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Featured Application: We evaluate and propose a method for evaluating optimized CT protocol
for pediatric-based figure of merit and image performance metrics.

Abstract: The aim of this study is to investigate the impact of CT acquisition parameter setting on
organ dose and its influence on image quality metrics in pediatric phantom during CT examina-
tion. The study was performed on 64-slice multidetector CT scanner (MDCT) Siemens Definition
AS (Siemens Sector Healthcare, Forchheim, Germany) using various CT CAP protocols (P1–P9).
Tube potential for P1, P2, and P3 protocols were fixed at 100 kVp while P4, P5, and P6 were fixed at
80 kVp with used of various reference noise values. P7, P8, and P9 were the modification of P1 with
changes on slice collimation, pitch factor, and tube current modulation (TCM), respectively. TLD-100
chips were inserted into the phantom slab number 7, 9, 10, 12, 13, and 14 to represent thyroid, lung,
liver, stomach, gonads, and skin, respectively. The image quality metrics, signal to noise ratio (SNR)
and contrast to noise ratio (CNR) values were obtained from the CT console. As a result, this study
indicates a potential reduction in the absorbed dose up to 20% to 50% along with reducing tube
voltage, tube current, and increasing the slice collimation. There is no significant difference (p > 0.05)
observed between the protocols and image metrics.

Keywords: computed tomography; absorbed dose; signal–noise ratio; contrast–noise ratio;
figure of merit

1. Introduction

The transformation and sophistication of the computed tomography (CT) system
have led to the increased use of CT examinations. The development of CT technology
begins from the single detector and now the multidetector CT (MDCT) able to produce
high contrast sectional images in short scanning time [1,2]. Recent advances in the tech-
nological breakthrough of CT scan performance, such as application of automatic tube
current modulation (ATCM) and utilization of iterative reconstruction algorithm technique,
have decreased CT radiation exposure while retaining diagnostic image consistency [3–5].

The imaging of pediatric CT examination is still challenging even though the per-
formance and technology of the latest generation of CT scanners have been introduced.
Recently, with growing involvement in radiation-induced cancer, this debate is again in the
spotlight, as radiation exposure optimization is a particular problem in pediatric patients
receiving repeated CT examination [6–8]. Despite the high frequency of CT procedure
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usage amongst children, radiation burden from CT examination needs to be considered as
children are more sensitive to radiation as compared to adults [9,10]. Since 2007, the Amer-
ican College of Radiology (ACR), the Society for Pediatric Radiology (SPR), the American
Association of Physicists in Medicine (AAPM), and the American Society of Radiology Tech-
nologists (ASRT) have engaged in the Image Gently campaign in the United States to grow
the knowledge of practice by increasing awareness among radiation personnel [11,12].

Generally, the radiation-absorbed dose can be measured by inserting a passive dosime-
ter inside anthropomorphic phantom as it is the accurate way to measure the radiation
absorbed by radiosensitive organs or tissues of patients [13–15]. Likewise, Monte Carlo es-
timation on computational phantom, such as CT-Expo (Version 2.3.1, Hannover, Germany),
is able to estimate an organ-absorbed dose and effective dose based on the subject’s age
and gender [16–18]. In addition, multiplying organ-absorbed dose with tissue weighting
factor as stated in the International Commission on Radiological. Protection (ICRP 103)
can also be used to calculate the value of effective dose which is an important radiation
metric for the estimation of cancer risk of individual patients [19,20].

CT chest-abdominal pelvis (CAP) examination is generally used to evaluate the
anatomy structures and to diagnose the degree of malignancies in lungs, liver, pelvic organ,
lymphatic nodules, and bony structures. According to Park et al. [21], CT CAP examination
was performed purposely for the cancer staging. The mean effective dose of pediatric
CT CAP examination was ranging from 3.4 to 7.5 mSv between one year and five years
of age [22,23]. Hence, pediatric patients who require CT CAP scans due to their health
problems may have an elevated chance of cancer because children are more vulnerable
to radiation effects than adults [24]. CT dose reduction protocols have been developed
amongst researchers and a variety of strategies have been established to minimize CT
dose without compromising diagnostic image quality [25–27]. These include reducing tube
current (mAs) and tube voltage (kVp), automatic attenuation-based tube current selection,
decreased pitch factor, increased slice collimation and improper positioning [28,29]. Several
researchers have proposed CT dose reduction by increasing the pitch value combined with
the iterative reconstruction method to obtain significant dose reduction of the normal chest
and abdominal scans while preserving the consistency of the image quality [28,30,31].

The vigorous action by the institution in setting the best optimization protocols,
particularly for pediatric patients, is an indispensable part in reducing dose exposure in CT
examination. Therefore, the study highlights the current finding in optimizing radiation
doses from altering pediatric CT CAP scan parameters in terms of tube voltage, tube current,
slice collimation, pitch, and effect of tube current modulation (TCM) application, as well
as the effect on image quality indices in regard of image noise, signal to noise ratio (SNR),
and contrast to noise ratio (CNR).

2. Materials and Methods

This study utilized 1 y/o anthropomorphic phantom (ATOM, 704 model CIRS, Norfolk,
VA, USA). The body weight, height and thorax dimension of the phantom were 10 kg,
75 cm, and 12 × 14 cm, respectively. This phantom was made from tissue equivalent
material, which consisted of the lung, soft, and bone tissue. The phantom was made up
of 28 slabs with 2.5 cm slice thickness, which cover from head to lower leg and each slab
contains a hole about 5.0 mm in diameter for inserting dosimeter, such as TLD, to measure
the absorbed dose at the specific area of sensitive organs and for the simulation study of a
blood vessel filling with contrast material, as shown in Figure 1.
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Kernel filtration B30f B30f B30f B30f B30f B30f B30f B30f B30f 

CTDIvol (mGy) 1.8 1.5 1.3 1.0 0.9 0.8 1.7 1.7 6.9 
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E (DLP x k factor) 1.6 1.3 1.2 0.9 0.8 0.7 1.5 1.5 6.2 
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Figure 1. (a) One-year-old anthropomorphic phantom was set up before the scan. (b) The anthropo-
morphic lung tissue slab comprises a-holes matrix about 5.0 mm in diameter for dosimeter insertion,
such as TLD.

The CT CAP examination was performed on 64 slices using a multidetector CT
scanner (MDCT) Siemens Definition AS (Siemens Sector Healthcare, Forchheim, Germany)
by applying nine different CT protocols (P1 to P9). The tube potential of P1, P2, and P3
were fixed at 100 kVp and P4, P5, and P6 were fixed at 80 kVp with various tube current
reference values (ref. mAs: 210, 180, and 150), while in P7, P8, and P9 the modification was
made on P1 with changes on slice collimation, pitch factor, and tube current modulation
(TCM), respectively. The details of the CT acquisition parameter used in this study were
shown in Table 1. The scan range starts from 1 cm above the apex of lungs and ends at 1 cm
below symphysis pubis with a total length of 32 cm for all protocols involved. The source
to detector (SDD) and source to object distance (SOD) used in this study were 100 cm and
50 cm, respectively.

Table 1. Routine and modified CT CAP acquisition parameters used in this study.

Parameter
Protocols

P1 P2 P3 P4 P5 P6 P7 P8 P9

Slice thickness recon (mm) 3 3 3 3 3 3 3 3 3
Tube potential (kVp) 100 100 100 80 80 80 100 100 100

Effective tube current (mAs) 27 23 19 33 31 26 27 26 -
Ref. mAs 210 180 150 210 180 150 210 210 210

Number of detector 64 64 64 64 64 64 32 64 64
Slice collimation (mm) 0.6 0.6 0.6 0.6 0.6 0.6 1.2 0.6 0.6

Pitch 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.2 1.4
Dose Modulation On On On On On On On On Off

Table Feed 53.8 53.8 53.8 53.8 53.8 53.8 53.8 56.0 53.8
Exposure time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Kernel filtration B30f B30f B30f B30f B30f B30f B30f B30f B30f
CTDIvol (mGy) 1.8 1.5 1.3 1.0 0.9 0.8 1.7 1.7 6.9
DLP (mGy.cm) 58 48 42 32 29 26 54 54 221

E (DLP x k factor) 1.6 1.3 1.2 0.9 0.8 0.7 1.5 1.5 6.2
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2.1. CT Radiation Dose

Dose data, such as volume weighted CT Dose Index (CTDIvol) and dose length product
(DLP), were collected from the CT console. CTDIvol is the most established radiation metric
for CT and considered an important value for quality assurance. CTDIvol is defined as:

CTDIvol =
CTDIw

pitch factor
(1)

where CTDIw is the weighted average dose across a single slice and pitch is the distance of
the table moving in one 360◦ gantry rotation. DLP is calculated by multiplying the scan
range of the patients with the CTDIvol, and it represents the overall dose output along
the z-axis. Furthermore, the effective dose (E) is estimated by multiplying the DLP with a
conversion coefficient factor (CC) [13].

The organ dose of the phantom was measured by using TLD-100 (LiF: Mg, Ti) with
dimensions of 3.2 × 3.2 × 0.6 mm. TLD-100 is the common passive dosimeter used in the
measurement of radiation dose due to high sensitivity and response to the photon of X-ray.
A total of 55 TLD-100 were used in this study and calibrated and compared with standard
ionization chamber. The calibration process should be done to obtain a conversion factor
(CF) in each TLD-100. Nine TLD-100 were used to measure background radiation. The CF
was computed based on the equation:

CF =
Qrad(

M−Mbackground −Cbackground

) (2)

where Qrad is energy photons from X-ray beam, M is the result of the Harshaw TLD reader,
Mbackground is the background reading from TLD reader, and Cbackground is the background
reading from TLD-100.

All the TLD-100 were read out using a Harshaw 3500 TLD reader (Thermo Scientific,
Waltham, MA, USA), combined with an operating software for all Harshaw TLD reader
known as WinREMS after 24-h exposure. Before reuse, the TLD-100 chips were annealed
using an oven (TLD annealing oven, PTW, Freiburg, Germany) for 1 h at 400 ◦C and 2 h at
100 ◦C followed by rapid cooling to make the TLD chips reusable. All the TLD-100 kept
inside labeled plastic and sealed before inserting into the hole of the phantom. In this
study, four TLD chips were inserted into the phantom slab no 9, 12, and 14 to represent
lung, liver, and stomach, three TLD were inserted into slab no 7 and 19 to represent thyroid
and gonads, and five TLD was placed on top of the phantom at the area of the thorax
(slab number 8 and 11), abdomen (slab number 12 and 13), and pelvis (slab number 18) for
the skin dose measurement.

2.2. Image Quality Metrics

The image quality was assessed by using Radiant DICOM Viewer software (Medixant,
Poznan, Poland) to extract CT numbers and noise values from each protocol by placing
the circular region of interest (ROI) about 0.8 cm2 in the selected image (Figure 2). The in-
formation regarding CT numbers and noise was used to calculate the signal to noise ratio
(SNR) and contrast to noise ratio (CNR). The SNR was calculated by dividing the mean
(CT number) by the corresponding standard deviation, SD (noise value) as shown in the
equation below:

SNR =
meanROI

SDROI
(3)

Furthermore, the CNR were measured by using the equation below:

NR =
|meanROI −meanBG|

SDROI+SDBG
2

(4)
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where the meanBG and SDBG is CT number value of background and noise value of the
background, respectively. We quantify the dose information to correlate with the CT image
quality. The figure-of-merit (FOM) was used to characterize the radiation dose trade-off
with image quality by considering all the image parameters. In this study, the FOM values
represent the efficiency between SNR and CTDIvol with different CT CAP protocols and
they can be calculated with the equation below:

FOM =
SNR2

CTDIvol
(5)

Besides SNR, CNR also can be used to calculate the FOM with the CTDIvol parameter.
The FOM allows SNR to be evaluated independently of the current tube and the dose of
radiation. However, as it is determined for a specific scan mode (helical or axial) and a
specific diagnostic task, it should not be used, for example, when comparing head and
abdomen imaging, to compare different scanned areas of diagnostic tasks [22].

Data were analyzed using IBM SPSS V25.0 (SPSS, version 25.0 for Windows, Chicago,
IL, USA). The data of organ-absorbed dose were presented as mean value with standard
deviation (SD). One-way ANOVA with post-hoc Dunnett test was used to analyze the
significant value of organ-absorbed dose and image quality between default protocol 1
(P1) with other modified protocols CT CAP. A p-value < 0.05 was considered statistically
different.
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Figure 2. Example of objective image quality analysis of CT number (mean), image noise (SD), SNR,
and CNR by putting the region of interest (ROI) in the lungs and soft tissue field.

3. Results
3.1. Organ Equivalent Dose

Table 2 summarized the organ equivalent dose for the selected organs in protocols
P1–P6. As observed, the highest organ-absorbed dose was found in the liver and the
lowest was presented in the thyroid for 100 kVp with a mean value of 1.22 ± 0.13 mSv
(P1) and 0.31 ± 0.07 mSv (P3), respectively. However, for 80 kVp, the highest organ-
absorbed dose was found in the stomach compared to the other organs with a mean value of
0.72 ± 0.01 mSv. Figure 3 presents the mean organ equivalent doses of standard pediatric
CT CAP examinations with varying tube potential and tube current. As a result, the value
of doses reduced as tube voltage and tube current decrease in P2 to P6. In comparison
between 100 and 80 kVp, the results of organ-absorbed dose were decreased with the
reduction of tube voltage. Overall, this study found that the organ dose measurements in
thyroid, lungs, liver, stomach, gonads, and skin were reduced by almost 50% with lessening
tube voltage from 100 to 80 kVp.
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Table 2. Organ Equivalent Dose from TLD measurement between 100 and 80 kVp with variation ref. mAs.

Selected Organ

Organ Equivalent Dose (mSv)

100 kVp 80 kVp

P1
(Ref. mAs 210)

P2
(Ref. mAs 180)

P3
(Ref. mAs 150)

P4
(Ref. mAs 210)

P5
(Ref. mAs 180)

P6
(Ref. mAs 150)

Thyroid 0.49 ± 0.03 0.41 ± 0.05 0.31 ± 0.07 0.24 ± 0.16 0.22 ±0.16 0.20 ± 0.17
Lungs 0.88 ± 0.12 0.74 ± 0.06 0.58 ± 0.06 0.51 ± 0.04 0.37 ±0.09 0.35 ± 0.05
Liver 1.22 ± 0.13 0.95 ± 0.06 0.83 ± 0.06 0.53 ± 0.15 0.46 ± 0.12 0.39 ± 0.08

Stomach 1.05 ± 0.03 0.95 ± 0.09 0.82 ± 0.07 0.72 ± 0.01 0.62 ± 0.04 0.56 ± 0.04
Gonads 0.87 ± 0.02 0.75 ± 0.03 0.64 ± 0.06 0.43 ± 0.02 0.40 ± 0.01 0.34 ± 0.02

Skin 1.07 ± 0.14 0.90 ± 0.16 0.68 ± 0.24 0.59 ± 0.14 0.48 ± 0.17 0.32 ± 0.16

Table 2 and Figure 3 present the impact of standard protocol, tube voltage, and tube
current on organ equivalent dose during the examination. Table 3 summarizes the influence
of increased slice collimation (P7), reduced pitch factor (P8), and disabling the TCM function
(P9) on organ dose. The doses were slightly reduced when slice collimation was increased.
However, by reducing the pitch value, the organ dose was slightly increased. Furthermore,
the organ equivalent dose was increased by more than 50% in P9 after disabling the TCM
function. Figure 4 shows the highest organ dose was observed in the liver followed by skin,
stomach, lungs, gonads, and thyroid in all protocols. The highest organ dose was detected
in P9. Therefore, the application of TCM in pediatric patients offers a big consequence in
CT radiation dose due to different in-patient body habitus and thickness.

3.2. Analysis of Image Quality Metrics

The image quality metrics were obtained to compare with the dose information.
The mean of image quality indices of CT number, noise, SNR, and CNR were summarized
in Table 4. The reduced tube voltage and tube current lead to an increase in image noise.
Noting that the highest mean of noise was 13.1 ± 0.6 HU presented in P6. There is no
significant difference of CNR in P4 and P6 after reducing the tube voltage from 100 to
80 kVp. However, reducing tube voltage in P4, P5, and P6 resulting in significant differences
(p < 0.05) of SNR value. The highest mean of SNR and CNR in P9 (disabling TCM) was
6.66 ± 0.5 HU and 1.34 ± 0.2 HU, respectively, and the organ dose in P9 protocol were
among the highest. Thus, the highest FOM value was obtained in P9, followed by P7
and P2.
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Figure 3. The mean organ-absorbed doses of standard pediatric CT CAP examinations with varying tube potential and tube
current in: (a) Thyroid, (b) lungs, (c) liver, (d) stomach, (e) gonads, and (f) skin.

Table 3. Organ Equivalent Dose from TLD measurement from optimization protocols.

Selected Organs
Organ Equivalent Dose (mSv)

P1(R) P7 (S.C = 1.2) P8 (P = 1.2) P9 (Off TCM)

Thyroid 0.49 ± 0.03 0.36 ± 0.36 0.58 ± 0.23 4.25 ± 0.27
Lungs 0.88 ± 0.12 0.82 ± 0.14 0.91 ± 0.13 6.2 ± 0.55
Liver 1.22 ± 0.13 1.10 ± 0.07 1.30 ± 0.04 7.10 ± 0.54

Stomach 1.05 ± 0.03 0.97 ± 0.07 1.18 ± 0.11 6.91 ± 0.42
Gonads 0.87 ± 0.02 0.79 ± 0.04 0.90 ± 0.02 6.35 ± 0.10

Skin 1.07 ± 0.14 1.04 ± 0.17 1.15 ± 0.11 6.06 ± 0.74
R = Routine, S.C = Slice Collimation, P = Pitch, TCM = Tube Current Modulation.

Table 4. A comparison of all objective image quality parameter values acquired in different CT CAP protocols.

Image Quality
CT CAP Protocol

P1 P2 P3 P4 P5 P6 P7 P8 P9

CT Number
(Mean) 22.5 ± 0.9 22.3 ± 0.9 19.9 ± 1.9 19.5 ± 0.8 20.3 ± 1.9 10.1 ± 1.3 22.6 ± 0.5 22.0 ± 0.9 21.4 ± 0.9

Noise (SD) 8.9 ± 1.1 9.3 ± 0.9 10.5 ± 1.6 10.8 ± 2.3 11.5 ± 0.6 13.1 ± 0.6 7.4 ± 1.0 8.8 ± 0.7 3.2 ± 0.2
SNR 2.54 ± 0.4 2.41 ± 0.2 1.93 ± 0.4 1.87±0.4 * 1.77 ± 0.1 * 0.77 ±0.1 * 3.10 ± 0.4 2.51 ± 0.2 6.66 ± 0.5 *
CNR 0.71 ± 0.1 0.69 ± 0.1 0.47 ± 0.1 0.59 ± 0.1 0.45 ± 0.1 * 0.61 ± 0.1 0.54 ± 0.1 0.23 ± 0.1 * 1.34 ± 0.2 *
FOM 3.65 3.90 2.97 3.59 3.54 0.75 5.73 3.73 6.47

Dunnett t-tests
(p value) Control 1.000 0.058 0.611 0.028 0.779 0.255 0.000 0.000

* p-value < 0.05.
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Figure 4. The mean organ-absorbed doses from the modification of standard pediatric CT CAP protocols in: (a) Thyroid,
(b) lungs, (c) liver, (d) stomach, (e) gonads, and (f) skin.

4. Discussion

Our aim in this work is to correlate between dose and image quality metrics in
pediatric while implementing CT optimization protocols. Among radiation dose metrics,
organ equivalent dose is considered one of the best indicators for characterizing patient
radiation burden [10,32]. Several researchers have been inspired to reduce the risk by
altering the variable of scan parameters, including growing the pitch factor, increasing
slice collimation, choosing tube voltage, and utilizing automatic tube current modulation
(ATCM) feature [33–35].
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In this work, we have measured organ-absorbed dose in pediatric patients by inserting
a TL dosimeter into the hole designed at the slab of the one-year-old anthropomorphic
phantom to represent specific radiosensitive organ parts. The CT CAP protocol was
selected because of the high frequency performed amongst pediatric patients and the rise
in repetitive scans due to the standard protocol used for cancer staging. Nevertheless,
patients with early detection of malignancy can have multiple follow-up CT scans with
elevated combined sensitivity to radiation, contributing to a possibility of radiation-related
illness. Consequently, there is the concern as scan length that includes more than one part
of the body may lead to the pediatric patient’s over-exposure if CT parameter optimization
has not been implemented.

The highest organ-absorbed dose was presented in the liver, skin, stomach, and lungs
as the site of these organs was situated in the primary beam. As CT CAP is often applied as
a routine CT examination in the pediatric population due to its benefit in revealing diseases
in the lungs, liver, stomach, and deliberately for cancer staging, this can contribute to a
rise in cancer incidence. The modification in CT parameter by lowering the tube voltage
and tube current results in substantially different organ equivalent dose. Another research
found that small adjustments in tube voltage might significantly reduce the radiation
exposure and raise the quantum mottle resulting in increased image noise [36,37].

However, lowering the capacity of the X-ray tube is an acceptable operation to evalu-
ate iodine structures as a consequence of the rise in iodine attenuation energy due to the
proximity of the K-edge of iodine and the photoelectric influence. The optimum kilovoltage
for a CT analysis should be selected depending on the imaging task and patient habitus [32].
Furthermore, the practice of low tube potential technique with a proper selection of mAs
value will improve contrast resolution in a patient with a smaller body thickness. The de-
crease in tube voltage from 120 to 100 kVp and 80 kVp is the best range tube potential in
pediatric CT chest, abdominal and pelvic examination without deteriorating CNR and SNR
consistency index.

The alteration of CT scan parameter by reducing the pitch factor from 1.4 to 1.2 slightly
increased the organ-absorbed dose without affecting image quality. This was supported by
Lambert et al. [38], where the increased pitch factor on selected pediatric CT parameter may
decrease the radiation output. As presented in P8, there is no significant difference (p > 0.05)
in organ-absorbed dose albeit it was slightly increased compared to the routine protocol
(P1) and also image diagnostic quality in terms of image noise and SNR value in this study.
However, the CNR was found to be varied. Studies have shown that high-pitch CT is not
only effective for cardiac imaging, but also for routine chest and abdominal CT analysis
by minimizing radiation sensitivity while retaining diagnostic image consistency [33,39].
Moreover, the efficient high pitch value was found along with the iterative reconstruction
algorithm for decreased radiation exposure and image noise, while tube current (mAs)
stayed unchanged [40,41].

Different size of the detector and slice collimation setting in P7 resulted in declining
organ-absorbed dose in pediatric CT CAP analysis by contrasting the organ dose in all
protocols. Besides dose reduction, it also indicates that there is no significant difference
in image quality. According to the previous study reports, apart from growing pitch
factor and reducing tube current and tube voltage in the optimization phase, increasing
slice collimation is a technique to minimize radiation dose without sacrificing image
quality performance [41,42]. Furthermore, previous research indicates that increased beam
collimation resulted in a decrease of around 17% over-ranging in CT study, which may
prevent overexposure to patients and decreased dose to radiosensitive organs beyond
primary beam [43]. However, a wider detector z-coverage screening applied may increase
radiation scattering. Scattered radiation can cause hypodense artefacts, affect the stability
of the CT number, and the scatter-induced noise in the images may decrease the CNR [44].

The radiation dose metrics in terms of CTDIvol, DLP, E and organ-absorbed dose
results were substantially higher in P9. The body habitus of children populations varied in
size and weight. In addition to the patient’s size, the patient’s anatomy has a major effect
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on X-ray attenuation and noise. At most children’s health centres, CT CAP was applied for
further investigation to determine the metastasis of cancer to the patients who were already
diagnosed with primary cancer diseases. With the introduction of automatic tube current
modulation (ATCM), this technique was used to optimize the radiation dose, particularly
amongst pediatric patients. Moreover, with using TCM, 80% of organ-absorbed dose was
reduced in pediatric CT CAP examination. This study was similar to the previous study
shows by using TCM, 68% of effective dose reduce in CT CAP examination [40]. Therefore,
the patient size, the shape, and anatomy of the patient has a significantly effect on TCM in
terms of declining radiation dose without sacrificing image quality [4,24].

The adjustments to these scanning parameters were investigated as to how these
influences the patient dosage and the performance of CNR, SNR, and image noise. Never-
theless, there is a trade-off between image quality and dosage. The larger dose leading to
the higher signal improves contrast resolution, lowering the noise and providing clearer
depiction of low-contrast structures. Detection of low contrast information and lesions is
restricted primarily by noise, which can be minimized by increasing the radiation expo-
sure. Dose output of CT scanners operating in such modes can be described along with
standard-dose indicators by image quality values. Hence, the trade-off between image
quality and radiation dose were accessed by FOM based on SNR and CTDIvol in this study.
Several studies explored the probability of dose reduction by optimization dependent on
FOM approach [14,45,46].

In addition, artificial intelligence has lately been commonly used to optimize radiation-
based processes and has several benefits over conventional approaches. The usage of
artificial intelligence contributes to refining photon radiation-based applications in both
the medical and manufacturing industries [47–49]. Likewise, Machine Learning and Deep
Learning a subset of artificial intelligence have been used in a number of applications to
evaluate complicated data sets and to identify similarities and associations within those
data without being directly configured [50,51].

This research has some limitations to list. First, this analysis just checked the alteration
of the pediatric CT CAP protocols on a one-year-old anthropomorphic phantom. Therefore,
the age variation in anthropomorphic phantom can be used to present radiation intensity
and the dosage received by the organs of children owing to the variation of body size and
habitus. Second, this research did not conduct a subjective evaluation of the accuracy of
the picture by an expert radiologist. Third, the standard image reconstruction approach,
which is Filter Back Projection (FBP) also known as Radon transform, was used for image
processing since the CT scanner used in this study did not have an iterative reconstruction
algorithm. The degree of image noise filtering is then reduced relative to the use of the
iterative reconstruction process. The image quality by leveraging iterative reconstruction
information is important to explain the impact on diagnostic quality subjectively as it has
enhanced image quality, improve image clarity, and reduce image noise [52].

5. Conclusions

As a conclusion, the impact of the modification of acquisition parameter in pediatric CT
CAP, indicates a potential reduction in a dose up to 30% to 80%. Noting that, this study has
focused on phantom study by selecting pertinent tube voltage, tube current, pitch value,
slice collimation, and comparing ATCM technology. The attenuation-based treatment
modifications are more effective than external patient features, such as patient age, weight,
BMI, or external measurements. The radiation-induced risk from current CT acquisition
parameters is still relatively lower compared to natural background radiation. Even so,
the justification for CT scan as well as optimization of the scanning parameters is still
paramount for those patients who require multiple CT scans.
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