFcurveswereplotted todisclose spatial resolutionof
the different (low, medium, and high) contrast images. Objects were
placed obliquely to the z-axis in the water phantom and were each
scanned five times. Scanned images were reformatted to 2.0 mm
sagittal images (2.0 mm increments) which were used for measuring
z-MTF using the slant-edge method.14 The calculation software used
was CTmeasure (Japanese Society of CT Technology) and first a region
of interest (ROI) was set on the sagittal image (boundary between the
water and the plastic plate). Next an edge profile was plotted andwas
used to obtaina line spread function (LSF). Finally, themeasured value
was calculatedusing a Fourier-transform toplot theMTFcurve (Fig.1).

Measuring z-NPS
We also measured z-axis noise power spectrum (z-NPS) to inves-

tigate z-axis image noise. To do this, we scanned a cylindrical water
phantom to acquire axial images and then reformatted them 2.0 mm
thick (2.0 mm increment). We used 11 sagittal images to plot z-NPS
curves using radial frequency method on the CTmeasure software.

Results

Subjective assessments

Themean± SD scores for the spatial resolution assessment were
3.4 ± 0.6 (FBP), 3.4 ± 0.6 (ASiR-V50), and 3.1 ± 0.7 (ASiR-V100)
(Table 1). There were statistical significances between ASiR-V50 vs.
ASiR-V100 (P < 0.05), and FBP vs. ASiR-V100 (P < 0.001); however,
there were no significant differences between FBP vs. ASiR-V50. In
terms of the assessment of image noise, the average ± SD scores
were 2.1 ± 0.4 (FBP), 2.7 ± 0.6 (ASiR-V50), and 3.5 ± 0.6 (ASiR-V100)
(Table 1). Statistically significant differences were observed be-
tween all comparisons (P < 0.001, respectively). Regarding overall
image quality, the average± SD scores were 2.7± 0.8 (FBP), 3.1 ± 0.8
(ASiR-V50), and 3.4 ± 0.7 (ASiR-V100) (Table 1). Again, statistically
significant differences were observed between all comparisons
(FBP vs. ASiR-V50 (P < 0.05). ASiR-V50 vs. ASiR-V100 (P < 0.05), and
FBP vs. ASiR-V100 (P < 0.001).

Objective assessments

Concerning z-MTF: ASiR-V50 and ASiR-V100 curves were
slightly degraded in terms of low contrast z-MTF when compared
with FBP. However, these two curves did not differ much when
compared to the FBP curve for medium and high contrast z-MTF
(Fig. 2). The z-NPS curve showed that as ASiR-V blending levels
were increased, the lower the image noise (Fig. 3) matching the
results of the subjective assessment.

Discussion

For the subjective assessments, ASiR-V100 received the highest
score in the evaluation of overall image quality despite it having
received theworst scores for spatial resolution. One possible reason
could be that the radiologists might not require high resolution



Figure 1. 【Upper left】 The appearance of a custom-made phantom. 【lower left】 The objects made by PET (➀), PC (②), and PVC (③) to obtain the three types of contrast slanted
edge images. These were put into a water phantom. 【right】 The process of drowing z-MTF curve using “CT measure”. (a) ROI was set on the sagittal slanted edge image (low
contrast image using PET [left], medium contrast image using PC [center], and high contrast image using PVC [right]). (b) The edge profile was plotted. (c) Transformed curve of LSF.
(d) Plotted z-MTF curve.

Table 1
The average scores in subjective assessment.

Rater 1 Rater 2 Rater 3 Average

Spatial Resolution
FBP 3.0 3.7 3.6 3.4
ASiR-V50 3.0 3.5 3.7 3.4
ASiR-V100 2.9 2.6 3.6 3.0

Images Noise
FBP 2.0 2.2 2.2 2.1
ASiR-V50 2.6 2.4 3.0 2.7
ASiR-V100 3.1 3.4 4.0 3.5

Overall Image Quality
FBP 2.1 3.0 3.0 2.7
ASiR-V50 2.6 3.1 3.6 3.1
ASiR-V100 3.1 3.2 3.9 3.4

Figure 2. z-MTF curves of low (a), mediu
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levels for sagittal CT views of the spine. Using axial CT images,
visualisation of bone trabecula andmicrofractures are important, in
these instances high-resolution must be prioritized even at the
detriment of increased image noise.15 However high-resolution
images may not always be necessary for sagittal reformats of the
spine, such tasks may include spinal alignment,6 detecting bone
metastasis and observing vertebral or spinous fractures.16 Mahnken
and colleagues reported on their study using CT spine for evalu-
ating multiple myeloma.17 Their study included lesions with a size
of 5e10mm and illustrates one example of sagittal CT reformats not
only for observing extremely small substances or structures.
Furthermore, they recommended using a high tube current when
acquiring the clinical images. References to image noise and
m (b), and high (c) contrast images.



Figure 3. z-NPS curves.

Figure 4. The noise reduction of the part of the cervical and lumber spine on FBP (left),
ASiR-V50 (center), and ASiR-V100 (right) image.

M. Tsuda, H. Yunaga, A. Murakami et al. Radiography 27 (2021) 768e772
increased tube potential, we interpret, as suggesting that noise
could become a problem when evaluating lesions. To maintain
spatial resolution is important for image reconstruction, however
for sagittal CT views of the spine, a careful balance between noise
and spatial resolution is required. Marius and colleagues16 docu-
mented that a mid-resolution kernel is more suitable than a high-
spatial frequency kernel for noisy images. This again explains the
importance of balancing noise and resolution.

In our study, ASiR-V images improved the z-MTF for high
contrast details. Figures of z-MTF (Fig. 2) indicate that as the image
contrast becomes higher, the spatial resolution is improved. Bone
and soft tissue have large differences in CT value boundaries which
results in high-contrast images.

We measured the CT value on the images from a 71-year-old
man (four points) using a workstation (Ziostation 2, Ziosoft) with
an arbitrary ROI. The average CT value of the whole vertebral body
was 172.6, the front of the vertebral body was 352.0, lower verte-
bral body was 277.8, and the adjacent soft tissue was 39.9. The CT
value of the whole vertebral body was a little low, the marginal
region of vertebral body was mostly high. Differences in CT values,
between the marginal region of the vertebral body and soft tissue,
was about 200 or more. These difference in CT value would be
categorized as medium to high contrast, the spatial resolution does
not seem to deteriorate seriously in these contrast images (Fig. 2).
Richard and colleagues.13reported that enhanced MTF can be seen
in high contrast images when using IR method. This trend corre-
sponds with the result of our study. Besides, the noise was
dramatically reduced in parts of the cervical and lumber spine
(Fig. 4). Such a noise reduction effect is well known18and can be
understood from our z-NPS curve (Fig. 3). We think that is the
reason why the ASiR-V images received the higher scores.

Our study has limitations. First: this study assessed only three
contrasts of z-MTF, hence measured z-MTF was not a strictly task-
based.13 However, it showed the tendency of the z-MTF. Lifeng and
colleagues also reported that the IR technique shows the higher the
contrast image, the better the spatial resolution,19 as mentioned
above, Richard et al.13 also referred it. Second: only a bone plus
kernel was evaluated. There is room to consider additional recon-
struction algorithms. Results of subjective assessment in this study
suggests that high resolution is not the only thing that is most
important. The balance between spatial resolution and image noise
is important when reviewing sagittal views of the spine. Therefore,
other kernels such as standard kernel should be investigated to
decide the most appropriate method of image reconstruction.
771
Conclusions

Improving image quality is one of the most beneficial ways to
use clinical images obtained from patients. We believe it is
extremely important to pursue this. Radiographers and radiologists
have a responsibility to use the scan data obtained from the pa-
tients effectively. This study was able to suggest a method for
improving the quality of sagittal CT reformats of the spine. We
additionally demonstrated z-MTF and z-NPS as evaluation methods
for assessing z-axis CT image quality.

In conclusion, ASiR-V worked effectively on sagittal view of the
CT of the spine, and the image quality was significantly improved
compared to FBP images.
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