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Abstract

Purpose: Children are sometimes examined with Computed Tomography
protocols designed for adults, leading to radiation doses higher than neces-
sary. Lack of optimisation could lead to image quality higher than what is
needed for diagnostic purposes with associated high doses to patients. Opti-
mising the protocols for paediatric head trauma CT imaging will reduce ra-
diation dose. Objective: The study aimed to optimise radiation dose and as-
sess the image quality for a set of protocols by evaluating noise, a contrast to
noise ratio, modulation transfer function and noise power spectrum. Meth-
ods: Somaton Sensation 64 was used to scan the head of an anthropomorphic
phantom with a set of protocols. Image] software was used to analyse the
paediatric head image from the scanner. IMPACTSCAN dosimeter software
was used to evaluate the radiation dose to the various organs in the head.
MATLAB was used to analyse the Modulation Transfer Function and the
Noise Power. Results: The estimated Computed Tomography Dose Index
volume (CTDI,,) increased with increasing tube current and tube voltage.
The high pitch of 0.9 gave a lower dose than the 0.5 pitch. The eye lens re-
ceived the highest radiation dose (39.2 mGy) whiles the thyroid received the
least radiation dose (13.7 mGy). There was an increase in noise (62.46) when
the H60 kernel was used and a lower noise (8.829) was noticed when the H30
kernel was used. Conclusion: The results obtained show that the H30 kernel
(smooth kernel) gave higher values for noise and contrast to noise ratio
(CNR) than the H60 kernel (sharp kernel). The H60 kernel produced high
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values for the modulation transfer function (MTF) and noise power spectrum
(NPS). The eye lens received the highest radiation dose.
Keywords

Image Quality, Radiation Dose, Modulation Transfer Function, Noise Power
Spectrum, Optimization

1. Introduction

The utilization of Computed Tomography (CT) in paediatric imaging has ex-
panded throughout the most recent years, and it has been quickly expanding
since its presentation in the 1970s [1]. The advancement of this modality from
single-detector to multi-detector and the possibility for helical scanning has pro-
vided many advantages in clinical settings, which has made CT the preferred op-
tion for several clinical indications [2]. Cranial computed tomography is a reli-
able imaging method for identifying intracranial lesions in patients with head
trauma [3].

According to Hagel [4], tube current reduction based on age, size and weight
was formerly used to optimize radiation dose in children. But currently, the use
of lower radiation energy is of more interest since it has shown that higher tube
voltage increases radiation doses in paediatrics without necessarily improving
image quality [5]. The practice of as low as reasonably achievable (ALARA)
principle thus optimization and justification can result in minimization of un-
necessary exposure from CT examinations in paediatric head trauma imaging.

CT image quality is a composite of many different factors of both observed
and physical quantities like modulation transfer function (MTF), a contrast to
noise ratio (CNR), uniformity, CT numbers and noise [6]. It is the differential
absorption and attenuation of X-ray beams that provide the contrast used in ra-
diographs and CT to distinguish between grey and white matter, haemorrhage
and brain [7]. To obtain an image with a higher quality, it is significant to inter-
pret and obtain the highest information from the images. Determination of op-
timal image quality is a complex task involving both quantitative objective
physical measures linked with subjective observer perceptions as an indication of
clinical performance [8]. CNR is the ability to visualise different tissues through
the noise. MTF determines how much contrast in an original object is main-
tained by the detector. CT number is the Hounsfield unit. Noise describes any con-
tent of an image that limits the ability to visualize lesions or pathology. CT image
quality is sometimes affected by the image reconstruction algorithms used [9].

In paediatrics, the head is the most imaged body part. There have been con-
cerns about radiation doses from CT since the early 2000s, focusing on paediat-
ric CT with subsequent articles raising concern for potential carcinogenesis from
medical imaging [10]. A study that directly assessed the risk of cancer after CT

scans in children found a clear dose-response relationship for both leukaemia
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and brain tumour: the risk increased with increasing cumulative radiation dose
[11]. Minimization of radiation dose associated with paediatric CT examination
is of particular importance because the risk due to radiation exposure is two to
three times greater than the risk for adults [12].

Therefore, the CT protocols used to image adults should be different from
that of children because the cells of children are rapidly dividing and are more
sensitive and vulnerable to the effects of ionizing radiation. According to
Naumann [13], comprehensive CT dose standards exist for adults, but are in-
complete for children. It has been a complicated challenge controlling exposure
to medical imaging. Paediatric head trauma protocols should be different from
other head indications protocols to avoid unnecessary radiation. Much attention
should be focused on CT paediatric protocol review and optimization, to reduce
radiation dose.

The study aimed to optimise paediatric CT head trauma protocols and assess
image quality by measuring noise, contrast resolution, spatial resolution and
noise power spectrum and study their effect on radiation dose.

2. Materials and Methods
2.1. Computed Tomography Scanner

Siemens Somatom Sensation 64 CT scanner was used (see Figure 1). This machine

Figure 1. The Siemens Somatom Sensation 64 CT scanner.
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offers a high routine isotropic resolution of 0.33 mm, allowing it to visualise the
smallest pathology and offers an exceptional 0.24 mm isotropic resolution. It has
an image reconstruction matrix of 512 * 512 and reconstruction time of 0.06 s
per image. It has a maximum scan time of 100 s depending on the pitch, mAs

and kVp with a spatial resolution of 30 Ip/cm.

2.2. Catphan 600

The Catphan 600 phantom (Phantom Laboratory Incorporated, USA) was used
for the objective image quality assessment by measuring the noise, spatial reso-

lution, CT-numbers and contrast resolution.

2.3. The Anthropomorphic Phantom

A 5-year-old anthropomorphic phantom was used in this study (manufactured
by the Kyoto Kagaku). According to Ramos [14], anthropomorphic phantoms
are built from tissue equivalent materials that represent the anatomy of the hu-
man body and give attenuation characteristics. The head of the whole-body
phantom PBU-70 was used.

The Catphan 600 phantom was positioned on the couch and aligned with
the lasers. Twenty-seven (27) test images and one reference image were ob-
tained using different exposure techniques. H30 kernel was used to smoothen
the images and reduce visible image noise and improve contrast resolution.
H30 displays body part with inherently small contrast resolution; this gives a
better assessment of the brain. High spatial frequency algorithm, H60 kernel
was used to increase the image sharpness at the expense of increased noise.
This algorithm is used to display bony parts with inherently wide object con-
trast. The filtered back projection was used as the post-processing algorithm.
The field of view used was 210 cm and was maintained throughout the work. A
slice thickness of 4 mm was used for all the exposures with a rotation time of
1s. The reference parameter used was 120 kVp and 250 mAs. The head of the
anthropomorphic phantom was scanned with the same acquisition protocols
used for the catphan.

2.4. Exposure Parameters

The exposure parameters used to acquire images from the catphan and anthro-
pomorphic phantoms were kVps of 120, 100 and 80; mAs of 300, 250, 230, 210,
190; pitch of 0.5 and 0.9. These exposure parameters were selected based on the
commonly used diagnostic exposure factors in ten major hospitals in Ghana. For
each kVp, images were acquired by varying the mAs and the pitch as shown in
Table 1.

2.5.Image Quality Assessment/Evaluation

Image quality indicators that were assessed include CT numbers, homogeneity,
uniformity, contrast to noise ratio, noise power spectrum and the modulation

transfer function.
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2.5.1. Noise

The noise was calculated by setting a region of interest (ROI) of size 40% of the

original size on the selected images from the picture archiving communication
system (PACS) (see Figure 2).

Noise

1
VmAs

(1

Table 1. Exposure parameters used for the acquisition of anthropomorphic and Catphan

phantom images.

kvp

120
120
120
120
120
120
120
120
100
100
100
100

mAs

250
250
230
230
210
210
190
190
300
300
250
250
300
300

Pitch

0.5
0.9
0.5
0.9
0.5
0.9
0.5
0.9
0.5
0.9
0.5
0.9
0.5
0.9

Figure 2. Representative image for evaluating noise obtained with the catphan phantom.
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2.5.2. Contrast to Noise Ratio (CNR)
A region of interest (ROI) was drawn in the largest target inside the low contrast
module as shown in Figure 3. The same size of ROI was drawn close to this tar-

get to serve as the background.

2(HU,, - HU, )’

CNR = n
SD? + SD;

)
where HU,, is the mean HU of the area of interest in the material and HU, is the
mean HU of the background area and SD,, is the standard deviation of the area
of interest in the material and SD, is the standard deviation of the background.

A higher CNR, corresponds to better image quality.

2.5.3. CT-Numbers

The Catphan 600 has inserts made of Teflon, acrylic, low-density polyethylene
(LDPE), polymethylpentene (PMP), derlin, polystyrene and air. The CT num-
bers were measured manually by placing the ROI within the inserts in the CT

images (see Figure 4).

2.5.4. Noise Power Spectrum

Noise power spectrum is not only affected by the amount of noise present, but
also by the noise structure, thus the amount of noise appears as the area under
the Noise Power Spectrum (NPS) curve, while the shape of the curve shows

characterises the noise structure (see Figure 5).

Figure 3. A representative image of CNR.
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Figure 5. An image of uniformity in the catphan.

3. Results

The results include CTDI,,,, noise, low contrast resolution, noise power spec-

trum, modulation transfer function and CT number.
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3.1. Results of mAs and CTDI,, Using a Pitch of 0.5 and 0.9

Figure 6 shows an increase in CTDI,; values with increasing mAs for pitches of
0.5 and 0.9. Also, the 0.9 pitch measured lower dose values by a percentage re-
duction of 2.3% than the 0.5 pitch.

3.2. Radiation dose and Image Quality

3.2.1. Noise

It was observed that the H30 kernel gives a lower noise compared with the H60
kernel (see Figure 7(a) and Figure 7(b). However, there was no significant dif-
ference in noise when the pitch was changed from 0.5 to 0.9. There was an aver-
age of 2.3% reduction in CTDI,, when the pitch was changed from 0.5 to 0.9.
There was a strike balance between noise (5.49) and CTDI,,, at 28.3 mGy.

3.2.2. Contrast to Noise Ratio

In Figure 8(a), a steady increase in CNR was observed with increasing CTDI,
but decreased after 29.8 mGy at the CNR increased. Also, the H60 kernel meas-
ured lower values of CNR than the H30 kernel which measured a significantly
higher CNR values. The H60 kernel showed a linear increase in CTDI,; with no
significant change in the CNR. The H30 kernel increased non-linearly in the
CNR values as the CTDI,; increased. At a CNR of 5.282 and a CTDIL; of 39.1
m@Gy, there was a strike balance between image quality and radiation dose. From
Figure 8(a) and Figure 8(b), there was a 26.6% reduction in dose when the
protocol was reduced from 120 kVp 250 mAs to 120 kVp 190 mAs.

3.2.3. Modulation Transfer Function

From Figure 9(a), at 50% spatial frequency, MTF was constant as the CTDI,
increased. While at 10%, the MTF sharply increased to 1.08 at 23.7 mGy CTDI,,.
However, there were no significant variations in MTF (1.02 to 0.98) when the
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Figure 6. A graph of CTDI,, against mAs.
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Figure 7. Graph of noise and CTDI,, using H30 and H60 kernel with (a) a pitch of 0.5
and (b) a pitch of 0.9.
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Figure 8. A graph of CNR and CTDI,,; (mGy) using H30 and H60 kernels (a) with a pitch
of 0.5 and (b) with a pitch of 0.9.
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Figure 9. A graph of MTF and CTDI,, with a pitch of 0.5 using (a) H30 kernel and (b) H60 kernel
and a spatial frequency of 50% and 10%.

DOI: 10.4236/ijmpcero.2022.113014 169 Int.J. Medical Physics, Clinical Engineering and Radiation Oncology


https://doi.org/10.4236/ijmpcero.2022.113014

E. Anaafiet al.

dose was increased from (28.4 to 39.2) mGy. In Figure 9(b), there was no varia-
tion in MTF at 50% spatial frequency with dose. While at 10% there was an in-
crease in MTF as the CTDI, increased.

3.2.4. Noise Power Spectrum
It was observed that the H60 kernel was skewed to the right while the H30 kernel
was skewed to the left (see Figure 10).

3.3. Results of Organ doses Using Different Pitch

Figure 11(a) and Figure 11(b) give the results of organ doses using a pitch of
0.5 and 0.9 respectively.

A tube voltage of 120 kVp and tube current of 190, 210, 230 and 250 mAs
were used for the two different pitches.

As shown in Figure 11(a) and Figure 11(b), organ dose increased with in-
creasing CTDI,; in both 0.5 and 0.9 pitches. There was 45.0% reduction in organ
doses when the pitch was changed from 0.5 to 0.9.

3.5
— = =100 kVp-270 mA-H60s-0.9
~ = =100 kVp-150 mA-H60s-0.5
3 A 120 kvp-207 mA-H305-0.9

———100 kVp-150 mA-H30s-0.9
---------- 120 kVp-225 mA-H30s-0.9
---------- 120 kVp-105 mA-H30s-0.5
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o
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Figure 10. A graph of nNPS and spatial frequency with a pitch of 0.5 and 0.9 using H30
and H60 kernels.
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Figure 11. A graph of organ dose and CTDI,; using the pitches 0.5 and 0.9.

4. Discussion

As mAs increased, CTDI, also increased and this is consistent with a study by
Gundogdu et al [15], where a 50% reduction in mAs produced a 40% increase in
noise, degrading image contrast and reducing dose by 50%. This is consistent
with Hanan et al [16], who found that an increase in mAs and kVp increases
image noise. A 17% reduction in the mAs decreased the CTDI,, by 17%. This
agrees with Zhang et al [17], who observed that a decrease (20% - 33%) in mAs
produced the same percentage decrease in CTDI and dose length product (DLP)
(20% - 33%) and confirmed the linear relationship between mAs and dose.

There was an increase of 83.6% in noise when the kernel was changed from
H30 to H60. This shows that the sharp kernel (H60) is not good for imaging or-
gans with low contrast organs like the brain since it produces images with more
noise. From Figure 7(a), there was an increase in noise as dose decreased in
both the H30 and H60 kernels which reduced image quality. This agrees with
Choi [18], who stated that a decrease in dose in a paediatric abdominal CT scan
would cause a high level of noise and reduce image quality. There was almost no
change in noise (5.593) at 28.4 and 29.8 mGy as CTDI, increased. Increasing
the CTDI,,, reduces image noise as illustrated in Figure 7(a) and Figure 7(b).

CNR is greatly degraded by noise. Hence, a decrease in CTDI,,, will lead to a
decrease in CNR due to increased noise at lower doses. A lower kVp enhances
CNR, nevertheless, the lowest CNR was recorded at the lowest kVp. A 98% de-
crease in CNR was observed when the kernel was changed from H30 to H60.
This agrees with Yu [19], who estimated that the CNR is largely affected by the
reconstruction technique used and may be influenced by the detectability of pa-
thology. The H30 kernel with higher values of CNR indicates that it is better to
use the H30 kernel when imaging the brain, because of the low contrast in the

brain tissues.
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At constant kVp, it was observed that CNR increased as the tube current
(mAs) increased except at 210 mAs. This is not in agreement with Choi [18],
who estimated that the value of CNR increased as tube current increased in all
diameters of the phantom.

From Figure 12(a), both the 10% and 50% spatial frequency appear to be lin-
ear with no significant difference in MTF. Additionally, Figure 12(b) showed an
increase in image quality for both spatial frequencies from 13.7 mGy to 29.7
mGy and slowly decreased at 32.8 mGy. There was a sharp decrease at 36mGy
and an increased at 39.1 mGy. There was no change in MTF value after 1.08 and
radiation dose at 29.7 mGy.

This gives a clear indication that the H60 kernel (sharp kernel) gave a higher
MTF value than the H30 kernel (smooth kernel). The sharp kernel thus has bet-
ter spatial resolution than the smooth filter. This is good for imaging bony
structures. Since the head is made of soft tissues and bony tissues. To visualise
fracture in the bone, the H60 will be more appropriate. The reconstruction kernel
used affects the ability of the imaging system to differentiate objects in the two
spatial dimensions of an image. At 10%, there were higher MTF values than at

50%; this also indicates that spatial frequency affects MTF.

had 4 Attt 1o e o= 5
13.7 23.6 28.3 29.7 32.8 36 39.1
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Figure 12. A graph of MTF and CTDI,, with a pitch of 0.9 using (a) H30 kernel and (b) H60 kernel.
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Skewing of the H60 kernel to the right and H30 kernel to the left implies that
the H60 kernel had sharper images even though they were noisier. Thus, the
closer the NPS peak is to the right, the sharper the image appearance; in other
words, the images will have a fine grainy appearance. The H30 kernel had a
lower NPS value and the images appeared smoother but were not sharp. This is
good for imaging bony structures. Since the head is made of soft tissues and
bony tissues. To visualise fracture in bone, the H60 will be more appropriate.

The eye lens received the highest dose while the thyroid received the lowest
dose for both pitches. This is consistent with the findings of Roslee [20], who
reported that the eye lens consistently received the highest cumulative dose
when compared with the other organs. It was observed that the 0.9 pitch meas-
ured a lower dose of 35 mGy to the eye lens than the 0.5 pitch which measured
63 mGy of dose. It was realised that the higher the pitch the smaller the dose and
this might be because of the faster table and gantry movement. Dose efficiency
increases with smaller slice thickness and the pitch value is also high for small
slice thickness. The 0.9 pitch measured a lower dose of 1.3 mGy to the thyroid
while the 0.5 pitch measured a dose of 2.3 mGy.

5. Conclusion

The 0.9 pitch gave a lower radiation dose than the 0.5 pitch with a percentage
reduction of 2.3%. The H30 kernel (smooth kernel) gave higher values for noise
and CNR than the H60 (sharp kernel) which values were also high for modula-
tion transfer function and noise power spectrum. CNR increases steadily as the
CTDI,,, increases and noise decreases as the CTDI,,, increases. The eye lens re-
ceived the highest radiation dose, while the thyroid received the least radiation

dose.
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