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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) IN CT 

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 (Söderberg, 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 

et al., 2009;  Rizzo et al., 2006).       

 

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



 

37 

 

 
Figure 2.8: Three dimensional orientation of a body co-ordinate system (Söderberg, 

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. 

Su et al., (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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  (a)                                                                (b)     

  

 
Figure 2.9: Illustration 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 (Söderberg, 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 

(Söderberg, 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 (Söderberg, 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).  

 
  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 (Söderberg, 

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 (Söderberg, 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 

(Söderberg, 2008). 

 

Figure 2.11: Axial and lateral scanogram used for selection of SD to tube current 

values (Söderberg, 2008). 

 

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



 

44 

 

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 (Söderberg, 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 (Söderberg, 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 (Söderberg, 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 is 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 (Söderberg, 2008). 

 

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. 

  

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 

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



 

47 

 

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). 

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



 

51 

 

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 µm, 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 µm) 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. 

 
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 
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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) 1.5 0.6 1 0.6 

Acquisition (mm) 16 x 1.2 16 x 1.2  16 x 1.2  16 x 1.2  

Slice Thickness (mm) 4  5  5  5  

Pitch Factor 0.55 0.8 1.5 0.8 

Reconstruction Slice 3 mm 3 mm  3 mm 3 mm 

Kernel H31S B41S B41S B41S 
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Table 3.3: Scan parameters used for manual selection of fixed tube current technique 

(FTC) for routine head and body examination 

Examination kVp mAs Rotation Pitch Slice 

   Time (s)  

Thickness 

(mm) 

Head 130 140 1.5 0.55 4 

Body 130 80 0.6, 1.0, 0.6 0.8, 1.5, 0.8 5 

Head 130 160 1.5 0.55 4 

Body 130 100 0.6, 1.0, 0.6 0.8, 1.5, 0.8 5 

Head 130 180 1.5 0.55 4 

Body 130 120 0.6, 1.0. 0,6 0.8, 1.5, 0.8 5 

Head 130 200 1.5 0.55 4 

Body 130 140 0.6, 1.0, 0.6 0.8, 1.5, 0.8 5 

Head 130 220 1.5 0.55 4 

Body 130 160 0.6, 1.0, 0.6 0.8, 1.5, 0.8 5 

Head 130 240 1.5 0.55 4 

Body 130 180 0.6, 1.0, 0.6 0.8, 1.5, 0.8 5 

Head 130 260 1.5 0.55 4 

Body 130 200 0.6, 1.0, 0.6 0.8, 1.5 0.8 5 

Head 130 280 1.5 0.55 4 

Body 130 210 0.6, 1.0, 0.6 0.8, 1.5, 0.8 5 

Head 130 300 1.5 0.55 4 

Body 130 220 0.6, 1.0, 0.6 0.8, 1.5, 0.8 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 
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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 (CTDIvol), 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. 

 
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, CTDIvol (mGy) and DLP (mGy.cm). The effective dose 

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

 

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. 

 

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 

PROTOCOL 

Head 

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 1.5 0.65 

 
Collimation (mm) 16 x 1.2 16 x 1.2 16 x 1.2 16 x 1.2 16 x 0.6 

 
Kernel H31S B41S B41S B41S B31S 

 
FOV (cm) 213 213 213 213 213 

 
              

       
 

 

 

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

current technique (FTC). 

                                       EXAMINATION 

PROTOCOL 

Head 

helical  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 5.0 3.0 

 
Pitch 0.55 0.8 0.8 1.5 0.65 

 
Collimation (mm) I6 x 1.2 16 x 1.2 16 x 1.2 16 x 1.2 16 x 0.6 

 
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 lp/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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30 Line pair per centimetre high resolution gauge 

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. 
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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 techniques. 

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                                                                            0.5 % 

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 cm2 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; 

  

 𝐶𝑁𝑅 =  
𝑇𝑎𝑟𝑔𝑒𝑡 𝑚𝑒𝑎𝑛 𝑣𝑎𝑙𝑢𝑒−𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑒𝑎𝑛 𝑣𝑎𝑙𝑢𝑒

𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
            (3.1) 

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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Figure 3.10: ROI evaluation for determining the CNR in each contrast target levels 

 

3.5 DETERMINATION OF DOSE REDUCTION 

The CTDIvol and DLP were obtained to represent the radiation dose delivered for each 

CT scan for the AEC and FTC techniques. From the CTDIvol and DLP values it was 

possible to estimate the reduction in radiation dose by calculating the difference of the 

CTDIvol and DLP values of the AEC in percent relative to the CTDIvol and DLP values 

for the fixed tube current technique as shown in Eq. 3-2 and 3-3. Thus, in terms of 

CTDIvol the; 

𝐷𝑜𝑠𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝐶𝑇𝐷𝐼𝑣𝑜𝑙 𝐹𝑖𝑥 𝑚 𝐴      −    𝐶𝑇𝐷𝐼𝑣𝑜𝑙 𝐴𝐸𝐶

𝐶𝑇𝐷𝐼𝑣𝑜𝑙 𝐹𝑖𝑥 𝑚𝐴
× 100%                            (3.2) 

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

 

𝐷𝑜𝑠𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝐷𝐿𝑃𝐹𝑖𝑥 𝑚𝐴 − 𝐷𝐿𝑃𝐴𝐸𝐶

𝐷𝐿𝑃𝐹𝑖𝑥 𝑚𝐴
 × 100%               (3.3)                     

 

Target Mean 

Background 

Mean & Std.Dev 
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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). CTDI100 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 CTDI100, a 

3-cc active volume CT pencil ionization chamber with an active length of 100 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 CTDI100 is given by the 

equation (Eq. 3.4).       
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𝐶𝑇𝐷𝐼100 =  
1

𝑛𝑡 
 ∫ 𝐷(𝑧)𝑑𝑧

+50 𝑚𝑚

−50 𝑚𝑚
                                                                    (3.4) 

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); 

𝑀𝑒𝑡𝑒𝑟 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 =   ∫ 𝑋(𝑧) 
1

𝑓.ℓ

ℓ
2⁄

−ℓ
2⁄

  ∫ 𝐷(𝑧)𝑑𝑧
ℓ

2⁄

−ℓ
2⁄

                                                         (3.5) 

Where f is the exposure to dose conversion factor, D = f. X 

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

𝐶𝑇𝐷𝐼 =  
𝑓(

𝑟𝑎𝑑

𝑅
)∗(𝑚𝑚)∗𝑚𝑒𝑡𝑒𝑟 𝑟𝑒𝑎𝑑𝑖𝑛𝑔(𝑅)

𝑁∗𝑇(𝑚𝑚)
                                  (3.6) 

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

the relation; 

𝐶𝑇𝐷𝐼100(𝑟𝑎𝑑) =  
𝐶∗𝑓(

𝑟𝑎𝑑

𝑅
)∗100 𝑚𝑚∗𝑚𝑒𝑡𝑒𝑟 𝑟𝑒𝑎𝑑𝑖𝑛𝑔(𝑅)

𝑁∗𝑇(𝑚𝑚)
                   (3.7) 

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 (EDLP) 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, CTDIvol 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                                                                                                (3.8) 

Where, EDLP 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 (CTDIair) 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 (CTDIair) are converted to dose to tissue (CTDItissue) 

using the ratio of the mass-energy absorption coefficients (
µ𝑒𝑛

𝜌⁄ ) of tissue to air. The 

CTDItissue is calculated using equation (3.9);  

 

 𝐶𝑇𝐷𝐼𝑡𝑖𝑠𝑠𝑢𝑒 =  
(

𝜇𝑒𝑛
𝜌⁄ )𝑡𝑖𝑠𝑠𝑢𝑒

(𝜇𝑒𝑛 𝜌⁄ )𝑎𝑖𝑟
∗ 𝐶𝑇𝐷𝐼𝑎𝑖𝑟                                              (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); 

 

𝐷𝑜𝑟𝑔,𝑇 =  𝐶𝑇𝐷𝐼𝑡𝑖𝑠𝑠𝑢𝑒 ∑ 𝑓(𝑜𝑟𝑔𝑎𝑛, 𝑧).
𝑧2
𝑧1

                                                        (3.10) 

Where z1 and z2 are the start and end region of the scanned position respectively. 

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



 

69 

 

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. 

 

4.1 RESULTS 

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

The results of CTDIvol, CTDIw and 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 IAEA - 

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 (CTDIvol), 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 CTDIvol CTDIw DLP 

  (mGy) (mGy) (mGy.cm) 

Head 32.8                 18.0 593.0 

Chest 6.7 6.0 108.0 

Abdomen 14.3 11.0 240.0 

Pelvis 11.7 
17.0 190.0 
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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)     

Examination This Study 

        IAEA study,  

Tsapaki et al., 2006 

European DRL, 

Bongartz et al.,              

2004 

  CTDIvol 

    

DLP 

             

CTDIvol DLP     CTDIvol 

 

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 11.7  190.0 -   - 14.5 724.0 

       
 

Note: (-) means no data was available 

 

 Similarly, the results of CTDIvol 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. 

  

 

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

 

 

The CTDIvol 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 CTDIvol 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. 

 

 

 

 

 

 

 

 

 

  

                    

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

mAs C A P C A P C A P 

80 9.5 9.5 9.5 8 8 14 284 165 250 

100 11.0 11.2 11.9 11 9 18 354 181 314 

120 14.3 13.5 14.3 13 11 21 426 197 376 

140 16.7 15.6 16.7 15 13 25 497 251 439 

160 19.0 18.0 19.0 17 14 28 568 290 502 

180 21.4 20.0 21.1 19 16 32 639 327 565 

200 23.8 22.8 24.0 21 19 35 710 357 658 

210 25.0 23.5 25.0 22 19 37 745 327 627 

220 26.2 24.2 26.2 23 21 39 780 543 690 
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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. 

 

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 CTDIvol (P = 0.009) and DLP (P = 0.013) values 

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

for DLP) were achieved for the head examination with the used of the AEC.  

                   

Fixed CTDIvol (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 33.4 11.0 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 44.6 21.4 20.0 21.1 797 639 327 565  

200 50.7 23.8 22.8 24.0 904 710 357 658  

210 51.4 25.0 23.5 25.0 922 745 327 627  

220 53.0 26.2 24.2 26.2 946 780 543 690  

Other Studies 
        

 

Pontas et al., 

(2011) - - - - 733 394 464 434 

 

Turkey (2015) 66.4 11.6 13 19.4 810 389 204 421  

Ireland (2012) 66.2 9.2 12 12.3 940 393 598 598  

IAEA Study; Tsapaki 
       

 

et al., (2006) 47 9.5 11 - 527 447 696 -  
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Table 4-6: Estimated dose reduction (DR) in CTDIvol and DLP for head phantom 

between AEC and fixed mAs. 

Scanning 

Type 

CTDIvol 

(mGy) 

DR for CTDIvol 

[%] 

DLP 

(mGy.cm) 

DR for DLP 

[%] 

AEC 32.8 -                  593.0 - 

140 32.9 0.3 571.0 -3.9 

160 33.4 1.7 602.0 1.5 

180 34.5 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 51.4 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 CTDIvol 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   CTDIvol (mGy)                      DR    [%] 

 C A P C A P 

AEC 6.7 14.0 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 13.5 14.0 53.1 -3.7 16.1 

140 16.7 15.6 17.0 59.9 10.3 28.1 

160 19.0 18.0 19.0 64.7 22.2 36.8 

180 21.4 20.0 21.0 68.7 30.0 43.1 

200 23.8 22.8 24.0 71.8 38.6 50.0 

210 25.0 23.5 25.0 73.2 40.4 52.0 

220 26.2 24.2 26.0 74.4 42.1 54.2 

        P-value 3.9x10-4 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 CTDIvol for chest examination (P = 3.9x10-4) 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 [%] 

  C A P         C      A   P 

AEC 108 240 190       -      -      - 

80 284 165 250 62.0 -45.5 24.0 

100 354 181 314 69.5 -32.6 39.5 

120 426 197 376 74.6 -21.8 49.5 

140 497 251 439 78.3 4.4 56.7 

160 568 290 502 81.0 17.2 62.2 

180 639 327 565 83.1 26.6 66.4 

200 710 357 658 84.8 32.8 71.1 

210 745 327 627 85.5 26.6 69.7 

220 780 543 690 86.2 55.8 72.5 

P-value 6.5x10-5 0.209 4.2x10-4   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 CTDIvol for chest examination (P = 6.5x10-5) and pelvis 

examination (P = 4.2x10-4) 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 6.1 5.4 

Fixed mAs 1.4 4.8 3.5 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 5.4 

Fixed mAs 2.2 9.6 7.0 6.2 

Fixed mAs [2.3] 10.8 7.9 7.0 

Fixed mAs 2.4 12.0 8.7 7.7 

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    1.6            9.7           12                   9.8 

 

Breiki et al., 2008 
 

1.14-2.74 (1.76) 

 

4.65-24.45(14.56) 

 

3.86-32.53(14.56) 

 

4.08-18.10(11.21) 

 

Goddard & Alfarsi 1999 
 

0.3-8.2       (2.4) 

 

0.3-10.8(3.4) 

 

1.4-31.2    (9.5) 

 

2.7-13.8   (6.0) 

 

Clark et al., 2000 
 

0.98-2.11   (1.9) 

 

3.84-14.58 (8.9) 

 

3.8-13.35  (10.6) 

 

1.13-24.8 (7.12) 

 

 

NRPB-Standards, 1991 

 

 

0.46-4.94 (1.78) 

 

 

1.05-22.5   (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 5.5-9.1 

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 4.1: Organ doses for head examinations 

 

 

Figure 4.2: Organ doses for chest examination  
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Figure 4.3: Organ doses for abdomen examinations 

 

 

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. 

 

 

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. 

 

 

 

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 

CT Selected This Study 

 UK 

(1991) 

Japan 

(1991) 

Germany 

(1999) 

Tanzania 

(2006) 

Exams Organs 
AEC  

(mGy) 

FTC 

 (mGy) (mGy) (mGy)      (mGy) (mGy) 

Head Eye lens 41.8 45.4 (±15.2) - 22.4 24.8 63.9 (± 32.6) 

 Thyroid 19.7 26.3 (± 6.8) 1.9 0.6 - 2.5 (± 1.3) 

Chest Lungs 17.4 26.4 (± 8.4) 22.4 19.6 20.5 31.5 (± 10.6) 

 Breast 17.1 27.7 (± 8.8) 21.4 15.9 22.6 26.1 (± 10.8) 

 Thyroid 6.4 8.0 (± 2.6) 2.3 1.9 - 12.3 (± 8.5) 

Abdomen Liver 17.9 20.8 (± 7.1) 20.4 27.8 15 34.1 (± 10.7) 

 Stomach 19.4 22.1 (± 6.6) 22.2 26.9 15.4 35.6 (± 10.3) 

Pelvis ovaries 18.3 20.3 (± 6.5) 22.7 15.1 14.9 24 (± 17.1) 

 Uterus 24.9 27.5 (± 8.8) 25.5 - 14.6 26.5 (± 18.6) 

  testes 10.5 10.2 (± 3.2) 1.7 1 - 12.5 (± 19.9) 

Note: (-) means no available data 
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4.1.5 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 186.8 140.7 143.5 145.1 142.8 

Background Mean 153.4 134.0 135.7 138.9 134.5 

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    209.7 139.9 144.0 146.3 141.7 

Background Mean     175.6 133.4 135.6 138.9 135.1 

Background Std Deviation   13.6 3.5 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 (l 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 

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



 

84 

 

scan protocols with scores of 6, 5 and 5 lp/cm respectively. The other AEC images 

scores were; 2 lp/cm for (head) and 3 lp/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 lp/cm was recorded. The pelvis scan protocol 

showed the second best resolution score with a value of 5 lp/cm whiles the head, 

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

 

 

Figure 4.9: Spatial resolution (lp/cm) for AEC technique imaging procedure. 
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Figure 4.10: Spatial resolution (lp/cm) for FTC imaging procedure. 
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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. 

 
Figure 4.11: Low contrast detectability with AEC technique for the routine imaging 

protocols in the supra-slice contrast section. 

 

 

 
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.   

 

Figure 4.13: Low contrast detectability with AEC technique for the routine imaging 

protocols in the sub slice contrast section. 
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Figure 4.14: Low contrast detectability with FTC technique for the routine imaging 

protocols in the sub slice contrast section. 
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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 CTDIvol 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 CTDIvol 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 CTDIvol and 7.1% in DLP and 28.1% in CTDIvol 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 CTDIvol 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 CTDIvol 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 CTDIvol 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 CTDIvol 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 CTDIvol, 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 

et al., 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 CTDIvol 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 CTDIvol 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 mSv) 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 

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



 

95 

 

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 lp/cm respectively. For the FTC technique, 3, 6, 4, 5, and 4 lp/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 

CTDIvol 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 CTDIvol 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 CTDIvol 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 CTDIvol 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. 

 

5.2 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)  

S/N AEC 140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 mAs 

(FTC) 

220 mAs 

(FTC) 

240 mAs 

(FTC) 

260 mAs 

(FTC) 

280 mAs 

(FTC) 

300 mAs 

(FTC) 

1 32.83 32.9 33.4 34.45 37.17 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 33.1 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 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 mAs 

(FTC) 

220 mAs 

(FTC) 

240 mAs 

(FTC) 

260 mAs 

(FTC) 

280 mAs 

(FTC) 

300 mAs 

(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 592.55 571 602 614.9 663.5 731.3 796.8 904.2 921.6 945.5 
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             Table A. 2: Body phantom measurements 

CHEST (CTDIvol,   mGy) 

S/N AEC 80 mAs 

(FTC) 

100 mAs 

(FTC) 

120 mAs 

(FTC) 

140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200mAs 

(FTC) 

210 mAs 

(FTC) 

220 mAs 

(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 (CTDIvol, mGy) 

S/N AEC 80 mAs 

(FTC) 

100 mAs 

(FTC) 

120 mAs 

(FTC) 

140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 

mAs 

(FTC) 

210 mAs 

(FTC) 

220 mAs 

(FTC) 

1 14 9.5 11.2 13.5 15.6 18 20 22.8 23.5 24.2 

2 15.0 10.4 11.5 13.8 15.7 18.8 20.1 23.1 23.6 24.5 

3 13.6 8.6 10.9 13.2 15.5 17.2 19.9 22.5 23.4 23.9 

Average 14.3 9.5 11.2 13.5 15.6 18.0 20.0 22.8 23.5 24.2 

PELVIS (CTDIvol, mGy) 

S/N AEC 80 

mAs(FTC) 

100 mAs 

(FTC) 

120 mAs 

(FTC) 

140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 

mAs 

(FTC) 

210 mAs 

(FTC) 

220 mAs 

(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 

(FTC) 

100 mAs 

(FTC) 

120 mAs 

(FTC) 

140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 mAs 

(FTC) 

210 mAs 

(FTC) 

220 mAs 

(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 

(FTC) 

100 mAs 

(FTC) 

120 mAs 

(FTC) 

140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 mAs 

(FTC) 

210 mAs 

(FTC) 

220 mAs 

(FTC) 

1 240 165 181 197 251 290 327 357 327 543 

2 239.9 165.8 181.2 197.0 251.0 290.0 327.6 357.7 327.9 543.0 

3 239.6 164.2 180.8 197 251 290 326.4 356.3 326.1 543 

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 

(FTC) 

100 mAs 

(FTC) 

120 mAs 

(FTC) 

140 mAs 

(FTC) 

160 mAs 

(FTC) 

180 mAs 

(FTC) 

200 mAs 

(FTC) 

210 mAs 

(FTC) 

220 mAs 

(FTC) 

1 190 250 314 376 439 502 565 658 627 690 

2 190.3 250.5 314.1 376.3 439.7 502.5 565.0 658.6 627.2 690.2 

3 188.9 249.5 313.9 375.7 438.3 501.5 565.0 657.4 626.8 689.8 

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 

           
(a) Sample AEC image                                      (b) Sample FTC image 

Figure B. 1: Catphan image of spatial resolution module 

    

 

          

(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 

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  11.20 (±2.17)    14.60(±2.07) 

 

0.060 

 

Sub slice contrast level 9.4 (±0.89)    6.0 (± 4.47) 

 

 

0.187 

 

contrast- to - noise ratio 

 

1.30  (±0.59) 

 

  2.10 (0.24) 

 

 

0.014 

 

Standard deviation (noise) 

 

 8.62 (±3.41) 

 

   5.58 (±4.40) 
  

 

0.008 

 

               

Examination   AEC     FTC   P - Value  
Head 

 
 

   
CTDIvol (mGy) 

 
32.83 (± 1.02) 

 
42.05 (± 8.12) 

 
0.009 

 
DLP (mGy.cm) 

 
593 (± 18.46) 

 
750.0 (± 147.34) 

 
0.013 

 
Chest 

       
CTDIvol  (mGy) 

 
6.70 (± 0.13) 

 
18.54 (± 6.09) 

 
3.9 x10-4 

 
DLP (mGy.cm) 

 
108 (± 2.05) 

 
511.10 (± 177) 

 
6.5 x 10-5 

 
Abdomen 

       
CTDIvol  (mGy) 

 
14.32 (± 0.02) 

 
17.59 (± 5.46) 

 
0.84 

 
DLP (mGy.cm) 

 
240.0 (± 0.35) 

 
287.80 (± 117) 

 
0.209 

 
Pelvis 

       
CTDIvol (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  
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