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Abstract–This work aims to optimize the scanning parameters of Chest and Abdomen protocols in computed
tomography, whilst maintaining imagequality and reducing the dose. Two phantoms have been used to eval-
uate the dose and image quality on a 16-slice HITACHI CT system by establishing the optimization threshold
for each protocol. The proposed Thoracic protocol has shown a reduction in Computed Tomography Dose
Index (CTDIvol) and Contrast-Noise Ratio (CNR), and the spatial resolution has remained stable with a
slight increase in noise. For the optimized Abdominal protocol, CTDIvol has reduced significantly, noise has
increased at the two new proposed energies of 100 and 120 kV, and CNR has decreased. This research has
shown that by optimizing Chest and Abdomen protocols, substantial dose reductions may be achieved with-
out compromising image quality when using a multi-slice Scanner.
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INTRODUCTION
Morocco has developed an important medical

imaging infrastructure; this development is reflected
in the increase in the number of medical equipment,
with more than 424 radiology departments and cen-
ters. This number is expected to increase in the future
to reach more than 360 scanners [1]. Computed
tomography (CT) scans provide higher doses than
other imaging procedures, and can potentially pro-
mote risks [2]. Thus, several studies have been carried
out to assess the risks of CT scans [3–5], and to seek
the protocols’ optimization [6, 7]. These studies have
shown that exposure to ionizing radiation during CT
examinations, can be associated with an increase in
the appearance of long-term genetic mutations and
radiation-induced cancers, through stochastic effects
[8]. A single CT scan subjects the human body to
150‒1100 times more radiation than a conventional
X-ray scan, or about one year of exposure to radiation
from natural and artificial sources in the environment
[9, 10]. Clinically, the majority of radiology centers
use protocols that are preprogrammed on devices.
Consequently, they are not always suitable for clinical
cases (pediatrics, patients’ corpulence) [10]. It is
essential to justify and ensure quality examinations
with the lowest possible dose. These conditions

depend on the parameters’ choice. A successful CT
scan diagnosis requires high-quality images with an
optimal patient dose. The compromise between image
quality and dosimetry in CT scans is the subject of
numerous radiation protection reports and scientific
publications [11, 12].

The quality of the image provided by CT scanners
can be assessed by the objective measurement of phys-
ical quantities such as CT number, low contrast
detectability, noise, linearity, spatial resolution, and
uniformity. These physical quantities can be measured
by several phantoms such as the American College of
Radiology (ACR phantom) [13], Catphan 500 [14],
and other types. These different phantoms are used as
a reference in the acceptance of quality assurance [15].
The calculation of the received doses by patients
during a CT procedure is very complex [16], hence the
need to use dosimetric quantities; such as the CT dose
index (CTDI) which indicates the dose transferred to
standard phantoms (16 cm for the skull and 32 cm for
the body), and dose length product (DLP) which is
defined as the volumetric (CTDIvol) multiplied by the
length [17].

Although Morocco has a very large number of
scanner units, no quality assurance system has been set
up as recommended by the International Atomic
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Fig. 1. Catphan 500.
Energy Agency (IAEA) and the International Com-
mission on Radiological Protection (ICRP) [15, 18].
Moreover, the limitations of the previous research in
this context in Morocco prompted us to carry out this
study. We aim to optimize the practices by evaluating
the impact of acquisition parameters in computed
tomography, which act effectively on the quality of
image and dose [18, 19].

The volumetric computed tomography dose index
CTDIvol was estimated using a polymethylmethacry-
late (PMMA) phantom and a pencil ionization cham-
ber [8]. In addition, the image quality variables
including image noise, spatial resolution (SR), and
noise-to-contrast ratio (CNR) were evaluated using a
Catphan 500.

This study aims to optimize the practices of the
chest and abdomen protocols in CT scan in Morocco,
by showing that changing the acquisition parameters;
(KVp and mAs) can reduce the dose (CTDI) while
maintaining an image of optimal quality (noise, SR,
and CNR). Therefore, we have varied the acquisition
parameters to obtain images that provide the maxi-
mum amount of information to make a reliable diag-
nosis.

1. MATERIALS AND METHODS
Before starting the measurements, we performed

the warmup and the air calibration on a HITACHI
Supria 16-slice, installed in aMoroccan Hospital since
2015, with a workload of 20 patients per day. Accord-
ing to a questionnaire carried out at this hospital, we
focused in this study only on two examination proto-
cols, representing almost half of all the requested
examinations (chest and abdomen). In addition, we
have collected the 4 most frequent acquisition param-
eters by protocol. These same collected parameters are
scanned through two phantoms evaluating the dose
and the image quality while recording the values of the
measured quantities (CTDIvol, spatial resolution,
contrast to noise ratio CNR, and noise).

Furthermore, these phantoms were re-scanned
trying to find the threshold of optimal optimization,
by reducing the parameters (KV and mAs) for the two
protocols; chest and abdomen, until the quantities of
the images’ quality were considerably low. We deacti-
vated the automatic dose modulation system and we
performed two series of measurements using the two
phantoms; in the first series of the chest protocol we
reduced the kVp and increased the mAs, and in the
second series of the abdomen protocol we reduced the
mAs while switching between reductions, with no
change in kVp.

Regarding the objective evaluation of the physical
quantities of image quality in CT, we used a Catphan
500 phantom (Phantom Laboratory, Salem NY,
USA). It consists of 4 modules enclosed in a box of
20 cm in diameter as shown in (Fig 1). The image
MOSCOW UNIVERSITY PHYSICS BULLETIN  Vol. 76 
quality quantities which were evaluated in this study
are the spatial resolution (module CTP528), CNR
(module CTP515), and noise (module CTP486) [20].

The first measured quantity was the image noise.
It is obtained by calculating the standard deviation in
a circular ROI which covers 40 of the homogeneous
module diameter of a Catphan phantom, by
plotting 5 ROI on the console image obtained after the
scans; one in the center and 4 at the periphery (0°, 90°,
180°, and 270°) [21], using the following Eq. (1):

(1)

where  is noise,  is the standard deviation,  is
the CT of water, and  is the CT of air.

The second measured quantity was the CNR con-
trast-to-noise ratio using the CTP515 module’s
image, as shown in Eq. (2):

(2)

where  is the CT number inside the circle,  is
the CT number outside the circle, and  (standard
deviation). Contrast to noise ratio ( ) is calculated
for the 15 mm circle, with a contrast diameter of the
CTP515 module’s image [21]. Also, the number CT is
defined by Eq. (3):

(3)

where  is the attenuation coefficient of tissue,
and  is the attenuation coefficient of water.

The last measured quantity was the spatial resolu-
tion, by counting the number of line pairs per centi-
meter [22].

As for the dose measurement, the same variations
in the scan parameters are applied using a cylindrical
phantom with a diameter of 32 cm, simulating the
adult body in (Fig 2). This phantom is of type PMMA

σ ×
−eau air

= 100%,B
NS NS

B σ eauNS
airNS

−int extnumber number= ,CT CTCNR
SD

intCT extCT
SD

CNR

μ − μ ×
μ

tissue eau
CT

eau

= 1000,N

μtissue

μeau
 Suppl. 1  2021



S90 EL MANSOURI et al.

Fig. 2. PMMA.
(Polymethyl-Methacrylate), of (1.19 g/cm3) density,
and contains 5 holes (center, 3 h, 6 h, 9 h, and 12 h)
[23]. We also used a calibrated pencil ionization cham-
ber (model 10X6-3CT) [24], with an active length of
100 mm, measurement accuracy of ±4 a dose mea-
surement range of (200 nGy–1 kGy), an electrometer
of type (RADCAL CORPORATION, California,
USA), and Accu-Gold+ interface software for dis-
playing the output parameters. First, we measured the
CTDI100 using the pencil ionization chamber [20],
and then we calculated the CTDIw based on the fol-
lowing Eq. (4):

(4)

where  is the weighted computed tomography
dose index;  at the center, and  at
the periphery. The  was calculated by dividing
the  by the factor of the pitch (1.06).

2. RESULTS

Three physical quantities of the image’s quality
including noise, spatial resolution, and contrast to
noise ratio, as well as the CTDI of the two CT exam-
inations were evaluated to identify the threshold of
optimization, in order to determine new scanning pro-
tocols. Table 1 shows the chest examination results
and Table 2 shows the abdomen examination results.
For the thoracic protocol, the noise was the first quan-
tity of image quality which was evaluated in Table 1.
From 120 to 100 kV, the average values are increased
from from 11.82% to 38.17%. The measured average
noise was high for the low currents of the mAs tube,
and its behavior was downward by increasing the mAs,
which matches the results of low contrast.

The second evaluated quantity was the spatial res-
olution. Using the CTP528 module from Catphan, we
noted the average values as a function of the variation
in kVp and mAs. For the old parameters, the values
vary between 6 and 7 pl/cm with energies 120 kV; 6 at
mAs between (75–90), and 7 pl/cm at mAs (115–165).

+(100, ) (100, )= 1/3 2/3 (mGy),w c pCTDI CTDI CTDI

wCTDI
(100, )cCTDI (100, )pCTDI

volCTDI
wCTDI
MOSCOW UNIVER

Table 1. Current and new scanning protocols for Chest

Old scan kV|mAs CTDIvol NOISE SR CNR

120|75 5.82 8.20 6 0.76
120|90 6.75 7.61 6 1.13
120|115 8.96 6.60 7 1.33
120|165 10.70 5.15 7 1.56

New scan kV|mAs CTDIvol NOISE SR CNR

100|115 4.87 9.35 6 0.63
100|143 5.76 8.51 6 0.99
100|176 6.28 7.94 7 1.15
100|230 7.95 6.91 7 1.38
The same values for the new parameters of 100 kV;
6 pl/cm at mAs between (115 and 143), and 7 pl/cm
at mAs between (176 and 230).

Also, for the chest protocol, the CNR was the third
evaluated quantity of the 15 mm circle’s diameter at
a 1% contrast, from the CTP515 module’s image
(Table 1). We have noticed that the values of CNR as
a function of the 120 kV energy of the old parameters
increase with the increase in mAs, going from 0.76 to
1.56. In addition, the rate of change between the new
and old parameters fell slightly from 11.53% to 17.10%
for the abdomen protocol, we proposed two new ener-
gies 100 kV and 120 kV for the noise quantity; noise at
100 kV increases from 48.08% to 52.55% with the
increase in mAs. On the other hand, at 120 KV the
noise increases slightly from 24.41% to 25.55% with
the decrease in mAs. Regarding the spatial resolution,
the values increase considerably with the tube ener-
gies; 6 pl/cm at 100KV with mAs: 200–210, and
7 pl/cm at 120 kV with mAs: 130–300. The old values
of the spatial resolution were higher compared to the
new values especially in low energy (100 kVp).

Towards the CNR of the abdomen protocol, the
variations in the mean values experienced a slight
increase with the increase in mAs. The variation rates,
SITY PHYSICS BULLETIN  Vol. 76  Suppl. 1  2021

Table 2. Current and new scanning protocols for Abdomen

Old scan kV|mAs CTDIvol NOISE SR CNR

120|155 10.56 5.36 7 1.41
120|210 11.72 4.48 7 1.63
120|265 14.52 4.11 7 1.79
120|300 15.85 3.85 7 1.96

New scan kV|mAs CTDIvol NOISE SR CNR

120|130 9.81 6.73 7 1.15
100|210 7.26 6.66 6 1.40
100|200 7.55 6.27 6 1.52
120|240 11.60 4.79 7 1.55
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Fig. 3. (a) SR of 120 kV|115 mAs for Chest. (b) Image Noise of 120 kV|115 mAs for Chest, (c) SR of 100 kV|176 mAs for Chest,
(d) Image Noise of 100 kV|176 mAs for Chest.
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between the old parameters and the new parameters,
vary between 14.11% and 20.21%. The  of the
two protocols is presented in Tables 1 and 2. For the
chest examination, the  obtained at 120 kV
varies between 5.82 and 10.70 mGy, and the 
obtained at 100 kV varies between 4.84 and 7.85 mGy.
In addition, the rate of change from 120 kV to 100 kV
was reduced from 14.66% to 39.70%.

Compared to the abdomen examination, the rate of
change of the  was from 7.10% to 48%, when

volCTDI

volCTDI
volCTDI

volCTDI
MOSCOW UNIVERSITY PHYSICS BULLETIN  Vol. 76 
switching from the old parameters to the new ones. In
this study, we used the  measurement, which is
a good CT index used to estimate the radiation dose to
patients. This index is a good indicator of comparison
between the different acquisition parameters which
are already studied. Our work has shown that reducing
the radiation dose to patients is possible by changing
the acquisition parameters of the two protocols used
by the HITACHI scanner.

The two (Figs. 3a and 3b), represent the measured
quantities of spatial resolution and noise at (120 kVp

volCTDI
 Suppl. 1  2021
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Fig. 4. Current and new CTDIvol for Chest.
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and 115 mAs) for the thoracic protocol. However, the
two (Figs. 3c and 3d), are for the new thoracic proto-
col proposed at (100 kV and 175 mAs).

3. DISCUSSION

16 different scans were performed for two anatom-
ical regions (chest and abdomen), divided into two
series; one for the current protocol, and the other for
the proposed protocol while taking into account the
image quality degradation. For both exams, the auto-
matic tube current modulation option was deactivated
during the Catphan 500 scan and the mAs were set
manually, as there would have been no change in mAs
given that there is no variation in the scanned phantom
(the diameter of the Catphan 500 phantom is invari-
able). The obtained results are plotted on the following
graphs to fully understand the behavior of the physical
magnitudes of the image, and the dose as a function of
the variation in the acquisition parameters.
MOSCOW UNIVER
Regarding the thoracic examination, the reduction
in kV by 16.66%, accompanied by an increase in mAs
from mAs from 39% to 58%, made it possible to
reduce the CTDI from 14.66% to 39.70% (Fig 4), with
an increase in noise of 11.82 at 38%, this matches with
the conclusions found by Francis Zarb et al. [25].
Authors in [25] reduced kV from 14% to 17%, which
allowed a dose reduction from 32% to 38%, with a
considerable increase in noise from 16% to 29%, this
noise was inversely correlated with mAs (Fig 5). By
switching from the current protocol to the proposed
one, the CNR was reduced from 11.54% to 17.10%
(Fig. 6), and the spatial resolution was not affected.
This is consistent with the previous studies done by
Kun Tang et al. [26].

Regarding the abdomen examination, we opted for
two changes; the first one was the reduction in mAs,
and the second one was the combination of the two
parameters (mAs and kV). The reductions in mAs
from 16.12% to 20% made it possible to reduce the
SITY PHYSICS BULLETIN  Vol. 76  Suppl. 1  2021
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dose from 7.10% to 26.01% (Fig. 7), with an increase
in noise from 24.41% to 25.55%, and a reduction in
CNR from 18.43% to 20.21%. This is consistent with
the results of Francis Zarb et al. [25] who have shown
that the reduction of mAs from 20% to 33% makes it
possible to reduce the CTDI in the same way from
20% to 33%, with an increase in noise from from 3%
to 27%. Regarding the reduction of kV by 16.66%, the
CTDI was reduced from 38.05% to 48.00%, the noise
increased from 11.82% to 38.17%, and the CNR was
lowered from 12.38% to 13.53%. The SR was reduced
from 7 to 6 pl/cm, which is consistent with the studies
of Zaehringer et al. [27], and Martin Beeres et al. [28]
who concluded that lowering kV reduces the dose
without compromising the image quality.

Changing the tube currents (mAs), slice thickness,
collimation, the field of view, vary the values of the
Hounsfield units slightly. Also changing the tube volt-
age (kVp) and changing the reconstruction filters have
a very large impact on the HU units. To understand
how changing the acquisition parameters affects the
HU units and their impact on the dose change, it is
recommended to use a phantom containing inserts
that simulate the human body, such as the CIRS
phantom.

CONCLUSIONS
Several studies have cited reliable methods for

achieving low dose and adequate image quality in CT
scanning with optimized practices, including a correct
selection of tube current and voltage according to
patient body size and other criteria. Reaching this goal
requires a considerable knowledge base in radiation
protection and hence the need to keep the dose as low
as possible. This research has shown that by optimiz-
ing chest and abdomen protocols, substantial dose
reductions may be achieved without compromising
image quality and with no degradation of spatial reso-
lution.
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