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ABSTRACT
The aim of this study was to evaluate and compare the radiation doses imparted to
patients undergoing computed tomography (CT) examinations and image quality with
the use of automatic exposure control (AEC) and fixed tube current (FTC) techniques
using a head and body phantom in a Siemens emotion 16-slice multidetector computed
tomography (MDCT) scanner. The head and body phantoms were scanned with AEC
activated and with FTC for routine head, chest, abdomen and pelvis CT examinations.
All parameters were kept constant for each technigque except with varying tube current
time product (mAs) for the FTC technique. Dose measurements were performed using
RTI barracuda system with electrometer, and CT dose Profiler probe. Organ and
effective doses were calculated using CT-Expo software. Subsequently image quality
between the AEC and FTC technique were assessed using the Catphan 700 image
quality phantom. The volume computed tomographic dose index (CTDlvo) values
estimated with the AEC technique were; 32.8 mGy, 6.7 mGy, 14.3 mGy, and 11.7
mGy for head, chest, abdomen and pelvis respectively. The estimated volume CTDI
values with the FTC technique had a range of 32.9-53.0 mGy for head, 9.5-26.2 mGy
for chest, 9.5-24.2 mGy for abdomen and 9.5-26.0 mGy for pelvis respectively. The
DLP values for the AEC technique were; 593 mGy.cm, 108 mGy.cm, 240 mGy.cm,
and 190 mGy.cm for head, chest, abdomen and pelvis examinations respectively. With
the FTC technique, the DLP values had a range of 571-946 mGy.cm for head, 284-
780 mGy.cm for chest, 165-543 mGy.cm for abdomen, and 250-690 mGy.cm for
pelvis respectively. Compared with the FTC technique, the use of AEC resulted in a
mean dose reduction of up to 19.4% for CTDIvol and 18.2% for DLP for the head
phantom and a mean dose reduction range of 12% - 59.4% for CTDlvo and 7.1% -

78.3% for DLP for the body phantom. The overall image quality test between AEC



and FTC techniques for spatial resolution and low contrast detectability show no
statistical significant differences (P > 0.05). There was statistical significant
difference in the contrast to noise ratio scores between the AEC and FTC
techniques(P = 0.008) with about 35% noise in the AEC images than the FTC images
acquired. From the study results, the use of AEC showed a considerable dose reduction
compared with the FTC technique with adequate image quality performance. Thus the
use of AEC technique is promising and will benefit patients with less radiation being

delivered to them in CT examinations.
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CHAPTER ONE
1.0 INTRODUCTION

OVERVIEW

This chapter gives the general background of the thesis and a general overview of the
research problem. The research objectives, justification, scope and limitations are also

stated and finally end with organization of the thesis.

1.1 BACKGROUND

Computed tomography (CT) was introduced in medical imaging in 1974. Its usage has
largely replaced other imaging modalities such as ultrasound and magnetic resonance
imaging (MRI) that are limited in demonstrating anatomical and pathological
structures for accurate diagnosis (Livingstone et al., 2009). The clinical applications
of CT has increased in recent years due to the rapid technological developments and

innovations in the imaging field.

The advent of multislice CT (MSCT) makes it possible for rapid volume acquisition
and has opened new diagnostic fields such as CT angiography and CT colonography.
The use of MSCT has resulted to about 30 to 50% increase in radiation dose to patients
primarily due to scan overlap, positioning of the x-ray tube closer to the patient, over
beaming, increased significance of over scanning and possibly increased scattered
radiation with wider x-ray beams (McCollough & Zink, 1999; Hidajat et al., 1999).
This has raised concerns about the radiation dose that patients are exposed to during
CT examination. The use of imaging modalities utilizing ionizing radiation for
diagnosis is on the increase and has resulted in an increase in the collective radiation

exposures.



According to the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) survey report on Medical Radiation Usage and Exposures,
the contribution of CT to total global collective dose is about 43% of the total
collective dose due to diagnostic medical radiology (UNSCEAR, 2008). It was
estimated in 2005-2006 in the United Kingdom that, about 60% of the total radiology
collective effective dose came from CT scanning (Hall & Brenner, 2008). In Germany,
about 82% of the collective effective dose for cancer patients from all X-ray
procedures was due to CT examination (Brix et al., 2009) and in the United States of
America, despite comprising only 11 - 13% of all diagnostic ionizing radiation exams,
CT is estimated to contribute up to 67% of the collective dose (Mettler et al., 2000).
The increase in CT collective doses has raised concerns about the potential radiation
risks which must be considered in relation to the benefits of performing a CT
examination. It is therefore imperative for optimization of patients radiation doses to
be in line with the as-low-as-reasonable achievable (ALARA) principle consistent

with clinical requirements, (ICRP, 2006).

Estimation of radiation dose in CT can be quantified in terms of scanner radiation
output, organ doses or effective doses. Several CT-specific dose descriptors have been
developed to quantify radiation dose in CT. The volume CT dose index (CTDlvol), is
the fundamental dosimetric quantity that describes the radiation output of the scanner
and can be measured experimentally by using the head and body CT phantoms. The
dose measurements are normally made at the core and the periphery of the CT
phantoms with ionization chamber and these values are combined to give a weighted
average CT dose index (CTDIw) which represent a single estimate of radiation dose to
the phantom. The CT head phantom is used as a reference for paediatric body by some

manufactures whereas the body CT phantom is used as a reference for adult CT in



the torso (chest, abdomen, and pelvis) and also for adult reference body CT

(Shrimpton, 2004).

Image quality in CT imaging has many components and these are affected by many
technical parameters. Several metrics describe the different aspects of image quality;
these includes image noise: which describes the variation of CT numbers in a
physically uniform region. High-contrast spatial resolution, which quantifies the
minimum size of high-contrast object that can be resolved. Low-contrast spatial
resolution which quantifies the minimum size of low-contract object that can be
differentiated from the background, which is related both to the contrast of the material
and the noise-resolution properties of the system. Contrast-to-noise ratio (CNR) and
signal-to-noise ratio (SNR) are also some common metrics that often quantify the
overall image quality (Callstrom et al., 2001). Optimizing of scan parameters,
improving the image reconstruction and improved data processing procedure, reduces

image noise which allows radiation dose reduction.

Dose reduction in CT has become an important issue and various dose reduction and
optimization techniques have been formulated aimed at increasing the benefit to risk
ratio. Modulation of the x-ray tube current during scanning is one of the best way of
reducing the dose. Automatic tube current modulation is one of the available tools in
modern CT scanners used for radiation dose reduction. This technique adjusts the tube
current (mAs) in either the x-y plane (angular modulation technique) or z-plane (z-
axis modulation technique) to provide a constant level of image noise on the basis of

patient size, attenuation profile, and the scanned parameters (Kalra et al., 2005).

The dose-modulation technique, decreases the mAs automatically for regions with

lower attenuation and increases the radiation dose literally (higher attenuation parts)



whilst maintaining an acceptable level of image noise (Rizzo et al., 2006). The
angular-modulation technique involves varying the tube current as the x-ray tube
rotates about the patient, while the z-axis modulation involves varying the tube current
along the z-axis of the patient (McCollough et al., 2006). A combination of the angular
and z-axis modulations involves varying the tube current both during gantry rotation
and along the z-axis of the patient. This study is aimed at comparing the radiation dose
and image quality achieved with the use of automatic exposure control (AEC) and
fixed tube current (FTC) techniques for some CT examinations performed on a 16 —

slice Siemens CT scanner.

12 PROBLEM STATEMENT

The amount of radiation dose delivered to patients and the quality of the images
acquired in CT examination are determined by the selection of the tube voltage and
the tube current. However, there are other imaging parameters that have influence on
the radiation dose and image quality which sometimes leads to nosier or poorer images
for accurate diagnosis. In CT examination, finding the right balance between image
quality and radiation dose delivered to patient is not always in harmony due to lack of
optimized scan parameters. This has been a major concern to the medical physicist,

radiologist and medical practitioners since the inception of CT in clinical use.

With recent advancement in CT scanner technology, radiation dose to patients in CT
examinations has increased. Thus, optimization of scanning techniques to maintain
optimal diagnostic image quality at the lowest possible radiation dose has become very
important. The determinant of radiation dose and image quality in CT examination is

the tube current and manual adjustment of it based on patient weight helps in



establishing an appropriate balance between image noise and radiation dose. Studies
have suggested the use of FTC to obtain a good quality image for accurate diagnosis,
but this does not guarantee constant image quality throughout an examination couple

with high radiation dose to the patient.

In an effort to address this concerns, CT manufacturers have implemented AEC to
appropriately manage or reduce radiation doses to patients whiles maintaining
consistent image quality for accurate diagnosis (Sookpeng et al., 2013). Some research
work has been conducted to assess the diagnostic acceptability in terms of radiation
dose and image quality between automatic tube current modulation and fixed tube
current for some CT examinations(Jen-Pai et al., 2010). However, there is inadequate
information published on the subject matter particularly in Ghana. It is therefore
expedient that, radiation dose and image quality with the use of AEC system and FTC
be assessed. This study seeks to investigate this matter using the CT system at Sweden
Ghana Medical Centre as case study. And will also serve as a pedestal towards

establishing optimized national dosimetry scan protocols and reference dose levels.

1.3 STUDY OBJECTIVE
The main objective is determine radiation dose to patients and compare the dose
delivered using automatic exposure control (AEC) and fixed tube current (FTC)

techniques in CT examinations.



1.3.1 Specific Objectives

The specific objectives of the research were to;

1. To evaluate the radiation dose delivered to patients with the use of AEC and
FTC techniques.

2. To estimate organ and effective doses for the radiosensitive organs in the head
and trunk (chest, abdomen, pelvic) regions.

3. To assess the image quality by examining the spatial resolution, low contrast
resolution and the contrast to noise ratio.

4. To make appropriate recommendations from the findings of this work

1.4 RELEVANCE AND JUSTIFICATION

CT has become an important medical tool since its inception over 40 years ago. CT
scanning has been recognized as a high radiation dose modality and it is therefore
considered as a potential source of increased cancer risk. This is a source of major
concern since the dose delivered to the patient in CT scan procedure is considered as
high as compared to other imaging modalities. Over the years CT machines used a
constant tube current throughout the scan procedure. The key problem with these
constant tube current machines is that, they produce more dose to the patient than
necessary since areas in the scan region with low attenuation are irradiated with the
same tube current value as areas with high attenuation. To address this problem, CT
manufactures have implemented a tube current modulation techniques that vary tube
current throughout a scan to account for patient attenuation while maintaining
acceptable image quality. However, the tube current modulation technique can

increase the radiation dose to larger patients. With the rapid development of multi



detector CT (MDCT) technology and increasing concern over the associated radiation
dose, optimization of scanning techniques to maintain diagnostic image quality at the

lowest possible radiation dose has become very important.

Based on this perspective, it is of interest to quantify the amount of radiation dose
imparted to patients undergoing a CT examination, with the use of AEC and manual
FTC techniques. This work will therefore provide an opportunity to assess and
evaluate the radiation dose and image quality with the used of AEC and FTC
techniques towards producing an optimized working protocol for routine examination.
The results will provide information on the status of radiation protection of .the patient
at the Sweden Ghana Medical Centre and will also add significant information to the

body of knowledge on the subject matter for the scientific community.

1.5 SCOPE AND DELIMITATION OF THE RESEARCH

The research primarily aimed at evaluating and comparing the radiation dose and
image quality with the use of AEC modulation and FTC techniques using the head and
body phantom in a 16-slice multidetector CT scanner and as well estimate the organ
and effective doses associated with the two techniques. In this study dose
measurements were performed using a standard cylindrical dosimetry head (16 cm
diameter) and body (32 cm diameter) phantoms respectively. Organ and effective
doses were estimated for the radiosensitive organs covering the head and trunk regions
using the CT Expo software V2.3.1 (E) (G. Stamm, Hanover. Germany 2014).
Subsequently, analysis of image quality was done for spatial resolution test, low

contrast detectability test and contrast to noise ratio using Catphan 700 phantom.



1.6 THESIS STRUCTURE

The thesis contains five chapters. Chapter one is an introduction to the research that
provides an overview of the current state of knowledge relevant to the study. Chapter
two reviews the existing literature relevant to the research problem. The experimental
and theoretical framework for the study is in chapter three. The results and discussions
are in presented in chapter four. Chapter five provides the conclusions of the study,

recommendations and suggestions for further research.



CHAPTER TWO
2.0 LITERATURE REVIEW

OVER VIEW

This chapter provides details background regarding basic knowledge in CT, CT image
quality, and CT dosimetry. The chapter also contains detailed of the principles of
operation of the AEC systems employed by the different CT scanners and relevant

literature pertinent to the research study.

2.1 INTRODUCTION

Computed tomography (CT) also known as computed axial tomography (CAT) was
invented and introduced in to clinical used in the 1970s. By then, it was considered as
the most advanced machine since the development of x-ray machine (Goergen et al.,
2009). Initial CT scanners were single slice axial, but technological development has
seen the introduction of helical and multi-slice models. The use of CT has been
increasing rapidly; there have been a 12-fold and 20-fold increase used in CT in some
European countries and the United States over the last 20 years (Hall & Brenner,

2008).

CT scanners start to take a centre stage in the imaging world with the inception of
single detector CT scanner that takes an image one at a time, with the x-ray tube and
detector rotating 360 degrees or less with the patient and the table staying fixed
(Seerman, 2016). This cross-sectional imaging modality supplies diagnostic radiology
with better visualization into the pathogenesis of the body, exhibiting smaller contrast
differences than conventional x-ray images and increasing the chances of recovery.

From the early part of 1990s until present, CT ability to acquire multiple slice at a time



has led CT scans to be one of the most important methods of radiological diagnosis

(Siemens, 2000).

The number of slices ranges from four, six, to 64 and up to 640 slices for the more
modern CT scanner machines. This is normally referred to as multi-slice computed
tomography (MSCT) or multi-detector computed tomography (MDCT) technology
(Marchal et al., 2005).The techniques and procedures of CT have been expanded in
the past few years, leading to an increase in the use of this imaging modality and
similarly the radiation dose to the patient. CT scanning is capable of providing high
quality images valuable for adequate diagnostic information, however it is also
described and perceived as a high dose procedure (Kulama, 2004). During a CT
examination, the radiation dose imparted to the patient can be high, for that matter it
is important to keep the radiation exposure as low as possible, paying much attention
to the image in order to maintain a clear image quality that is suitable for the diagnostic

task (Jurik et al., 1997).

Many international associations have set guidelines to regulate CT examination in
order to reduced radiation dose delivered to patients. The European guidelines has
compiled image quality criteria for most CT examinations, high-quality imaging
procedures and the use of Diagnostic Reference Levels (DRLs) (Tsapaki & Rehani,
2007). DRL is aimed at setting dose levels in different CT examinations and allow
assessment to be made between different scanners and techniques, and make it easy
for comparison. All of this helps in improving patient protection by reducing the
patient dose while maintain image quality and providing advice to use and select the

right dose for a particular CT examination.
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The increasing use of CT facilities has also raised concerns about the radiation dose
to workers. Due to this, continuous efforts should be made in the area of decreasing
doses to staff and the general population. There are many methods used for optimizing
patient dose whiles maintaining the quality of the image good enough for diagnosis
(Aweda & Arogundade, 2007).The use of different models of CT scanners, vary the
radiation dose to the patients substantially due to varying CT geometry and filtration.
Evidence have showed that the image quality acquired from CT scanners is much
higher than really necessary to produce precise clinical diagnosis (Tsapaki & Rehani,

2007).

Thus, CT manufacturers, radiologists and physicists together should put measures in
place aimed at decreasing patient dose, and expand and develop CT scanners to
provide the needed image quality with low radiation dose to the population ( Kalra et
al., 2004). If CT examination is clinically acceptable, justified and doses remain
optimized then CT can be a very useful tool. While the use of CT scanners has
increased recently, the effect of radiation doses to patients has also increased and this
has raised concerns for the need to decrease radiation exposure from CT procedures.
The radiology society has applied CT dose reduction applications that match the
standard of as low as reasonably achievable (ALARA) in response to the growing

awareness from the population (McCollough et al., 2009).

Due to this public awareness, dose reduction has become a major concern in the use
of CT. Because of inadequate guidelines and a limited research foundation on the topic
of CT examination and scanning techniques, different methods have been used

towards optimizing of radiation dose (Kulama, 2004).
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Rehani and Berry (2000) pointed out that, CT tests are hazardous and that there should
be a guarantee that the examinations asked for are justified and most suitable for
patient need and diagnosis. This is to ensure a decrease in patient exposure and in
compliance to the recommendations of the International Commission on Radiological
Protection (ICRP) which advises that all exposures should be ALARA (Catalano et
al., 2007). The major dose reduction tool in radiation protection is the process of
proper justification of a study. However, where an examination is undertaken, the
focus must be on dose optimization and This can be reached in two ways: first, is
during the design of the equipment, and secondly is optimization of the scan protocols

(M a Lewis & Edyvean, 2005).

2.2 THE EVOLUTION OF CT SCANNING

Historically, CT scanners has undergone a series of transformation from generation to
generation. CT scanner generation started with pencil- thin beam, to small fan, to
fan beam with rotating detector, and fan beam with stationary detector (Kalender,
2005). The differentiable feature among different scanners is the detector width and
the gantry opening size. Today, the general scanner design for clinical CT appears
standardized to some level. A number of dedicated scanners using flat-detector
technology are on the increased such as dedicated scanners for the breast, for the
faciomaxillary skull and the extremities as well as the use of C-arm based scanning
for interventional and intraoperative imaging using flat detectors is also showing some

increase.
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2.2.1 First Generation CT Scanners

The first CT scanner was developed in the early 1970s by Hounsfield, a computer
engineer in England (Kalender, 2005). The first generation of CT scanners utilizes a
pencil beam x-ray source position at a fixed source interval with only one detector
acquired image data by a ‘translate-rotate’ method. The combination of the x-ray tube
and detector moved in a linear motion across the patient (translate) and this system

motion was repeated until the beam and detector reached 180 degrees.

When the x-rays were emitted from the source and penetrated through the patients, the
intensity of x-rays was evaluated from a sequence of transmission measurements made
by the detector. This process is repeated for an acquisition of 180 projections at one
degree interval surrounding the patient generating 28,800 x-ray of total measurements.
From these measurement an image was created. The first generation CT scanners
projected a succession of parallel beams at different locations through the patient as
it’s translate linearly across a specific field of view (FOV). When the system has
completed the appropriate field of view for a particular accusation, it rotates one
degree and the translation process is repeated in the following projection (Bushberg et

al., 2011a).

One advantage of the first-generation CT scanner was that it employed pencil beam
geometry-only two detectors measured the transmission of x-rays through the patient.
The pencil beam allowed very efficient scatter reduction, because scatter that was
deflected away from the pencil ray was not measured by a detector. With regard to
scatter rejection, the pencil beam geometry used in first-generation CT scanners was
the best (Bushberg et al., 2011b). However, the disadvantage of these scanners was
the scan time, which took approximately 4 - 5.5 minutes to produce an image, and the

limitation of the device to the head only (Cunningham & Judy, 2000). Figure 2.1 below
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shows the first-generation CT scanner, which used a parallel x-ray beam with

translate-rotate motion to acquire data.

Source

Figure 2.1: Diagram of the second-generation CT scanner (Mahesh, 2009)

2.2.2 Second Generation CT scanner

The second generation of CT was introduced in 1972 for the purpose of improving
image quality and scan time. The x-ray source was changed from the pencil beam to a
narrow fan shaped beam geometry (10 to 15 degrees) together with multiple detectors.
These scanners decreased the scan time and improved the image quality, but increased
the amount of scatter radiation (Carlton et al., 2005). With improvement made from
first to second generation CT scanners, the average scan time was reduce from few
minutes to few tens of seconds. The angle of rotation between the translation motions
increase considerably as a result of the narrow fan beam and multiple array of detector

system used.

Data analysis and processing efficiency was improved per rotation through the multi
detector system, minimizing the total number of revolution required to produce an

image and the increase in detector number from 2 to 30 improve the x-ray beam use
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to produce the image. The clinical used of the first and the second generation CT
scanners were only restricted to head scan protocols due to prolong image acquisition
time. However, with the improvement made on the second generation CT scanners, a
few body scan were executed. Figure 2.2 below shows the second-generation CT

scanner, which used translate-rotate motion to acquire data.

.l-)etectors

Figure 2.2: Diagram of the second-generation CT scanner (Mahesh, 2009)

2.2.3 Third Generation Scanner

The number of detectors used in third-generation scanners was increased substantially,
and the angle of the fan beam was also increased so that, the detector array formed an
arc wide enough to allow the x-ray beam to interact with the entire patient. Third
generation CT scanners saw the evolution of elements of the modern CT scan, which
uses a wide fan shaped beam and a curved detector array with up to 750 detectors. The
wide fan beam was wide enough to include the whole patient in an individual
exposure. These scanners decreased the scan-time to nearly one seconds for a single

image and improved the image quality, but the use of a moving detector created a
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problem called a ‘ring artefact’ (Carlton et al., 2005). Figure 2.3 below shows the
third-generation CT scanner, which acquires data by rotating both the x-ray source

with a wide fan beam geometry and the detectors around the patient.

Detectors

Figure 2.3: Diagram of the third-generation CT scanner (Mahesh, 2009)

2.2.4 Fourth Generation CT scanner

Fourth-generation CT scanners were designed to overcome the problem of ring
artefacts. With this CT scanners, the detectors are removed from the rotating gantry
and are placed in a stationary 360-degree ring around the patient, requiring many more
detectors. Modern fourth-generation CT systems use about 4,800 individual detectors.
Because the x-ray tube rotates and the detectors are stationary, fourth-generation CT
is said to use a rotate/stationary geometry. The design was based on a rotating x-ray
source and stationary detector and achieved scan-time ranges from 2 to 10 seconds
(Carltonetal., 2005). Figure 2.4 below shows the fourth-generation CT scanner, which

uses a stationary ring of detectors positioned around the patient.
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Detectors

P aurce

Figure 2.4: Diagram of the fourth-generation CT scanner (Mahesh, 2009)

2.2.5 Five Generation CT Scanner

This generation of scanners is referred as cardiac cine CT or Electronic Beam
Tomography (EBT). The parts in these systems are stationary for which; the x-ray
source and detectors are both fixed. These group of scanners do not look like that of
the conventional x-ray tube, but consist of a large semi-circle ring that surrounds the
patient, allowing high speed CT scanning to acquire up to 17 images per second

(Carlton et al., 2005; GE Health care, 2003).

2.2.6 Sixth Generation CT scanner

This generation of scanners are also Helical/Spiral CT, that uses slip ring technology,
where many images are acquired while the patient is moved through the gantry
(Fishman & Jeffrey, 1998). Normally in helical CT, the x-ray tube is continuously
rotating while the table (couch) is fixed during the examination, allowing patient
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images to be acquired within one single breath hold (Cunningham & Judy, 2000). The
design of slip ring technology comprises of many sets of matching rings to allow the
current and voltage to the x-ray tube, without cables connecting directly to the tube.
This avoids the x-ray tube from stopping during its continuous rotation. The main
advantages of these scanners include the shorter scan time, avoiding overlap and

reduction in the motion ‘artefact’ (Carlton et al., 2005).

2.2.7 Seventh Generation

In this generation, CT scanning improved with the introduction of multiple detectors
and has been referred to as Multi detector Computed Tomography (MDCT), Multi-
slice Computed Tomography (MSCT) and Multiple Computed Detector Arrays
(MCDA) (Carlton et al., 2005). The main feature of these scanners is the number of
detectors, which varies from two to 320 rows of detectors (Topics, Katada, Ct, & Ct,
2002). The number of detectors impacts on the total time of examinations for the body

and chest being completed in 15 to 20 seconds.

2.2.8 Helical /Spiral CT

Technological development has seen the introduction of helical CT in the early 1990s
which led to good image quality and faster scan times; this is considered as a major
advancement in CT scanning (Cunningham & Judy, 2000). Helical CT utilizes slip-
ring technology to acquire data continuously as the patient is translated through the
gantry (Fishman & Jeffrey, 1998). The Slip rings are electro-mechanical devices
consist of a sets of parallel conductive rings concentric to the gantry axis which

connect to the x-ray tube, detectors and control circuit by sliding contactors. By using
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slip-ring technology in spiral CT, the gantry performs multiple 360° rotations
constantly while the patient is moved continuously through the scan field in the z-
direction through the gantry during the scanning and data acquisition process. This
technique eliminate the need for the cables that supply the kVp and mAs to the tube,
which would otherwise have to be rewound between scans (Cunningham & Judy,
2000). The helical CT is referred to as volume scanning. The major advance in helical
CT in comparison to earlier machines is the faster scan time, taking just a minute to
complete an abdomen and chest scan which can be done in a single breath-hold. Also
it reduction in patient movement during exam and is ideal for three-dimensional

imaging (Fishman & Jeffrey, 1998).

2.3 MULTI-SLICECT

Multi-slice CT (MSCT) also known as multi row CT or multi detector row CT
(MDCT) has been introduced in to the imaging realm by Elscint since 1992 (Kalender
2005). MSCT is a CT system designed with multiple rows of CT detectors,
combined with helical/spiral scanning to produce images made up of multiple
slices. MSCT has noticeably enhanced the performance of CT in terms of image
resolution, production of thinner sections and a reduction in the time taken for
examinations. Recently, the multi-slice CT systems appears with two, four, eight, 16,
32 and 64 detectors, and more recently a 320 row system (Katada, 2002). Radiation
doses associated with a 64-slice CT was investigated by Fujiiet et al. (2009) in
phantom study. Their study showed that a 64-slice CT provides the same organ and
effective doses for adults and children, similar to those with 4, 8 and 16-slice
CT scanners, which gives an indication of high doses from MSCT scanners (Fujii et

al., 2009).
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2.3.2 MSCT Detector

The detector system in MSCT is different from single slice CT (SSCT) in terms
of the detector configuration. MSCT detectors are in an array, segmented in the z
axis which means there are more rows of detectors next to each other allowing for
simultaneous acquisition of multiple images in the scan plane with one rotation (
Goldman, 2008; Bongartz et al., 2004). In 2002, 16-slice CT scanners was introduced
in to the medical world, providing 16 data channels to obtain 16 slices in one rotation.
In 16-slice CT, the detectors are joined together to allow smaller slices to be obtained.
This design works because the innermost 16 detectors are half the size of the external
elements, allowing the attainment of 16 thin slices that range from 0.5 - 0.75 mm
thick. MSCT companies started to introduce 16-slice and 8-slice models in 2003 and
2004. Around the same time, 32-slice and 40-slice scanners were being introduced.
In 2005, 64-slice scanners were introduced, with different companies using
different designs for the detector array. They use a periodic motion of the focal
spot in the longitudinal direction (z-flying focal spot) to double the number of
simultaneously acquired slices. Each of the 32 detectors collects two measurements
separated by 0.3 mm, therefore the net result gives a total of 64 slices (Goldman,
2008). Today, modern CT scanners are capable of imaging simultaneously 128 or
even 320 parallel slices in one rotation(Geleijns et al., 2009).The Beam width has
increased significantly from a standard of 10 mm to current beam widths of up to 160

mm. Figure 2.5 shows detector array configurations of some manufacturers.
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Figure 2.5: Diagrams of 64-slice detector designs in z-direction for different CT
scanner manufacturers (Goldman, 2008).

24 SINGLE VERSUS MULTI-SLICE CT

The main differences between single-slice CT (SSCT) and MSCT hardware is how
the thickness represented by an image, or slice, is determined or design of the detector
arrays. The SSCT consist of 750 or more detectors arranged in a single row. For
MSCT, the slice width is determined by detector configuration using x-ray beam
collimation. The x-ray beam width in MSCT is created to cover larger area in order
to ensure that the penumbra reclines further than the active detector area as shown in
Figure 2.6 below. MSCT, allows for four extra rotations, while for SSCT scanners
only one further rotation is allowed.

The beam thickness in MSCT scanners usually varies from 2.4 to 4 cm, while in SSCT
the characteristic highest beam thickness is 1 cm. MSCT scanners gives large over
scan input particularly when small lengths are scanned which consequently increased
the patient dose(Tsalafoutas & Koukourakis, 2010). The main difference between
SSCT and MSCT is the design of the detector arrays. MSCT has lower geometric
efficiency compared to SSCT, and gaps between the detectors elements in the detector

array result in a relatively higher dose from MSCT systems (Health care human factor
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Group, 2006).

Scanned
slice

Sli
lice plane
thickness T ™

X-ray beam
thickness T

Single slice: 1 long detector

Z-axis —— Z-axis ——

Figure 2.6: Left: SSCT arrays with single row detector elements along the z-axis;
Right: MSCT arrays with several rows of small detector elements along the z-axis
(Goldman, 2008).

In a study conducted by Lewis (Lewis, 2005) on variation between single and multi-
slice systems and the patient dose from both single and multi-slice CT scanners,
pointed out that, the dose on a multi-slice scanner is higher compared to a single-slice
CT scanner. He also described the fundamentals of radiation dose and the methods

for dose reduction.

25 CTDOSIMETRY

With the introduction of spiral CT in the early 1990s and the subsequent introduction
of four slice CT has change the dynamics of modern CT scanning capable of
providing high quality diagnostic information. However, this modality is generally
describe as being a high dose procedure (Kulama, 2004). Now with 16 and 64 slice
CT scanners available as well as other models capable of providing 320 slices with

large area, have greatly change the clinical applications of CT. For instance, the use
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of vascular and cardiac examinations, perfusion imaging and whole body imaging.
In CT imaging, radiation dose delivered to patients is been influence by a number of
factors. These includes; the radiologist, application specialist and technician who
choose the parameters for the tube current (mA), tube potential (KVp) and the
differences in scanning parameters (Catalono, et al., 2007). In MSCT examination,
the radiation dose delivered to patients are quite high, and therefore call for the need
to keep radiation ALARA. In addition, extra carefulness is also needed in reducing
radiation dose and whiles maintaining an image quality that is acceptable for
diagnosis (Jurik et al., 1997).

The radiation dose to patients in CT differ depending on the design and model of
MSCT scanner and also the variations in MSCT geometry, filtration and the
awareness of the image quality from the CT scanner. This is where the needs are to
be balanced between radiation dose and image quality (Tsapaki & Rehani, 2007).
This calls for the need for manufacturers, radiologists, technologists and physicists to
collaborate to find a plan to decrease patient dose in accordance with the ALARA
principle. Many advances in the use and development of MSCT scanners have
resulted in the ability to provide images of good quality, with a resultant low radiation
dose to the population (Kalra et al., 2004a), however this is not easily understood in
the practical medical imaging field.

Parameters used to acquire images in CT scanners have been briefly studied, and
manufacturers have adopted an auto mA protocol for minimizing the radiation dose
whiles keeping image quality constant. It is commonly believed that a change in the
kVp is difficult, because any change in the kVp would have major impact on the
image quality and dosage (McNitt-Gray & Geffen, 2006). The reason for optimization

in diagnostic radiology is to achieve optimal parameters and protocols needed to

23



create high image quality with the lowest possible dose to patients. As a result of
this, dose optimization is therefore, necessary for each particular x-ray unit and for
each x-ray examination. This optimization procedure requires an evaluation of patient
dose and image quality (Mahesh, 2009).

According to a research conducted by Yu et al. (2009) indicated that, radiation dose
from CT scanners gives rise to radiation risk and therefore recommend ways by which
the radiation dose can be reduced as much as possible. They recommended that, any
examination involving the use of CT should be justified and that radiologists and
technologies should agree on whether CT is the most suitable examination and if so
the exposure parameters should be adjusted to optimize the examination and
minimize the radiation dose to the patient. They further suggested that, radiologist
should avoid unnecessary CT examination where possible and further clinical studies
be carried out on CT doses.

Also, Yu et al. (2009) recommended the used of ALARA principle as a guideline for
dose reduction on CT scans, suggesting that all CT examinations should be justified
with appropriate settings by the user to reduce the doses, as all CT manufacturers
supply CT scanners with dose reduction systems such as AEC.

Furthermore, a study by smith et al., (2007) discussed various strategies by which
radiation dose associated with neuroradiology CT protocols can be reduced. In their
study they concluded that, the tube current, tube rotation time, peak voltage, pitch,
and collimation are major factors affecting the radiation dose received by the patient
during a CT examination. They however found that, if one of these parameters is
reduced, another parameter needs to be increased in order to keep the image quality
acceptable. They therefore suggest a dose modulation, that will adjusts the tube

current in reaction to the ’patient’s attenuation to keep the same image quality for the
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smallest amount probable tube current, decreases the radiation dose to patients
without major image compromise.

Additionally, a study conducted by Huda. (2002), on radiation dose and image quality
in CT scanning and the relationship between tube voltage and dose. His results show
that, the option of tube voltage and productivity in CT examinations have a direct
effect on both image quality and patient dose.

Many efforts have been made towards optimizing of image acquisition parameters or
protocols in order to attain a lower radiation dose whiles maintaining an acceptable
image quality for accurate diagnosis (Wade et al., 1997). CT dose can be decrease
effectively by justification of each individual examination by a radiologist, a
reduction of the scanned volume and optimum selection of technique factors (KVp,

mA, rotation time, slice width) and pitch or couch increment (Crawley et al., 2001).

2.5.1 CT dose index (CTDI)

CTDI is the primary dose measurement concept in CT. Its represent the average
absorbed dose in air along the z-axis from a series of contiguous irradiation. It is the
main dose quantity concept in CT as documented by CT manufactures (McCollough
et al., 2008).The CTDI is defined for axial scanning and is measured during a single
rotation using a pencil ionization chamber aligned parallel to the z- axis of the CT
scanner. Although CTDI has significantly change clinical radiation dosimetry and
knowledge regarding CT practice (Food & Drug Administration, 2006). It is however,
does not represent the patient dose but used to measure the CT output and also for
comparison of the radiation output levels between different CT scanners. This
concept was introduced over thirty years ago in the era of single slice CT scanners

with beam widths of 10 mm or less (Brenner et al., 2006). CTDI is defined by the

25



relationship given in the equation below.

CTDI = () [7 D(@)dz () 1)
Where: n is the number of tomographic slices acquired in a single scan, D (z) is the
radiation dose measured along the z-axis and T is the slice thickness. The CTDI is

measured in gray (Gy), but can also be measured in submultiples such as centigray

(cGy) and milligray (mGy) respectively (Seeram, 2009).

25.2 CTDlioo

It is a calculated parameter of radiation dose that represent a collection of several scan
doses at the core of a 100 mm scan, which is able to collect doses for a longer scan
lengths. It is introduced to overcome the limitations of the CTDIrpa. The CTDl1oo is
much longer than CTDIrpa but however smaller than the MSAD, with incorporated
limits of -50 mm to +50 mm which match to the 200 mm (McCollough et al., 2008).

The CTDl1qo is given the equation;

1 ,+50
CTDI100 = — [

D(z)dz  (Gy) (2.2)

Where; D (z) is the dose profile along the Z- axis, N is the number of slice image in a

single axial scan and T is the slice thickness.

2.5.3 CTDlIrpa

Theoretically, the equivalence of the MSAD and the CTDI requires that all
contributions from the tails of the radiation dose profile be included in the CTDI dose

measurement. The exact integration limits required to meet this criterion depend upon
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the width of the nominal radiation beam and the scattering medium (McCollough et
al., 2008).The CTDI was first introduced by the U.S food and drugs authority (FDA)
known as the CTDIrpa that introduced the integration limits of £7T where T
represents the nominal slice width. The used of CTDIrpa in dose measurement was
limited to approximately fourteen slices (McCollough et al., 2008).this limitation was
solve by the introduction of another dose index, the CTDIl10 (Seeram, 2009). The

CTDIepa is determined using the relation;

CTDIpps = — ) D (Z)dz (2.3)

2.5.4 Multiple Scan Average Doses (MSAD)

MSAD is the average dose along the z-axis from multiples slices. It represents the
average dose across the central slice from a series of N slices (each of thickness T)
when there is a constant increment between successive slices (Edyvean et al., 2003).
The MSAD primarily describe the CT dose and the sequence of CT scans achieved
on a patient (Seeram, 2009). The MSAD can be calculated using the following

equation;

N+T
1

MSAD =

* CTDI (2.4)

Where, N is the number of scans, T is the nominal slice width (mm) and 1 is the
distance between scans (mm).
For MSCT system N*T is the total beam width, and I correspond to the patient table

advance during one gantry rotation. Thus for spiral scan, the MSAD is given by;

MSAD = 1/pl.tch « CTDI (2.5)
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The MSAD and CTDI are equivalent theoretically when the pitch is equal to one
(Edyvean, et al, 2003). This indicates that all the scatter tails are included and the scan
interval (1) is equal to the nominal thickness (T). Figure 2.7 below shows a dose

profile for MSAD and CTDI along the z-axis.

MSAD CTDI

Dose
Dose

z-axis z-axis

Figure 2.7: Dose Profile of MSAD and CTDI along the z — axis.

25,5 Weighted CTDI

The CTDI varies across the field of view (FOV).It is therefore important to note that,
dose distribution within the cross section of the body imparted by a CT scan is much
more homogeneous than that imparted in radiography. However, this is somewhat
larger near the skin than in the body centre. Weighted CTDI (CTDIw) is the subjective
standard of the CTDIlipo at the centre and the periphery of a standard PMMA
phantoms (Morin et al.,2003) either a 16 cm (head) or 32 cm (body) diameters to give
a measure relating to patient dose. The CTDIw is employed as a standard measure
relating to patient dose (International Electrotechnical Commission, 2009) and this is

given by;
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1 2
CTDIly, = 3 CTDIygo center + 3 CTDl, . periphery (2.6)

2.5.6 Volume CT dose index (CTDIvol)

With advances in CT scans, dose measurements has been up dated and made easier
over time. A new CTDI has been developed and approved by the International Electro
technical Commission (IEC), which calculates the volume CTDI (CTDlvo) (Morin et
al., 2003). CTDIyq is a standardized parameter that measures scanner radiation output
and is an index to track across protocols for quality control purposes. The dose
received from CT examinations is recorded in the Digital Imaging and
Communications in Medicine (DICOM) header and displayed on the scanner screen
in term of CTDIvol and dose length product (DLP). For single-slice scanners the

CTDIvol is described as (Morin et al., 2003);

CTDlyo = = * CTDIL,  (mGy) 2.7)

For MSCT, the CTDI,,, is given by;

1
CTDlyo = === CTDI, (mGy) (2.8)

2.5.7 Dose-Length Product (DLP)

Dose-Length Product (DLP) is the amount of radiation dose the body receives from a

whole CT examination. The DLP is described as (Morin et al., 2003);
DLP = CTDI,, * scan length ~ (mGyxcm) (2.9)

The DLP differs from one scanner type to another and the image quality desired. Also,
a change in technique (such as varying slice thickness, kVp or mA) also affect the

value of DLP. The DLP is the CTDIvol multiplied by the scan length (slice thickness
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x number of slices) in centimetres. The unit for DLP is milligray (mGy) x cm

(McCollough et al., 2008).

2.5.8 Effective Dose

The effective dose is a dose parameter that reflects the risk of a non-uniform exposure
in terms of a whole body exposure. It is a concept used to normalize partial body
irradiations relative to whole body irradiations to enable comparisons of risk. The
calculation of effective dose requires knowledge of the dose to specific sensitive
organs within the body, which are typically obtained from Monte Carlo modelling of
absorbed organ doses within mathematical Anthropomorphic phantoms (Jones &
Shrimpton, 1991),and recently also voxel phantoms based on real humans. Effective
dose is expressed in the units of milliSieverts (mSv), and can be compared to the
effective dose from other sources of ionizing radiation, such as background radiation
level, which is typically in the range of one to three mSv depending upon the location.

One equation for determining a reasonable approximation of effective dose is;

E =K = DLP (mSv) (2.10)

Where, E is the effective dose, and k is the conversion factor measured in, mSv x mGy~
1 x cm™*) dependent on the body region imaged. Table 2.1 shows General values of the
conversion factor, appropriate to different anatomical regions of patient (head, neck,

chest, abdomen or pelvis).
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Table 2.1: Conversion factors (effective dose per DLP) for various body regions in
adults and children based on body weighting factors from ICRP publication 60
(Bongartz et al., 2004) and ICRP publication 103 (Deak et al., 2010).

ICRP 60 ICRP 103
Body Region  Adult Adult 10 yrs. 5yrs 1lyr. New born
Head 0.0023 0.0019 0.0027 0.0035 0.0054 0.0087
Chest 0.019 0.0146 0.0237 0.0323 0.0482 0.0739
Neck 0.0054 0.0052 0.0094 0.0121 0.0168 0.021
Abdomen 0.017 0.0153 0.0249 0.0357 0.053 0.0841
Pelvis 0.017 0.0129 0.0219 0.03 0.0446  0.0701

2.6 IMAGE QUALITY

Fundamentally, image quality in CT, as in all medical imaging, depends on 4 basic
factors: image contrast, spatial resolution, image noise, and artefacts (Goldman, 2007).
Depending on the diagnostic task, these factors interact to determine sensitivity (the
ability to perceive low-contrast structures) and the visibility of details. However, in
order to assess how well an image represents patient anatomy, two main features:
detail or high-contrast resolution and contrast detectability or low-contrast resolution

are employed.

2.6.1 Methods of Image Quality Evaluation

Optimal Image quality determination in CT scan is a complex task and time-
consuming involving both quantitative objective physical measures linked with

subjective observer perception as an indication of clinical performance(Mansson,
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2000). For any clinical image quality evaluation to be measured, the requirements of
the resulting image should be defined, and the clinical structures required must be
contained in the image. Image quality can be defined in terms of physical,
psychophysical and observer performance test. The physical measurable parameters
are: uniformity, linearity and noise; whiles psychophysical variables includes; contrast

resolution and spatial resolution.

2.6.1.1 Image Noise

Noise in CT is the degree of uncertainty in the measurement of the attenuation of the
x-ray beam passing through the patient. Noise in CT depends on the number of x-ray
photons reaching the detector (Primak et al., 2006), called quantum noise, which is
considered to be the most significant issue affecting the quality of the image. The
quantum noise, designated o is determine as the standard deviation or statistical
fluctuation of the pixel values (mean HU) or CT numbers from a number(N ) of pixels
of ahomogeneous region of interest (ROI). It is normally measured in a water phantom

(Kalender, 2005). The standard deviation is given by;

o= —3N,(P-P) . (2.12)
Image noise limits low contrast detectability and may possibly hide anatomical details
of surrounding tissues. Image noise is influence by a number of parameters such as
tube voltage, mA, exposure time, collimation, reconstructed slice thickness,
reconstructed algorithm and helical pitch ((McNitt-Gray, 2006; Kalendar, 2005;

Barrett et al., 1976). The relationship between these parameters is given by;

_ IO/I
o= fA'\l £.mAs.S (2'12)
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Where; o is the standard deviation of the pixel value or CT number, lo/I is the
attenuation factor of the object, € is the efficiency of the entire system, mAs tube
current scan time product, S is the slice thickness and fa account for the effect of the
reconstruction algorithm. When consider the slice thickness, noise and mAs. The

relation becomes;

Sxola— (2.13)

mAs

From the above equation, noise increase by \2 if the mAs is reduced by half when the
slice thickness is constant and the mAs is double when the slice thickness is half at

constant noise.

2.6.1.2 High Contrast/Spatial Resolution

High-contrast resolution or spatial resolution is the level of detail that is visible on the
image. It is the parameter determining the system’s ability to resolve high contrast
objects of small sizes that are very close together (Lois, 2013). It measures the ability
of a system to distinctly delineate two objects as they become smaller and closer
together. The closer they are together with the image still showing them as separate,
the better the SR. SR depends on the reconstruction matrix; detector width; slice
thickness; object to detector distance; spot and matrix size (Bushberg, et al, 2011c).
High contrast resolution can be measured directly or calculated. For the direct
measurement a line pair phantom (a module inside a Catphan 600 phantom made up
of closely space metal strips imbedded in it) is used where each bar plus adjacent space

is termed as line pair. In principle the phantom is scanned and the number of strips
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that are visible are counted. The spatial frequency in the line pair per centimetre is

given by (Goldman, 2007).

1

Spatial frequency = Py T——

(2.14)

Theoretically, the spatial resolution can also be defined using the modulation
transferred function (MTF). The MTF is calculated using the Fourier transform of the
line spread function (Akbari et al., 2010). The MTF depends on the size or spatial
frequency of the object. A smaller object of higher spatial frequency is not clearly
depicted on the CT image. The MTF scale is normally from 0 to 1. If the image
reproduces the object exactly, the MTF would have a value of 1. If the image contained
no information about the object, the MTF would be zero. An MTF curve that extends

farther to the right indicates higher spatial resolution and better ability to reproduce

small objects (Joseph & Rose, 2013).

2.6.1.3 Low Contrast Resolution

Low-contrast resolution is the ability of an imaging system to differentiate between
objects with similar densities. It is often determined using objects having a very small
difference from the background. The visibility of low contrast objects is constrained
mainly by the contrast level, image noise and window setting of the display (Cody et
al., 2012). CR is highly degraded by noise. Low contrast detectability can be evaluated
by subjective and objective methods using phantoms containing low contrast targets
of different diameters and contrasts. To reliably identify a structure, the signal to noise
ratio (SNR) needs to be better than 5:1. This requirement is known as Rose’s criterion.

The SNR is hence the best descriptor of CR, which is simply determined from
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measurements of areas of interest within the examination point and surrounding noise

(Primak et al., 2006).

2.6.1.4 Observer Performance Method

Observer performance measures are obtained from images of patients in the clinical
settings or phantoms (Mansson, 2000). There are several established methods to
evaluate the quality of images based on set criteria which have to be fulfilled. From
these methods the two most common are visibility using visual grading analysis

(VGA) or mathematical calculation using Monte Carlo methods.

2.6.1.5 Relative Visual Grading Analysis (VGA)

A simple way of quantifying subjective opinions and making them useful is by visual
grading analysis. This works by defining the visibility of anatomical structure in the
images that need to be examine and then evaluate and range this against a similar
anatomical structure called a reference image. The method of ranking depends on the
observer by random ranking, where zero means a visibility equivalent to the
anatomical structure with respect to the reference image and a positive or negative

value means superior or inferior visibility (Zarb et al., 2010).

2.6.1.6 Absolute VGA
In this method, the images are evaluated and ranked against each other. This method

generally specify an explanation assisting analysis to improve the agreement between
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observers (Zarb et al.,2010). The observers rank the anatomical structures visibility

using 3, 5, or 7 scale (Li et al, 2010).

2.7 AUTOMATIC EXPOSURE CONTROL (AEC)INCT

Automatic exposure control is a CT imaging technique that performs automatic
modulation of tube current in the x, y plane (angular modulation), or along the
scanning direction, z-axis, (longitudinal modulation), or both (combined modulation)
( Kalra et al., 2005a) as shown below in figure 2.8. The modification is done with
respect to the patient’s size, shape, weight and attenuation of body parts being scanned.
In its mode of operation, the radiologic technician is required to select the desired
image quality level and the system adjust the tube current to obtain the predetermined
image quality with improved radiation efficiency to produce the desired image quality,
while limiting the radiation dose to the patient (S6derberg, 2008). AEC system can in
most cases reduce radiation dose by typically between 10-50 percent whiles
maintaining a consistent image quality (Kalender, 2005b). Results from studies have
shown that, the use of AEC systems reduced patient dose by about 35%-60% for the
body and 18% for the neck, across all sizes of patient, compared with fixed tube
current techniques. These dose reductions vary between different studies and depend
on the tube current being used for the fixed technique and the size of the patient (Lee

etal., 2009; Rizzo et al., 2006).
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Figure 2.8: Three dimensional orientation of a body co-ordinate system (Sdderberg,
2008)

Sabri et al., (2015), performed an experimental study using a thoracic phantom in
comparing the radiation dose and image quality between angular automatic tube
current modulation and fixed tube current CT scanning of the thorax with the aim of
reducing dose by implementing an automatic tube current modulation system while
attain the minimum requirement of image quality. Their result shows no significant
difference for image quality between using ATCM and fixed tube current techniques.
However, the images acquired with ATCM technique had a higher image noise
compared with images acquired with fixed tube current. They concluded that, image
quality and dose delivered to patient should be taken into consideration to ensure that
the dose delivered to the patient can be reduced as much as possible.

In a study conducted by Livingstone et al., (2010) to evaluate the radiation dose and
image quality using a manual protocol and dose modulation techniques in a 6-slice CT
scanner. Their study was conducted on human subjects who underwent contrast

enhanced CT of the chest. They pointed out that a dose reduction of up to 15% to 42%
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was achieved in dose modulation techniques with acceptable image quality as
compared to the manual protocol technique.

Suetal., (2010) examined comparison of radiation dose and image quality between z-
axis automatic tube current modulation (ATCM) and fixed tube current techniques in
CT of the liver using a multi detector row CT. Their data showed that, the average
tube current of the images decreased of 8.6-22.7% with the ATCM technique as
compared with the fixed tube current. However the image quality in both techniques
showed no significant difference. They concluded that, using ATCM, the radiation
exposure and effective radiation dose of dynamic contrast-enhanced multi-detector
row CT of the liver could be effectively reduced with maintenance of the image quality
Also R. Livingstone et al., (2009), examined radiation dose and image quality from
six slice CT scanner using human subjects. Their study compared the radiation dose
and image quality using dose modulation techniques and weight based protocols
exposure parameters for biphasic abdominal CT. Their results showed that, the use of
dose modulation technique resulted in a reduction of 16 to 28% in radiation dose with
acceptable diagnostic accuracy. It was concluded that a reduction of current-time
product of approximately three to five percent using D-DOM and 37 to 55% using Z-
DOM was achieved for arterial and portal venous phases compared to the weight based
protocol settings and a reduction of approximately 30 to 50% of tube current-time
product was noted within D-DOM and Z-DOM respectively for arterial and portal
venous phases.

Furthermore, a study by Lee et al., (2009b) assessed the variation in radiation dose and
image quality between fixed tubed current and combined automatic tube current
modulation on patients who underwent craniocervical CT angiography in a 64 multi

detector row CT system. Their results showed no significant difference in image
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quality at the shoulder region but with high noise values noted at the upper neck region
with ATCM technique. They also indicated that a significant radiation dose reduction
of about 18% was noted with the combined ATCM technique and concluded that the
combined ATCM technique for craniocervical CTA performed at 64-section MDCT
substantially reduced radiation exposure dose but maintained diagnostic image
quality.

Yoshinori et al., (2008) examined the possibility of obtaining adequate images at
uniform image noise levels and reduced radiation exposure with automatic tube
current modulation (ATCM) technique for 64-detector CT in suspected patients
suffering from lungs or abdominal disorders. They concluded that, it is possible to
maintain a constant image noise level with a 64-detector CT using ATCM technique.
Namasivayam et al., (2006), compared the results of two study groups performing
MDCT of neck using z-axis AEC and with fixed-current technique (300 mA). They
concluded that z-axis AEC resulted in similar subjective noise and diagnostic
acceptability with considerable dose reduction compared with those of fixed tube

current.

2.7.1 Angular Modulation

Angular dose modulation involves varying the tube current to equalize the photon flux
to the detector as the x-ray tube rotates about the patient (e.g., from anteroposterior to
lateral). In this technique, the tube current is adjusted for each projection angle relative
to the size, shape and attenuation of the patient in order to minimize X-rays in the
beam projection angles (i.e., X- and y-axes) that are associated with less beam
attenuation and as a result contribute less to the overall image noise. For instance, in

the shoulder and pelvis region, the x-rays are attenuated less in the anterior-posterior
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direction as compared to the lateral direction. Therefore angular modulation technique
reduces unwanted radiation in the anterior- posterior direction without degrading the
image quality(Kalra et al., 2005c).Also in angular modulation, more dose modulation
occur in asymmetric regions and the variation in image noise throughout the
examination can be optimized and also helps in reducing photon starvation artefacts,

more particularly in the shoulder region( Kalender et al.,1999).

2.7.2 Longitudinal Modulation

In longitudinal modulation technique, the tube current is adjusted along the scanning
direction (z axis) of the patient, based on the size, shape and attenuation of the
anatomic region being scanned. This modulation technique is to produce consistent
noise level in all images irrespective of the patient size and anatomy. The aim is also
to reduce the variation in image quality from patient to patient. Consequently,
radiologic technologist must select a required image quality level as an input to the
AEC algorithm. The method varies among various CT manufacturers. But irrespective
of the type, the longitudinal modulation technique uses a single localizer radiograph
to determine the tube current required to produce images with required level of image
noise (Kalra et al., 2005). The Figure 2.9 below shows an illustration of longitudinal

(z-axis) modulation.
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Figure 2.9: Hllustration of longitudinal modulation; where (a) Represent lower mA
used for a smaller patient. (b) Represent lower mA used with low attenuation along

the scanning direction (keat, 2005).

2.7.3 Combined Modulation

The combined modulation technique is a simultaneous combination of angular and

longitudinal (x-, y-, and z-axis) tube current modulation that modulates the tube

current both during each gantry rotation and for each slice position. It is the most

extensive approach to CT dose reduction, since the X-ray dose is adjusted in

accordance with the patient attenuation in three dimensions (McCollough et al., 2006).

2.7.4 Principles of AEC System for Different CT Manufacturers

Each manufacturer of a CT systems has developed different AEC techniques and

application capabilities (Soderberg, 2008).With their main purpose of maintaining

image quality, control of patient radiation dose, avoidance of photon starvation

artefacts and reduced load on the x-ray tube (Kulama, 2004). The most common

systems are discussed below.
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2.7.4.1 Siemens - CARE Dose 4D

Siemens use a combined tube current modulation system called CARE Dose 4D
(Soderberg, 2008).The system works with automatic tube current modulation of the
patient’s size and shape together with real time, online, controlled tube current
modulation during each tube rotation (Siemens, 2004). Based on a single CT localizer
radiograph, “topogram”, anterior-posterior or lateral attenuation profile (size,
anatomic shape and attenuation at each position) along the patient’s long axis (z-axis)
Is measured in the direction of the projection and estimated for the perpendicular
direction with a mathematical algorithm (Soderberg, 2008). Figure 2.10 shows an
anterior-posterior topogram where anterior-posterior and lateral attenuation profile is
estimated.

The CARE Dose 4D has adequate image noise according to Siemens modulation,
which differs depending on the patient’s size and shape. The operator can choose the
level of tube current, which can be selected according to the patient’s size, using
‘weak’, ‘average’ or ‘strong’ settings to control the amount of mA supplied. The
CARE Dose 4D modulations are able to provide a lower tube current to keep image

noise consistent regardless of the patient size (Keat, 2005).
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Figure 2.10: Example of an anterior-posterior topogram (Siemens, 2004).
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2.7.4.2 Toshiba - Sure Exposure 3D

The Toshiba CT scanners uses a combine modulation system called Sure Exposure3D.
The Sure Exposure system gives the operator two ways of setting the required image
quality: standard deviation (SD) of CT numbers or image quality level (Soderberg,
2008). These methods are based on measurements of SD of pixel values measured in
a patient-equivalent water phantom (McCollough et al., 2006).With the sure Exposure
3D system, the user specify the SD value for the HU image noise as well as the
maximum and minimum tube current. The image noise intensifies when the tube
current is low leading to very poor images and very high tube current cause high
radiation exposure with minimal noise level (S6derberg, 2008). The image acquisition
process is done by acquiring a frontal and a lateral localizer radiograph, known as
“scanogram” of the patient as shown in Figure 2.11 below. The scanogram is then used
to map the selected image quality with respect to the tube current values. The sure
exposure 3D makes use of the frontal and lateral diameters and the detector intensities
to determines the oscillating tube current modulation during each gantry rotation

(Soderberg, 2008).

Figure 2.11: Axial and lateral scanogram used for selection of SD to tube current
values (Soderberg, 2008).
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2.7.4.3 GE - Auto mA

General Electric (GE) uses a combined tube current modulation system called Auto
mA 3D. The system consists of two fundamentals: Auto mA that provides longitudinal
AEC, and rotational AEC provided by Smart mA. It is possible to use Auto mA
individual and together with Smart mA (Soderberg, 2008). The Auto mA make use
of a single localizer radiograph, “scout”, to determine patient size, anatomic shape and
attenuation characteristics to adjust tube current for each slice position along the
patient’s long axis. With Smart mA the tube current is for different projection angles
within each x-ray tube rotation adjusted (Kalra et al., 2005a; kalra et al., 2005b). For
each rotation (4 times/turn), the system calculates each x and y mA-value from the
relation between the patient's long and short axis, based on the scout image (General

Electric Company, 2004).

The Auto mA method permits the operator to achieve acceptable image quality by
adjusting a Noise Index (NI) value, which allows the system to permit the same noise
level in each image which can be measured using a region of interest (ROI) in the
image (IMPACT Scan, 2005). While in Smart mA, the tube current is meant for altered
projection angles within each tube rotation motion adjusted (Séderberg, 2008). It is
however indicated that, the noise index may change for different patient sizes
(McCollough et al., 2005) with selected maximum and minimum tube current limited
for where the tube current modulation is desired. Several studies have showed that, a
dose reduction of about 60 percent can be achieved with the used of Auto mA 3D in

the abdominal/ pelvic CT examination. (Kalra et al., 2005b).
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2.7.4.4 Philips - Dose Right

The AEC system used by Philips is referred to as the ‘Dose Right’. The Dose Right
has three components; the Automatic Current Selection (ACS) that provides patient
based AEC, the Z-DOM that supports longitudinal AEC and the D-DOM that supplies
angular AEC. However the three dose modulation tools cannot be used concurrently,
but can operate on ACS with Z-DOM or D-DOM (Sdderberg, 2008). Dose Right
differs from patient to patient as it depends on the size of the patients as identified on
the scout view displayed on the CT scanner, which is reset by means of a ‘reference
image’ (Kulama, 2004).

Philips uses a reference image concept to modulate tube current. After a protocol is
selected and a scan projection radiography (SPR) is processed, the system calculates
the attenuation coefficient of the patient, compares this to a tube current table stored
for a reference average patient, and suggests suitable mAs values to produce CT scans
with image noise similar to that of the reference image. For every 5-6 cm the patient
is above the reference size the mAs is double, while the mAs is halved for each 7-8
cm smaller the patient is than the reference size (Supawitoo Sookpeng, 2014). There
are two dose saving methods for the Philips scanner which are angular and z—axis dose
modulations (DOM).

The angular modulation system modulates the tube based on the patients symmetry
change in the rotational direction of the gantry (x and y-axis). The modulation is
calculated online in real-time during each rotation of the gantry around the patient by
using data of the previous rotation to calculate the next rotation modulation. D-DOM
makes use of the detector dose and determines which part of the rotation can advantage
from a reduced dose, without lost in image quality(Nicholas, 2005; Philips Medical

Systems, 2008).
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Z-DOM s also referred to as longitudinal modulation and consequently is the tube
current modulated according to changes in the body attenuation along the longitudinal
axis of the patient (z-axis). Based on a single CT localizer radiograph, surview, the
mAs values are calculated to the real scanning of the patient to achieve same image
quality in all slices. As the scanning process advance, the Z-DOM mAs values change
and the modification is based on the scanning direction instead of adjustment based
on the patients anatomic shape (PhilipsMedicalSystems, 2008).Table 2-2 below is a
summary of AEC systems from different manufactures with their method of defining

image quality.

Table 2-2: Lists of AEC systems from manufacturers of CT Scanners with their
method of defining image quality level (SGderberg, 2008).

Manufacturer AEC system Method to set level of image quality
Siemens CARE Dose 4D Quality reference mAs

Philips Dose Right Reference image

GE Auto mA 3D Noise index

Toshiba Sure Exposure 3D Image quality/ standard deviation

The chapter that follows takes us through the methodology of the work, its explicitly
outline the dose measuring process, organ and effective dose estimation as well as the

image quality assessment processes upon which the research is based.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

OVERVIEW

This chapter contains the materials and methods used in this study. The chapter also
gives a description of the CT facility, the methodology employed in the evaluation of
the radiation dose, organ and effective doses and analysis of the quality of the images

obtained.

3.1 MATERIALS

The following are the list of materials utilized for this study;

1. 16-slice Siemens CT scanner (Siemens Somatom Emotion, Forchheim,
Germany).

1. CT dose profiler probe (RTI Electronics, Sweden).

2. Standard CT dosimetry Polymethyl methacrylate (PMMA) cylindrical acrylic
head and body phantoms (RTI Electronics, Sweden).

3. CT-Expo software V 2.3 (G. Stamm, Hanover. Germany 2014).

4. Catphan 700 Image Quality Phantom (The Phantom Laboratory Inc.,

Greenwich. NY).

5. ImageJ software version 1.46r, Java 1.6.0 (National institute of mental health,
Maryland U.S.A).

6. Microsoft Excel spreadsheet (2013) and SPSS version 20.0.
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3.1.1 The CT Scanner

In this study dose measurements were performed on a multi detector row, Siemens
Somatom Emotion CT scanner (Siemens Healthcare, Forchheim, Germany) with 16
channel detector configuration with a very small focal spot (0.8 x 0.5 mm) capable of
16 x1.2 mm multi-slice imaging which was installed in 2011. Figure 3.1 shows a
diagram of the Siemens CT scanner. The CT scanner uses the CareDose4D as its
automatic exposure control feature. This enables automatic adjustment of the tube
current in various planes (X-y and z) axis based on the size and attenuation of the body
area being scanned to achieve a constant image quality. The tube potentials available
in the scanner were 80 kV, 110 kV and 130 kV with 130 kV being the most preferred
in most cases because it results in good image quality without excessive tube load.
Parameters such as the total time duration of the scan, field of view and pitch selection
were displayed on the console. The respective default parameters recommended by

the manufacturer used in this study are presented in Table 3.1.

Table 3-1: Default scanning parameters used for most common adults CT
examinations.

EXAMINATION KVp MAS Slice Thickness (mm)
Head cerebrum 130 270 8
Head base 130 220 5
Routine Chest 130 70 5
Routine abdomen 130 120 5
Routine Pelvis 130 120 5
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Figure 3.1: Picture of the Siemens CT scanner [Field work, 2016]

3.1.2 Phantoms Used in this Study

Comparison of radiation dose and image quality with the use of automatic exposure
control and fixed tube current techniques in a Siemens Somatom Emotion - 16 slice
CT scanners has been investigated by using a standard CT dosimetry PMMA

cylindrical acrylic head and body phantoms.

3.1.2.1 Head and Body Phantoms

The body phantom is 32 cm in diameter that mimics an adult body, and the head
phantom is 16 cm in diameter that mimics an adult head or a small paediatric body as
shown in Figure 3.2. Both are 15 cm thick (in the z-axis direction) and contain 1 cm
diameter holes for insertion of the CT dose profiler probe. The holes on the phantoms
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are at the centre and at 1 cm depth at the 3-, 6-, 9- and 12- o’clock positions referred
to as the peripheral sites. The two phantoms are made from Polymethyl methacrylate

(PMMA) materials (Shope, et al 1982).

Figure 3.2: Picture of the body phantom (left) and the head phantom (right) [Field
work, 2016]

3.1.2.2 Catphan 700 Image Quality Phantom

The Catphan 700 is a diagnostic imaging tool designed to test the image quality and
system performance of CT scanners. It is divided into five different test modules each
specific to a different image quality evaluation. Each module located within the
phantom is used to evaluate different image quality parameter. Figure 3.3 showed the

catphan 700 phantom.

Figure 3.3: Picture of the Catphan 700 Phantom (The Phantom Laboratory Inc.,
Greenwich. NY).
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3.1.3 CT Dose Profiler (CTDP) Probe

The CT Dose Profiler (CTDP) is a point dose measuring detector with a solid-state
sensor that is at 3 cm from the end of the probe. It contains a thin diode (of thickness:
300 um, size: 2x2 mm) and is approximately 100 times sensitive than the existing CT
pencil ion chambers. The probe is encased in an aluminium filled with Plexiglas. The
probe can be extended with an extension piece (45 mm) made of PMMA to fit in to
different phantoms. When the probe is placed in a 15 cm long PMMA phantom, the
detector is then cantered in the middle, when the probe extension reaches the end of
the phantom. The sensor is very thin (250 um) in comparison to the beam width. This
makes it completely irradiated when it is in the beam. Figure 3.4 shows a diagram of

the CT dose profiler probe.

Extension SENSOR Connector

Figure 3.4: Diagram of a CT dose profiler probe (www.rti.se, RTI Electronics,
Sweden).

The sensor collects the dose profile and also acts as a trigger. As radiation hits the
sensor in either direction, the detector registers the dose value at that point and sends
the information to the Ocean software which is used to calculate the CTDI values. A
profile of the dose values is generated and display all the data points graphically. The
CT dose profiler probe replaces the traditional five axial scan with a 10 cm pencil ion
chamber in dose measurements with only one helical scan in a CT head or body
phantom. The pencil ion chamber when used in dose measurement may results in

51



inaccurate measurements due to its tendency to underestimate the dose profile.

(Www.rti.se.)

3.2 METHODS

3.2.1 Experimental Method

3.2.2 CT Protocol

Dose measurements were performed for a routine head and a routine body (chest,

abdomen and pelvis) CT examination protocols as recommended by the manufacturer

with automatic exposure control (AEC) and with manual fixed tube current (FTC)

techniques. The scan protocols of the CT examinations conducted are presented in

Tables 3.2 and 3.3.

Table 3.2: Protocol for AEC technique for routine head and body examination

Parameters Examination
Head Body

Thorax Abdomen Pelvis
kVp 130 130 130 130
Effective mAs 160 111 139 142
Rotation Time (s) s 0.6 1 0.6
Acquisition (mm) 16x 1.2 16x 1.2 16x 1.2 16x 1.2
Slice Thickness (mm) 4 5 5 5
Pitch Factor 0.55 0.8 15 0.8
Reconstruction Slice 3 mm 3 mm 3 mm 3mm
Kernel H31S B41S B41S B41S

52


http://www.rti.se/

Table 3.3: Scan parameters used for manual selection of fixed tube current technique
(FTC) for routine head and body examination

Examination kVp mMAS Rotation Pitch Slice
Thickness
Time (s) (mm)
Head 130 140 1.5 0.55 4
Body 130 80 0.6,1.0,06 0.8,150.8 5
Head 130 160 1.5 0.55 4
Body 130 100 0.6,1.0,06 0.8,150.8 5
Head 130 180 1.5 0.55 4
Body 130 120 0.6,1.0.06 0.8,15,0.8 5
Head 130 200 'S 0.55 4
Body 130 140 0.6,1.0,0.6 0.8,15,0.8 5
Head 130 220 s 0.55 4
Body 130 160 0.6,1.0,0.6 0.8,15,0.8 5
Head 130 240 [55) 0.55 4
Body 130 180 0.6,1.0,0.6 0.8,15,0.8 5
Head 130 260 1.5 0.55 4
Body 130 200 Eaees™ 0.8,.1.5.038 5
Head 130 280 1.5 0.55 4
Body 130 210 0.6,1.0,0.6 0.8,15,0.8 5
Head 130 300 1.5 0.55 4
Body 130 220 0.6,1.0,06 0.8,150.8 5
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3.2.3 Dose Measurements

In this study, dose measurements were performed by setting up the head and body
phantoms in succession. The head phantom was first set up on the CT couch and
centered at the isocenter of the scanner with the long axis of the phantom aligned with
the z-axis of the scanner. A CT Dose profiler was connected to a barracuda via an
extension cable and the barracuda connected to a computer with the modern ocean
software. The CT Dose profiler was placed at the central hole of the phantom. The two
horizontal CT lasers in the CT room were visible on the probe at the mid - line of it
and the vertical laser also at the middle of the phantom were obtained for purposes of

alignment.

A piece of tape was put along the probe, attaching it on to the phantom to ensure that
the probe is not dislodged within the phantom during scanning. A topogram image of
the phantom was taken and used to select the volume to be scanned. The AEC was
activated for the first scan with the standard protocol of routine head examination as
shown in Table 3.2. The head scan was repeated with manual selection of fixed tube
current values (140 mAs, 160 mAs, 180 mAs, 200 mAs, 220 mAs, 240 mAs, 260 mAs,
280 mAs, and 300 mAs) whiles other parameters were kept constant (Table 3.3). The
head phantom was scanned in spiral mode at routine CT head scan technique with the
exposure factor of 130 kVp and a reference mAs of 220 mAs. These settings were
chosen to provide a range of data points both above and below the default setting in
order to check the functionality of the automatic exposure control (AEC) system as
well as to ascertain the effects of the setting on both dose and image quality. After
taking the head phantom measurement, similar scanned procedure was repeated on the
body phantom. The AEC technique was scanned with the standard protocol for routine

abdomen CT scan technique with exposure factor of 130 kVp at a reference mAs of

54



University of Ghana http://ugspace.ug.edu.gh

120 mAs. The body scan was repeated with manual selection of fixed tube current (80
mAs, 100 mAs, 120 mAs, 140 mAs, 160 mAs, 180 mAs, 200 mAs, 210 mAs and 220
mAs) whiles other parameters were kept constant. The volume computed tomographic
dose index (CTDlvor, weighted computed tomography dose index weighted (CTDIw)
and the dose length product values (DLP) values produced during the scanning were
recorded after each scan for the head and body examinations. The measurement of
radiation dose was automatically generated by the ocean software after the end of the
examination which also includes the effective mAs or tube-current-time product
values. Figure 3.5 shows the experimental setup for the dose measurements in this

work.

e
»

Figure 3.5: Experimental Setup for measurement of CTDI [Field work, 2016] .
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3.3 ORGAN AND EFFECTIVE DOSE ESTIMATION

Organ and effective doses were obtained using the CT-Expo software V2.3 (George
et al., 2014) that calculates the dose for irradiation of a mathematical phantom shown
in Figure 3.6. The CT-Expo V 2.3 is an MS Excel application written in Visual Basic
for the calculation of patient dose in CT examinations. Dosimetry data were obtained
from scans of the head and body phantoms used. These were used as input data into
the CT- Expo software. The information extracted include; CT scan manufacture,
model, patient age group, typical scanning parameters includes; the kV, mA
acquisition time, total collimation, table feed, reconstructed slice thickness, number of
scan series, scan length, CTDIlvoi (MGy) and DLP (mGy.cm). The effective dose

calculation was done by using the organ dose conversion factors of ICRP 103.

- i -= [ =T ] -1 s
—

it
- - |

Figure 3.6: The phantom models used in the CT-Expo for calculation of the organs
and Effective dose in the head, chest, abdomen and pelvis scans. The effective Dose
can be selected using the organ weighting scheme of ICRP60 or ICRP 103. (G.Stamm.,
Hanover. German)
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3.4

IMAGE QUALITY EVALUATION

Image quality is a characteristic used to assess the imaging performance of a medical

diagnostic modality. The imaging performance of a system does not only relates to

how an image is resolved, but how well it conveys the anatomical and functional

information to the requested physician (Bushberg, 2002). The image quality was

evaluated on a Siemens Somatom Emotion 16 - slice multi detector row CT scanner

using a Catphan 700 phantom. The catphan 700 is a diagnostic imaging tool designed

to test the image quality and system performance of CT scanners. It is divided into

five different test modules each specific for a different image quality test. Figure 3.7

shows an illustration of the catphan 700 with the different test modules within the

phantom. The catphan can be used to test different parameters regarding the

performance of CT system. But those test that are pertinent to this study include;

spatial resolution, low contrast detectability and contrast to noise ratio.

Catphan® 700

-

40mMmm

EF==-=

ikt
LR L
M

(L1

CcTres2

CcCTP714

CcTPrs515

CTP721 and CTP723

CTR7T1L2

Figure 3.7: An illustration of the Catphan 700 used to evaluate the image quality
performance of the CT scanner (Goodenough, D., 2013; The Phantom Laboratory Inc,

Greenwich NY).
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The module CTP714 of the catphan was used to evaluate the spatial or high contrast
resolution and the module CTP515 been used to evaluate the low contrast detectability
and the contrast to noise ratio. CT images obtained using automatic tube current
modulation and manual selection of fixed tube current techniques were taken using
routine exposure parameters on patients with the Siemens Somatom emotion CT
scanner. The Catphan images from both techniques were then evaluated and compared
in terms of spatial resolution, low contrast detectability and contrast to noise ratio to
determine the difference in image quality at similar patient imaging protocols. Five
different routine scan protocols were used to scan the phantom. These are default
routine scan protocols on the machine used for the various examinations and provide
the best estimate in evaluating the system image quality. Tables 3.4 and 3.5 shows the

routine scan protocols used in performing the different examinations of this study.

The phantom was aligned in the gantry using the system’s external lasers. The BB’s
located on the phantom were used to correctly align the phantom with the lasers in the
axial, sagittal and longitudinal directions. The axial laser coincided with the last axial
BB nearest to the phantom mount. Once the phantom was correctly aligned, it was
imaged with different routine scan protocols. To compare the image quality obtained
using automatic exposure control technique and fixed tube current technique, CT
images of the spatial and low contrast resolutions modules of the catphan 700 phantom

were obtained from each technique using the default routine patient scan protocols.
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Table 3.4: List of routine patient imaging protocols with the use automatic exposure

control
EXAMINATION
Head

PROTOCOL helical Thorax Abdomen  Pelvis Spine
KVp 130 130 130 130 130
mAS 81 33 57 53 26
Rotation Time (s) 1.5 0.6 0.6 1.0 1.0
Slice Thickness (mm) 4.0 5.0 5.0 5.0 3.0
Pitch 0.55 0.8 0.8 15 0.65
Collimation (mm) 16x12 16x12 16x12 16x1.2 16 x 0.6
Kernel H31S B41S B41S B41S B31S
FOV (cm) 213 208 213 213 213

Table 3.5: List of routine patient imaging protocol with the use of manual fixed tube

current technique (FTC).

EXAMINATION

PROTOCOL hHeﬁigl Thorax  Abdomen  Pelvis  Spine
KVp 130 130 130 130 130
mAS 220 100 120 120 190
Rotation Time (s) 1.5 0.6 0.6 1.0 1.0
Slice Thickness (mm) 4.0 =) 5.0 5.0 3.0
Pitch 0.55 0.8 0.8 1.5 0.65
Collimation (mm) 16x1.2 16x1.2 16x12 16x12 16x0.6
Kernel H31S B41S B41S B41S B31S
FOV (cm) 214 214 214 214 214
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3.4.1 Evaluation of Catphan Images for AEC and FTC Techniques

The method used to evaluate and measure the images obtained with the use of
automatic exposure control (AEC) and fixed tube current techniques were the same in
order to determine the overall image quality for each patient protocol. A series of
images from both techniques were transported into an ImageJ software to evaluate the
spatial resolution, low contrast detectability and contrast to noise ratio module of the
catphan phantom. Each module was evaluated using the methods presented in the
catphan 700 manual (Phantom Laboratory Inc.). The purpose of the image quality
evaluation was to quantitatively measure the overall image quality produced by the
two scanning techniques on the CT system and compare the quality of the resulting

images. The methods by which the images were evaluated are presented below.

3.4.1.1 Spatial Resolution

The spatial resolution is defined as the ability of a CT imaging system to distinguish
as separate entities two objects that are very small and close to each other. The closer
the objects are with the image depicting them as separate objects, the better the
resolution of the imaging system. In this study, spatial resolution was measured using
the CTP 714 module in the catphan. This module contains a 30 line pair per cm gauge
cut from 2 mm thick aluminium sheets and cast into epoxy. The resolution was
determine by the number of lines one could visualize out of the total number of line
pair per centimetre. A score of 0 to 30 Ip/cm was recorded depending on the number
of line pairs one could see, where a higher value means better image resolution. Figure
3.8 shows the CTP 714 module together with data relating to the gap size between
each line pair. Table 3.6 presents associated line pair per cm and gap sizes for the CTP

714 module.
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Figure 3.8: CTP 714 Module used to evaluate the high contrast spatial resolution on
the CT scanner (Goodenough, D., 2013; The Phantom Laboratory Inc, Greenwich
NY).

Table 3.6: shows line pair per cm and gap sizes for the CTP 714 module.

Line Pair/em (Gap Size Line Pair/fem Gap Size Line Pair/fem Gap Size
1 0.500 ¢cm 11 0.045 cm 21 0.024 cm
0.250 cm 12 0.042 cm__| 22 0.023 em
3 0.167 ¢m 13 0.038 em 23 0.022 cm
4 0.125 em 14 0.036 cm 24 0.021 cm
5 0.100 cm 15 0.033 cm 25 0.020 cm
6 0.083 em 16 0.031 em 26 0.019 em
7 0.071 em 17 0.029 cm 27 0.0185 cm
8 0.063 cm 18 0.028 cm 28 0.0178 cm
9 0.056 ¢cm 19 0.026 cm 29 0.0172 cm
10 0.050 em 20 0.025 em 30 0.0167 cm
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3.4.1.2 Low Contrast Detectability

In CT imaging systems, low contrast detectability is the ability of the imaging system
to display as distinct images areas that differ in density by a very small amount. The
catphan phantom low contrast module CTP515 contains various targets which are used
to evaluate the CT system low contrast detectability performance. There are a total of
six different contrast target areas within the module CTP515. There are three supra-
slice targets located in the peripheral of the phantom with contrast levels of 1.0 %, 0.5
%, and 0.3 %. The supra-slice targets are cylindrical objects that are arranged round
the entire length of the CTP515 module. At each of the three supra-slice contrast level,
a total of 9 targets with varying diameters from 15 mm to 2 mm as shown in figure
3.9. Also three sub slice target areas located are in the center of the phantom with
contrast levels of 1.0 % each. With each area containing four targets with varying
diameters from 9 mm to 3 mm. The lengths of the cylindrical targets in the sub slice
do not cover the entire length of the CTP515 module as in the case of the supra —slice
and therefore have typically a z-axis length smaller than clinical slice thicknesses. The
evaluation of the sub slice targets is helpful in understanding the scanner’s different

spiral imaging settings and the partial volume averaging technigues.

Low contrast performance evaluation in CT systems is done by visual analysis. In this
study, the supra-slice and sub-slice target areas were evaluated independently of each
another. The Supra-slice contrast was measured by determining the total number of
visible targets at 1.0 %, 0.5 % and 0.3 % contrast levels with each image scored on a
scale of 0-27 depending on the number of targets visualized. Similarly, the sup-slice
contrast was determined by the total number of targets in the 3 mm, 5 mm, and 7 mm

sections each at 1.0 % contrast level with a score of 0-12 for the sub-slice contrast.
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CTP515 low contrast module with supra-slice and sub-slice contrast targets

Figure 3.9: CTP515 low contrast module with phantom specifications (Goodenough,
D., 2013: The Phantom Laboratory Inc, Greenwich NY)

Table 3.7: Shows diameters of the low contrast module for the supra and sub slice

Targets.

Supra-slice target diameters Sub-slice target diameters
(Outer circle of targets) (Inner circle of targets)
2.0 mm 3.0 mm

3.0 mm 5.0 mm

4.0 mm 7.0 mm

5.0 mm 9.0 mm

6.0 mm

7.0 mm Nominal target contrast levels (+.05 %)
8.0 mm 0.3%

9.0 mm 05%

15.0 mm 1.0%
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3.4.1.3 Contrast-to-Noise Ratio (CNR)

The ability to see low contrast lesions in an image depends on how much noise is in
the image. The greater the image noise the lower the low contrast visibility of lesions
in an image and verse versa. However, one way of quantifying the contrast in an image
is determining the contrast-to-noise ratio (CNR), which provides a value describing
the quality of an image (Eq. 3-1). The CTP515 low contrast module was exported into
ImageJ software after reading the obtained image on a DICOM viewer and used to
determine the contrast to noise ratio. The contrast to noise ratio was measured by
placing a region of interest (ROI) of 5.4 cm? in the 15 mm diameter target in the 1.0
% contrast level. The mean CT value for each target image was recorded. Similarly, a
second ROI of the same area was placed on the background adjacent to the target and
the mean background CT value was recorded. With this same background ROI, the

standard deviation was also determined. The CNR was calculated using the relation;

Target mean value—Background mean value
CNR = =2 4 (3.1)

Background standard deviation

The CNR was recorded for each imaging protocol with AEC activated and selection
of fixed tube current technique and compared. Figure 3.10 show detail on how the

CNR is calculated.
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3.5 DETERMINATION OF DOSE REDUCTION

The CTDIvoand DLP were obtained to represent the radiation dose delivered for each
CT scan for the AEC and FTC techniques. From the CTDIyo and DLP values it was
possible to estimate the reduction in radiation dose by calculating the difference of the
CTDlIvorand DLP values of the AEC in percent relative to the CTDIvo and DLP values
for the fixed tube current technique as shown in Eqg. 3-2 and 3-3. Thus, in terms of
CTDlyol the;

. CTDIlyolFixmA - CTDI
Dose reduction = Yol AEC % 100% (3.2)
CTDlyol Fix mA

In terms of the DLP, the dose reduction is calculated as;

Dose reduction = 2Lraxma=PLPAEC o 100y, (3.3)

DLPFix ma
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3.6 DATA ANALYSIS

The data collected were analysed using the Statistical Package for the Social Sciences
(SPSS) version 20.0. The SPSS was used to conduct relevant statistical analysis of the
results obtained. This was selected mainly because of its proven track record as an
excellent software tool for statistical analysis in most research areas. The paired t-test
was used to compare the DLP, and CTDIvol between the AEC and FTC imaging
techniques as well as the overall image quality test for spatial resolution, low contrast
detectability and contrast to noise ratio. A value of P < 0 .05 indicates a statistically

significant difference.

3.7 THEORY

3.7.1 Dose Measurements in CT

Theoretically, the amount of dose delivered to the patient during a CT scan is usually
measured using a standardized index called computed tomography dose index (CTDI).
The CTDI is defined as the integral along a line Z perpendicular to the tomographic
plane of the dose profile D(z) for a single axial scan, divided by the product of the
number of tomographic sections N and the nominal section thickness T (Shope, et al.,
1981). CTDl1o0 is commonly used when measuring radiation dose in CT and refers to
the absorbed dose integrated over a length of 100 mm. In order to measure CTDl 100, a
3-cc active volume CT pencil ionization chamber with an active length of 200 mm is
used, often in a cylindrical PMMA phantom (15 cm in length), with a diameter of 32
cm (body) or 16 cm (head) (Galanski, et al., 2002). The CTDlI1qo is given by the

equation (Eq. 3.4).
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CTDlgo = - | O b (D dz (3.4)

-50 mm
The measurements is normally performed with a stationary patient table. In dose
measurement, charges produced are converted in to exposure in roentgen (R) or air
kerma in milligray (mGy) with an exposure meter. The meter reading thus represent

the average exposure reading over the length of the chamber given by the relation (Eq

3.5);

t £
Meter reading = f_éz X(z) — _ﬁz D(z)dz (3.5)
/2 fe /2
Where f is the exposure to dose conversion factor, D =f. X

From equation (3-4) the CTDI is calculated using the relation;

ﬂ)*(mm)*meter reading (R)

CTDI = f( K

N*T(mm) (3.6)

Thus, from the definition of CTDI100 above, equation (3.6) can be simplify to obtain
the relation;

C*f(%)*loo mmsmeter reading(R)

N*T (mm)
Where C is the unitless chamber correction factor which is required to correct the
meter reading for temperature and pressure and into true exposure reading which is

1.06 for dose to tissue is usually and f value been 0.94 rad/R for tissue dose estimates

( McCollough et al., 2008).

3.7.2 Effective Dose Estimation

Theoretically, effective dose can be estimated using conversion factors (EpLp) which
has been published by European Commission (European Commission 1999) for a
general anatomic region. This value is the normalized effective dose per dose length

product over various body regions such as head, neck, chest, abdomen and pelvis for
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different sizes of patient. In this approach, CTDIyo and distance (scan length) are used
to estimate the dose length product (DLP) and then multiplied with the conversion
factor value to obtained the effective dose (E) using the equation (3.8) below.

E = EDLP * DLP (38)

Where, Epvp is the DLP to effective dose conversion factor.

3.7.3 Organ dose determination

Doses to radiosensitive organs in CT examinations can be determined by measuring
CT dose in air (CTDlI.ir) and organ dose conversion coefficients (Jones & Shrimpton,
1993). Most often organ dose data are expressed in terms of absorbed dose to tissue,

this measured values of dose in air (CTDl.ir) are converted to dose to tissue (CTD lkissue)
using the ratio of the mass-energy absorption coefficients (“e"/ p) of tissue to air. The

CTDlyissue is calculated using equation (3.9);

(” en/ p) tissue

CTD Itissue \ (ken/p)air

% CTDI;, (3.9)

However, the mass-energy absorption coefficient depends on the photon energy with
it ratio for soft tissue to air assumed to be constant for all typical X-ray spectra
produced by the CT scanners examined with a value of 1.06 (with an error of no more
than +1%). Hence, using scanner-specific organ dose conversion coefficient, the
average organ dose,

D org, T for individual examination can be estimated using the relation (Eq.3.10);

Dorgr = CTDlyssye ZZ f(organ, z). (3.10)

Where z; and z are the start and end region of the scanned position respectively.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
This chapter outlines and discusses the results obtained from measurements made on
acrylic head and body PMMA phantoms for comparison of radiation dose and image
quality when an AEC and FTC techniques are used. The results for the estimation of
effective and organ doses for the most radiation sensitive organs in the head and trunk

regions are also presented.

41 RESULTS

4.1.1 Measurements of CTDIvoi, CTDIw and DLP with the use of AEC and FTC

The results of CTDIvoi, CTDIwand DLP values were obtained from an average of three
measurements in the head and body phantoms scan with AEC activated and
comparison made with European MDCT DRLs (Bongartz et al., 2004) and I1AEA -
study (Tsapaki et al., 2006). The results are presented in Tables 4.1 and 4.2. The
obtained dose descriptors; weighted computed tomography dose index (CTDIw),
volume computed tomography dose index (CTDIva), and dose-length product (DLP)

are shown in Tables 4.1 and 4.3.

Table 4-1: Measurements of CTDIvol, CTDIw and DLP values for head and body
examination with AEC

Examination CTDlvol CTDIw DLP
(mGy) (mGy) (mGy.cm)
Head 328 18.0 593.0
Chest 6.7 6.0 108.0
Abdomen 14.3 11.0 240.0
) 17.0 190.0
Pelvis 11.7
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Table 4-2: comparison of average CTDIvol and DLP values with AEC and other

studies
CTDIvol (mGy) and DLP (mGy.cm)
European DRL,
IAEA study, Bongartz et al.,
Examination This Study Tsapaki et al., 2006 2004

CTDlv DLP CTDlvol DLP CTDIlvw DLP
Head 32.8 593.0 47.0 527.0 64.0 337.0
Chest 6.7 108.0 9.5 447.0 7.8 267.0
Abdomen 14.3 240.0 10.9 696.0 14.5 724.0
Pelvis g 190.0 - - 14.5 724.0

Note: (-) means no data was available

Similarly, the results of CTDIvoi and DLP values for the fixed mAs technique were

obtained from an average of three measurements in the head and body phantom with

varied fixed mAs values as presented in Tables 4.3- 4.4.

Table 4-3: Measurements of CTDIvol, CTDIw and DLP values for head phantom
examination with fixed mAs.

Fixed mAs CTDIvol (mGy) CTDIw (mGy) DLP (mGy.cm)
140 32.9 17.60 571.0
160 33.4 18.50 602.0
180 34.5 18.95 615.0
200 37.2 20.44 664.0
220 41.0 22.53 731.0
240 44.6 24.55 797.0
260 50.7 27.86 904.0
280 51.4 26.40 922.0
300 53.0 29.12 946.0
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Table 4-4: Measurements of CTDIvol, CTDIw and DLP values for body phantom
examination with fixed mAs.

Fixed CTDIvol (mGy) CTDIw (mGy) DLP (mGy.cm)

mAS C A P C A P C A P
80 95 95 095 8 8 14 284 165 250
100 11.0 112 119 11 9 18 354 181 314
120 143 135 143 13 11 21 426 197 376
140 16.7 156 16.7 15 13 25 497 251 439
160 19.0 18.0 19.0 17 14 28 568 290 502
180 214 200 211 19 16 32 639 327 565
200 EEREN 22.0 i 71 19 35 = e 357 658
210 B0 235 05NN 22 19 37 745 327 627
220 26, 24.2 4Gl 23 21 39 780 543 690

Note: C, A and P represent Chest, Abdomen and Pelvis examinations respectively.

The CTDIvo and the dose length product (DLP) values determined in this study are
presented in Table 4.5 for both, head and body phantoms between the two imaging
techniques along with proposed recommendations and other countries diagnostic
reference levels. For the head examination, the CTDIvoi and DLP values refers to the
16 cm diameter dosimetry phantom, for the trunk regions examination the CTDIvol

and the DLP values refers to the 32 cm diameter dosimetry phantom.
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Table 4-5: Comparison of CTDIvol and DLP values for the head and body phantom
examination with fixed mAs and other studies.

Fixed CTDlvol (mGy) DLP (mGy.cm)
mAS Head Chest Abdomen Pelvis | Head Chest Abdomen  Pelvis
80 32.9 9.5 9.5 9.5 571 284 165 250
100 334 110 11.2 11.9 602 354 181 314
120 34.5 14.3 13.5 14.3 615 426 197 376
140 37.2 16.7 15.6 16.7 664 497 251 439
160 41.0 19.0 18.0 19.0 731 568 290 502
180 446 214 20.0 21.1 797 639 327 565
200 50.7 23.8 22.8 24.0 904 710 357 658
210 BT/ S 235 25.0 922 745 327 627
220 SE.0 Pzt 24.2 26.2 946 780 543 690
Other Studies
Pontas et al.,
(2011) - - - - TG 394 464 434
Turkey (2015) 66.4  11.6 13 19.4 810 389 204 421
Ireland (2012)  66.2 9.2 i 12.3 940 393 598 598
IAEA Study; Tsapaki
et al., (2006) 47 9.5 11 - 527 447 696 -

Note: (-) means no available data and H, C, A and P represents, Head, Chest, Abdomen

and Pelvis examinations respectively.

An estimation of the dose reduction between the AEC and the FTC techniques for the
head examination is presented in Table 4.6. Compared with fixed tube current (FTC),
there was significant difference in the CTDIvo (P =0.009) and DLP (P =0.013) values

with a mean dose reduction of 19.4% (0.3 — 38.1% for CTDlIvoi) and 18.2% (-3.9-37.3

for DLP) were achieved for the head examination with the used of the AEC.
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Table 4-6: Estimated dose reduction (DR) in CTDIvol and DLP for head phantom

between AEC and fixed mAs.

Scanning CTDlvol DR for CTDlvol DLP DR for DLP
Type (MGy) [%0] (MmGy.cm) [%0]
AEC 32.8 - 593.0 -

140 32.9 0.3 571.0 -3.9
160 334 1.7 602.0 1.5
180 345 4.9 614.9 3.6
200 37.2 11.8 663.5 10.6
220 41.0 20.0 731.3 18.9
240 44.6 26.5 796.8 25.6
260 50.7 35.3 904.2 34.4
280 514 36.2 921.6 35.7
300 53.0 38.1 945.5 37.3
p-value 0.009 19.4% 0.013 18.2%

Note: The P-values indicate if there is significant difference in the CTDIyo and DLP

values between the AEC and FTC techniques. Thus, P < 0.05 indicates significant

difference and P > 0.05 indicates no significant difference between the two

techniques.

Table 4-7: Estimated dose reduction (DR) in CTDIvol for body phantom between
AEC and fixed mAs.

Scanning Type CTDlva (mGYy) DR [%]
C A P G A P
AEC 6.7 140 12.0 - - -
80 9.5 9.5 9.5 29.5 -47.4 -26.3
100 11.0 11.2 12.0 39.1 -25.0 -1.0
120 14.3 135 140 53.1 -3.7 16.1
140 16.7 156 17.0 59.9 10.3 28.1
160 19.0 18.0 19.0 64.7 22.2 36.8
180 21.4 200 21.0 68.7 30.0 43.1
200 23.8 228 240 71.8 38.6 50.0
210 25.0 235 25.0 73.2 404 52.0
220 26.2 24.2  26.0 74.4 42.1 54.2
P-value 3.9x10* 0.84 0.01 59.4% 12% 28.1%

Note: C, A, P represents chest, abdomen and pelvis respectively. Mean dose reduction
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of 59.4%, 12%, 28.1% in CTDIvol was achieved with the use of AEC for chest,
abdomen and pelvis examinations compared with FTC technique. There was
significant difference in CTDIvo for chest examination (P = 3.9x10) and pelvis
examination (P = 0.013) between AEC and FTC techniques. However, no significant
difference in CTDIvol for the abdomen examination was noted (P = 0.84) between

the two imaging techniques.

Table 4-8: Estimated dose reduction (DR) in DLP for body phantom between AEC
and fixed mAs.

Scanning Type DLP (mGy.cm) DR [%0]
e A ) C A P
AEC 108 240 190 - - -
80 284 165 250 62.0 -455 240
100 354 181 314 69.5 -32.6 395
120 426 197 376 746 -21.8 495
140 497 251 439 783 44 56.7
160 568 290 502 81.0 172 622
180 639 323 565 83.1 26,6 66.4
200 710 35% 658 848 328 711
210 745 S 627 855 26.6 69.7
220 780 543 690 86.2 55.8 725
P-value 6.5x10° 0.209 4.2x10* 78.3% 7.1% 56.8%

Note: C, A, P represents chest, abdomen and pelvis respectively. Mean dose reduction
of 78.3%, 7.1%, and 56.8% in DLP was achieved with the use of AEC for chest,
abdomen and pelvis examinations compared with FTC technique. There was
significant difference in CTDIyo for chest examination (P = 6.5x10°) and pelvis
examination (P = 4.2x10%) between the two techniques. However, no significant
difference in DLP for the abdomen examination was noted (P = 0.209) between the

two imaging techniques.
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4.1.2 Effective Dose

The results of the effective doses obtained in this study for the routine examinations
between AEC and fixed mAs techniques are presented in Table 4.9. A comparison of
the effective dose values between the two techniques and literature are depicted in

table 4.10.

Table 4-9: Effective dose values calculated using CT-Expo software with AEC
activated and fixed mAs techniques.

Scanning Type Examination
Head Chest Abdomen Pelvis
AEC 1.6 6.4 o 5.4
Fixed mAs 14 4.8 -3 3.1
Fixed mAs 1.6 [6] 4.4 3.9
Fixed mAs 1.7 7.2 [5.3] [4.6]
Fixed mAs 1.9 8.4 6.1 54
Fixed mAs .2 9.6 7.0 6.2
Fixed mAs [2.3] 10.8 Y 7.0
Fixed mAs 2.4 12.0 8.7 1.7
Fixed mAs 2.6 13.0 9.2 8.1
Fixed mAs 2.8 13.2 9.7 8.5

Note: the values in square brackets [ ] represents the effective dose values at quality

reference mAs values used for the various examinations.
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Table 4-10: Comparison of effective dose values between this study and literature.
(Mean values in brackets).

Study

Head

Chest

Abdomen

Pelvis

UNSCEAR, 2008

Breiki et al., 2008
Goddard & Alfarsi 1999

Clark et al., 2000

1.6

1.14-2.74 (1.76)

03-82 (2.4)

0.98-2.11 (1.9)

9.7

4.65-24.45(14.56)

0.3-10.8(3.4)

3.84-14.58 (8.9)

12

3.86-32.53(14.56)

1.4-31.2 (9.5)

3.8-13.35 (10.6)

9.8

4.08-18.10(11.21)

2.7-13.8 (6.0)

1.13-24.8 (7.12)

NRPB-Standards, 1991 0.46-4.94 (1.78) 1.05-225 (7.8) 1.58-22.6 (7.58) (10)
Inkoom et al., 2014 1.1-1.6 2.7-9.3 5.3-13.2 55-9.1
This study

AEC 1.6 6.4 6.1 5.4
FTC 1.4-2.8 (2.1) 4.8-13.2(9.4) 3.5-9.7 (6.9) 3.1-8.5(6.1)

4.1.3 Organ Doses

Organ doses resulted for the various routine examinations protocols conducted with

AEC activated and with FTC technique are presented in Figures (4.1-4.4). The organ

doses were determined under the same acquisition parameters except with the FTC

technique where the mAs values were varied both below and above reference mAs

values for each routine examination conducted.
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Figure 4.2: Organ doses for chest examination
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Figure 4.4: Organ doses for pelvis examinations
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4.1.4 Comparison of organ doses between AEC and FTC at quality reference
mAs values.

Comparison of the resultant organ doses with the AEC activated and at fixed reference
mAs values for the various routine examinations considered is shown Figures 4.5 —
4.8. It is evident from the results that, the doses received by most radiation sensitive
organs are much lower when the AEC was used compared with reference mAs values.
However, the pelvic examination depicts a relative high organ doses with the use of
the AEC system compared with the FTC technique. Similar trend was also observed
for the thyroid organ in the case of abdomen examination. This variation in organ
doses between the AEC technique and that of the reference mAs values may be

attributed to the mAs used in each case.

70 -

60.4

60 - # AEC

# FTC
50 A 47.6

Dose (mGy)

Brain Eye lens Thyroid
Head examination

Figure 4.5: Comparison of organ doses between AEC activated and at fixed quality
reference mAs (240) for head examination.
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Figure 4.6: Comparison of organ doses between AEC activated and at fixed quality
reference mAs (100) for chest examination.
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Figure 4.7: Comparison of organ doses between AEC activated and at fixed quality
reference mAs (120) for abdomen examination.
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Figure 4.8: Comparison of organ doses between AEC activated and at fixed quality
reference mAs (120) for pelvis examination.

Table 4-11: Comparison of mean organ doses in this study and other studies

UK Japan Germany Tanzania

CT Selected This Study (1991) (1991)  (1999) (2006)
AEC FTC
Exams Organs (mGy) (mGy) (mGy) (mGy) (MmGy) (mGy)
Head Eyelens 418 45.4(£15.2) - 224 24.8 63.9 (£ 32.6)
Thyroid 19.7 263(x6.8) 19 0.6 - 25(x1.3)

Chest Lungs 174 264 (£84) 224 19.6 20.5 31.5 (= 10.6)
Breast Il o 27.7(£.8.8)., - 21 An ) 159 22.6 26.1 (£ 10.8)
Thyroid 6.4 8.0 (£ 2.6) s 1.9 - 12.3 (£ 8.5)
Abdomen  Liver 179 208(x7.1) 204 27.8 15 34.1(x10.7)
Stomach 194 221(x6.6) 222 269 15.4 35.6 (£ 10.3)
Pelvis ovaries 183 203(x6.5) 227 15.1 14.9 24 (£17.1)
Uterus 249 275(x88) 255 - 14.6 26.5 (+ 18.6)
testes 10.5 10.2(x3.2) 1.7 1 - 12.5 (x 19.9)
Note: (-) means no available data
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415 IMAGE QUALITY

4.1.5.1 Contrast-to—Noise Ratio (CNR)

The contrast-to-noise ratio (CNR) was determined with the used of AEC and FTC
techniques as shown in Tables (4.12-4.13). The CNR relates to overall image quality
with respect to how much noise is seen in a particular image. Generally, the higher the
CNR in an image, the lesser the noise with improved image quality. The results
obtained with the AEC technique indicates that the routine head scan protocol images
recorded the highest CNR (less noise) with a CNR score of 2.3. The other imaging
scan protocols shows a slight varying CNR values with the thorax, abdomen, pelvis
and spine having a score of 1.1, 1.0, 0.8, and 1.3 respectively. Thus the image which
show the highest amount of noise is the one with the lowest CNR, which is the pelvis

scan protocol image with a value of 0.8.

Comparatively, the FTC technique images shows a much higher CNR scores to that
of the AEC technique. As depicted in Table 4.13, the head image recorded the highest
CNR score with 2.5. The abdomen and the pelvis images have the same CNR value of
2.1 and the lowest CNR score is seen in the thorax and spine images with a value of
1.9 each. This data reflects the results seen in the low contrast detectability test where

fewer targets were seen.
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Table 4-12: Contrast to noise ratio with AEC technique imaging procedures

Contrast - to - Noise Ratio With AEC

Supra Slice

@ 15mm Target

Head Thorax Abdomen  Pelvis  Spine
Contrast level: 1.0% routine  routine routine routine
Target Mean 186.8 140.7 143.5 1451 14238
Background Mean 153.4 134.0 135.7 1389 1345
Background Std Deviation 14.5 6.1 8.1 8.0 6.4
Contrast to Noise Ratio: 2.3 1.1 1.0 0.8 1.3

Table 4-13: Contrast to noise ratio with FTC technique imaging procedures

Contrast - to - Noise Ratio With FTC

Supra Slice
@ 15mm Target

Head Thorax Abdomen Pelvis Spine
Contrast level: 1.0% routine  routine  routine routine
Target Mean 209.7 139.9 144.0 146.3 1417
Background Mean (5 6\ 188 4 135.6 138.9 1351
Background Std Deviation 13.6 35 4.0 3.5 3.4
Contrast to Noise Ratio: 2.5 1.9 2.1 2.1 1.9

4.1.5.2 Spatial Resolution

The number of line pairs per centimetre (I p/cm) detected on the catphan images with

the use of AEC and FTC imaging techniques are shown in Figures 4.9 and 4.10. The

highest image resolution score is based on the total number of line pairs/cm gauge that

can be depicted on each image. The results of the AEC technique shows that, the

images with the highest spatial resolution score were the pelvis, thorax and abdomen
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scan protocols with scores of 6, 5 and 5 Ip/cm respectively. The other AEC images
scores were; 2 Ip/cm for (head) and 3 Ip/cm for (lumber spine). The scores for each
image are as follows; head = 2, thorax = 5, abdomen =5, pelvis = 6, and lumber spine

= 3 as depicted in Figure 4.9.

Also, the FTC technique images displayed similarly resolution score to that of the
AEC technique as shown in Figure 4.10. The thorax scan protocol image showed the
best spatial resolution where a score of 6 Ip/cm was recorded. The pelvis scan protocol
showed the second best resolution score with a value of 5 Ip/cm whiles the head,

abdomen and lumber spine scan protocol had scores of 3, 4 and 4 Ip/cm respectively.

Spatial Resolution Score with (AEC)

.
.
)
g
| I
.

Head Thorax Abdomen Pelvis Lumber spine

Line pair/cm

EXAMINATION

Figure 4.9: Spatial resolution (Ip/cm) for AEC technique imaging procedure.
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Spatial Resolution Score with (FTC)

5 -
4
3 -
2 -
1 A
0 -

Head Thorax Abdomen Pelvis Lumber spine

EXAMINATION

Line pair/cm

Figure 4.10: Spatial resolution (Ip/cm) for FTC imaging procedure.

4.1.5.3 Low Contrast Detectability

Figures 4.11 and 4.12 show the number of visible targets in each supra-slice contrast
level for the different imaging techniques. The only scan protocol image in which the
0.3% contrast level was not visible with the AEC technique is the spine scan protocol.
The most targets were seen in the head and abdomen scan protocols, where a total
score of 14 and 12 were recorded. However, the highest amount of targets was
observed for the head and pelvis in the 1.0% contrast level. Generally, for the AEC
images, the protocol that had the lowest total score is the spine routine of 8 total target
score with targets scores of 5 and 3 at the 1 % and 0.5 % contrast levels respectively.

The total target scores depicted by the thorax and pelvis protocol were 11 each.

Similarly with the FTC technique, the abdomen, thorax, abdomen and lumber spine
images depicts the lowest score at the 0.3 % contrast level with a score of one each.
The FTC image of the pelvis had the highest target count with a total of 18. The second

highest total score is the head image with a target score of 16 followed by the lumber
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spine, thorax and abdomen with scores of 14, 13 and 13 respectively. Overall, the
majority of the targets were seen in the 1.0 % contrast level in both the AEC and FTC
techniques images but the FTC technique showed a much higher scores compared with

the AEC technique.

Low contrast detectability with AEC
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H0.50%
14 - m 1.00%
8
D 12 A
o
P
8 10
)
g e
.
€ 6 I
8
Y— 4
o
52
Q
g 0-
é’ Head Thorax Abdomen Pelvis Lumber spine
EXAMINATION

Figure 4.11: Low contrast detectability with AEC technique for the routine imaging
protocols in the supra-slice contrast section.
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Figure 4.12: Low contrast detectability with FTC technique for the routine imaging
protocols in the supra-slice contrast section.
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Figures 4.13 and 4.14 depict the number of targets visible in the sub slice section of
the catphan phantom for the two imaging techniques. Similar to the supra-slice low
contrast evaluation, the number of targets visible in the FTC images were more than
that of the AEC images. Four out of five of the 5 mm targets were visible in four of
the five different AEC technique scan protocols, whereas, in the FTC technique had
all the 5 mm targets visible. In the AEC technique, images of the abdomen and pelvis
protocols scored 5 and 3 out of a total of 12 targets with the thorax happen to have the

least score of one.

Low contrast detectability with AEC
14 - mm
=5mm

12 4 E3mm
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Numbber of contrast targets
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Thorax Abdomen Pelvis Lumber spine

EXAMINATION

Figure 4.13: Low contrast detectability with AEC technique for the routine imaging
protocols in the sub slice contrast section.

The FTC technique images had a higher number of targets visible. The head, thorax
and lumber spine scored the highest with 10 each out of 12 targets, and then followed
by abdomen and pelvis with 9 and 8 scores respectively. There were no targets

visualised with the AEC technique thorax protocols at 3 mm and 5 mm target levels.
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Figure 4.14: Low contrast detectability with FTC technique for the routine imaging
protocols in the sub slice contrast section.

4.1.6 ANALYSIS OF IMAGE QUALITY

The scores of image-quality test, for spatial resolution, low contrast detectability, and
contrast to noise ratio, for the routine examination performed with FTC and AEC
techniques are summarized in appendix C. No significant difference was observed for
the overall spatial resolution (P = 0.704) and low contrast detectability (P = 0.187) of
image quality test for the examinations performed with the two different techniques.
However, there was significant difference in the low contrast to noise ratio between
the two different techniques (P = 0.014). Also, the overall image noise (SD) in the
images acquired showed a significant difference between the two imaging techniques
(P = 0.008). The background Noise (SD) level in the catphan images acquired with
AEC technique were relatively higher than those with FTC technique (Tables 4.11 —

12).
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4.2 DISCUSSION

In general x-ray procedures, radiation dose and image quality depends on the tube
potential and tube current-time product, whiles as in CT scan they depend on tube
potential, tube current, scanning time, slice thickness, scanning volume, and pitch.
Changes in exposure parameters affect CT tissue attenuation values and can have
similar effects on the tissue contrast. Recent CT scanners have change in their mode
of operation with a wide range of facilities available on them. This called for the need

to assess the dose delivered during routine CT examinations (Wade et al., 1997).

Modern CT scanners have automatic exposure control systems, which permit
automatic adjustment of exposure technique factors according to the size of the
patients (Huda et al., 2000). The use of fixed mAs settings would impart the same
exposure to all patients, irrespective of the difference in patient sizes. If a manual
protocol is used, radiation exposures to slim patients can be reduced by selecting lower
exposure parameters. In contrast, AEC in CT scanners reduces patient dose by
dynamic modulation of the tube current. A considerable reduction of patient dose in
the range of 35-60% and 53-65% can be achieved by AEC technique in CT among

young adults and paediatric patients.(Prakash, 2010; Food & Drug, 2002).

Some studies have reported substantial reduction in radiation dose with the AEC
technique. A study conducted shows a 33% dose reduction for abdominal and pelvic
CT examination with similar artefacts and diagnostic acceptability, using z-axis tube
current modulation compared with a FTC technique (Kalra et al., 2004). Similarly,
Kalra et al., 2005, reported an 18% — 26% radiation dose reduction for a chest CT

study by using z-axis modulation.
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The results in this study showed a mean dose reduction of 19.4% in CTDIye and 18.2%
in DLP for the head phantom examination with the AEC activated and manual
selection of tube current. The chest examination with the body phantom, had a mean
dose reduction of 59.4% in CTDlIyo and 78.3% in DLP noted with the AEC activated
and manual selection of tube current as shown in Table 4.6. The dose reduction
estimated in this study for chest CT examination were quite comparable to that
reported by Livingstone et al., (2010) on human subjects who underwent a contrast
enhanced CT exam of the chest. Their study, which involves a 6-slice CT scanner
estimated a dose reduction of up to (15% - 42%). Compared with FTC technique, a
mean dose reductions of 12% in CTDlIyo and 7.1% in DLP and 28.1% in CTDlyo and
56.8% in DLP were noted for abdomen and pelvis examinations using the AEC
technique in this study (Table 4.7). The estimated abdomen and pelvis dose reductions
compared favourably with study by Greess et al.,(2000; 1998) for abdomen and pelvic
single section CT examination. Their study, reported a dose reduction of 15% and 25%

which is almost similar to that reported in this study.

Estimated mean values of CTDIvo and DLP in this study were calculated from an
average of three measurements made in the head and body phantoms for each
technique. The mean values of CTDIyo were: 32.8 mGy, 6.7 mGy, 14.3 mGy, 11.7
mGy with the AEC technique and a range of 32.9-53 mGy, 9.5-26.2 mGy, 9.5-24.2
mGy, and 9.5-26 mGy with the FTC technique representing the head, chest, abdomen
and pelvis examinations respectively. The mean values of DLP were: head (593
mGy.cm), chest (108 mGy.cm), abdomen (240 mGy.cm), and pelvis (190 mGy.cm)
with the AEC technique and a range of 571-946 mGy.cm for head, 284-780 mGy.cm
for chest, 165-543 mGy.cm for abdomen and 250-290 mGy.cm for pelvis with the

FTC technique examinations respectively.
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The CTDIvoi and DLP values estimated with AEC activated and with FTC technique
in this study show statistical significant difference for the head, chest and pelvis
examinations with exception of the abdomen examination that shows no statistical
significant difference (Tables 4.3-4.4). The variations in the dose metrics for the head,
chest and abdomen examinations may be attributed to the imaging technique used, the

mAs value and the anatomical composition of the various CT examinations conducted.

Comparison of the mean values of CTDIyo and DLP for the head and body phantoms
obtained in this study with AEC activated was made with IAEA study-Tsapaki et al.,
2006 and the European MDCT DRL, Bongartz et al., 2004 (Table 4.2). As expected,
there were some variations of the dose descriptors for some of the CT examinations
considered when the results in this study were compared with the reference dose levels
(RDLs). With respect to the CTDIyq, all the examinations conducted were lower by 1-
95% than RDLs of Bongartz et al., 2004 (14.5-64 mGy) and the head and chest CT of
(32.8 and 6.7 mGy) were lesser than Tsapaki et al., 2006 (9.5-47 mGy) by 43% and
42% respectively except the abdomen examination which exceeds that of Tsapaki et
al.,2006 (10.9 mGy) by 24% and closed to that of Bongartz et al., 2004 (14.5 mGy).
The DLP values for the examinations conducted were lesser than RDLs of Bongartz
etal., 2004 (267-724 mGy.cm) by 147-281% and also lesser than RDLs Tsapaki et al.,
2006 (447 and 698 mGy.cm) by 313% and 190% respectively. However, the head
examinations exceeds that of Tsapaki et al., 2006 (527 mGy.cm) and Bongartz et al.,
2004 (337 mGy.cm) by 11% and 43% respectively. The variations in the dose
descriptors between this study and the RDLs may be attributed to the exposure

settings, scan length and the type of CT scanner used for the examinations.

For the FTC technique, comparison of the mean values of CTDIyo and DLP were made

with that of Pontas et al., (2011), Turkey RDLs (2015), Ireland RDLs (2012) and
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IAEA study-Tsapaki et al., 2006 (Table 4.5). From the results it’s shows clearly that,
the mean CTDIvol for head examinations was observed to be lesser in comparison
with international RDLs reported Turkey (2015) and Ireland (2012) by up to 25% and
24.9% respectively and exceeds that of Tsapaki et al., (2006) by 11%. However, the
chest, abdomen, and pelvis mean values of CTDIyo exceeded some of the international
RDLs values reported by up to 56% and 64%, for Turkey (2015) and Tsapaki et al.,
(2006), 46%, 50% and 54% for Turkey (2015), Ireland RDLs (2012), and Tsapaki et
al., (2006), and 26% and 53% for Ireland RDLs (2012) and Tsapaki et al., (2006)

respectively.

For the DLP, the chest examinations values were higher than some RDLs reported by
other studies. Some of the head DLP values were lower in comparison with those
reported for the international RDLs by 0.2%, and 2% for Pantos et al., (2011), Turkey
RDLs (2015) and Ireland RDLs (2012) but exceeds that of IAEA study-Tsapaki et al.,
(2006) RDLs by 44%. The Abdomen examination mean DLP values were lesser in
comparison with Pontas et al., (2011), Ireland RDLs (2012) and IAEA study-Tsapaki
et al., (2006) but were higher than RDLs for Turkey RDLs (2015) whiles the pelvis
examination were slightly lower than Ireland RDLs (2012) and IAEA study-Tsapaki
et al., (2006) RDLs values but exceeded that of Pontas et al., (2011), Turkey RDLS
2015. However, it is worthy of note that these findings may not imply overdosing or
under dosing of patients since this study was only performed on a simple homogeneous

PMMA phantom.

In CT examination, patients are exposed to high radiation dose. Therefore, the use of
ordinary dose values (CTDI, or DLP) will provide less information regarding the
radiation risks. Effective dose is the unit of choice in this situation and can be used for

comparisons between different procedures with different imaging modalities.
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Effective dose is a dosimetry quantity that takes in to accounts doses to all organs
irradiated during a radiological examination as well as the radio sensitivity of each
irradiated organ or tissue and also the best possible predictor of stochastic risk. In this
study effective dose values for average adult has been calculated for the two different
imaging techniques using CT-Expo software for some selected exams. Table 4.8
shows values of effective doses obtained for the two techniques used for the various

examinations conducted.

Effective dose values with the AEC activated were; (1.6 mSv) for head, (6.4 mSv) for
chest, (6.1 mSyv) for abdomen and (5.4 mSv) for pelvis respectively. Whiles effective
dose values with FTC technique, for head examination had values ranging between
(1.4-2.8 mSv), chest exams which shows the highest had a range of (4.8-13.2 mSv),
abdomen exams had a range of (3.5-9.7 mSv) and pelvis exams had a range of (3.1-
8.5 mSv) respectively. The effective dose values between the two imaging technique
gave variation factor ranging from 1.6 (abdomen and pelvis) to 2.0 (head and chest).
Table 4.9 shows a comparison between values of effective dose of this study and
values given by some institutions and researches. Considering the AEC technique, the
effective dose values found in this study were all within values reported in the
literature except for the chest exams which exceeded that of Goddard & Alfarsi (1999)

mean reported value by 47%.

For the FTC technique, and considering only the mean values of effective doses found
in this study. It is evident that the effective dose values for the head and chest exams
were higher by a factor of 1.3 and 1.0 than the mean effective dose values reported by
Clark et al., (2000) and Inkoom et al., (2014). Whereas the average values for the
abdomen and pelvis exams were below those reported in the literature. It was observed

that, the mean effective dose values for chest, abdomen and pelvis exams were below
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values reported by UNSCEAR, (2008) and Breiki et al., (2008) and exceeded by a
factor of 1.3 and 1.2 for the head examination respectively. The effective dose values
for the head are considerable less than that for the trunk regions, even though the head
CTDI values for head are much higher. This could be as a result of fewer

radiosensitive organs been irradiated.

For assessment of risk associated with medical diagnosis in a comprehensive manner,
it is important to consider doses to different radiosensitive organs in CT examinations
than evaluate the effective dose resulted. Figures (4.1-4.4) depicts the organ doses for
the routine examinations conducted. For the AEC technique, organ doses obtained for
the head examination were; 32.5 mGy for brain, 41.8 mGy, for eye lens and 19.7 for
thyroid. The organ doses for chest examination were; 17.4 mGy for lungs, 17.1 mGy
for breast, 6.4 mGy for thyroid and 17.2 mGy for oesophagus. For abdomen exams
the dose to the stomach, liver, kidney and spleen were; 19.4 mGy 17.9 mGy, 20.9
mGy, and 19.2 mGy respectively. For pelvis exams the organ doses were; 18.33 mGy,
24.9 mGy, 16.5 mGy and 23.1 mGy for ovaries, uterus, testes and prostate

respectively.

For the FTC technique, the dose range to the brain in the head was; 27.4-59.5 mGy,
for the eye lens was 31.2-75.5 mGy and a range of 16.7-36.3 mGy for thyroid. For
chest exams where somatic risk is due to doses to the lungs, breast and oesophagus
which are lying directly to primary beam is possible, the range of radiation dose was
13.5-37 mGy for lungs, 14.2-38.9 mGy for breast, 4.1-11.2 for thyroid and 13.1-52.2
mGy for oesophagus. The dose range for abdomen examination was 11.3-31.1 mGy
for stomach, 10.6-29.1 mGy for liver, 12.1-33.2 mGy for kidney and 11.3-30.9 mGy

for spleen. In the case of pelvis exams the organ dose range was 10.4-2.6 mGy for
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ovaries, 14.1-38.7 mGy for uterus, 5.2-14.1 mGy for testes and 11.2-30.8 mGy for

prostate.

The results of organ dose comparison between AEC activated and at fixed quality
reference mAs per examination are presented in Figures 4.5 — 4.8. It is observed that,
there were variation in organ doses per each examination, with the FTC technique
depicting higher organ doses than the AEC activated. For instance, organ doses
between the two techniques for the brain and thyroid (for head) and breast and lungs
(for chest examination) varied up to a factor of 1.5 and 1.2, respectively, while for the
stomach and liver (for abdomen) the variation was up to a factor of 1.0 respectively.
However, organ doses obtained with the AEC activated were high up to a factor of 1.2
for the pelvic examination compared with the FTC techniques with similar trend being
observed for the thyroid organ in the abdominal examination. This organ doses
variations may largely be attributed to the mAs used with respect to each region

anatomical built.

Comparison of organ doses with the AEC technique and the mean organ doses with
the FTC technique of selected organs per examination in this study and from reported
values from the literature for the United Kingdom (1991), Japan (1991), Germany
(1999), and Tanzania (2006) are presented in Table 4.11. It is evident from the results
that, with the exception of values reported from Tanzania, the organ doses obtained
with the two imaging techniques per given examination were mostly comparable with
those from other studies. For instance, the variation of organ doses between this study
and reported values from the United Kingdom and Japan mostly varied by up to a
factor of 1.3 (for AEC and FTC) and 1.7 (for AEC and FTC) respectively, while for
Germany and Tanzania, the organ doses mostly varied by up to a factor of 1.9 for

AEC, 1.8 for FTC and 1.9 for AEC, 1.6 for FTC respectively. Higher organ doses of
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up to a factor of 1.9 and 1.6 were observed in this study relative to that reported from
Tanzania might be attributed to the different method used for estimation of organ doses
whereby that of Ngaile and Msaki (2006) used the IMPACT spreadsheet based on
NRPB conversion factors. Moreover, the differences in organ doses between this study
and those reported in the literature for the United Kingdom, Germany, and Japan might
be attributed to the variation in CT scanning protocols (i.e., KV, mAs, slice thickness,

number of slices, use of contrast media, etc.) and type of scanners used.

The spatial resolution is the ability to differentiate closely located small objects.
Spatial resolution was measured by viewing the images of the appropriate phantom
sections. The measured spatial resolution for the AEC and FTC images for each
examination considered was fairly consistent with one another, however the resolution
measured in the AEC images was poorly resolved compared with the FTC technique.
Figures 4.9 and 4.10 shows the number of line pair resolved for the various
examinations considered using AEC and FTC techniques. For the AEC technique the
number of line pairs resolved for the head, thorax, abdomen, pelvis and spine were; 2,
5, 5, 6 and 3 Ip/cm respectively. For the FTC technique, 3, 6, 4, 5, and 4 Ip/cm were
depicted for the head, thorax, abdomen, pelvis and spine protocols respectively. A Pair
t- test conducted on the overall spatial resolution scores to test the statistical significant
difference between the two imaging techniques shows, no significant difference
between the two imaging techniques (P = 0.704). In radiographic imaging, the X-ray
tube focal spot size and blur occurring in the image receptor are the primary causes of
reduced resolution. Although focal spot size does affect CT spatial resolution, CT
resolution is generally limited by the size of the detector measurements (referred to as
the aperture size) and by the spacing of detector measurements used to reconstruct the

image, this concept, is known as sampling(Goldman, 2007).
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Low contrast resolution in this study was measured by quantifying the smallest disc
visible in each low contrast disc at 1.0%, 0.5%, and 0.3% contrast. Figures (4.11-14)
depicts the low contrast detectability scores at the supra slice and sub slice sections for
the two imaging techniques. Contrast resolution was measured using different slice
thickness. The measured minimum resolvable low contrast target in this study for the
supra slice target ranged from 5 - 2 mm at 0.5% and from 0 - 1 mm at 0.3% and 5-8
mm at 1.0% for the AEC technique respectively. For the FTC the resolvable low
contrast targets range from 4-7 at 0.5%, 1-4 at 0.3% and 7- 9 at 1.0%, respectively. No
statistical significant difference was noted for the supra slice low contrast detectability

score between images of the two imaging techniques (P = 0.187).

In the sub slice low contrast targets the resolvable targets range from 1- 4 at 3mm, 1-
4 at 5mm and 1- 4 at 7mm for the AEC technique. Whiles for the FTC technique the
resolvable targets range from 2 -3 at 3mm, 3 — 5 at 5mm and 3 -4 at 7 mm targets
respectively. Also, no statistical significant difference was observed in the sub slice
low contrast detectability test images acquired with the two imaging techniques (P =
0.06). The most significant difference between the AEC and FTC images was
observed in the contrast to noise ratio test (P = 0.0014). The contrast to noise ratio can
be related to the overall image quality with respect to how much noise is seen in a
particular image. In general, the larger it is, the less noise is viewed in an image and
the quality is improved. Analysis of the results shows that the FTC technique images
have the highest CNR (least noise) compared with the AEC activated images (Tables
4.13 and 4.14). This reflects the low contrast detectability results where only a few

targets were visible with images that have low contrast to noise ratio.

The study has some limitations. The dose values estimated in this study were based on

standard-sized PMMA phantoms and not on human subjects. As a result, there may be
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errors in the dose estimates due to obvious variations in patient sizes from the standard
size that the phantoms assume. Also the image quality evaluation was done using a
CT dosimetry Catphan phantom and not on actual patients images. It is obvious that,
there may be errors in these dose values and image quality results due to obvious
variations in tissue attenuation of patient to that of the Catphan. Nonetheless the dose
values and the image quality results can facilitate clinical dosimetry assessment and
also serve as a baseline towards establishing optimized dosimetry protocols as these

doses can be compared with reference levels to assess the performance of CT scanners.

In spite of the fact that, radiation dose reduction is an important exercise, maintaining
high quality of a diagnostic imaging study is also essential to provide an accurate and
effective diagnosis. It is therefore worthwhile to keep a fine balance between image

quality and radiation dose.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

The goal of this research was to investigate the radiation doses received by patients
during CT examinations and image quality with the employment of AEC and FTC
techniques in Siemens 16-slice CT imaging system and state the significance of AEC

when used in CT examination.

In this study, the chest examination recorded the highest dose reduction of 59.4% in
CTDlIvor and 78.3% in DLP when the AEC and FTC techniques were compared.
Similarly, the head, abdomen and pelvis examinations also recorded a dose reductions
in CTDIvor and DLP with; 19.4% and 18.2%, 12% and 7.1%, and 28.1% and 56.8%
respectively. However, this is not to say that the FTC technique cannot be used for CT
examinations. There was statistical significant difference observed in the CTDIyvo and
DLP values for the head, chest and pelvis examinations between the two techniques.
However, in the case of abdominal examination no statistical significant difference
was shown in the CTDlIyo and DLP values between the FTC and AEC techniques.
Since some FTC technique values were comparable as those obtained with AEC

activated.

The effective dose values between the two imaging technique gave a variation factor
ranging from 1.6 (abdomen and pelvis) to 2.0 (head and chest). The effective dose
values for the AEC activated for all examinations were lower than those reported in
the literature but that of the head exceeded the mean value reported by Goddard and

Alfarsi (1999) by 12.5% whiles for the FTC techniques the mean values for chest,
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abdomen and pelvis were below those reported by UNSCEAR, (2008) and Breiki et
al., (2008) except for the head which exceeded the reported values by about 31 and

19% respectively.

Dose to sensitive organs in the head, chest, abdomen and pelvis regions were
estimated. There were variations of radiation dose to various organs between the two
imaging techniques. The organs doses obtained with AEC technique and the mean
organ doses for the FTC technique were slightly higher than reported values from
United Kingdom, Germany, and Japan. However organ dose values reported from
Tanzania were higher by up to a factor of 1.9 and 1.6 than that reported from this
study. The main contributor for this difference is attributed to; the technique factors

used, the type of CT scanners used and the scan length used in some of these countries.

In evaluating the quality of images between the two imaging techniques for the routine
examinations conducted, the quality of the AEC images acquired were similar to that
of the FTC in terms of spatial resolution and the supra slice low contrast detectability
test scores with no statistical significant difference in the overall test results. The only
major limitation in the AEC images was the presence of noise. For the sub slice low
contrast detectability test and the contrast to noise ratio the FTC technique provides
improved image quality over the AEC activated. The AEC images test results were
much relatively lower to that of the fixed tube current technique in terms of contrast

to noise ratio and sub slice low contrast detectability test scores.

Generally, we can conclude that, the results of the radiation dose and the CT images
obtained for analysis shows the AEC system of the CT scanner has the potential for

considerable dose reduction with improved image quality compared with the fixed
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tube current technique. Therefore, routine usage of the AEC techniques for CT

examinations may be justify for reasonable reduction of radiation dose to the patients.

52 RECOMMENDATIONS

From the findings of this work, the following recommendations are made;

5.2.1 Management of Health Institutions

1. Regular training and refresher courses should be organize for CT staff to
update them on current developments with regards to patients’ dose

management and optimization of scan protocols techniques.

2. It is recommended that, medical physicists should be assigned to CT facilities
to perform regular quality control to ensure that the dose delivered are within
acceptable diagnostic reference levels (DRLs) consistent with acceptable

image quality to prevent excess radiation dose to patients.

5.2.2 Regulatory Authority

The Nuclear Regulatory Authority (NRA), a body responsible for supervising the use
of ionizing radiation in Ghana should consider establishing national diagnostic
reference in collaboration with the relevant professional bodies to serve as a
benchmark for patient dose optimization in CT examinations for all CT facilities in

the country.
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5.2.3 Radiographers

The use of AEC systems for CT examinations should be encouraged since; it usage
reduces the dose delivered to patient substantially without compromise of the image

quality.

5.2.4 Further Work by the research community

1. Similar works should be conducted at health care institutions using other CT
scanners from other manufacturers to investigate their dose reduction
potentials since CT scanners are manufactured from different vendors with
different mode of operations of the AEC system. This can serve as a base line

towards establishing optimized local diagnostic reference levels.

2. A continuation of this work based on the findings should be extended to human

subjects undergoing various routine CT examinations. This can be useful

towards establishing standardize dosimetry scan protocols.
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APPENDICES

APPENDIX A
Table A. 1: Head phantom measurements
CTDIvol (mGy)
SIN AEC 140 mAs 160 mAs 180 mAs | 200 mAs | 220 mAs | 240 mAs | 260 mAs | 280 mAs | 300 mAs
(FTC) (FTC) WRiC) RIC) (FTC) (FTC) (FTC) (FTC) (FTC)
1 32.83 32.9 33.4 34.45 S 17 40.97 44.64 50.65 51.36 52.95
2 32.8 33.5 33.7 35 37.9 41.9 44.7 51.2 51.4 53.4
3 32.9 32.3 o1 33.9 36.4 40 44.6 50.1 51.3 52.5
Average | 32.83 32.90 33.40 34.45 37.17 40.96 44.64 50.65 51.35 52.95
DLP (mGy.cm)
S/N AEC 140 mAs 160 mAs 180 mAs | 200 mAs | 220 mAs | 240 mAs | 260 mAs | 280 mAs | 300 mAs
(FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC)
1 592.55 571 602 614.9 663.5 731.3 796.8 904.2 921.6 945.5
2 592.8 571.1 602.8 615.2 663.8 731.9 797.4 904.3 922.4 946.1
3 592.3 570.9 601.2 614.6 663.2 730.7 796.2 904.1 920.8 944.9
Average | 592.55 571 602 614.9 663.5 303 796.8 904.2 921.6 945.5
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Table A. 2: Body phantom measurements

CHEST (CTDIvol, mGy)

S/N AEC 80 mAs 100 mAs | 120 mAs | 140 mAs 160 mAs | 180 mAs | 200mAs | 210 mAs | 220 mAs
(FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC)
1 6.7 9.5 11 14.3 16.7 19 21.4 23.8 25 26.2
2 6.9 10.0 11.1 14.9 16.7 19.1 21.4 24.1 25.2 26.4
3 6.5 9.0 10.9 13.7 16.7 18.9 21.4 23.5 24.8 26.0
Average | 6.7 9.5 11.0 14.3 16.7 19.0 21.4 23.8 25.0 26.2
ABDOMEN (CTDlvol, mGy)
S/N AEC 80 mAs 100 mAs | 120 mAs | 140 mAs 160 mAs | 180 mAs 200 210 mAs | 220 mAs
(FTC) (FTC) (FTC) (FTC) (P& (FTC) mAS (FTC) (FTC)
(FTC)
1 14 9.5 11.2 13.5 15.6 18 20 22.8 23.5 24.2
2 15.0 10.4 115 13.8 188 18.8 20.1 23.1 23.6 24.5
3 13.6 8.6 10.9 13.2 5.5 17.2 19.9 22.5 23.4 23.9
Average | 14.3 9.5 11.2 13.5 1886 18.0 20.0 22.8 23.5 24.2
PELVIS (CTDIlvol, mGy)
SIN AEC 80 100 mAs | 120 mAs | 140 mAs | 160 mAs | 180 mAs 200 210 mAs | 220 mAs
mASs(FTC) (FTC) (FTC) (FTC) (FTC) (FTC) mMAS (FTC) (FTC)
(FTC)
1 11.7 9.5 11.9 14.3 16.7 19.0 21.4 23.8 25.0 26.2
2 12.3 10.1 12.1 14.4 17.1 19.8 22.0 24.1 25.9 26.9
3 11.0 8.9 11.7 14.2 16.3 18.2 20.8 23.5 24.1 25.5
Average | 11.7 9.5 11.9 14.3 16.7 19.0 21.4 23.8 25.0 26.2
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Table A. 3: Body phantom measurements

CHEST (DLP, mGy.cm)

S/N AEC | 80 mAs | 100 mAs | 120 mAs | 140 mAs | 160 mAs | 180 mAs | 200 mAs | 210 mAs 220 mAs
(FTC) | (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC)

1 108 | 284 354 426 497 568 639 710 745 780

2 108.9 | 284.3 354.5 426.0 497.2 568.9 639.6 710.0 745.4 780.9

3 107.2 | 283.7 353.5 426.0 496.8 567.1 638.4 710.0 744.6 779.1

Average | 108.1 | 284.0 354.0 426.0 497.0 568.0 639.0 710.0 745.0 780.0

ABDOMEN (DLP, mGy.cm)

S/N AEC | 80 mAs | 100 mAs | 120 mAs | 140 mAs | 160 mAs | 180 mAs | 200 mAs | 210 mAs 220 mAs
(FTC) | (FTC) =IC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC)

1 240 165 181 197 P54 290 327 357 327 543

2 239.9 | 165.8 181.2 197.0 251.0 290.0 327.6 357.7 327.9 543.0

3 239.6 | 164.2 180.8 197 250! 290 326.4 356.3 326.1 543

Average | 239.8 | 165.0 181.0 197.0 251.0 290.0 327.0 357.0 327.0 543.0

PELVIS (DLP, mGy.cm)

S/N AEC | 80 mAs | 100 mAs | 120 mAs | 140 mAs | 160 mAs | 180 mAs | 200 mAs | 210 mAs 220 mAs
(FTC) | (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC) (FTC)

1 190 | 250 314 376 439 502 565 658 627 690

2 190.3 | 250.5 314.1 370 439.7 502.5 565.0 658.6 627.2 690.2

3 188.9 | 249.5 313.9 ¥~y 438.3 501.5 565.0 657.4 626.8 689.8

Average | 189.6 | 250.0 314.0 376.0 439.0 502.0 565.0 658.0 627.0 690.0
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APPENDIX B

CATPHAN PHANTOM IMAGES

IMAGE YEARLY IMAGE YEARLY
04/0

Sweden Ghana medical Centre

3
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Sweden Ghana medical Cen
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I ﬂ i AWITHOUT CONTRAST

AbdRoutine, 5.0 B41s

T: 5.0mm

: 5.0mm L: -908.1mm 04/05/

(a) Sample AEC image (b) Sample FT image

Figure B. 1: Catphan image of spatial resolution module

weden Ghana Sweden Ghana m
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(a) Sample AEC image (b) Sample FTC image

Figure B. 2: Catphan image of low contrast detectability module
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APPENDIX C

Table C. 1: P-values of pair t-test between the two different imaging techniques

Examination AEC FTC P - Value
Head

CTDlvol (mGY) 32.83 (£ 1.02) 42.05 (+ 8.12) 0.009
DLP (mGy.cm) 593 (+ 18.46) 750.0 (+ 147.34) 0.013
Chest

CTDlo (MmGy) 6.70 (£ 0.13) 18.54 (£ 6.09) 3.9 x10*
DLP (mGy.cm) 108 (+ 2.05) 511.10 (+ 177) 6.5x10°
Abdomen

CTDla (MmGy) 14.32 (£ 0.02) 17.59 (+ 5.46) 0.84
DLP (mGy.cm) 240.0 (+ 0.35) 287.80 (£ 117) 0.209
Pelvis

CTDlvol (MGy) 11.70 (£ 0.07) 18.63 (£ 6.0) 0.01

DLP (mGy.cm) 190.0 (+ 0.85) 461.10 (+ 157) 4.2 x10-4

Table C. 2: P-values of pair t-test (at 95% confidence interval) on image quality
between the two different imaging techniques

Image quality score AEC FTC P-Value
Spatial resolution 4.20 (+1.64) 4.4 (£1.14) 0.704
low contrast detectability

Supra Slice contrast level 1 20-(+2 B 14.60(x2.07) 0.060
Sub slice contrast level 9.4 (+0.89) 6.0 (+4.47) 0.187
contrast- to - noise ratio 1.30 (x0.59) 2.10 (0.24) 0.014
Standard deviation (noise)  8.62 (£3.41) 5.58 (+4.40) 0.008
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