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Abstract
Purpose To determine the effects of different reconstruction algorithms on histogram and texture features in different targets.
Materials and methods Among 3620 patients, 480 had normal liver parenchyma, 494 had focal solid liver lesions (metastases =
259; hepatocellular carcinoma = 99; hemangioma = 78; abscess = 32; and cholangiocarcinoma = 26), and 488 had renal cysts. CT
images were reconstructed with filtered back-projection (FBP), hybrid iterative reconstruction (HIR), and iterative model recon-
struction (IMR) algorithms. Computerized histogram and texture analyses were performed by extracting 11 features.
Results Different reconstruction algorithms had distinct, significant effects. IMR had a greater effect than HIR. For instance, IMR
had a significant effect on five features of liver parenchyma, nine features of focal liver lesions, and four features of renal cysts on
portal-phase scans and four, eight, and four features, respectively, on precontrast scans (p < 0.05). Meanwhile, different algo-
rithms had a greater effect on focal liver lesions (six in HIR and nine in IMR on portal-phase, three in HIR, and eight in IMR on
precontrast scans) than on liver parenchyma or cysts. The mean attenuation and standard deviation were not affected by the
reconstruction algorithm (p > .05). Most parameters showed good or excellent intra- and interobserver agreement, with intraclass
correlation coefficients ranging from 0.634 to 0.972.
Conclusions Different reconstruction algorithms affect histogram and texture features. Reconstruction algorithms showed stron-
ger effects in focal liver lesions than in liver parenchyma or renal cysts.
Key Points
• Imaging heterogeneities influenced the quantification of image features.
• Different reconstruction algorithms had a significant effect on histogram and texture features.
• Solid liver lesions were more affected than liver parenchyma or cysts.
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Abbreviations
ASM Angular second moment
FBP Filtered back-projection

GLCM Gray level co-occurrence matrix
HIR Hybrid iterative reconstruction
ICC Intraclass correlation coefficient
IDM Inverse difference moment
IMR Iterative model reconstruction
PACS Picture archiving and communications system
ROI Region of interest

Introduction

Noninvasive, quantitative, imaging-based biomarkers are ex-
pected to make major contributions to personalized medicine.
Quantitative image features extracted from CTandMR imaging
have been investigated for a variety of oncology applications, in
particular for predicting the prognosis and assessing the patient
response to targeted therapies [1–3]. However, most of the
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studies analyze existing image data sets obtained retrospectively.
These studies often consist of heterogeneous image data ac-
quired from various scanners using different scanning tech-
niques and reconstruction algorithms. For this reason, as there
is limited clinical application of the results, it is important to
consider the reproducibility, standardization, and quality control
obtained during the process of developing imaging biomarkers.

Among imaging biomarkers, texture analysis is emerging as a
useful technique for assessing the tumor heterogeneity deter-
mined during routine clinical practice and without any additional
data acquisition [4, 5]. Clinical studies have indicated the ability
of CT texture analysis to provide independent predictors of sur-
vival for patients with lung cancer, esophageal cancer, colorectal
cancer, or head and neck cancer and its ability to be an early
marker of the treatment response in metastatic renal cancer [5].

Several iterative reconstructionmethods have been proposed
for reducing the radiation dose by decreasing image noise dur-
ing the reconstruction process while maintaining the diagnostic
quality [6, 7]. The number of CT examinations has increased
owing to technical advances and the wide availability of CT
scanners. Consequently, concerns regarding the amount of pa-
tient radiation exposure and its risks have also increased [8]. In
response, there have been increased demands to reduce the
overall radiation dose. Most recently, an algorithm termed
knowledge-based iterative model reconstruction (IMR) became
the latest advance in reconstruction techniques. This technique
is purported to improve image quality better than standard-dose
filtered back-projection (FBP) and the hybrid iterative recon-
struction (HIR) algorithm, which incorporates statistics-model-
based denoising into raw and image data spaces [9, 10].
However, this is accomplished by creating unique image tex-
tures and properties that differ from those shown using the
traditional algorithm [11]. To date, only a few studies have
given an idea of how such imaging heterogeneities might influ-
ence the quantification of image features [12, 13].

The purpose of our study is to determine the effects of
different reconstruction algorithms, including FBP, HIR, and
IMR, on the computer-based histogram and texture features
for liver parenchyma, focal solid liver lesions, and renal cysts
from the same CT image data from a single CT scanner.

Materials and methods

Study population and design

Our institutional review board approved this retrospective
study, and the requirement for informed consent was waived.
We reviewed the hospital’s medical records and the radiology
databases. We identified 3620 patients (2032 men, 1588 wom-
en; mean age, 63.5 years; age range, 18–82 years) who
underwent MDCT with a single scanner between September
2015 and March 2016. Among these patients, 2623 had no

focal solid mass in the liver, 997 patients had a focal solid liver
lesion, and 1486 patients had renal cysts. Among the 2623
patients who had no focal liver mass, we excluded a number
of factors for analysis of normal liver parenchyma: underlying
chronic liver disease (n = 715); a history of a malignant condi-
tion in the whole body, including the liver, such as lymphopro-
liferative disease or GI tract cancer (n = 1340); or a general
inflammatory condition, such as sepsis, peritonitis, or hepatitis,
that can affect liver function (n = 88). Among the 997 patients
who had a focal solid liver lesion, we excluded simple hepatic
cysts using image features such as a well-defined, round, or
ovoid hypo-attenuating, unenhanced lesion [14]. We also ex-
cluded infiltrativemasses (n = 92) and lesions smaller than 2 cm
in size (n = 411). Among the 1486 patients who had renal cysts,
we excluded renal cysts less than 2 cm (n = 901) and with an
internal septum, mural nodule, or calcification (n = 97).

Finally, we included 480 patients with normal liver paren-
chyma (294 men, 186 women; mean age, 56 years; age range,
18–72 years), 494 patients with focal solid liver lesions (267
men, 227 women; mean age, 64 years; range, 38–78 years),
and 488 patients with simple renal cysts (251 men, 237
women; mean age, 61.7 years; age range, 31–68 years).
Focal solid liver lesions included hepatic metastases (n =
259), hepatocellular carcinoma (n = 99), hemangioma (n =
78), hepatic abscess (n = 32), and cholangiocarcinoma
(n = 26). A flowchart of the overall study design is shown
in Fig. 1.

Image acquisition

All studies were performed using a 64-detector row CT scan-
ner (iCT; Philips Medical Systems) with a collimated beam
width at the isocenter of 80 mm, 100 kVp, and tube current
modulation (Z-DOM, ACS & D-DOM, Philips Medical
Systems). For CT texture analysis, we included 494 CT scans
of focal solid liver lesions and 480 CT scans of liver paren-
chyma. Among 488 CT images obtained for renal cyst analy-
sis, 216 CT images were already included in the analysis of
focal solid liver lesions or liver parenchyma. Finally, 1246 CT
images, including 321 patients with quadruple-phase CT
(precontrast, arterial, portal, and delayed phase), 280 patients
with triple-phase CT (precontrast, arterial, and portal phase),
259 patients with double-phase CT (arterial and portal
phases), 257 patients with double-phase CT (precontrast and
portal phases), and 129 patients with single-phase CT (portal
phase only) were enrolled in this study.

The CTscanning parameters were as follows: detector config-
uration, 0.625 mm; pitch, 0.891; rotation time, 0.75 s; 100 kVp;
130 mAs; and slice thickness/reconstruction interval, 3/3 mm;
reconstruction kernel, standard. For all patients, 1.5 mL/kg of
350 mgI/mL iobitridol (Xenetix 350, Guerbet) or iohexol
(Bonorex 350, CMS) was injected at a rate of 3 mL/s using an
automatic power injector (Envision CT; Medrad). The pre- and
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postcontrast scans were obtained during two different breath
holds. Arterial-phase imaging was performed for 19 s after
obtaining 100 HU attenuation of the descending aorta measured
using a bolus tracking method. A 33-s delay after the arterial
phase was allowed for portal-phase acquisition. After acquisition
of the portal phase, additional delayed scanning was performed
on a quadruple-phase CT for 3 min following contrast agent
administration. For single-phase CT, portal-phase imaging was
performed 60 s after achieving 50HU attenuation of the descend-
ing aorta, as measured using a bolus-trackingmethod. All images
were reconstructed with a slice thickness of 3 mm by using three
reconstruction algorithms, i.e., FBP, HIR, and IMR.

Computer-based extraction and analysis
of quantitative features

The portal-phase CT image sets using the three different recon-
struction algorithms were retrieved using a picture archiving
and communications system (PACS; Maroview, version 5.4,
Infinitt) and were loaded onto a standard workstation
(XW6200, Hewlett-Packard) for further textural analysis.
Among the 1246 CT images, 858 of them contained precontrast
scans, which were also retrieved and loaded onto a standard
workstation for texture analysis. For texture analysis, a personal
computer–based, in-house software program (Medical Imaging
Solution for Segmentation and Texture Analysis) was used for
lesion segmentation with fully automated quantification of the
texture features implemented using a dedicated C++ language
(Microsoft Foundation Classes; Microsoft). In our study, tex-
ture analysis was initially applied to portal-phase imaging.

The reviewers consisted of two abdominal radiologists
(S.J.A. with 9 years and S.M.L. with 7 years of clinical experi-
ence in abdominal imaging). Before the analysis, each assessor
was provided with a summary document outlining the method
of assessing each lesion. Each reviewer manually segmented the
lesion on the FBP image. Afterwards, all segmentations were
visually confirmed (J.H.K. with 17 years of clinical experience
in abdominal imaging) and manually adjusted as needed to en-
sure accuracy. For evaluation of normal liver parenchyma, we
selected the largest liver slice obtained at the right main portal
vein level and after manual segmentation at the boundary of the
liver surface. We manually removed significant-sized vessels
(larger than 1 cm in diameter), including the IVC and the main
portal vein. For focal solid liver lesions and renal cysts, we drew
the region of interest (ROI) along the outline of the lesion to
define the largest cross-sectional area (Fig. 2). After confirma-
tion of the ROI, the texture features were automatically calcu-
lated. Following analysis of the FBP image, we continually
analyzed the HIR (iDose, Philips Medical Systems) and IMR
images after applying the saved ROI at the same level of the
slice. After finishing the analysis of the portal-phase images, we
analyzed the precontrast scan using the saved ROI at the same
level of the slice (Fig. 3). The texture features of the precontrast
scan within the ROI were automatically calculated as described
above. The computerized texture analysis software programpro-
vided 11 quantitative imaging features, including histogram pa-
rameters (mean attenuation, standard deviation, skewness, kur-
tosis, entropy, and homogeneity) and texture parameters (gray
level co-occurrence matrices (GLCM) moments, GLCM angu-
lar second moment (ASM), GLCM inverse difference moment

Exclude patients with

- chronic liver disease (n=715)

- history of malignant condition   

(n=1340)

- general inflammatory condition 
(n=88)

Patients who underwent CT using single scanner 
with three diffrente reconstruction algorithms 

from Sep 2015 to Mar 2016 (n=3620)

Focal solid liver lesion (n=997) No focal liver lesion (n=2623) Renal cyst (n=1486)

Focal solid liver lesion (n=494)

Exclude patients with

- infiltrative mass (n=92)

- less than 2cm (n=411)

Simple renal cyst (n=488)

Exclude patients with

- internal septum/nodule or 

calcification (n=97)

- less than 2cm (n=901)

Normal liver parenchyma (n=480)

Fig. 1 Flowchart of the study group inclusion process. *Numbers in parentheses are numbers of patients. CT, computed tomography
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(IDM), GLCM contrast, and GCLM entropy). At a minimum of
4 weeks after reviewing the texture analysis, the first reviewer
reanalyzed the images to assess the intraobserver reliability.
Each reviewer remained blinded to the other analysis results to
avoid bias.

Statistical analysis

One-way analysis of variance (ANOVA) was used to ascertain
the statistical significance of the difference between the three
reconstruction algorithms using the mean value of the calcu-
lated texture parameters. To assess the effects of the recon-
struction algorithm on the measured lesion features, the data
from the quantitative lesion feature extraction were analyzed
using a fitting simple linear mixed-effects model. The model
was fitted using the restricted maximum likelihood with

statistics software (SPSS, SPSS version 21, IBM). All of the
effects were examined with respect to the reference conditions
of the FBP. The results were further analyzed to determine the
total number of features of the significantly affected recon-
struction algorithm for each lesion type. The intra- and inter-
observer reproducibilities of the texture parameters were eval-
uated by calculating the intraclass correlation coefficient
(ICC). An ICC value below 0.40 was considered poor reliabil-
ity, fair for values between 0.41 and 0.59, good for values
between 0.60 and 0.74, and excellent for values between
0.75 and 1.00 [15]. P values below 0.05 were considered
statistically significant.

Results

The effective diameter and area were 38.66 ± 32.59 mm and
969.92 ± 1823.19 mm2, respectively, in the focal solid liver
lesions, 26.87 ± 32.59 mm and 428.41 ± 1823.19 mm2 in the
renal cysts, and 239.57 ± 32.59 and 16,043.65 ± 1823.19 mm2

in the liver parenchyma. The mean attenuation in the portal
and precontrast scans revealed no significant difference in the
three different reconstruction algorithms in the normal liver
parenchyma, the focal solid liver lesions, and the renal cysts
(p > 0.05). Appendices E1 and E2 summarize the histogram
and texture features seen on the portal-phase and precontrast
images between the different reconstruction algorithms.

Comparison of different reconstruction algorithms
affecting histogram and texture features in liver
parenchyma

The HIR showed a significant difference in entropy, homoge-
neity, and GLCM IDM compared with FBP (p < 0.05) in both
the precontrast and portal phases. The IMR showed a signif-
icant difference in skewness, kurtosis, homogeneity, GLCM
IDM, and GLCM contrast in the portal phase and in skewness,
homogeneity, GLCM IDM, and GLCM entropy in the
precontrast scan (p < 0.05). Both iterative reconstruction algo-
rithms showed a significant difference in homogeneity and
GLCM IDM compared with FBP, not only in the portal-
phase but also in the precontrast scan (p < 0.05, Table 1).

Comparison of different reconstruction algorithms’
effects on the histogram and texture features in focal
solid liver lesions

The HIR showed a significant difference in entropy, homoge-
neity, and GLCMmoments compared with the FBP (p < 0.05)
in both the precontrast and portal phases. Skewness, kurtosis,
and GLCM IDM only showed a significant difference in the
portal-phase images. However, the IMR showed significant
differences in skewness, kurtosis, entropy, homogeneity,

Fig. 2 CT texture analysis software program in normal liver parenchyma,
focal solid liver lesion, and renal cyst. For evaluation of normal liver
parenchyma (a), manual segmentation was done at the boundary of the
liver surface at the level of the largest liver slice with the right main portal
vein. After that, we removed significantly sized vessels (larger than 1 cm
diameter), including the IVC and main portal vein. For focal solid liver
lesions (b) and renal cysts (c), the ROI was drawn along the outline of the
lesion to define the largest cross-sectional area. Next, segmentation was
manually conducted, and texture features of the ROI were automatically
extracted and calculated by the software program
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GLCM moments, GLCM ASM, GLCM IDM, and GLCM
entropy in both the precontrast and portal phases (p < 0.05).
GLCM contrast was only significantly different in the portal
phase. Both iterative reconstruction algorithms showed a sig-
nificant difference in entropy, homogeneity, and GLCM mo-
ments compared with the FBP in both the precontrast and
portal phases (p < 0.05, Table 2).

Comparison of different reconstruction algorithms’
effects on histogram and texture features in renal
cysts

The HIR showed a significant difference in entropy and homo-
geneity in the portal phase and entropy in precontrast images
compared with FBP (p < 0.05). However, the IMR showed a
significant difference in skewness, kurtosis, entropy, and
GLCM contrast in both the precontrast and portal phases
(p < 0.05). Both iterative reconstruction algorithms showed a

significant difference in entropy compared with FBP in both
the precontrast and portal phases (p < 0.05, Table 3).

Comparison of different reconstruction algorithms’
effects on histogram and texture features

Each of the different reconstruction algorithms affected the histo-
gram and texture features. Compared with FBP, IMR had a more
significant difference than HIR. For focal solid liver lesions, IMR
showed a significant difference in nine parameters in the portal
phase and in eight parameters in the precontrast images. For renal
cysts, IMR showed a significant difference in four values in both
precontrast and portal-phase images. For normal liver parenchy-
ma, five parameters in the portal phase and four parameters in the
precontrast images showed a significant difference. Focal solid
liver lesions were affected more than renal cysts or liver paren-
chyma in each reconstruction algorithm (Appendix E3).

Fig. 3 CT texture analysis
software program in portal-phase
and precontrast scans. Texture
features calculated in three differ-
ent algorithms, including FBP,
HIR, and IMR, in both portal-
phase (a, b, c) and precontrast
scans (d, e, f) using the same ROI
at the same level of CT slice

Table 1 Comparison of the effect of different reconstruction algorithms for histogram and texture features in liver parenchyma

Portal phase (n = 480) Pre-contrast scan (n = 412)

Characteristics FBP HIR IMR FBP HIR IMR

Effect p value Effect p value Effect p value Effect p value Effect p value Effect p value

Histogram parameters Mean attenuation (HU) 2.14 < 0.01 0. 09 0.32 0.31 0.06 2.13 < 0.01 0. 21 0.18 0.31 0.07
Standard deviation (HU) 3.24 < 0.01 0.03 0.07 -0.214 0.08 2.72 < 0.01 1.47 0.16 -1.06 0.06
Skewness 0.05 0.724 0.08 0.41 0.49 0.02 1.00 0.71 0.85 0.331 0.35 0.02
Kurtosis 1.74 0.01 0.09 0.48 0.32 < 0.01 1.44 < 0.01 0.89 0.65 0.31 0.08
Entropy 5.54 < 0.01 -0.31 0.02 -0.18 0.08 6.15 < 0.01 -0.68 0.02 -0.01 0.16
Homogeneity 0.45 < 0.01 0.03 0.03 0.03 0.03 1.43 < 0.01 0.12 0.03 0.11 0.04

Texture parameters GLCM moments 0.22 < 0.01 0.18 0.51 0.21 0.11 0.21 < 0.01 0.36 0.61 0.27 0.11
GLCM ASM 0.50 < 0.01 0.10 0.08 0.07 0.21 0.68 < 0.01 0.54 0.08 1.00 0.52
GLCM IDM -2.99 < 0.01 0.31 0.03 0.45 0.01 -1.24 < 0.01 0.21 0.02 0.55 0.01
GLCM contrast 0.03 < 0.01 0.01 0.58 -0.04 0.03 0.10 < 0.01 0.03 0.42 -0.20 0.02
GLCM entropy -1.09 < 0.01 0.06 0.40 0.60 0.09 -2.00 < 0.01 0.01 0.27 0.71 0.21
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Inter- and intraobserver reproducibility of texture
analysis

In the portal phase, the intraobserver reproducibility of the
histographic and morphological parameters was excellent
(ICC > 0.75), except for the GLCM contrast of IMR of
liver parenchyma (ICC = 0.745). The interobserver repro-
ducibility of the morphologic parameters of IMR was less
than those of the other two reconstructions in all three
lesions, i.e., GLCM contrast of liver parenchyma (ICC =
0.744), GLCM IDM (ICC = 0.634), GLCM contrast of fo-
cal solid lesions (ICC = 0.534), and GLCM moments of
renal cysts (ICC = 0.534), compared to the values for
GLCM ASM (ICC = 0.722) and GLCM contrast of focal
solid lesions (ICC = 0.580) on FBP and GLCM entropy of
focal solid lesions (ICC = 0.701) on HIR. All of the
histographic and morphologic parameters obtained on
precontrast scans showed excellent intraobserver and inter-
observer reproducibility (ICC > 0.75, Appendix E4, E5).

Discussion

Texture analysis is useful in assessing the response to cancer
treatments [16–18]. However, according to previous reports,
there is no clear indication as to whether different types of
reconstruction algorithm can affect quantitative histogram
and texture features. Our study results show that the recon-
struction algorithms can significantly affect many quantitative
histogram and texture features. Different reconstruction algo-
rithms showed more effects in focal liver lesions than in liver
parenchyma or renal cysts. In addition, IMR had a stronger
effect than HIR. Therefore, the effect of different reconstruc-
tion algorithms should be considered when using histogram
and texture analysis, especially for IMR or solid lesions.

Even though the FBP technique is the most widely used CT
reconstruction algorithm, this technique has major drawbacks,
as it assumes noiseless projection data, resulting in image noise.
With the advancement of CT techniques, such as marked reduc-
tion in noise, new iterative reconstruction algorithms are being

Table 2 Comparison of the effect of different reconstruction algorithms for histogram and texture features in focal solid liver lesion

Portal phase (n = 494) Pre contrast scan (n = 382)

Characteristics FBP HIR IMR FBP HIR IMR

Effect p value Effect p value Effect p value Effect p value Effect p value Effect p value

Histogram parameters Mean attenuation (HU) 2.99 < 0.01 0.36 0.05 0.78 0.07 3.22 < 0.01 1.54 0.32 0.99 0.07
Standard deviation (HU) 3.21 0.03 0.25 0.38 -0.33 0.08 3.14 0.10 0.56 0.24 -1.01 0.06
Skewness 0.11 0.48 0.45 0.03 0.63 < 0.01 0.34 0.14 0.21 0.40 0.91 0.01
Kurtosis 1.54 < 0.01 0.08 0.02 0.21 0.03 3.17 < 0.01 0.54 0.05 0.04 < 0.01
Entropy 4.21 < 0.01 -0.22 0.04 -0.65 0.03 5.24 < 0.01 -0.52 0.03 -0.67 0.03
Homogeneity 0.65 < 0.01 0.03 0.02 0.01 < 0.01 0.71 < 0.01 0.11 0.04 0.16 0.01

Texture parameters GLCM moments 0.43 < 0.01 0.05 0.04 0.02 0.01 0.79 0.02 0.12 0.03 0.06 0.02
GLCM ASM 0.57 < 0.01 0.12 0.09 0.01 0.02 0.45 < 0.01 0.24 0.41 0.01 0.04
GLCM IDM 2.58 < 0.01 0.11 0.03 0.10 < 0.01 3.11 < 0.01 0.68 0.07 0.15 0.02
GLCM contrast 0.10 < 0.01 0.00 0.58 -0.03 0.04 0.41 < 0.01 0.27 0.08 -0.11 0.07
GLCM entropy -1.21 < 0.01 1.03 0.45 0.74 0.03 -3.25 < 0.01 0.60 0.52 2.58 0.02

Table 3 Comparison of the effect of different reconstruction algorithms for histogram and texture features in renal cyst

Portal phase (n = 488) Pre contrast scan (n = 364)

Characteristics FBP HIR IMR FBP HIR IMR

Effect p value Effect p value Effect p value Effect p value Effect p value Effect p value

Histographic parameters Mean attenuation (HU) 1.17 < 0.01 0. 31 0.17 0.22 0.47 2.10 < 0.01 0.11 0.07 0.37 0.06
Standard deviation (HU) 2.45 < 0.01 -0.01 0.07 -0.04 0.09 1.98 < 0.01 1.10 0.74 -0.10 0.07
Skewness 0.10 0.50 0.21 0.40 0.64 0.01 0.09 0.45 0.12 0.71 1.12 0.02
Kurtosis 1.01 < 0.01 0.25 0.45 0.06 < 0.01 0.74 < 0.01 0.45 0.09 0.12 0.02
Entropy 5.14 < 0.01 -0.41 0.03 -0.38 0.04 5.14 0.01 -0.45 0.04 -0.48 0.04
Homogeneity 0.48 < 0.01 0.02 0.04 0.23 0.07 0.45 0.02 0.07 0.05 0.08 0.06

Morphologic parameter GLCM moments 0.27 < 0.01 0.21 0.65 0.35 0.54 0.44 < 0.01 0.34 0.09 0.07 0.05
GLCM ASM 0.50 < 0.01 0.30 0.47 0.01 0.21 0.49 < 0.01 0.09 0.07 0.21 0.35
GLCM IDM -3.20 < 0.01 1.21 0.45 1.40 0.31 -2.21 < 0.01 0.15 0.41 0.10 0.07
GLCM contrast 0.02 < 0.01 0.01 0.58 -0.02 0.01 0.11 < 0.01 0.09 0.60 -0.41 0.03
GLCM entropy -1.04 < 0.01 0.07 0.47 0.59 0.08 -0.02 0.60 0.04 0.32 0.61 0.09
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developed to improve image quality while preserving the resolv-
ing power for visualization of fine details [19]. Most recently, an
algorithm known as knowledge-based IMR became the latest
advancement in CT reconstruction techniques. HIR incorporates
statistics-model-based denoising into raw and image data space,
and these techniques are replacing FBP as the standard of CT
reconstruction [20]. Compared to FBP, for instance, IMR pro-
duces reduced image noise and artifacting, as IMR is a more
advanced statistical noise model and a more detailed model of
the MDCT system [21]. The IMR technique is claimed to im-
prove image quality. Two published clinical studies have report-
ed dose reduction and image quality improvements using IMR
[22, 23]. Given the differences between algorithms and the
resulting reconstructed images, they create unique image tex-
tures and properties, differing from those using traditional FBP
algorithms [11]. To date, a few studies have been published on
how such imaging heterogeneities might influence the quantifi-
cation of image features. Recent investigations suggest that these
factors may influence the quantitative measurements [12].
Solomon et al [13] also showed that the reconstruction algo-
rithms affect the quantitative imaging features in liver lesions,
lung nodules, and renal stones on MDCT. These results are
consistent with our results. However, there have been no prom-
inent studies regarding the effects of the different reconstruction
algorithms on texture analysis according to the lesion compo-
nent. In our study, focal liver lesions showed a more significant
effect than liver parenchyma or renal cysts in different recon-
struction algorithms. CT texture analysis is one approach for
quantifying spatial heterogeneity by extracting data of the pixel
spatial intensity variations across a tissue of interest. In general,
we expect that a pure cyst may be less affected than a heteroge-
neous solid lesion in a reconstruction algorithm by visual assess-
ment and texture analysis. However, texture analysis has been
frequently applied to focal solid lesions. We should be aware
that focal solid lesions showed a more significant effect than
liver parenchyma or renal cysts in different reconstruction
algorithms.

Accumulated data have shown that texture-analyzed fea-
tures are important for determining invisible structural chang-
es and the biological heterogeneity of a lesion [24–26].
However, before applying the texture-analyzed features for
specific diseases, we should understand the technical factors
that affect the texture analysis. Our results demonstrate how
changing reconstruction algorithms on MDCT can affect the
quantitative texture parameters. We should be aware that if
images obtained in different reconstruction techniques are be-
ing considered, potential differences in analyzed features that
occur in the same lesion may not be due to real change in the
disease progression. Not only the reconstruction algorithm but
also other CT parameters, such as tube voltage, tube current,
and detector configuration, may affect the quantitative texture
features. Future investigations should determine whether these
different CT parameters affect texture analysis features.

Our study has several limitations. First, as the study only
considers a limited number of patients, our research may have
a potential selection bias. Second, as the texture features in this
studywere derived from the results of manual segmentation by a
radiologist, these results can be significantly influenced by a
subjective tendency. However, we used the same ROI in the
different reconstruction algorithms. Nonetheless, we believe that
a reliable and robust automatic boundary extraction method
should be further developed to address the variability issue.
Third, all of the comparisons made were relative to FBP, and
the data address the differences in the texture feature measure-
ments between reconstruction methods, not the precision of
these features. To assess their accuracy, a reference standard
must be known. In addition, because not all texture parameters
are independent, we need to further evaluate the relationships
between all the different histogram and texture parameters. In
future work, radiologists should characterize the precision of the
texture feature measurements using phantom or hybrid CT
datasets with practical embedded lesions [27]. Additionally, in
comparison to FBP, we have assessed only two iterative recon-
struction methods from a single vendor. With different recon-
struction settings, future studies may identify further effects on
the quantitative imaging features of lesions.

In conclusion, our study results show that the reconstruc-
tion algorithms can significantly affect many quantitative his-
togram and texture features. Different reconstruction algo-
rithms showed more effects in focal liver lesions than in liver
parenchyma or renal cysts.
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