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Introduction: Medical images are usually affected by biological and physical artifacts or noise, which
reduces image quality and hence poses difficulties in visual analysis, interpretation and thus requires
higher doses and increased radiographs repetition rate.
Objectives: This study aims at assessing image quality during CT abdomen and brain examinations using
filtering techniques as well as estimating the radiogenic risk associated with CT abdomen and brain
examinations.
Materials and Methods: The data were collected from the Radiology Department at Royal Care

International (RCI) Hospital, Khartoum, Sudan. The study included 100 abdominal CT images and 100
brain CT images selected from adult patients. Filters applied are namely: Mean filter, Gaussian filter,
Median filter and Minimum filter. In this study, image quality after denoising is measured based on
the Mean Squared Error (MSE), Peak Signal-to-Noise Ratio (PSNR), and the Structural Similarity Index
Metric (SSIM).
Results: The results show that the images quality parameters become higher after applications of filters.
Median filter showed improved image quality as interpreted by the measured parameters: PSNR and
SSIM, and it is thus considered as a better filter for removing the noise from all other applied filters.
Discussion: The noise removed by the different filters applied to the CT images resulted in enhancing high
quality images thereby effectively revealing the important details of the images without increasing the
patients’ risks from higher doses.
Conclusions: Filtering and image reconstruction techniques not only reduce the dose and thus the radia-
tion risks, but also enhances high quality imaging which allows better diagnosis.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

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

Computed tomography (CT) imaging contributes up to 63% of
the patients’ collective doses from medical exposure, leading to a
significant increase in cancer incidence up to 2% (Mettler
et al.,2020; Marant-Micallef et al., 2019; Brenner &Hall, 2007).
Image dose is further increased with the application of contrast
agents (Mututantri-Bastiyange and Chow 2020, Chow, 2021). The
number of cancer incidence due to CT radiation exposure from
CT procedure is increasing globally (Lumbreras et al., 2019). How-
ever, decreasing the radiation dose by reduction of exposure
parameters (tube voltage (kVp) and tube current–time product
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(mAs) will reduce the quality of the scanned images and impair the
diagnostic findings (Omer et al., 2021; Sulieman et al., 2020;
Alkhorayef et al., 2017). Therefore, reducing patients’ radiation
exposure by proper dose optimization and using up-to-date image
processing techniques is recommended to reduce patient’s radia-
tion risk while maintaining diagnosable scans. (Roslee et al et al.,
2020; Razali et al., February 2020), reported that patients might
repeat head CT procedures up to 14 repeat exposures, and Sulie-
man et al reported that patients might receive approximately
140 during CT abdomen procedures (Sulieman et al., 2020;
Alkhorayef et al., 2020).

Image artifacts in computed tomography is defined as inconsis-
tency among the recreated values in a CT image. It is generally
based on the material thickness and the simple geometry. Image
artifacts are classically distinguished as dark or bright bands or
shades There are many different types of CT artifacts: patient
based, physics based and scanner based. They are also categorized
as those produced due to difficulties with the CT imaging setup and
the others are more sample dependent such as beam hardening,
scattered radiation, and lack of x-ray infiltration. (Boas and
Fleischmann, 2012, Alzain et. al 2021).

Random noise in CT decreases the image quality of CT scans and
thus limits proper interpretation of the images. Noise has an
unpredictable nature which may affect proper diagnosis. Eliminat-
ing it from the image poses a burden and challenge but will
enhance and retrieve details of the analysis that may be hidden
in the data (Anam et al., 2020; Sivakumar et al., 2014). Therefore,
improvement of image quality obtained with low or regular expo-
sure parameters by using image processing techniques without
compromising image quality is recommended (Sulieman et al.,
2020). It was reported that selective mean filter (SMF) can reduce
the noise up to 75%, thus improve the spatial resolution of the
image (Anam et al., 2020)

Image de-noising is of high importance in digital image process-
ing, analysis and image processing applications. It is a prerequisite,
especially in CT scans, which is an important method for medical
imaging. De-noising of noisy or corrupted binary is done by throw-
ing some pixels from the image and replacing them with random
gray values. Several filtering methods are used to remove
unwanted noise, for example, Average filtering, Gaussian filtering,
Log filtering, Median filtering, Wiener filtering (Sivakumar et al.,
2014).

Various image processing techniques for image optimization,
restoration, retailing, and classification are reported in literature
(Gonzalez & Woods, 2004; Hanselman et al., 2001; Bao, 2002;
Boncelet, 2005; Baluja et al., 2013). Image noise which may appear
as additive or multiplicative components need to be removed,
while preserving the important signal in order to enhance and
recover the analysis details that may be hidden in the data. Filter-
ing is among the techniques that are widely used by removing the
random and uncorrelated structures and retaining the resolution
(Bao, 2002).

Medical imaging is defined as an instantaneous visual expres-
sion of fractional biological information of tissues of a body mainly
needed to diagnose and treat diseases (Gonzalez & Woods,2002.
Noise poses constraints against full benefit of the imaging facilities
by corrupting the images image. Denoising may reduce the ability
to visualize all details by reducing the resolution (Anam et al.,
2020; Neroladaki et al., 2013; Pontana et al., 2011; Prakash et al.,
2010a; Prakash et al., 2010b). Moreover, visualization depends on
the skills of the radiologist, and clarity of the screen used for visu-
alization. Numerical analysis and digital assessment of images may
provide solutions for the drawbacks of image assessment by visu-
alization. Patients got a wide range of effective doses during CT
Abdomen and brain operations, according to previous studies
(Sulieman et al., 2021, Abuzaid, 2021; Singh et al., 2019;
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Sulieman et al., 2018; Sulieman et al., 2015a)). The effective patient
dosages (mSv) per procedure ranged from 0.5 mSv to 0.5–35 mSv,
indicating that the patient’s dose has not yet been optimized.

Limited studies are available regarding dose reduction software.
Thus, reduction of patients’ doses and radiogenic risk while main-
taining the quality and resolution of the CT images is necessary to
reduce the avoidable cancer risks. ((Prakash et al., 2010b); Pratt
2003; Jain, 2004) reported an average dose reduction of 27.7%
(26.8–28.8) in chest computed tomography depending on the
patients’ weight using image reconstruction and filtering tech-
niques. May (May et al 2011) reported 50% dose reduction in
abdominal computed tomography.

This study aims at assessing image quality during CT abdomen
and brain examinations using filtering techniques as well as esti-
mating the radiogenic risk associated with CT abdomen and brain
examinations.
2. Materials and Methods

2.1. Image acquisition

CT scans of the abdomen and brain are obtained in the axial
plane of the patient for a variety of clinical indications, including
trauma. Images acquisition was performed using Toshiba 64 slices
(Toshiba Medical System Corporation, Japan) CT scanner at Royal
Care Hospital (RCI) hospital with tube potential of 120 kVp, the
current–time product was 150–225 mAs and slice thickness of 3–
5 mm. The, collimation was 19–32 mm, and scan length was 11–
23 cm. The data were stored in CDs as DICOM (Digital Imaging
and Communications in Medicine) format and then converted to
JEPG format using ImageJ image processing software. The study
included 100 abdominal CT images and 100 brain CT images
selected from adult patients.

The statistical parameters presented as image areas (size) and
pixels values: mean, max, min and standard deviation were calcu-
lated. Images were then analyzed using ImageJ software for mea-
surement of the image quality parameters and the results were
used as input for Microsoft Excel for analysis.

Linear Filters: Linear filtering linearly combines input of the
pixels with the output of their neighborhood pixels.

Mean Filters: mean filtering which can be considered as the
smoothest local variation in an image, on the other hand replaces
each pixel value in an image with the mean or average value of
its neighbors, including itself. This allows eliminating pixel values
that are unrepresentative of their surroundings. They reduce noise
by inducing blurring (Sivakumar et al., 2014; Boncelet, 2005).

For calculation: let Sxy represent the set of coordinates in a rect-
angular subimage window of sizem� n, with its center at point (x,
y). The average value of the corrupted image gðx; yÞ in the area
defined by Sxy is then computed to obtain a restored image whose
value f at any point (x, y) is the average computed using the pixels
in the region defined by Sxy as follows:-

f ðx; yÞ ¼ 1
mn

X
ðs;tÞ2Sxyg s; tð Þ ð1Þ

Gaussian filters: The Gaussian filtering detects peaks that are to
be impulses. This filter corrects all the amplitude spectrum coeffi-
cients within the filter window rather than the spectral coefficient
of interest only (Baluja et al., 2013).

Non– linear filters: Non-linear filters reduces noise while pre-
serving edges that are commonly blurred while using linear filters.

Median Filters: In median filter the intensity or brightness level
are basically considered for ranking of the neighboring pixels. The
value of the pixel being evaluated is then replaced by the median
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value of pixel of interest and surrounding pixel values, as illus-
trated in equation (2) ((Sivakumar et al., 2014; Boncelet, 2005).

f xð Þ ¼ medianðs;tÞ2Sxyfg s; tð Þg ð2Þ
These filters are very useful in the presence of both bipolar and

unipolar impulse noise.
Minimum filters: These are very effective in detecting the dark-

est point in an image. They are also useful in reducing salt noise as
a result of the min operation (equation (3)) (Boncelet, 2005):

f xð Þ ¼ minðs;tÞ2Sxyfg s; tð Þg ð3Þ
2.2. Image quality evaluation metrics

Mean Square Error (MSE): The signal fidelity measure used in
MSE quantitively compares two signals by describing the degree
of similarity and the level of distortion between the signals pro-
cessed. Comparison is performed by assuming that one of the sig-
nals is a pristine original, while the other is distorted as a result of
noise (Goyal & Sekhon, 2011). The MSE is defined as illustrated in
equation (4):

MSE ¼ 1
NM

XN

i¼1

XM

j¼1

fIoriginal i; jð Þ � Idenoised i; jð Þg2 ð4Þ

Where, N, M: give the size of the image.
Ioriginali is the pixel values at location (i, j) of the original, unpro-

cessed image
Idenoisediis the pixel values at location (i, j) of the denoised image.
Peak Signal-to-Noise-Ratio (PSNR) calculates the ratio

between the maximum possible power of a signal (peak signal)
and the power of corrupting noise affecting its fidelity. PSNR is
quite often expressed in logarithmic decibel scale (Napoleon, D.
& Praneesh, 2013).

The PSNR computes as:

PSNR ¼ 20log10
2552

MSE
ð5Þ

Where MSE refers to the mean square error estimated between
the original and denoised images.

Structural Similarity Index Metric (SSIM): The SSIM index com-
pares and contrasts two images. It is a full reference metric that
performs calculation based on an initial distortion-free image as
reference (Hore & Ziou, 2010). SSIM is a combination of factors:
contrast distortion, luminance distortion and loss of correlation.

SSIMðf ; gÞ ¼ lðf ; gÞcðf ; gÞsðf ; gÞ

l f ; gð Þ ¼ 2lflg þ c1
l2

f þ l2
g þ c1

c f ; gð Þ ¼ 2rfrg þ c2
r2

f þ r2
g þ c2

s f ; gð Þ

¼ 2rf g þ c3
rfrg þ c3

ð6Þ

The luminance comparison function l f ; gð Þ measures the adja-
cency of the mean luminance of the images ðlfandlgÞ: This factor
has a maximum value of 1 only iflf=lg .

The contrast comparison function c f ; gð Þ measures the proxim-
ity of the contrast of the two images. It is measured by the standard
deviation values: rf and rg . This factor has a maximum value of 1
only ifrf = rg .

The structure comparison function s f ; gð Þ computes the correla-
tion coefficient between the two images f and g rf g is the covari-
ance between f and g.

The SSIM values are in the range (0,1) where 0 indicates that
there is absolutely no correlation between images, and 1 indicates
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that f is exactly the same as g. The positive constants c1, c2 and c3
are used to avoid a null denominator (Hore & Ziou, 2010).

Visual assessment by a radiologist to compare the original and
filtered images.

ImageJ Software: ImageJ, a development from NIH Image, is a
free-to-download image analysis program with hundreds of
built-in free routines. This provides a plugin framework for adding
custom functionality.

Procedure of the program: CT images with DICOM format of
abdomen and brain were used for this study. Fig. 1 shows ImageJ
software window

Some filters: Mean filter, Gaussian filter, Median filter, and Min-
imum filter were for de-noising the above images. In order to
restore the noisy images, de-noising techniques were used with
IMAGEJ programming. At the first stage, images of DICOM format
were converted to JPEG format using ImageJ programming. At
the second stage, different types of filters were applied using Ima-
geJ software to remove noise from all CT images. At the final stage,
the result of using all filters applied on CT images was compared,
by using image quality parameters such as: MSE, SSIM and PSNR
for all images with a main goal of deciding the best CT images
denoising filters.

So, the first step is to open the image/images for comparison.
The steps are: File --˃ open

For choosing the type of filter the steps are: Process --˃ filters,
then choose the type of filter

For comparison of MSE between the original and denoised
image: Process --˃ image calculator

For comparison of SSIM between the origin and denoised
image: Plugins --˃ SSIM Index

2.3. CT brain and abdomen effective dose estimation

Dose descriptors were recorded per procedures (DLP, (mGy.cm)
and per slice (CTDIvol, mGy) from a calibrated CT machine. The
effective dose (E) in mSv per CT procedure obtained using CTDOSE
software, based on the following equations:

The Mean effective tube current–time product (also referred to
as effective mAs) was calculated for each anatomic region using:

effectivemAs ¼ current mAð Þ � rotationtimeðsÞ
beampitch

ð7Þ

volume Computed Tomography Dose Index (CTDI)vol for each
anatomic region was calculated using:

CTDIvol ¼ effectivemAs� constant ð8Þ
The constant in equation (2), determined by imaging dosimetry

phantoms with the same tube voltage and the same beam width is
provided by the vendor. The constant for the head and neck where
obtained using a 16 cm phantom. That for chest, abdomen, pelvis,
and proximal thigh was a 32 cm phantom

CTDIvol was converted to DLP using:

DLP ¼ CTDIvol � scanlength ð9Þ
The regional effective dose (ED) was determined using the DLP

for each region by:

Equivalentdose ¼ DLP � conversionfactor ð10Þ
Following ICRP publication (ICRP 103, 2007), the conversion fac-

tors was defined as 0.0021, and 0.015 mSv/mGy/cm for the brain
and abdomen respectively

2.4. Radiation risk estimation

The radiation induced cancer risks per CT head and abdomen
procedures were calculated by multiplying the patients’ effective



Fig. 1. ImageJ software window.
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dose (mSv) from entire procedures (head & abdomen) by the can-
cer risk factor of 5.5 � 10-2 Sv�1 for a general population as a result
of ionizing radiation exposure (ICRP 103, 2007).

E mSvð Þ ¼
X

WT�HT ð11Þ
where
HT is the equivalent dose and WT tissue weighting factor
3. Results

In our study, we used 100 abdomens and 100 brains CT scan
images in DICOM format at Royal Care International (RCI) Hospital.
Each slice of images had the size of 512 X 512. ImageJ, a flexible
and extensible data model, was used to provide digital analysis
of the images and the results were compared with visual assess-
ment for the original and filtered images. ImageJ provides a user
interface with functions to load, display, and save images; basic
image-processing functionality, such as convolution filters; and
an extension mechanism including support for plugins and macros
that tap into functionality to provide recording, replaying and thus
automate image processing workflow that is re-usable and easy to
teach or demonstrate (Schindelin et al., 2015). It also allows to con-
Fig. 2. Abdominal CT scan images wi
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nect to external toolkits without the need to export and open files
(Schneider et al., 2012).

The following filters: Minimum, Gaussian, Median, and Mean
were used on the original images (abdomen and brain) to remove
noise. Fig. 2 shows different linear and Non-Linear Filters Applied
for abdominal CT scan images.

Fig. 3 shows different linear and non-linear filters applied for
brain CT scan images.
4. Discussion

CT artifacts are common and can degrade image quality. Due to
the resemblance of these artifacts to the anatomy and pathology, it
is very crucial to identify and eliminate them. CT artifact, which are
mainly classified according to the underlying cause of the artifact,
refers to any systematic differences between the CT numbers in the
reconstructed image and the actual attenuation coefficients of the
object. CT artifacts are generally divided into three categories:
Physics-based artifacts due to faults in image acquisition,
patient-based artifacts which are commonly interpreted as misreg-
istration artifacts appearing as blurring, streaking, or shading
within the image and scanner-based artifacts, which result from
malfunction or imperfection of the scanners.
thout (a) and with the filters (b).



Fig. 3. Brain CT scan images without (a) and with the filters (b).
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The most important form of physics-based artifacts is beam
hardening which occurs when an x-ray beam comprised of poly-
chromatic energies passes through an object, resulting in selective
attenuation of lower energy photon. It has two distinct manifesta-
tions, streaking (dark bands) and cupping. Other physics-based
artifacts include (but are not limited to) metal artifact/high-
density foreign material artifact, partial volume averaging, quan-
tum mottle (noise), photon starvation, ring artifacts, out of field
artifacts and air bubble artifacts

Patient-based artifacts are caused by: involuntary or voluntary
motion of the patient, clothing, jewelry, dental or metal prothesis
or orthosis.

Scanner-based artifacts include ring and wobble artifacts. (Boas
and Fleischmann, 2012, Alzain et. al 2021).

Upon visualization of the images for the different scans pre-and
post-denoising, the radiologist’s comments and feedback was as
follows: In Fig. 2 the lung parenchyma and broncho-vascular mark-
ings showed better contrast and special resolution in image (a)
without filter than other images (b, c, d and e) with different
applied filters. The difference was not very large, especially
between Median and mean filtered images; where Mean filters
showed better details. The size of screen used to visualize and
assess the images played a major role; using a smaller screen,
many details were lost.

In Fig. 3 the gray white matter differentiation, the basal ganglia
and internal capsule were better evaluated in the original image (a)
than the images with applied filters. However, when comparing
the different types of filters, the Mean filter showed the best reso-
lution, followed by the Median filter

The applied filters had different abilities in removing noise.
Median filter proved to have higher capabilities in noise reduction.
This is reflected by the image quality parameters of MSE, SSIM and
PSNR in dB. Median filter showedminimum value of MSE and max-
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imum values of SSIM and PSNR after applied on both abdomen and
brain CT images as shown on Table 1.

Fig. 4 displays graphical representation of the MSE, PSNR and
SSIM outputs of each filter for the abdomen CT

Fig. 5 displays graphical representation of the MSE, PSNR and
SSIM outputs of each filter for the brain CT

Therefore, we studied the image filtering methods for abdomen
CT scan and brain CT scan images by assessing the comparison dif-
ferent parameters. It is evident that applying filters have different
abilities in removing noise from both abdomen and brain CT scan
images. Median filter performed very well in terms of noise reduc-
tion compared with the other filtering methods. It provides the
maximum PSNR, SSIM and minimum MSE. Sivakumar & Chan-
drasekar studied image filters for noise reduction in lung CT
images, by using namely Mean filter, Wiener filter, Median filter
and Entropy filter (Sivakumar & Chandrasekar, 2014). In results
they found clearly that Wiener filter performs very well compared
to the other filtering methods. Moreover, the Median filter also
performs better than the Mean filter, as is presented in this study.
So, median filters reduce noise from CT images far better than
mean filter without specifying the type of noise in images. This is
in contrast with the visual assessment where the original unfil-
tered image was the best in terms of providing details, followed
by the Mean filter and then, the Median filter.

Table 2 shows the patients’ doses per CT abdomen and brain
procedures and the relevant radiation risk. The results showed that
this dose is high compared to previous studies reported by (Omer
et al., 2021; Sulieman et al., 2015a, 2018; Suliman et al., 2015b).
The risk for abdomen procedures is more increased than brain pro-
cedures because CT abdomen usually is a multi-phasic procedure
with extended scan length. Many sensitive organs are included in
the primary beam. Therefore, improving the image quality in this
study enables operators to use the lowest exposure parameters



Table 1
Image Quality Measures for Both the Linear and Non-Linear Filters applied on abdomen and brain CT scan Images.

Image quality Measures Abdomen CT filtered images
(Average Value of 100 Images)

Brain CT filtered images
(Average Value of 100 Images)

MSE PSNR SSIM MSE PSNR SSIM

Linear filters Mean 10.2 38.26 0.96 8.17 39.41 0.98
Gaussian 14.46 36.66 0.93 12.95 37.32 0.95

Non–linear filters Median 4.82 41.54 0.98 3.05 44.52 0.99
Minimum 47.02 31.55 0.81 38.53 32.78 0.87

Fig. 4. Graphical representation of the MSE, PSNR and SSIM outputs of each filter for the abdomen CT.

Fig. 5. Graphical representation of the MSE, PSNR and SSIM outputs of each filter for the brain CT.

Table 2
Patients’ effective dose during CT brain and abdomen.

Organ CTDIvol (mGy) DLP (mGy.cm) Effective dose (mSv) Average radiation risk per 104 procedures

Brain 74.9 ± 10
(48.0–80.8)

1387.9 ± 223
(700.7–1549.8)

2.9 ± 0.5
(1.5–3.3)

2

Abdomen 70.3 ± 22
(28.5–95.4)

1483.0 ± 678
(710.2–3602.8)

22.4 ± 10.2
(10.7-)

12
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to obtain a diagnosable scan with minimal patient risk. The prob-
ability of developing radiogenic cancer as a result of a patient’s
radiation exposure is dependent on a number of factors, all of
which are sources of uncertainty. Age at exposure, the amount of
radiation dose, and the affected organ are all considerations to con-
sider. It’s worth noting that over 98 percent of cancer cases are
thought to be caused by factors other than ionizing radiation expo-
sure (Mettler et al., 1995). In general, the risk rises in direct propor-
tion to the patient’s age, and the higher the absorbed dose, the
more likely a biological effect would be noticed.

5. Conclusions

CT imaging is very useful in diagnosis of diseases. Unfortu-
nately, they are often distorted by biological and physical artifacts
which reduces the quality of images. Visual assessment of the
2185
images is quite subjective especially with the presence of noise.
Digital or numeric assessment provides a better tool for image
interpretation and allows surpassing of the effects of noise.

This study used different filters and different image quality
parameters, namely: Mean filter, Gaussian filter, Median filter,
and Minimum filter compared the image filtering methods for
abdomen CT scan and brain CT scan images. Applying filters played
a role in removing noise from both abdomen and brain CT scan
images. Nevertheless, it reduces the resolution and thus the visual-
ization of the image. Median filters performed very well in terms of
noise reduction compared with the other filtering methods but
blurred the original images. Nevertheless, the organs were still vis-
ible to the radiologist. Median filters also proved effective in terms
of digital analysis of denoised images which seemed to be distorted
and of poor quality during visual assessment. This is achieved by
providing the maximum PSNR, SSIM and minimum MSE.
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Filtering and image reconstruction techniques not only reduce
the dose and thus, the radiation risks, but also enhances high qual-
ity imaging which allows better diagnosis. The use of the filters is
thus recommended for further patients’ dose reduction without
deteriorating the image quality. Being accompanied with digital
analysis, they can allow better interpretation of images and pre-
vents human errors in visual assessment of images, and are thus
recommended by this study instead of the subjective human visu-
alization and assessment. Performing filtering to reduce double
losses of data is recommended to decrease the gap between visu-
alization and numeric analysis.
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