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ABSTRACT 

 
 The purpose of this study was to evaluate high contrast resolution and low 
contrast resolution of Computed Tomography MPR images using a Catphan phantom. 
The evaluation was performed using a comparative method between axial images and 
coronal MPR images. A Catphan phantom was used for axial images and a modified 
Catphan phantom was used for coronal MPR images. CT scanning was performed by 
using two multi-detector Computed Tomography (Brilliance 64, Phillips and 
Somatom 64, Siemens). Scanning parameters were dependant on patient protocols at 
each hospital. Three image reconstructed algorithms (Standard, Bone, and Soft tissue) 
and four slices of thicknesses (1.2 mm, 2.5 mm, 5 mm and 10 mm) were used to 
reconstruct images using the MPR technique. A number of images were produced. 
Each image was scored by three experienced readers. For high contrast resolution,      
a Modulation Transfer Function (MTF) was used. Scoring data from each MDCT was  
statistically analyzed using the SPSS program. The Paired-sample t-Test method was 
used to test the difference in usability aspect between a Catphan phantom and a 
modified Catphan phantom. A bivariate correlation was used to test the relationship of 
collected data from both phantoms. 
 The results of both high contrast resolution and low contrast resolution 
showed a significant difference between the Catphan phantom and modified Catphan 
phantom (p<0.01). There were a high correlation between the two data groups of high 
contrast resolution (r=0.873, p<0.01) and 0.1 percent MTF (r=0.805, p<0.01) found. 
There was a correlation of the low contrast resolution (r=0.566, p<0.01) reported. 
 The modified Catphan phantom can be used as a quality control tool for 
MPR images by collecting the baseline data at first and comparing that with the 
routine data for QC purposes. However, it may not be appropriate to use it for 
calibration purposes.   
                     
KEY WORDS: COMPUTED TOMOGRAPHY/CT / MULTIPLANAR 

REFORMATION/ MPR 
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CHAPTER I 

INTRODUCTION 

 

 
 Nowadays the imaging technologies in medical field were more important. 

Computed tomography (CT) is one of modalities to produce radiographic image and 

increase their role to major diagnostic investigations. The technologies of CT were 

advanced rapidly from the cause of high performance computer. New image 

manipulation techniques were introduced to public for diagnosis’s advantage. 

Normally, CT was collect data in axial plane, multiplanar reformation (MPR) was a 

technique which frequency used to produce image in other plane (sagittal, coronal, 

and oblique).  

 In axial image, image quality is first thing that determined. Their can be 

evaluated by several method by using phantom. Catphan phantom is popular phantom. 

But in other image plane to evaluate image quality must construct special phantom. In 

this project, Catpham phantom was modified to used for evaluation image quality. 

 

1.1  Multi-detector CT systems  
 The multi-detector (also known as multidetector-row or often used multi-

slice) systems refers to a special CT system equipped with a detector array consisting 

of more than a single row of detectors. The first step in this direction was taken by 

different manufactures with so-called CT Twin or Dual-slice CT which has just two 

rows of detectors. This development led to a halving of any scan time, all other things 

being equal, since it may be seen as either acquiring two slices at a time or as covering 

twice the z-axis distance per rotation (1). 

Later the multi-detector systems with many more rows were introduced 

following the development of 4-row detector technology. The advantages of the multi-

detector system arise from its ability to acquire multiple sets of data in a single 

rotation, resulting either in four or more simultaneous axial images 
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or four or more helical data sets. This means that one can either perform the same 

acquisition in a short time than with single-detector. Either perform a scan in the same 

time but with thinner slices, or scan a larger volume. 

The benefits of multi-detector CT relative to single-detector CT are 

significant. The examination can perform with thinner sections, leading to higher 

spatial resolution along the longitudinal axis of the patient. Scanning can perform 

much faster, resulting in improve temporal resolution and reduce motion artifacts. 

Intravenously administer iodinate contrast material can deliver at a faster rate, 

increasing contrast enhancement in the images. These factors combine to improve the 

spatial, temporal and contrast resolution of the images, significantly increasing the 

diagnostic accuracy of the examination (2). 

 

 1.1.1 Clinical applications (2, 3, 4, 5)   

One of the main benefits of multi-detector CT systems is their capability to 

cover a body length with narrow slice widths. This is made possible because the 

acquisition of many simultaneous slices increases the efficiency with which the x-ray 

tube heat capacity is utilized. It also helps decrease the total examination time. 

Additionally, imaging with narrow slices has great diagnostic advantages.  

A combination of the multiple detector rows and faster gantry rotation 

times allows applications such as CT myelography, CT angiography, virtual 

endoscopy, musculoskeletal applications, brain perfusion and cardiac imaging. Phase 

selective imaging after intravenous contrast enhancement for various organ systems, 

especially hepatic imaging is also possible.  

In trans-axial images partial volume artifact is reduced, and contrast 

differences can be increased. The improved image quality in MPR (multi-planar 

reconstruction) and 3-D reconstructions is particularly notable. Whole body coverage 

with 1 mm slices is now feasible. Routine multi-detector CT with 0.5 - 2 mm slices 

means that for the first time CT can be regarded as an isotropic imaging modality, i.e., 

providing images with a similar spatial resolution in all three dimensions. Data can 

now be viewed in all planes with image quality almost the same as, if not better than, 

that of a trans-axial image. 
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Other major advantages of multi-detector CT are higher patient comfort in the form of 

shorter and fewer breath-holds in body imaging, avoiding awkward positioning for 

coronal imaging and minimizing sedation for pediatric patients. Critically ill patients 

can also be scanned much faster.  

 

1.2  Multiplanar Reformation (MPR) (6) 
 Multiplanar reformations are 1-voxel thick, two-dimensional tomographic 

sections that can be displayed in coronal, sagittal, and oblique planes or in a curved 

plane, as in Figure 1, such as along the axis of the mediastinal vessels or airways 

 

         
        a.   b.  

     c. 

 
Figure 1. MPR images: (a) Sagittal MPR’s image, (b) Coronal MPR’s image, (c) 

Curved planar reformation image (7). 

 

The advantages of this technique are that it is fast, can be easily performed 

at the CT scanner, and uses all of the attenuation values in the data set, presenting 

them in off-axis views. MPR is used to assess the extent of disease processes in the 

craniocaudal direction. The major disadvantage of this technique is that it provides 

only a two-dimensional display of data; information regarding the spatial relationships 

of anatomic structures is absent. 
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 1.2.1 Isotropic viewing (2) 
 Isotropic viewing refers to the situation in which MPR images can be 

created in any plane with the same spatial resolution as the original sections. For 

scanning of small body parts, isotropic viewing is achieved by using the small focal 

spot on the anode and scanning with ultra thin sections (0.5 mm), resulting in a 

longitudinal resolution nearly identical to the in-plane resolution.  

 Reformation images can be created from one helical acquisition and will 

have the same spatial resolution as sections from the original acquisition. For example, 

in imaging of the temporal bone, the need for direct coronal scanning is avoided 

because the reformation images have the same spatial resolution as the images 

obtained with direct coronal scanning. The examination can be done faster, with 

improved patient comfort, and with less radiation. More information is derived from 

MPR images created from one multisection acquisition collimated to 0.5 mm than 

from two conventional acquisitions (direct axial and direct coronal) collimated to 1 

mm .  

 
 1.2.2 Producing MPR image (8) 
 The images reconstructed in the axial (x-y) plane (Figure 2 showed 

reference axes to image manipulation.) are stacked to create a volume of imaging data 

from which a plane can be selected to display the image of organ. Practical method for 

user is performed on an independent console (GE Medical Systems) or computer 

workstation (Advantage Workstation [GE Medical Systems] and Voxel Q Workstation 

[Picker International]) by using a trackball or a mouse to manipulate the image plane. 

The loading or stacking process usually takes 15-30 seconds, depending on the 

number of images used.  
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Figure 2. Diagram of helical CT technique. x, y, and z define the reference axes for 

definition of image planes.(8) 

 

On an independent console with a trackball, we can select a reference 

plane such as the coronal (z-x) plane or sagittal (z-y) plane from the volume of 

imaging data. The image in the coronal plane can be advanced along the y axis or the 

anteroposterior axis, and the image in the sagittal plane can be moved along the x axis 

from right to left or from left to right. The real time capability allows us to manipulate 

the image to best visualize the structure that needs to be displayed. 

On a computer workstation with a mouse, we can display reference images 

in three planes. The desired image can be created from a line drawn on a reference 

image and moved in different directions by using the mouse. On most workstations, 

this process can also be done with real-time capability.  

The images displayed in a coronal or sagittal plane can be further 

manipulated by using planar rotation or planar tilt. This manipulation is performed by 

rotating the reference images in various directions by using the trackball or mouse. For 

example, the coronal image can be tilted around the x axis or rotated around the z axis, 

and the sagittal image can be rotated around the y and z axes. Especially for vessels 

image, manipulation is necessary because most vessels are not aligned in a true 

coronal or sagittal plane. Creation of the proper image plane for display of a particular 

vessel, therefore, requires an operator who is familiar with vascular anatomy. 

The image quality in the coronal or sagittal plane degrades because of two 

major factors:  
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(a) Asymmetry of the geometry of the voxel containing image data, and 

(b) A decrease and broadening of the section-sensitivity profile along the z 

axis.  

In most conventional or helical CT scanners, the axial and reformatted 

images are displayed in a matrix of 5 1 2 x 5 1 2 pixels within a designated field of 

view. The axial images are reconstructed from helical scan data consisting of 512 x 

512 voxels that are 3-5 mm thick, depending on the scan collimation.  

Once these axial images are stacked for display in multiplanar format, the 

extent of the image (i.e., anatomic coverage) along the z axis in a coronal or sagittal 

plane depends on the section thicknesses, pitch, and acquisition time. However, the 

thickness of the displayed image will be only 1 pixel (0.6-0.8 mm, depending on the 

dimension of the field of view). Therefore, the reformatted coronal or sagittal image 

tends to be noisy because of a decrease in signal-to-noise ratio (less image data, as in 

Figure 3) and blurry because of a decrease in section-sensitivity profile along the z 

axis, as in Figure 4. If an image is too noisy, we can modify the displayed image by 

averaging the imaging data in that plane at an increased thickness. This technique 

increases the imaging data, improves the signal-to-noise ratio, and makes the image 

smoother and less noisy. 

 

     
      a.                      b. 

 

Figure 3. Noisy image because decrease in signal-to-noise ratio from 1 pixel thick 

image (a) compare with the image by which averaging the imaging data in that plane 

at an increased thickness (b) (7). 
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                a.                              b. 

 

Figure 4. Blurry images because of a decrease in section-sensitivity profile along the z 

axis (a), Less blurry images because of a increase in section-sensitivity along the z 

axis(b) (7). 

 

An image processing protocol can be created to allow a technologist with 

limited knowledge of vascular anatomy to prescribe a preset angle of image rotation 

from a reference plane, a preset section thickness, and a range of imaging data to be 

displayed in a batch format so that the entire region of interest can be displayed in a 

sequence of images. This method, known as batch reformation, is fewer operators 

dependent but may not be as precise as the technique previously described.  

In addition, a plane of reformation can be drawn by the operator by 

following a plane of blood vessels that can be seen on a reference image and displayed 

in the other plane. This technique, known as curve planar reformation, has been shown 

to be useful in displaying both renal arteries and the abdominal aorta in a single plane. 

The average processing time (after the axial images are reconstructed) 

required to produce vascular MPR images is 10- 15 minutes, depending on the 

experience of the operator and the type of vessels to be shown. 
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1.3 Image quality 
Image quality is a function of dose and can be quantified by three basic 

concepts that are contrast resolution, spatial resolution or clarity. 

 1.3.1 Spatial resolution (9, 10) 

Spatial resolution sometime is know as high contrast resolution. Spatial 

resolution is a common parameter used to evaluation of imaging systems. It 

characterizes the imaging system’s ability to distinguish between two very small 

objects placed closely together. The point between two small objects with very 

different densities is considered to be a region of high frequency or high contrast. 

Spatial resolution measurements are performed with objects which have a high 

contrast (contrast difference of 12% or greater) from uniform background.  

Scanning regular geometric structures that have a shape interface, the 

image will be blurred at the interface, as show in Figure 5. The degree of blurring is 

measured in term of spatial or high contrast resolution of the system and is controlled 

by a number of factors. Since the image of interface is a visual rendition of pixel 

value, one could analyze these values across the interface to arrive at a measure of a 

spatial resolution. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. A CT scan of object organ with distinct borders such as the heart will result 

in an image with somewhat blurred border. The actual profile of the object would be 

abrupt, whereas that of the image would be smooth. (14) 
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1.3.1.1 Measurement of spatial resolution (8, 9, 12, 13) 

There are several ways to measure spatial resolution, by using high 

contrasted test object. High contrast test object make it possible to ignore the effect of 

noise on spatial resolution measurement with AAPM phantom three methods are 

available: 

1. Measurements of point or line spread function obtained with small 

high density wire to serve as a point object or impulse. 

2. Measurement of edge response by scanning across an interface of two 

dissimilar materials. 

3. Measuring the disappearance spacing of hole pattern whose centers 

are spaced two hole diameters apart. 

 The simplest way to measure resolution is to determine the smallest 

distance between two objects that could just be resolves in the image as being 

separate. 

 One approach to evaluating this ability is to place two structures close 

together and determine how clearly they can be distinguishing in the image. The 

structures should be very small so that they essentially constitute “point object”. 

Furthermore, they should differ substantially in composition from the surrounding 

medium so that they have high inherent or subject contrast. 

When the objects are far apart, they are easily distinguishable in the image. 

As they are move closer together, their unshaped boundaries begin to overlap in the 

image, and the contrast diminishes between the object and their intervening space. 

Eventually the diminution in contrast is so severe that the two objects lose their 

separate identity, and they begin to be seen as a single larger object rather than as two 

distinct entities. The distance between the objects required for their recognition as two 

separate entities is the “resolution distance”. The concept of resolution distance is 

illustrated in Figure 6 . 
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Figure 6. When two point like, high contrast objects are widely separate, they can be 

seen as separate entities in the image. When the objects are close together, however, 

their unsharp boundaries overlap, and they are interpreted as single rather than as 

separate object. (14) 

 

 A slightly more sophisticated method involves the determination of 

resolving power. The resolving power has been define a largest number of lines per 

centimeter on a bar pattern which can just be distinguished in the image. This is not a 

rigorous test but is convenient and gives a visual demonstration without having to 

measure distance. 

 Also, window setting can have a dramatic effect in determining that visual 

resolution. It probably makes the most sense to display at typical clinical window 

setting. 

 The problem with any repetitive phantom whose size varies from a 

dimension many that of a pixel size to that sub pixel size is that the result are not 

independent of the location of the object . Thus, the essential of a bar pattern 

measurement should be oriented such that are angled at 45 degree with respect to he 

horizontal or vertical direction. Because of difficulties encountered in constructing 

repetitive pattern phantoms for resolutions in excess of 5lp/cm, some persons prefer to 

use spread function technique to determine CT scanner spatial resolution. 
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 1.3.1.1.1 Spread functions (9, 15, 16) 

The response of a point input to image system is called the point spread 

function (PSF) and describes the lateral spread of information in the imaging system. 

The spread of information occurs in both the x and the y direction, and therefore the 

PSF is often expressed as function of these dimensions, PSF(x,y). 

The line spread function (LSF) is usually described as a function of the 

distance along the x axis, LSF(x). 

Like the LSF, the edge spread function (ESF) is usually defined as a 

function of the x dimension, ESF(x). 

The PSF, LSF and ESF are mathematical relationship between various 

spread function. There are illustrated in Figure 7. 

To measure spread function we must understand the PSF and the LSF 

concepts, one should consider the image of a point source as produced by a CT 

scanner. The resulting image has a bright dot for a center and progressively fading 

periphery, as opposed to the ideal image of a bright dot on a uniformly black 

background. A plot of CT number on the horizontal line passing through the point 

source center show image of the wire to have bell shaped or Gaussian like numeric 

presentation. The height of the curve presents the maximum measured CT number and 

the width represents the uncertainly in the measurement of the exact spatial resolution 

of the point source. The radial symmetry of the wire requires that the PSF would 

therefore also be symmetric. 
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                  a.                      b.                     c. 

 

 

Figure 7. The difference among the point spread function [PSF(x,y)] (a), the line 

spread function [LSF(x)] (b), and the edge spread function [ESF(x,y)] (c) (15). 

 

The edge response is normally determine for a line that intersects the edge 

at an angle in order to obtain finer sampling and linear dimension rescaled for or 

projected on to a line perpendicular to the edge. A plot of the CT number passing 

through shows the ERF curve as illustrate in Figure 8. The ERF is related to the LSF 

that it can be differentiated to produce the LSF 
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Figure 8. Determination of the MTF from the edge response function (15) 

 

The expressions PSF(x,y), LSF(x), and ESF(x) indicate functions of 

spatial distance, meaning that the units of x or y are units of length. In the parlance of 

image science, these functions describe various blurring phenomena in the spatial 

domain. 

   

 1.3.1.1.2 The Full Width ht Half Maximum (FWHM) (16) 

 The spatial resolution may be described by the Full Width at Half 

Maximum (FWHM) of the point spread function or the line spread function (LSF). 

The FWHM is the width of curve at the point when the CT values are 50 percent of the 

maximum CT value and specified in a spatial domain using mm as the units. 

 There is another useful way of describing resolution mathematically, 

using function that are in frequency domain. Before proceeding with a description of 

frequency domain function, it may be useful to lay a foundation for understanding by 

discussing the frequency domain from a graph and conceptual, rather than 

mathematical, point of view. 
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Figure 9. Plot of CT number profile or point spread function across the wire impulse 

response test object (9). 

 

 1.3.1.1.3 The Frequency Domain Description of Spatial Resolution 

(9)  

The Modulation Transfer Function (MTF) is the most commonly used 

method to measure the spatial resolution capabilities of a CT system. The MTF is a 

graphical description of the resolution capabilities of an imaging system. MTF is a plot 

of the contrast transfer properties of an image system (on the y axis) as a function of 

the size of the object (no the x axis). The sizes of the objects (represented by 

sinusoidal waves) are shown as insets for spatial frequency of 2, 4, 6 and 8 line pair 

per cm. An imaging system reduces the contrast of the imaged object when some of 

the information from peaks bleeds into the valleys, and vice versa. When the peak and 

valleys are closer together (a higher spatial frequencies), this creep of information 

from one area to another results in a more severe reduction in contrast. Consequently, 

the MTF typically gets worse at higher spatial frequencies. 

 The MTF has been used widely to characterize the spatial frequency 

response (spatial resolution) of medical imaging system performance. Thus, 

knowledge of the MTF of an imaging system is a key for determining the suitability of 

an instrument for a given task and for making comparisons between instruments. 

 Most CT scanners are judged by spatial frequency of an MTF equal 0.1. 

The frequency where the MTF is 0.1 is usually taken as the cutoff frequency, 
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frequencies above this value are considered to be unrepresented in the image. The 

cutoff frequency sometimes is described as the limiting resolution of the imaging 

system  

 The measure point, the line spread, and the edge response function are 

often mathematically converted into what is known as the modulation transfer function 

(MTF), which represents the contrast dependence on spatial frequency. Spatial domain 

and frequency domain concepts discussed elsewhere are related through the 

mathematical operations known as Fourier transform. 

 The details of the MTF are such that the “objects” it describes are 

sinusoidal. Big sinusoids are close enough to big object, and small sinusoids are 

similar to small object. It is the concept that is importance here, not the technical 

details. An MTF value of 1.0 represents a complete, without blurring, transfer of an 

object through the CT system to a monitor. An MTF value of 1.0 corresponds to 

imaging large structures that can very easily be imaged accurately by most CT systems. 

Therefore, the value of 0.1, which represents small, high frequency or density 

structures, is used to evaluate the spatial resolution capabilities of a CT system. The 

more lp/cm a CT system produces, the better the spatial resolution. In Figure 10, at 1 

line pair (lp)/cm spatial frequency, the optical density is 0.88 at 2 lp/cm, the optical 

density is 0.59 and so on.  

 The MTF demonstrates the frequency components of a structure in line 

pairs per centimeter (lp/cm) as shown in Figure 10. In this figure, optical density is 

used to express the image fidelity, the faithfulness with which the object can be 

reproduced in the image. A line pair phantom consists of line pair pattern that are 

placed at different widths apart. This means if more lines that can be visualized 

separate from one another, the better the systems spatial resolution.  
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Figure 10. A bar pattern (9) 

 

 If the spatial frequency is plotted as a function of the image fidelity, an 

MTF curve is obtained (Figure 11). The MTF curves for two CT scanners are given in 

Figure 12. It can be seen that scanner A can image 5.2 lp/cm at 0.1 MTF compared 

with scanner B, which can only image 3.5 lp/cm at 0.1 MTF. This simply means that 

scanner A has a better spatial resolution capability than scanner B. Or scanner A is 

capable of separating smaller objects than scanner B because the structures edges will 

be less blurred. 

 High contrast spatial resolution is influenced by factors including: 

system geometric resolution limits-focal spot size, detector width and ray sampling, 

pixel size and properties of the convolution kernel/mathematical reconstruction filter.  
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Figure 11. MTF (Modulation Transfer Function) curve (9) 

 

 

 
 

Figure 12. MTF curves for two CT scanners (9) 
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 1.3.1.2 Factors Affecting the Spatial resolution 

 1.3.1.2 .1 Focal Spot Size (11, 13) 

X-ray tubes have been designed for CT scanners to have small focal 

spots and high anode heat storage capabilities. The size of the focal spot will impact 

CT resolution, in practice with the 0.6 mm. focal spots now used in CT this is not a 

problem. 

1.3.1.2 .2 Detector Size and Spacing (11, 16) 

The size and spacing of the detectors will influence the resolution. 

Detector size places a limit on maximum spatial resolution. To increase resolution, it 

is possible to put an aperture in front of a detector and reduce detector size. Smaller 

detectors permit higher resolution. 

1.3.1.2 .3 Number of Rays (11, 16) 

The number of rays in a CT scan affects the radial component of 

resolution. The resolution along a line running from the center of the image to its 

periphery is determined by the rays per projection. 

1.3.1.2 .4 Number of projections (11, 16) 

The number of projections has a profound effect on the CT image 

quality. In principle, the x-ray projections around the patient only need to encircle 

180°. Consequently, a 360° (or more) acquisition produces better image quality than 

partial scans. An increase in the number of projections means that more x-ray photons 

will contribute to the formation of the image. The resolution in the image is vary much 

related to the size and spacing of the detectors in the detector array. 

1.3.1.2 .5 Pixel Matrix (10, 11) 

The FOV of a CT image is usually changeable with most CT scanner 

designs. The FOV increases the pixel size increases. With large fields of view, the 

pixel size can become the limiting factoring terms of spatial resolution. The data 

within a smaller FOV, resulting in pixels of reduced effective size and a display with 

improved resolution. 

1.3.1.2 .6 Reconstruction Algorithm (11, 14, 16) 

Speed and accuracy are important considerations in a choice of an 

algorithm. Several different methods, or algorithms, are in current use. Various 
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mathematical filter algorithm applied during the reconstruction can enhance or 

suppress spatial resolution. 

1.3.1.2 .7 Algorithm Filtering Considerations (17) 

The spatial frequency response of the convolution filter plays a major 

role in the spatial frequencies. The purpose of the convolution filter is to remove the 

image blurring created in the picture. The amount of image blurring is controlled by 

the amount of accentuation applied to the high spatial frequency (MTF) components. 

The choice of which convolution filter to use represents a trade-off between image 

“crispness”, image noise, and image density resolution qualities.  

1.3.1.2 .8 Slice Thickness (16) 

The slice thickness in CT is determined by the physical collimation of 

the incident x-rays beam with to lead jaws. The width of the detectors in the detector 

array places a maximal limit on the slice thickness. The numbers of detected photons 

increase linearly with the slice thickness. Since the noise in the reconstructed CT 

imaged is reduced as the number of detected of x-rays photons increase, wide slice 

thicknesses yield better contrast resolution at the same x-ray techniques. The benefit of 

narrower slice thickness is improved spatial resolution 

1.3.1.2 .9 Motion (17) 

The scanning motion of the beam during the acquisition causes 

resolution loss. In CT, patient motion can blur diffuse edge as in radiography, but can 

also cause streaking artifacts if the motion is of a high contrast object 

 

 1.3.2 Contrast resolution (18, 19, 20, 21) 

Contrast resolution (some time call sensitivity) of a CT scanner may be 

define as the smallest size circular lesion detectable with a certain difference in linear 

attenuation coefficient from the backgrounds, or the smallest object or pin size 

detectable under low contrast condition. An equivalent measure of sensitivity is the 

minimum detectable difference of attenuation coefficient for a given lesion size. For 

low contrast is considered to exist when scanning CT number difference of less than 

0.5 percent or 5 CT numbers. Contrast resolution also called low contrast resolution or 

Low contrast detctability; it is ability to distinguish material of one composition from 

another regardless of size or shape. 
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The fat muscle bone structures different atomic numbers, and mass 

densities. Although these differences are measured, they are not displayed well in 

conventional radiography. The CT scanner is able to amplify these differences in 

subject contrast so that the image contrast is high. This amplified contrast scale allows 

the CT scanner to better resolve adjacent structures that are similar in composition. 

Expressing the image contrast in Term of the difference in the CT number, 

and thereby in the measured linear attenuation coefficients in adjacent area, is 

unsatisfactory for two reasons. The relationship between linear attenuation coefficients 

at appoints and the CT numbers at the corresponding position must be known. Any 

errors in the measurement linearity of the CT number scale will lead to inaccurate in 

defining the contrast. 

The absolute CT number values are affected by a variety of variables, such 

as the reconstruction filter, the tube current and the exposure time. 

A definition of contrast is required which is consistent with expressions 

employed in other areas of radiology and yet is also applicable to CT scanning. If 

contrast is defined in terms of the number of photons then this will be fulfilled. 

However, there is a subtle difference between the application of this definition of 

contrast when applied in general radiology and its use in CT scanning. In radiology, 

the photons traverse the area perpendicular to the plane in which the object lies, while 

in CT scanning the photons which traverse the object lie in the same plane. 

The contrast resolution provided by CT scanners is considered better than that 

available in conventional radiography. The ability to image low-contrast objects with a 

CT scanner is limited by the size and uniformity of the object and by the noise of the 

system. 

 

 1.3.2.1 Factors Affecting the Contrast resolution 

 1.3.2.1.1 Noise (22) 

 CT Noise is defined as percent standard deviation of large number of a 

pixel obtained from a water bath scan. Noise will change with variations in 

kVp/filtration, mAs, pixel size, reconstruction filter, post- reconstruction processing, 

slice width, subject diameter and composition, scan time and scan angle. Noise 
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appears as a graininess image and low noise image appear very smooth to the eyes. 

The low contrast resolution is limited by the noise. 

 1.3.2.1.2 Photon Flux (21) 

 X-ray photon flux refers to the number of x–ray photon impinging upon 

an x–ray detector cell per unit of time. The variation in photon flux leaving the x–ray 

tube behaves mathematically according to the Poisson distribution; that is, variation in 

photon flux is equal to the square root of the average number of photon generated. 

Large patients or material of high x-ray attenuation coefficient thus decrease the 

intensity of the detect x-ray beam, low photon count rate result generate a graininess 

pattern in the reconstructed image 

 1.3.2.1.3 Kilovolt-Peak Setting (kVp) (21) 

 The kilovolt-peak level is the measure of the energy of the x–ray beam. 

The kilovolt-peak setting is fixed, typically at 120 kVp. Some systems have variable 

setting. Increasing the kilovolt-peak setting increasing the intensity of the x-ray beam 

and the beam’s ability to penetrate a thick, dense anatomic part. Beam hardening 

artifacts is avoided if used high kVp setting because of the increasing in the average 

photon energy. 

 1.3.2.1.4 Milli Ampere-Second setting (mAs) (21) 

 The amount of x-ray energy produced is known as milli Ampere level. 

The time span in which the beams are produced is the scan time. The underexposed 

CT image has a grainy appearance because an insufficient number of x-rays photons 

reach the detectors. An over exposed CT image is not seriously degraded, although 

some streaking artifacts are possible. The higher milliampere settings allow shorter 

scan times to reduce motion artifact. The thicker and denser the part being examined, 

the more mill ampere-seconds are required to produce an adequate image 

 Density or contrast resolution depends on radiation dose and scan time. 

As the radiation dose or the scan time increases, the number of photon collected in 

each pixel increases and the statistical noise decreases. 

 1.3.2.1.5 Slice Thickness (21) 

 The CT image sensitivity profile refers to how uniformly the specified 

topographic slice thickness is irradiated, and, therefore, how uniformly the tissues 

composing the slice cross-section are represented in the image. Increasing the pixel 
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size (large slice thickness is increased number of photon detected) results in more 

counted per pixel collected and a corresponding decrease in the statistical noise. This 

results in the improved signal-to-noise ratio and an improvement in the contrast 

resolution. 

 1.3.2.1.6 Detector Efficiency (22) 

 The purpose of the detector in CT is to detect and measure transmitted 

x-ray convert them into electrical signals. CT detectors fall into two categories 

scintillation detectors and gas ionization detectors.  

 The crystal most commonly used is sodium iodide (NaI). The crystal 

has the property of converting the radiation into light photons in proportion to the 

energy of the x-rays it absorbs. The light photons are in turn converted into electrical 

signals by the PM tube. These signals then go to the DAS for conversion to digital 

form.  

 The gas-ionization detector, a volume of gas is ionized by the radiation 

beam falling of the detector, to produce an electrical signal.  

 There are several properties of detectors which are important to CT 

scanning, efficient, stability, and dynamic range. In general, this refers to the capture 

efficiency or photon capture ratio. If a detector response is not steady, the detector is 

said to exhibit poor stability which ultimately degrades image quality. Hence, frequent 

calibrations may be necessary to correct the in stability. The dynamic range of a CT 

detector is expressed as a ratio of the largest signal to the smallest signal to be 

measured  

 1.3.2.1.7 Reconstruction Filter (21) 

 The method to solve the problem image reconstruction involves the use 

of specific computational in CT scanner. Depending on the manufacturer, this feature 

may be called algorithm, convolution filter, CR filter, FC number, or simply filter. 

Current scanners offer several algorithm choices that are designed to reconstruct 

optimal images depending on tissue type. By choosing a specific algorithm, the 

operator selects how the data are filtered in the reconstruction process. The process of 

filtering data is often called convolution. Each algorithm uses a different mathematic 

formula for processing data This can be to improve contrast resolution by reducing 

noise through a process known as smoothing (elimination of high spatial 
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frequencies).The second provide optimal high spatial resolution and is preferable for 

bone. The best way to determine optimal algorithm for any specific study is by 

experimentation. By using saved raw data, the same data can be retrospectively 

reconstructed in too many images, each with a different algorithm 

 

1.4 The Catphan Phantom 600 (23) 
The Catphan 600 was designed to evaluate the maximum performance 

potential of multi-slice CT Scanners. The Catphan 600 combines the CTP528 and 

CTP515 modules. Figure 13 illustrates Catphan phantom model 600 and Figure 14 

illustrates component of Catphan phantom model 600.  

 

 
 

Figure 13. Catphan phantom model 600 (23) 
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Figure 14. Component of Catphan phantom model 600 (23) 

 

 1.4.1 The CTP528  

The CTP528 is High resolution module with 21 line pair per cm gauge and 

point source. This section has a 1 through 21 line pair per centimeter high resolution 

test gauge and two impulse sources (beads) which are cast into a uniform material. 

The beads are positioned along the y axis 20mm above or below the phantom’s center 

and 2.5 and 10mm past the center of the gauge in the z direction. The Figure 15 

illustrates The CTP528 high resolution module image. 
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Figure 15. The CTP528 high resolution module image (23) 

 

 1.4.1.1 Bead Point Source for point spread function and MTF  

 Use the impulse source to estimate the point source response function of 

the CT system. Print out a digitized image of the area surrounding the impulse source. 

Use the numerical data to determine the two-dimensional array of the CT values 

arising from the impulse source. The FWHM of the point spread function is 

determined from the best-fit curve of the point spread function numerical data. The 

average of several different arrays of impulse response functions is calculated to 

obtain the average point spread function of the system. These numerical values are 

used in conjunction with the Fourier Transform Program to provide an estimate of the 

two-dimensional spatial frequency response characteristics of the CT system (MTF). 

The tungsten carbide bead has a diameter of 0.011” or 0.28mm. Because the bead is 
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sub pixel sized it is not usually necessary to compensate for its size. However, some 

MTF programs are designed to compensate for it. 

The MTF curve results from the Fourier transform of the LSF data. 

Generally it is easiest to use automated software for this operation. Some CT scanners 

are supplied with software which can calculate the MTF from the Catphan® bead 

images  

Many manufacturers include automated MTF software in the standard 

scanner software packages. Because the bead is cast into an epoxy background which 

has a different density than water, the software must accept an input for the 

background. The point size of .28mm must also be selected. While a sphere does 

produce a different density profile than a cross section of a wire or cylinder, the actual 

difference is not usually significant in current CT scanners. 

 

 1.4.1.2 21 Line pair per centimeter high resolution gauge 

 The 21 line pair/cm gauge has resolution tests for visual evaluation of high 

resolution ranging from 1 through 21 line pair/cm. The gauge accuracy is ± 0.5 line 

pair at the 21 line pair test and even better at lower line pair tests.  The gauge is cut 

from 2mm thick aluminum sheets and cast into epoxy. Depending on the choice of 

slice thickness, the contrast levels will vary due to volume averaging. Figure 16 

illustrates data of 1 through 21 line pair/cm. 

 
 

Figure 16. Data of 1 through 21 line pair/cm (23) 
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 1.4.2 CTP515 low contrast module with supra-slice and sub slice contrast 

targets 

 All of the targets in each contrast group are cast from a single mix to 

assure that the contrast levels will be the same for all targets. Along with the supra-

slice (targets with z axis dimension longer than most maximum slice width) the 

CTP515 low contrast module includes sub slice targets (targets with z axis length 

smaller than some of the usual slice width). The sub slice targets are arranged in the 

inner circle of tests in the module. 

 The sub slice targets are cast from the same mix as the 1.0% supra slice 

targets. Because they are from the same mix in the evaluation of the actual sub slice 

target contrast the supra slice targets can be used to establish contrast values. The sub 

slice targets have z axis lengths of 3, 5, and 7mm and diameters of 3, 5, 7, and 9mm. 

The evaluation of sub slice target readability is helpful in understanding the scanner’s 

different spiral imaging settings and how the settings will affect the ability to visualize 

small objects with low contrasts from their background. Figure 17 illustrates image of 

CTP515 low contrast module. 
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Figure 17.  The CTP515 low contrast module image (23) 
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CHAPTER II 

OBJECTIVES 

 

 
 The objective of this study was to evaluate high contrast resolution and 

low contrast resolution in computed tomography’s MPR image by using Catphan 

phantom. 

 

The sub-objectives of this study were: 

 

 1. To apply Catphan phantom for using with computed tomography’s 

MPR image. 

 

 2.  To appropriately used Catphan phantom as a quality control tool.  

 

 The expected results from this study are guidelines for suitable using 

Catphan phantom for MPR image quality control program.  
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CHAPTER III 

LITERATURE REVIEWS 

  

 
 This chapter summaries a number of theoretical and experimental methods 

available for the prediction and determination of image quality evaluation on 

computed tomography (CT) and multiplanar reformation (MPR) image. First, the 

theories about MPR is presented the next topic is a how to access spatial resolution, 

contrast resolution and MTF. 

 MPR is an imaging technique for using in clinical situation. MPR is the 

most common image reconstruction in multislice CT because of new CT technology 

support more thinly slice in acquisition data process.  

 In June 2003, Ashok K. Gupta et al (24) evaluate protocols for abdominal 

imaging with an eight element multi detector row computed tomographic (CT) scanner. 

This research use Catphan phantom for assess spatial and contrast resolution. Low 

contrast resolution was evaluated by using contrast to noise ratio (CNRs). This was 

accomplished with a 51 mm2, standard round region of interest (ROI) applied to both 

the phantom and the background on 10 contiguous and similar sections acquired with 

each protocol. A window width of 50 HU and window level of 60 HU were set as 

constants for the images used in this analysis. For high contrast resolutions analyze. 

The phantom was designed at our institution for evaluation of high contrast 

detectability. The phantom contained two orthogonally placed devices. These devices 

contained parallel bars that were more narrowly spaced through the length of the 

device. One device was in the plane of image acquisition, the x-y plane, and the other 

was along the z axis. Scanning protocols included both four elements and eight 

elements.These data sets were analyzed by using reconstructions of 1.0-mm-thick 

sections at 0.1-mm intervals., images from the high contrast phantom were creating a z 

axis reformation at a work station. A CTF was applied to each reformation and then 

directly compare. A constant window width of 800 HU and window level of -300 HU 

was used for the image in this analysis. This was performed visually, as well as by 
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measuring the amplitude of each segment of the CTF. Three quantitative computer 

generated measurements were made by a single individual, and the average and SD 

were calculated. Statistical analysis was performed to evaluate for significance to the 

0.05 confidence level by using a studentized range test.  

 In 2005, Flohr T et al (25) present new research in the topic of image 

reconstruction and image quality evaluation for a 64-slice CT scanner with z-flying 

focal spot. To investigate the maximum achievable longitudinal resolution as a 

function of the spiral pitch, we used the high resolution insert of the CATPHAN 

phantom. For this purpose we turned the high-resolution insert by 90° and aligned the 

bar patterns in a way that the grids were roughly perpendicular to the z direction. The 

grid with 15 lp/cm was exactly orthogonal to the z direction. The bar patterns were 

scanned both at isocenter, 50 mm off-center and 100 mm off-center, at pitch p=0.5, 

0.95, and 1.45. We used 32 x 0.6 mm collimation in a 64-slice acquisition mode with 

z-flying focal spot and reconstructed images with the sharp body-kernel B70 for 

maximum in plane resolution. The reconstruction slice-width was 0.6 mm with 0.1 

mm reconstruction increment. Longitudinal resolution was visually determined on 

MPRs in the z direction. The results from this research show the isocenter of the 

scanner, as a function of the pitch. Independence of the pitch all bar pattern up to 16 

lp/cm can be visualized. And at the 50 mm off-center and 100 mm off-center 

longitudinal resolution slightly degrade for the off-center positions. 100 mm off-center, 

the bar pattern corresponding to 15 lp/cm are somewhat blurred, yet separable. 14  

lp/cm are clearly visible 

 In June 2005, Flohr T et al (26) show that the AMPR approach is an 

extension and generalization of advanced single slice rebinning method. AMPR allows 

free selection of the spiral pitch with optimize dose utilization, which is beneficial for 

medical application. The image planes are no longer perpendicular to the patient axis. 

The traditional transverse images are calculated by interpolation between the tilted 

original image planes. The shape and the width of the z-axis interpolation functions 

are selectable. Different SSPs and different section widths can therefore be adjust, so 

that z- axis resolution can be traded off image noise. The spiral pitch is freely 

selectable and the section width and consequently the z-axis resolution are 

independent of the pitch. With the AMPR approach sufficient image quality is 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Flohr+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Flohr+T%22%5BAuthor%5D
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obtained for all pitch value between 0.5 and 1.5.The artifact are spiral interpolation 

artifact (Windmill artifact), not cone beam artifact. Windmill artifacts are not relate to 

the cone beam geometry and result from the finite width of the detector row and can 

be reduce by decreasing the pitch and /or increasing the reconstruction section width 

relative to the collimation. A z-axis resolution phantom scanned with 16-section CT at 

0.75 mm collimation and pitch of 0.75, 1.0, 1.25 and 1.5. Independent of the pitch , all 

cylinders down to 0.6 mm in diameter can be resolve. A change in pitch does not 

result in a change in radiation exposure to the patient. Narrow collimation should be 

used whenever possible. A 1.0 mm section width is recommended as the most suitable 

tradeoff between longitudinal resolution, image noise and artifact. 

 Phillip M. Boiselle et al (27) used four consecutive multidetector row CT 

examinations were performed with 240, 120, 40, and 20 mA. Imaging parameters for 

all multidetector row CT scans were 2.5 mm collimation, 1.25 mm reconstruction 

interval, high speed mode, pitch of 1.5, and 120 kVp. Gantry rotation time was 0.8 

second for both single detector row CT and multi detector row CT scanners, and 

yielded 192, 96, 32, and 16 mAs for 240, 120, 40, and 20 mA currents, respectively. 

All reconstructed images were generated with standard protocols by using preset 

algorithms. All images of a similar type were displayed in the same projection and size 

on hard copy. The images were analyzed in two ways. First, the images were 

randomized and blindly reviewed simultaneously by three radiologists who graded 

image quality with consensus agreement. The multiplanar and 3D images obtained 

with 240 mA single detector row CT and multidetector row CT acquisitions at varying 

currents were reviewed and graded in two separate groups. The images from each 

group were randomized so that the radiologists were unaware both of the imaging 

parameters. For each image, Image quality was graded by using a five point scale. The 

result, for both multiplanar and 3D reconstructions, image quality was consistently 

ranked higher for images obtained with multi–detector row CT than for those obtained 

with single–detector row CT 

 Tracy A. Jaffe et al (28) study optimization of multiplanar reformations 

from isotropic data sets acquired with 16–detector row helical CT scanner . The 

purpose of this study was to determine the optimal parameters for multiplanar 

reformations of 16–detector row CT data with isotropic voxels. Radiation doses were 
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calculated prospectively by using a proprietary dose-simulator program. Peak voltage 

was kept at 140 kVp, and tube current per rotation was varied from 270 to 360 mA to 

maintain constant noise. An anthropomorphic phantom with imbedded metal oxide 

semiconductor field effect transistor, or MOSFET, detectors was used to verify the 

true radiation dose levels for each protocol. To evaluate spatial resolution, we scanned 

the custom phantom that a custom phantom designed and built within institution. This 

phantom contained high-contrast funk bars that measured modulation transfer 

functions (MTFs) in both the transverse (acquired) and coronal (reformatted) planes. 

One bar was placed parallel to the plane of acquisition (the x-y plane), and the other 

was placed parallel to the z-axis. Both sets of funk bars contained six patterns of four 

bars of varying thickness that were arranged in groups ranging from 1.6 to 9.8 line 

pairs per centimeter. An MTF was applied to each reformation; the MTFs were then 

directly compared. This comparison was performed by measuring the amplitude of 

each segment of the MTF. To evaluate contrast-to-noise ratios a third phantom 

(Catphan; Phantom Laboratory, Salem, NY) was scanned by using the same four 

protocols used for scanning the custom phantom. Images of the high-contrast spatial 

resolution custom phantom were analyzed by comparing a true transverse image with 

a z-axis (longitudinal) reformation created at a workstation. An MTF was applied to 

both the transverse image and to each reformation. This comparison was performed 

visually, as well as by measuring the amplitude of each segment of the MTF (G.A.J.). 

The CNRs were examined by means of a two-way analysis of variance that included 

detector configuration and reformation thickness.  

 In October 2003, Hoen-Oh Shin et al (29) analyze the low contrast 

detectability (LCD) of VRT compared with multi-planar reformations (MPR). Soft 

tissue lesions were simulated by spheres of different diameters. The average lesion 

density was 15 HU compared with a background density of 35 HU. Two different CT 

protocols were performed on a multi-detector row CT. The scanning parameters were 

as following: 140 kV; 2x0.5-mm slice collimation; pitch 2 and reconstruction with0.5-

mm slice thickness at 0.5-mm interval. A B30 kernel was used for reconstruction. The 

VRT was performed by mapping Hounsfield values to gray levels equal to a CT 

window.A linear ramp was applied for the opacity transfer function varying the 

maximum opacity between 0.1 and 1.0. A statistical method based on the Rose model 
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was used to calculate the detection threshold depending on lesion size and image noise. 

Additionally, clinical data of 2 patients with three liver lesions of different sizes and 

density were evaluated. In VRT, LCD was most dependent on object size. Regarding 

lesions larger than 5 mm, VRT is significantly superior to MPR (p<0.05) for all 

opacity settings. In lesions sized 3–5 mm a maximum opacity level approximately 40–

50% showed a near equivalent detectability in VRT and MPR. For higher opacity 

levels VRT was superior to MPR. Only for 3-mm lesions MPR performed slightly 

better in low-contrast detectability (p<0.05). Compared with MPR, VRT shows similar 

performance in LCD. Due to noise suppression effects, it is suited for visualization of 

data with high noise content. 

 In 2006, M. Mongkolsuk and N. Pongnapang (30) present a study of 

physical performance characteristics of single and multislice CT. The study was 

carried out to compare the physical performance characteristics and radiation dose of 

four unique CT scanners and investigate the effect of slice thickness and pitch. To 

assess Low contrast resolution, the scoring methods were used from visualization and 

the diameter of detectable objects at each contrast level. Low contrast module from 

Catphan phantom was used to test low contrast resolution. The visualization of each 

object was graded on three level scales: grade 1.0 was assigned when the object was 

visible and appeared as a perfect circle, grade 0.5 was assigned when the object was 

not clearly visible, and grade 0 was assigned when the object could not be detected. 

The window width and window level were adjusted to provide maximum visibility of 

all test object. Window widths and window levels were comparable for each scanner. 

For high contrast resolution, there are two procedures that used to evaluate the high 

contrast resolution. In the first method used a line pair pattern. After scanning the 

pattern, the images were visually inspected to determine the smallest resolvable line 

pair pattern. The second method was calculated base on the modulation transfer 

function (MTF) by simplified method using technique described by Nickoloff and 

Riley. MTF determined with used of a tungsten carbide brad contained in module CTP 

528 

 In 1985, Edward L. Nickoloff and Richard Riley (31) evaluated a 

simplified approach for modulation transfer function determinations in computed 

tomography. This evaluation can be greatly simplified by utilizing mathematical 
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function to describe the PSF or LSF. Measured data for five CT scanners indicates that 

the PSF can usually be described by a Gaussian function. The MTF can be written in a 

generalized form eliminating the performing FT each time. The MTF is determined 

directly from a single performance characteristic related to the FWHM. The 

characteristic parameter for the Gaussian fit to the PSF data is obtained by 

plotting
PSF

1ln( ) versus the radial distance (r). The slope of the resulting linear 

regression fit to the data yields value (α). The characteristic parameter, α = 

1.665/FWHM, provides a single number by means of which the spatial resolution of 

CT units can easily to monitored. The MTF can be given in the generalized form 

MTF(v) = 
2)

10
(

α
πv

e
−

 .From technical note in topic: Measurement of the PSF for a CT 

scanner: appropriate wire diameter and pixel size by E L Nickoloff, suggest that the 

diameter of the stainless steel wire used for the impulse response function should be 

adjusted in accordance with the spatial resolution of the CT unit. The standard wire 

size 0.356 mm provided in the AAPM CT phantom is adequate for units with a cut-off 

frequency below 7 cycles/cm. 

 In 2001, Associate Professor Manus Mongkolsuk et al (32) evaluated of 

spatial resolution in computed tomography 20 scanners in Bangkok region, Thailand, 

by compared method between simple equation MTF and standard Fourier transforms 

computed MTF. Result show good agreement with reliability of 99% (correlation: r 

> .99, student t-test P-value > .01). Catphan phantom is introduced in this evaluation. 

The MTF measurements are obtained by using the impulse source to estimate the point 

source response function of CT system. Average of ten scans, calculated pixel by pixel 

to obtained  the average PSF. MTF value obtained from the simple equation: MTF(v) = 
2)

10
(

α
πv

e
−

and Fourier transforms with a computer  
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),(  When PSF = f(x,y).  

        The method with simple equation is convenient way which is faster, simply and 

no special software. 
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 MPR has become a major image reconstruction technique in modern 

MDCT, the image quality is mainly concerned with professional skills of the users and 

the establishment of an efficient quality control program specifically designed to 

produce best quality of clinical image. The quality controls of equipments are 

importance to avoid unnecessary bad data and to help to achieve good image quality.  
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CHAPTER IV 

MATERIALS AND METHODS 

 

 
 This study was performed on a multi-detector CT scanner. Various 

imaging parameter combinations, i.e., slice thickness, image reconstruction algorithm 

were selected to assess image quality (high contrast resolution, low contrast 

resolution)  

 

4.1 Materials 
4.1.1 Multi-detector CT (MDCT) scanner 

 This research uses two common brands of MDCT system for experiments. 

 1. Somatom sensation 64, Siemens (Department of Radiology, Queen 

Sirikit Medical Center, Ramathibodi Hospital)(Figure 18) 

 2.  Brilliance 64, Phillips (Taksin Hospital) (Figure 19) 

 

 
 

Figure 18. Somatom sensation 64, Siemens 
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Figure 19. Brilliance 64, Phillips 
 

4.1.2 CT phantom: Catphan phantom model 600 (Department of Radiological 

Technology, Faculty of Medical Technology, Mahidol University) (23) 

 

 
 

 

Figure 20. Catphan phantom model 600 (23) 
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 This phantom contains five sections. However this research use only two 

sections, section 1 (module 528) is used for high contrast resolution and MTF 

assessment. Section 2 ( module 515) is used for low contrast resolution assessment. 

 

 Section 1 A high contrast resolution module 528  

 Section 1 of the phantom contains 21 line pair per centimeter gauge and a 

point source. This section has a 21 line pair per centimeter high resolution test gauge 

and two impulse sources (beads) which are cast into a uniform material. The beads are 

positioned along the y axis 20mm above or below the phantom’s center and 2.5 and 

10mm past the center of the gauge in the z direction. Figure 15 illustrates the CTP528 

high resolution module image. 

 

 Section 2 A contrast resolution module 515 

 Section 2 of the phantom contains contrast targets. Contrast target group is 

cast from a single mix to assure that the contrast levels will be the same for all targets. 

Along with the supra-slice (targets with z axis dimension longer than most maximum 

slice width) the CTP515 low contrast module includes sub slice targets (targets with z 

axis length smaller than some of the usual slice width). The sub slice targets are 

arranged in the inner circle of tests in the module. 

 

 4.1.3 Adding portion for modified Catphan phantom 

 An adding portion was made from glycerol. Adding portion had four 

pieces with two shapes to substitute air in phantom. Figure 21 illustrate adding 

portion. 
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Figure 21. An adding portion 

 

 

4.2 Methods 
 4.2.1 Catphan phantom modification.  

 The special phantom was modified from the Catphan phantom model 600. 

The modified process was done by removing the inside module away from the 

phantom housing. Modules can be removed by carefully following these steps.  

 Note the position of the mounting plate in relationship to the housing 

before removing it. Remove the four brass nuts that secure the mounting plate to the 

phantom housing. Set the phantom with the studs facing down on 2 to 4 blocks to keep 

the studs off the surface. Use a blunt object, such as a wooden rod, to press the 

modules out of the housing. Figure 22 ilusstrate Catphan phantom positions for 

module removing from housing. 

 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 41 
 

 
 

Figure 22.  Catphan phantom positions for module removing from its housing (23) 

 

 Attended module was carefully inserted to phantom housing by turn 90 

degree from original plane. Figure 23 illustrate modified Catphan phantom in three 

views; side view (a) anterior view (b) and bird eye view (c). 
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a.                                                       b. 

 
                 c. 

 

Figure 23. A modified Catphan phantom:  (a) side view, (b) anterior view 

(c) bird eye view  

  

 A modified Catphan phantom was not stable when module floating in 

housing and air space making artifact, As a result, material must is required to replace 

the air space to assure phantom stability and to reduce image artifact. Four pieces 

adding portion were used to filling into the phantom to reduce air space. Figure 24 

illustrates how to place adding portion. 
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a. 

 

 
b. 

 

Figure 24. Placing adding portion: (a) anterior view, (b) bird eye view 
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 4.2.2 Image data acquisition. 

 4.2.2.1 Data acquisition protocols 

 In this study, to assess the optimal scanning parameters, the mA, slice 

thickness, pixel size and pitch (in helical mode) were varied from the routine 

techniques. Sets of data acquisition protocols were selected from head imaging 

protocols. 

 There were two main parts of the planned scanning protocols in this 

research; Taksin hospital protocol (Table 1) and Ramathibodi Hospital protocol (Table 

2). The two main protocols were then subdivided into two experimental sections that 

used; a Catphan phantom and a modified Catphan phantom. 

 At Taksin hospital protocols, the helical mode was employed, 

examinations were performed with 0.75 rotation time, the pitch setting of 0.673, the 

mA setting was 400 mA. Displayed field of view (DFOV) was set 20 cm. The slice 

thickness of 0.625 mm was used. 

 For Ramathibodi Hospital protocols, the helical mode was employed. 

Examinations were performed with 0.75 rotation time, the pitch setting of 0.6 the mA 

setting was 300 mA. Displayed field of view (DFOV) was 20 cm. The collimation was 

settled at 64 x 0.625 mm 32 x 1.25 mm and 16 x 2.5 mm. 

 All measurements were performed using 120 kV, 512 x 512 matrix size 

and standard reconstruction algorithm. 

 Each scanning protocol was labeled for ease of the image scoring process.   

 

Table 1. CT scan parameters at Taksin Hospital. 

Scanning 

labeled 
Scan type 

Rotation 

time 

Helical 

pitch 
Collimation DFOV kV mA 

A Helical 0.75 s 0.673 64 x 0.625 mm 20 cm 120 400 
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Table 2. CT scan parameters at Ramathibodi Hospital 

Scanning 

labeled 
Scan type 

Rotation 

time 

Helical 

pitch 
Collimation DFOV kV mA 

A Helical 0.75 s 0.6 64 x 0.625 mm 20 cm 120 300 

B Helical 0.75 s 0.6 32 x 1.25 mm 20 cm 120 300 

C Helical 0.75 s 0.6 16 x 2.5 mm 20 cm 120 300 

 

 

 4.2.3 Phantom scan  

 The phantom was positioned and properly leveled on a phantom holder. 

The laser alignment light was used to position the phantom (Figure 25). The 

longitudinal and transverse surfaces of the phantom were aligned parallel to the 

scanner axis and the tomographic plane, respectively. The scanner axis and the 

topographic plane must coincide with the longitudinal axis of the phantom and with 

the center of phantom length, respectively. The phantom scanning process was 

performed by varying scan parameters from the research planning. 

 

 
 

Figure 25. Phantom positioning and alignment (23) 
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 4.2.4 Image Reformation 

 The image data from each scanning was recorded then reformatted in order 

to obtain MPR images (similar to the axial image from Catphan phantom). MPR 

sample images were illustrated in Figure 26. A standard, bone and soft tissue 

algorithm were selected as image reconstruction algorithms. Images reconstructions 

were perform in the CT scanner using 1.25 mm, 2.5 mm, 5 mm, and 10 mm slice 

thickness setting. Tables 3 through 8 noted reconstruction parameters and image label. 

 

          
 

 a.                                               b. 
 

Figure 26. MPR image: (a) image from module CTP 528, 

                 (b) image from module CTP 515 

 

Table 3. Reformations parameters for Catphan phantom scanning labeled A 
Phantom Scanning labeled Reformat algorithm Slice thickness Image label 

1.25 CAS1 
2.5 CAS2 
5 CAS3 

Standard 

10 CAS4 
1.25 CAB1 
2.5 CAB2 
5 CAB3 

Bone 

10 CAB4 
1.25 CAT1 
2.5 CAT2 
5 CAT3 

Catphan A 

Soft tissue 

10 CAT4 
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Table 4. Reformations parameters for Catphan phantom scanning labeled B 
Phantom Scanning labeled Reformat algorithm Slice thickness Image label 

1.25 CBS1 
2.5 CBS2 
5 CBS3 

Standard 

10 CBS4 
1.25 CBB1 
2.5 CBB2 
5 CBB3 

Bone 

10 CBB4 
1.25 CBT1 
2.5 CBT2 
5 CBT3 

Catphan B 

Soft tissue 

10 CBT4 

 

Table 5. Reformations parameters for Catphan phantom scanning labeled C 
Phantom Scanning labeled Reformat algorithm Slice thickness Image label 

1.25 CCS1 
2.5 CCS2 
5 CCS3 

Standard 

10 CCS4 
1.25 CCB1 
2.5 CCB2 
5 CCB3 

Bone 

10 CCB4 
1.25 CCT1 
2.5 CCT2 
5 CCT3 

Catphan C 

Soft tissue 

10 CCT4 

 

Table 6. Reformations parameters for modified Catphan phantom scanning labeled A 
Phantom Scanning labeled Reformat algorithm Slice thickness Image label 

1.25 MAS1 
2.5 MAS2 
5 MAS3 

Standard 

10 MAS4 
1.25 MAB1 
2.5 MAB2 
5 MAB3 

Bone 

10 MAB4 
1.25 MAT1 
2.5 MAT2 
5 MAT3 

Modified 
Catphan A 

Soft tissue 

10 MAT4 
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Table 7. Reformations parameters for modified Catphan phantom scanning labeled B 

Phantom Scanning labeled Reformat algorithm Slice thickness Image label 
1.25 MBS1 
2.5 MBS2 
5 MBS3 

Standard 

10 MBS4 
1.25 MBB1 
2.5 MBB2 
5 MBB3 

Bone 

10 MBB4 
1.25 MBT1 
2.5 MBT2 
5 MBT3 

Modified 
Catphan B 

Soft tissue 

10 MBT4 

 

Table 8. Reformations parameters for modified Catphan phantom scanning labeled C 
Phantom Scanning labeled Reformat algorithm Slice thickness Image label 

1.25 MCS1 
2.5 MCS2 
5 MCS3 

Standard 

10 MCS4 
1.25 MCB1 
2.5 MCB2 
5 MCB3 

Bone 

10 MCB4 
1.25 MCT1 
2.5 MCT2 
5 MCT3 

Modified 
Catphan C 

Soft tissue 

10 MCT4 

 

 4.2.5 Image quality assessment 

 For evaluating high contrast resolution and low contrast resolution, each 

image was displayed on the image monitor. Interpretations for image quality were 

made by three readers. Readers are radiologists or radiological technologist who had 

moderate experience in viewing CT image. The reconstruction types and slice 

thickness were anonymous to the readers. Each reader was require to score images 

three times in order to reduce any possibility of reader bias. The window width and 

window level were adjusted to provide maximum visibility of all test objects. 

Ergonomic and Relaxing environment was emphasized for each reader during the 

reading and scoring process. Before assessments were performed, readers had been 

trained using randomly selected sample images image. 
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 4.2.5.1 High contrast resolution 

 To study the high contrast resolution, the images acquired from the module 

CTP 528 were used. Two procedures were used for high contrast resolution 

assessment (Scoring and MTF). First a scoring was performed by defining each group 

of line pair with readable items (A line pair group easiest to see had minimum item). 

The items were labeled for each line pair group and illustrate in Figure 27. The image 

window width and window level were provided to adjust the maximum visibility of all 

test objects. Each image was scored for high contrast resolution by each reader.   
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Figure 27. Group items labels 
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 The second step was using calculation based on Modulation Transfer 

Function (MTF) using Point Spread Function (PSF) method. The MTF was 

determined with the use of a tungsten carbide bead (0.28 mm diameter) which 

contained in the module CTP 528. To find a high contrast resolution from PSF, 

reconstruction images that indicates the tungsten-carbide bead were selected then 

finding the MTF by indicating the relationship between the constant that show the 

same between image and the object in X and Y axis graph that present spatial 

frequency in the unit of lp/cm. High contrast resolution could be found at the cut off 

frequency point at MTF equal 0.1 or the same between image and object equal 0.1 or 

the same between image and object equal 10%. In this research, simplify method 

proposed by M. Mongkolsuk was used to find MTF. 

 

 4.2.5.1 Low contrast resolution 

 In this research, low contrast module (CTP 515) that combined from 

cylindrical rod with three difference contrast level and each level have three difference 

diameter of rod was utilized. Only supra-slice objects were used to avoid error from 

partial volume effect. 

 The assessment of low contrast resolution was scored on each object base 

upon three level scales:  1.0 was assigned when the object was visible and appeared as 

a perfect circle, 0.5 was assigned when the object was not clearly visible and zero was 

assigned when the object could not be detected (30). Finally, the score was recorded. 
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CHAPTER V 

RESULTS 

 

 

5.1 Image analysis 
CT images acquired with variations from the head protocols which divided into 

two scan parts: Catphan phantom and modified Catphan phantom were evaluated for 

image quality. Image quality was evaluated in terms of high contrast resolution 

(scoring and 0.1 MTF) and low contrast resolution (low contrast scores). 

  

 5.1.1 High contrast resolution 

 5.1.1.1 Scoring method 

 The high contrast resolution score from readers were illustrating in table 9 

though table 12. The scoring data were collected from each reader. Each reader 

investigated each image three times. As a result, each image generated nine scoring 

data.  The scoring data from each image which obtained from all reader was averaged 

for further statistical analysis. The min and max score are range from 0 to 21, 

respectively. 

 Bivariate correlations were used to test the relationship between readers. 

The Catphan high contrast resolution score from Taksin hospital show, highly 

correlation between readers. The correlation between reader 1 and reader 2, reader 1 

and reader 3, reader 2 and reader 3 were reported at correlation coefficient equal to 

0.914, 0.945 and 0.945, respectively. The Catphan high contrast resolution score from 

Ramathibodi hospital shows highly correlation between readers. The correlation 

between reader 1 and reader 2, reader 1 and reader 3, reader 2 and reader 3 were 

reported at correlation coefficient equal to 0.933, 0.961 and 0.985, respectively. The 

modified Catphan high contrast resolution score from Taksin hospital shows highly 

correlation between readers. The correlation between reader 1 and reader 2, reader 1 
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and reader 3, reader 2 and reader 3 were reported at correlation coefficient equal to 

0.837, 0.837 and 1.00, respectively. The modified Catphan high contrast resolution 

score from Ramathibodi hospital show highly correlation between readers. The 

correlation between reader 1 and reader 2, reader 1 and reader 3, reader 2 and reader 

3 were reported at correlation coefficient equal to 0.949, 0.947 and 0.955, 

respectively. The correlation was reported at 0.01 levels. 

 

Table 9. Catphan high contrast resolution score from Taksin hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

CAS1 6.00 6.00 5.00 5.00 5.00 6.00 6.00 5.00 6.00 5.56 

CAS2 5.00 5.00 5.00 6.00 5.00 6.00 5.00 5.00 5.00 5.22 

CAS3 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 5.00 5.89 

CAS4 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 5.00 5.89 
CAB1 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

CAB2 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

CAB3 8.00 9.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.11 
CAB4 8.00 8.00 8.00 7.00 8.00 7.00 8.00 8.00 8.00 7.78 

CAT1 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

CAT2 6.00 6.00 6.00 5.00 5.00 5.00 5.00 5.00 5.00 5.33 
CAT3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

CAT4 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
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Table 10. Catphan high contrast resolution score from Ramathibodi hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

CAS1 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 

CAS2 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 
CAS3 6.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.44 

CAS4 6.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.44 

CAB1 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
CAB2 9.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.11 

CAB3 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

CAB4 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
CAT1 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 

CAT2 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 

CAT3 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 
CAT4 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 

CBS1 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 
CBS2 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 

CBS3 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 

CBS4 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 
CBB1 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
CBB2 9.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.11 

CBB3 9.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.11 
CBB4 9.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.11 

CBT1 5.00 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.78 

CBT2 5.00 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.78 
CBT3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.78 
CBT4 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 

CCS1 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 
CCS2 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 

CCS3 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 

CCS4 5.00 5.00 5.00 6.00 6.00 6.00 5.00 5.00 5.00 5.33 

CCB1 8.00 8.00 8.00 8.00 9.00 8.00 8.00 8.00 8.00 8.11 
CCB2 9.00 8.00 8.00 8.00 9.00 8.00 8.00 8.00 8.00 8.22 

CCB3 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
CCB4 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

CCT1 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 

CCT2 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 

CCT3 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 
CCT4 5.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.67 
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Table 11. Modified Catphan high contrast resolution score from Taksin hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

MAS1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MAS2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
MAS3 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MAS4 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MAB1 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
MAB2 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

MAB3 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

MAB4 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
MAT1 5.00 5.00 5.00 4.00 4.00 4.00 4.00 4.00 4.00 4.33 

MAT2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MAT3 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
MAT4 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
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Table 12. Modified Catphan high contrast resolution score from Ramathibodi 

hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

MAS1 5.00 5.00 5.00 5.00 4.00 4.00 5.00 5.00 5.00 4.78 
MAS2 5.00 5.00 5.00 5.00 4.00 4.00 5.00 5.00 5.00 4.78 

MAS3 5.00 5.00 5.00 5.00 4.00 4.00 5.00 5.00 5.00 4.78 

MAS4 5.00 5.00 5.00 5.00 4.00 4.00 5.00 5.00 5.00 4.78 
MAB1 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
MAB2 7.00 7.00 8.00 7.00 7.00 7.00 7.00 7.00 7.00 7.11 

MAB3 7.00 7.00 8.00 7.00 7.00 7.00 7.00 7.00 7.00 7.11 
MAB4 7.00 7.00 8.00 7.00 7.00 7.00 7.00 7.00 7.00 7.11 

MAT1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MAT2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MAT3 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
MAT4 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MBS1 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 

MBS2 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 
MBS3 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 

MBS4 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 

MBB1 7.00 8.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.11 
MBB2 7.00 8.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.11 

MBB3 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 

MBB4 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
MBT1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
MBT2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MBT3 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
MBT4 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MCS1 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 

MCS2 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 
MCS3 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 
MCS4 5.00 5.00 4.00 4.00 4.00 4.00 5.00 4.00 5.00 4.44 

MCB1 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
MCB2 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 

MCB3 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 

MCB4 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
MCT1 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MCT2 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

MCT3 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
MCT4 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
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 Scoring data from each MDCT was used to statistically analysis using a 

SPSS program. A Paired-sample t-Test method was performed to indicate any 

statistically difference in image quality obtain from the Catphan phantom and the 

modified Catphan phantom. Bivariate correlations were used to test relationship of 

collected data obtained from both version of the phantoms. The Paired-sample t-Test 

of the high contrast resolution shows significant difference image quality of the 

Catphan phantom and the modified Catphan phantom (p<0.01). Bivariate 

correlations shows highly correlation between two data group of the high contrast 

resolution (r=0.873, p<0.01) 

 
 5.1.1.2 MTF 

 In this study, the Modulation transfer function at 10% level (10% MTF) 

was used as an indicator for investigating the systemic high contrast.  Each image 

was obtained from the module CTP 528. The image at center of the bead source was 

creating for MTF. The results of 0.1 MTF at Taksin hospital and Ramathibodi 

hospital were illustrate on table 13 and 14, respectively. 

 

Table 13. 0.1 MTF from Taksin hospital 

Phantom Algorithm Image 0.1 MTF  Phantom Algorithm Image 0.1 MTF 
Catphan Standard CAS1 6.91  Modified  Standard MAS1 7.12 

    CAS2 6.82  Catphan   MAS2 7.32 
    CAS3 6.30      MAS3 7.11 

    CAS4 4.40      MAS4 7.46 

  Bone CAB1 8.41    Bone MAB1 10.63 

    CAB2 7.93      MAB2 10.29 

    CAB3 7.47      MAB3 8.75 
    CAB4 6.40      MAB4 7.49 
  Soft issue CAT1 6.13    Soft issue MAT1 7.12 

    CAT2 6.06      MAT2 6.20 

    CAT3 5.71      MAT3 5.44 

    CAT4 4.86      MAT4 5.33 
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Table 14. 0.1 MTF from Ramathibodi hospital 

Phantom Algorithm Image 0.1 MTF  Phantom Algorithm Image 0.1 MTF 
Catphan Standard CAS1 5.69  Modified  Standard MAS1 5.22 

    CAS2 5.90  Catphan   MAS2 4.84 

    CAS3 7.19      MAS3 4.43 
    CAS4 7.47      MAS4 4.68 

    CBS1 5.64      MBS1 4.96 

    CBS2 5.83      MBS2 4.83 
    CBS3 5.63      MBS3 5.53 

    CBS4 5.29      MBS4 5.12 

    CCS1 5.53      MCS1 4.42 
    CCS2 5.12      MCS2 5.02 

    CCS3 5.19      MCS3 4.62 

    CCS4 5.05      MCS4 4.20 
  Bone CAB1 8.33    Bone MAB1 8.60 

    CAB2 7.34      MAB2 7.99 
    CAB3 9.53      MAB3 7.77 

    CAB4 10.04      MAB4 8.38 

    CBB1 9.89      MBB1 8.28 
    CBB2 9.51      MBB2 10.86 
    CBB3 7.48      MBB3 12.48 

    CBB4 7.37      MBB4 8.51 
    CCB1 8.77      MCB1 8.28 

    CCB2 8.90      MCB2 10.86 

    CCB3 11.19      MCB3 12.48 
    CCB4 8.29      MCB4 8.51 
  Soft issue CAT1 5.06    Soft issue MAT1 5.22 

    CAT2 5.23      MAT2 4.84 
    CAT3 5.94      MAT3 4.74 

    CAT4 5.35      MAT4 4.68 

    CBT1 5.03      MBT1 4.47 

    CBT2 5.16      MBT2 4.41 
    CBT3 5.10      MBT3 4.56 

    CBT4 4.67      MBT4 4.55 
    CCT1 4.93      MCT1 4.39 

    CCT2 4.64      MCT2 4.14 

    CCT3 4.70      MCT3 4.71 

    CCT4 4.70      MCT4 4.42 
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 To investigate any quality difference at 0.1 MTF of the Catphan phantom 

and the modified Catphan phantom, the Paired-sample t-Test method was used. In 

addition, Bivariate correlations were used to test a possible relationship of collected 

data from both phantoms. The Paired-sample t-Test result at 0.1 MTF shows 

significant image quality difference between Catphan phantom and modified 

Catphan phantom (p<0.01). Bivariate correlations result indicates high correlation of 

image quality Catphan phantom and modified Catphan phantom at 0.1 MTF 

(r=0.805, p<0.01) 

 

 5.1.2 Low contrast resolution 

 Bivariate correlations were used to test the relationship between readers. 

The Catphan low contrast resolution score from Taksin hospital show highly 

correlation between readers. The correlation between reader 1 and reader 2, reader 1 

and reader 3, reader 2 and reader 3 were reported at correlation coefficient equal 

0.914, 0.808 and 0.888 in order. The Catphan low contrast resolution score from 

Ramathibodi hospital show highly correlation between readers. The correlation 

between reader 1 and reader 2, reader 1 and reader 3, reader 2 and reader 3 were 

reported at correlation coefficient equal 0.973, 0.974 and 0.984 in order. The 

modified Catphan low contrast resolution score from Taksin hospital show highly 

correlation between readers. The correlation between reader 1 and reader 2, reader 1 

and reader 3, reader 2 and reader 3 were reported at correlation coefficient equal 

0.876, 0.800 and 0.717 in order. The modified Catphan low contrast resolution score 

from Ramathibodi hospital show highly correlation between readers. The correlation 

between reader 1 and reader 2, reader 1 and reader 3, reader 2 and reader 3 were 

reported at correlation coefficient equal 0.970, 0.961 and 0.973 in order. The 

correlation was reported at 0.01 levels. 

 Table 15 to 18 shows the low contrast resolution score obtained from 

both Catphan phantom and modified Catphan phantom. The maximum and minimum 

score are 27 and 0 in order. 
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Table 15. Catphan low contrast resolution score from Taksin hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

CAS1 12.50 12.50 13.00 6.00 6.00 5.50 4.00 4.00 4.00 7.50 

CAS2 22.00 22.00 21.50 10.00 9.50 10.00 7.00 7.00 7.50 12.94 
CAS3 23.50 23.50 23.50 14.00 14.00 14.00 11.00 11.00 11.00 16.17 

CAS4 26.50 26.50 26.50 18.00 17.50 18.00 15.00 15.00 15.00 19.78 

CAB1 9.00 9.00 9.00 4.00 4.00 3.50 4.50 4.50 4.50 5.78 
CAB2 13.50 13.50 12.50 4.50 4.50 4.50 6.50 6.50 6.50 8.06 

CAB3 19.00 18.50 18.50 8.00 8.50 8.00 11.00 11.00 10.00 12.50 

CAB4 27.00 27.00 25.50 14.00 13.50 14.00 13.00 12.50 13.00 17.72 
CAT1 10.00 10.00 10.00 7.00 7.00 7.00 7.50 7.50 7.50 8.17 

CAT2 22.00 21.50 21.50 12.50 12.50 12.50 12.00 12.00 12.00 15.39 

CAT3 23.50 23.50 23.50 17.00 16.50 16.50 14.50 15.00 14.50 18.28 
CAT4 24.00 24.00 24.00 15.00 16.00 15.00 19.00 19.00 19.00 19.44 
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Table 16. Catphan low contrast resolution score from Ramathibodi hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

CAS1 1.50 1.00 1.50 1.00 1.50 1.50 1.00 1.50 1.50 1.33 

CAS2 4.00 3.50 3.50 4.00 4.00 3.50 3.50 4.00 4.00 3.78 
CAS3 4.50 3.50 4.00 4.50 4.00 4.00 4.50 4.00 4.00 4.11 

CAS4 10.00 7.50 8.50 9.50 8.50 8.50 8.00 8.50 9.00 8.67 

CAB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CAB2 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.56 

CAB3 2.00 1.00 2.00 1.50 2.00 1.50 2.00 1.50 1.50 1.67 

CAB4 4.00 3.50 4.00 3.50 3.50 4.00 3.50 4.00 3.50 3.72 
CAT1 1.50 1.00 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.44 

CAT2 5.00 4.50 4.00 3.50 4.00 4.50 3.50 4.50 4.00 4.17 

CAT3 6.00 6.00 4.50 4.50 4.00 5.50 4.00 5.00 4.50 4.89 
CAT4 10.50 8.50 9.00 9.50 10.00 10.00 8.50 9.00 10.00 9.44 

CBS1 1.00 0.50 1.00 0.50 1.00 1.00 0.50 1.00 1.00 0.83 
CBS2 3.50 3.00 4.00 3.50 4.00 4.00 3.50 4.00 4.00 3.72 

CBS3 4.00 4.50 5.50 4.50 4.50 5.00 4.50 5.00 4.50 4.67 

CBS4 9.00 8.00 8.50 8.00 8.50 9.00 8.00 8.00 9.00 8.44 
CBB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CBB2 0.50 0.50 1.00 0.50 1.00 1.00 0.50 0.50 0.50 0.67 

CBB3 1.00 1.00 1.50 1.00 1.50 1.50 1.00 1.00 1.00 1.17 
CBB4 3.00 2.50 2.50 2.50 2.50 2.50 2.50 2.50 3.00 2.61 

CBT1 1.00 0.50 1.00 1.00 1.00 1.00 0.50 1.00 1.00 0.89 

CBT2 3.50 4.50 4.50 4.00 4.50 4.00 4.00 4.50 4.50 4.22 
CBT3 4.00 4.50 5.00 5.00 4.50 5.00 4.50 5.00 5.00 4.72 
CBT4 8.00 7.50 8.00 8.00 8.00 9.00 8.00 8.00 9.00 8.17 

CCS1 1.50 1.50 1.00 1.00 2.00 2.00 1.00 2.00 2.00 1.56 
CCS2 3.50 4.00 4.00 2.00 4.00 4.00 3.50 4.00 4.50 3.72 

CCS3 4.00 4.50 4.50 2.50 4.00 4.50 4.50 4.50 5.00 4.22 

CCS4 8.00 7.00 7.50 6.50 8.00 7.50 7.00 7.50 8.00 7.44 

CCB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CCB2 0.50 0.50 1.00 0.50 1.00 1.00 0.50 0.50 0.50 0.67 

CCB3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
CCB4 3.00 2.00 2.50 2.00 2.50 3.50 1.50 2.00 2.50 2.39 

CCT1 0.50 1.50 2.00 1.00 2.00 2.00 1.50 1.50 2.00 1.56 

CCT2 3.50 4.50 4.00 3.50 5.00 4.50 4.50 4.50 4.50 4.28 

CCT3 3.50 4.50 5.00 4.00 5.00 4.50 4.50 4.50 5.00 4.50 
CCT4 8.00 8.00 7.50 6.50 8.50 8.50 7.50 7.50 9.00 7.89 
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Table 17. Modified Catphan low contrast resolution score from Taksin hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

MAS1 0.50 0.50 0.50 2.00 2.00 2.00 1.50 1.50 2.00 1.39 

MAS2 4.50 4.00 4.50 6.00 6.00 6.00 6.00 5.50 6.00 5.39 
MAS3 7.50 7.50 8.00 15.50 15.00 15.50 12.00 12.50 12.00 11.72 

MAS4 14.00 13.50 13.50 19.50 19.00 19.50 17.50 17.50 16.50 16.72 

MAB1 1.00 1.00 1.00 1.50 1.50 1.50 2.00 2.00 2.00 1.50 
MAB2 3.50 3.50 3.50 5.50 6.00 5.50 8.50 8.00 8.50 5.83 

MAB3 9.00 9.00 9.00 8.00 8.00 8.00 15.00 15.00 14.50 10.61 

MAB4 14.50 14.50 14.00 11.50 10.50 11.50 17.50 17.50 16.50 14.22 
MAT1 5.00 5.50 5.00 8.00 8.00 8.00 2.50 2.50 2.50 5.22 

MAT2 8.00 8.00 7.50 12.00 11.50 12.00 4.50 5.00 5.00 8.17 

MAT3 15.50 16.00 15.50 15.50 16.00 15.50 11.00 11.00 10.50 14.06 
MAT4 17.00 17.50 17.50 18.00 18.00 18.00 13.50 13.50 13.50 16.28 
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Table 18. Modified Catphan low contrast resolution score from Ramathibodi 

hospital 

Reader Image 
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 

Average 

MAS1 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
MAS2 4.50 6.00 5.50 5.50 6.50 6.50 3.50 5.50 6.50 5.56 

MAS3 7.00 7.00 6.50 7.00 7.00 8.50 6.00 8.00 8.00 7.22 

MAS4 11.00 10.00 9.50 10.00 11.00 9.50 7.00 11.50 11.00 10.06 
MAB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MAB2 0.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50 0.50 0.56 

MAB3 2.50 3.50 3.00 2.50 2.50 3.50 2.50 2.50 3.50 2.89 
MAB4 5.00 6.00 5.50 6.00 5.00 5.50 5.00 5.50 6.00 5.50 

MAT1 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

MAT2 5.00 5.50 6.50 5.00 5.50 6.50 5.00 6.50 6.50 5.78 

MAT3 7.00 7.00 8.00 10.50 7.00 8.50 6.00 7.00 8.50 7.72 
MAT4 10.00 10.50 9.50 10.50 11.50 9.50 8.50 11.50 11.00 10.28 

MBS1 1.00 1.50 1.00 2.00 1.00 0.50 1.00 1.00 0.50 1.06 

MBS2 5.00 5.00 4.50 4.00 5.50 5.00 4.00 5.00 5.00 4.78 
MBS3 6.00 6.00 5.50 5.50 5.00 6.50 5.00 5.50 6.50 5.72 

MBS4 8.50 8.50 8.50 8.00 11.50 10.00 7.00 10.50 10.50 9.22 

MBB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MBB2 0.50 0.50 0.50 0.50 0.50 1.00 0.50 1.00 1.00 0.67 

MBB3 1.50 1.50 2.00 0.50 1.50 2.00 0.50 2.00 2.00 1.50 

MBB4 5.50 5.00 5.00 4.50 5.50 6.00 4.50 5.00 5.50 5.17 
MBT1 0.50 1.00 0.50 0.50 1.00 0.50 0.50 0.50 1.00 0.67 
MBT2 4.00 5.50 4.50 3.50 5.00 4.50 3.50 4.00 5.00 4.39 

MBT3 6.00 6.50 5.50 6.00 6.50 6.50 4.50 6.00 7.00 6.06 
MBT4 8.50 10.00 9.00 8.50 10.50 10.00 7.50 10.50 10.00 9.39 

MCS1 1.00 1.00 0.50 0.50 1.00 0.50 0.50 0.50 1.00 0.72 

MCS2 6.00 4.00 4.00 3.50 5.00 6.50 3.50 4.00 4.50 4.56 
MCS3 6.50 6.50 7.00 6.50 8.00 9.00 5.00 6.50 8.00 7.00 
MCS4 8.50 9.50 9.50 8.50 10.50 10.00 9.00 11.00 10.00 9.61 

MCB1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MCB2 1.00 0.50 1.50 0.50 1.50 2.00 0.50 1.50 1.50 1.17 

MCB3 2.50 3.00 3.00 2.00 3.50 3.00 2.00 3.00 4.00 2.89 

MCB4 6.50 7.00 6.50 5.50 6.00 7.00 5.50 6.00 7.00 6.33 
MCT1 1.00 1.50 1.50 0.50 1.50 1.50 1.00 0.50 1.00 1.11 

MCT2 4.50 4.00 4.00 3.50 4.00 6.50 3.50 3.50 5.00 4.28 

MCT3 6.50 7.00 5.50 6.00 7.00 8.00 5.00 6.50 8.50 6.67 
MCT4 8.00 9.50 9.50 8.00 11.00 10.00 8.50 10.50 10.00 9.44 
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 A Paired-sample t-Test was used to study the low contrast resolution 

difference of the Catphan phantom and the modified Catphan phantom. Bivariate 

correlations were used to study a relationship of collected scoring data from both 

phantoms. The Paired-sample t-Test result of the high contrast resolution shows 

significant image quality difference between the Catphan phantom and the modified 

Catphan phantom (p<0.01). Bivariate correlations presents a correlation between two 

data group of spatial resolution (r=0.566, p<0.01). 
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CHAPTER VI 

DISCUSSIONS 

 

 

6.1 Phantom modification 
 A Catphan phantom and a modified Catphan phantom were used in this 

research. The result from pilot study shows appearing some artifact in image. The 

Figure 28 illustrates localizing image and image with artifact. The artifact was showed 

in from of strip band on vertical direction. To reduce artifact, the hypothesis was set 

and pilot study was performed. If appropriated material is used to fill air cavity in 

phantom then the artifact will disappear. A gloves contained with water were used to 

full fill in air cavity and scanned by CT scanner. The result images showed no vertical 

strip artifact. The result supports the study’s hypothesis. Figure 29 illustrates image 

and image without artifact.  

 

 

 

 

 

 

 

 

 

 

  a.       b. 

 

Figure 28. Catphan phantom with air cavity (a), Catphan phantom image 

with artifact (b) 
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  a.       b. 

 

Figure 29. Catphan phantom with a glove contained with water                        

(a), Catphan phantom image without artifact (b) 

 

 This method can be used to reduce image artifact. However it lacks of 

reproducibility property. The principle property of material was set. The material of 

choice should have CT number approximately 100 HU. (Module background), easy to 

make a shape, homogenous matter, and maintain shape at room temperature. Glycerin 

soap was selected as phantom material. 

 

6.2 Data acquisition protocols 
 This research uses two common CT scanner for experiments. Each CT 

scanner at each institute was set different parameter for brain protocol. For this 

research some parameter was adjust to appropriate condition. Siemens CT scanner at 

Ramathibodi hospital can scan at slice thickness of 0.625 mm, 2.5 mm, and 1.25 mm. 

However Phillips CT scanner from Taksin hospital can scan at only 0.625 mm.  

 

6.3 Image quality assessment 
 For evaluating the high contrast resolution and contrast resolution, each 

image was displayed on a medical grade monitor. Image manipulation can be adjusted 

by each reader. Interpretations for image quality were made by three readers 

(Radiologist or Radiological technologist who had experience in viewing CT image). 
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The readers were blinded to the reconstruction types and slice thickness to reduce bias 

from reader experience. Three time of image evaluation were done for each reader to 

reduce internal reader bias.  

 

 6.3.1 High contrast resolution 

 6.3.1.1 Scoring method 

 The overall score obtained from Catphan phantom is higher than overall 

score of the modified Catphan phantom. Both score from Catphan phantom and 

modified Catphan phantom from bone algorithm images have the highest score. The 

standard algorithm images have similar score to the soft tissue algorithm image. The 

trends of all data were constant. From this result, it can be explained that the scoring 

method cannot differentiate the difference of high contrast resolution between each 

slice thicknesses. Figure 30 to figure 37 illustrate the comparison of high contrast 

resolution data between image reconstruction algorithms in each scanning protocol. 

 

 

 

Taksin, Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 30. The comparison of high contrast resolution score between 

reconstruction algorithm from A label scanning using Catphan phantom at Taksin 

hospital 
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Taksin,  Modified Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 31. The comparison of high contrast resolution score between 

reconstruction algorithm from A label scanning using modified Catphan phantom at 

Taksin hospital 

 

 

Ramathibodi, Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 32. The comparison of high contrast resolution score between 

reconstruction algorithm from A label scanning using Catphan phantom at 

Ramathibodi  hospital 
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Ramathibodi, Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 33. The comparison of high contrast resolution score between 

reconstruction algorithm from B label scanning using Catphan phantom at 

Ramathibodi  hospital 

 

 

Ramathibodi, Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 34. The comparison of high contrast resolution score between 

reconstruction algorithm from C label scanning using Catphan phantom at 

Ramathibodi  hospital 
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Ramathibodi, Modified Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 35. The comparison of high contrast resolution score between 

reconstruction algorithm from A label scanning using modified Catphan phantom at 

Ramathibodi  hospital 

 

 

Ramathibodi, Modified Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 36. The comparison of high contrast resolution score between 

reconstruction algorithm from B label scanning using modified Catphan phantom at 

Ramathibodi  hospital 
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Ramathibodi, Modified Catphan phantom 

High contrast resolution 

Slice thickness 
(mm) 

 

Figure 37. The comparison of high contrast resolution score between 

reconstruction algorithm from C label scanning using modified Catphan phantom at 

Ramathibodi  hospital 

 

 6.3.1.1 MTF 

 The MTF data shows 0.1 MTF of bone algorithm image with highest high 

contrast resolution, the standard algorithm image have nearly as high as contrast 

resolution from soft tissue image. This result showed same trend of data from the 

scoring method. So to approve the similar between data from Catphan phantom and 

modified Catphan phantom the statistic should be used. The statistic test was showed 

in Chapter V. The figure 38 to 45 illustrates the 0.1 MTF of all collected data to show 

the difference in each scanning protocol. 
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lp/cm 

Taksin, Catphan phantom 

0.1 MTF

Image 

 

Figure 38. The 0.1 MTF of A label scanning using Catphan phantom at 

Taksin  hospital 

 

 

lp/cm 

Taksin, Modified Catphan phantom 

0.1 MTF

Image 

 

Figure 39. The 0.1 MTF of A label scanning using modified Catphan 

phantom at Taksin  hospital 
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lp/cm 

Ramathibodi, Catphan phantom 

0.1 MTF

Image 

 

Figure 40. The 0.1 MTF of A label scanning using Catphan phantom at 

Ramatibodi  hospital 

 

 

lp/cm 

Ramathibodi, Catphan phantom 

0.1 MTF

Image 

 

Figure 41. The 0.1 MTF of B label scanning using Catphan phantom at 

Ramatibodi  hospital 
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lp/cm 

Ramathibodi, Catphan phantom 

0.1 MTF

Image 

 

Figure 42. The 0.1 MTF of C label scanning using Catphan phantom at 

Ramatibodi  hospital 

 

 

Ramathibodi, Modified Catphan phantom 

0.1 MTF
lp/cm 

Image 

 

Figure 43. The 0.1 MTF of A label scanning using modified Catphan 

phantom at Ramatibodi  hospital 
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Ramathibodi, Modified Catphan phantom 

0.1 MTF
lp/cm 

Image 

 

Figure 44. The 0.1 MTF of B label scanning using modified Catphan 

phantom at Ramatibodi  hospital 

 

 

Ramathibodi, Modified Catphan phantom 

0.1 MTF
lp/cm 

Image 

 

Figure 45. The 0.1 MTF of C label scanning using modified Catphan 

phantom at Ramatibodi  hospital 
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 6.3.2 Low Contrast Resolution 

 The low contrast resolution score data in all scanning protocol showthat 

the bone algorithm images have lowest score;  and standard  algorithm images were 

similar to the soft tissue algoithm images. All graphs have upward trend when slice 

thickness increased. So, To comparing the diference between Catphan phantom data 

and modified Catphan phantom data, the statistic method was used and the result was 

present in Chapter V. Figure 46 to figure 53 illustrate the comparison of low contrast 

resolution data between image reconstruction algorithms in each scanning protocol. 

 

 

Taksin, Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 46. The comparison of low contrast resolution score between 

reconstruction algorithm from A label scanning using Catphan phantom at Taksin  

hospital 
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Taksin, Modified Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 47. The comparison of low contrast resolution score between 

reconstruction algorithm from A label scanning using modified Catphan phantom at 

Taksin  hospital 

 

 

Ramathibodi, Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 48. The comparison of low contrast resolution score between 

reconstruction algorithm from A label scanning using Catphan phantom at 

Ramathibodi  hospital 
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Ramathibodi, Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 49. The comparison of low contrast resolution score between 

reconstruction algorithm from B label scanning using Catphan phantom at 

Ramathibodi  hospital 

 

 

Ramathibodi, Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 50. The comparison of low contrast resolution score between 

reconstruction algorithm from C label scanning using Catphan phantom at 

Ramathibodi  hospital 
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Ramathibodi, Modified Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 51. The comparison of low contrast resolution score between 

reconstruction algorithm from A label scanning using modified Catphan phantom at 

Ramathibodi  hospital 

 

 

Ramathibodi, Modified Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 52. The comparison of low contrast resolution score between 

reconstruction algorithm from B label scanning using modified Catphan phantom at 

Ramathibodi  hospital 
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Ramathibodi, Modified Catphan phantom 

Low contrast resolution 

Slice thickness 
(mm) 

 

Figure 53. The comparison of low contrast resolution score between 

reconstruction algorithm from C label scanning using modified Catphan phantom at 

Ramathibodi  hospital 
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CHAPTER VII 

CONCLUSION 

 

 
 In multi-detector CT, Axial image and MPR image scanning parameters 

such as slice thickness and reconstruct algorithm are important factors affecting the 

high contrast resolution and low contrast resolution.  

 From this study we found that, in both axial image and MPR image, bone 

algorithm image have highest high contrast resolution; and standard algorithm are 

comparable to soft tissue image  

 For low contrast resolution, slice thickness was important factor 

controlling low contrast detectability. The thicker the slice, the better low contrast can 

be observed. Bone algorithm image have lowest low contrast resolution. Low contrast 

resolution of standard algorithm image and soft tissue algorithm image are similar 

 To approve the use of the modified Catphan phantom as a high contrast 

resolution and low contrast resolution test tool, The Catphan phantom was used as a 

standard. The result in both high contrast resolution and low contrast resolution show a 

significant difference between Catphan phantom and modified Catphan phantom 

(p<0.01). Highly correlation between two data group of high contrast resolution 

(r=0.873, p<0.01) and 0.1 percent MTF (r=0.805, p<0.01), were found. Correlation of 

the low contrast resolution (r=0.566, p<0.01) was reported. 

 To summarize, the modified Catphan phantom can be used as a quality 

control tool for MPR images by creating standard control data (see guidelines in 

Appendix). However, it may not be appropriate to be used for Calibration purposes.                       

 

Future directions 

 The modified Catphan phantom was made as a prototype tool. Using 

modified Catphan phantom was not very easy. To improve this tool, a talor-made 

housing for Catphan phantom should be made to insert into the module of Catphan 

phantom. 
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Image quality  
 Before all measurements noise and uniformity were checked by using 

Catphan phantom. 

 

 Noise and uniformity 

 1. Take a scan through the module CTP 486 (Image uniformity module) of 

Catphan phantom and position a cursor over the resultant image in three different 

locations. 

 2. The ROI should be positioned at the center, top, bottom and both side of 

the image (Figure 54). 

 3. At each ROI location, take an ROI measurement and record the 

standard deviation and mean CT number. 

 

 
 

 

Figure 54. Test of noise and uniformity  
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Image reconstruction algorithms 
 In this research, three type of the image were used. An image was come 

from using difference image reconstruction algorithm. Standard, bone and soft tissue 

were three type of image that frequently used for clinical diagnostic. In each 

manufacturer use difference algorithm to reconstruct image. This explanation will 

clear concept of image algorithm that use in this research. 

 

 The standard algorithms image 

 In brain imaging, this image type was used as a standard to diagnosis the 

pathology of brain matter. Every brain examination uses this image type for pre and 

post contrast administrating. Figure 55 illustrate brain image using standard 

algorithms. 

 

 
     

Figure 55. Brain imaging using standard algorithms  

 

 The bone algorithms image 

 In case that need high spatial resolution for diagnosis, the bone algorithms 

images were used. Some time the bone algorithms image can be call as high-spatial-

frequency reconstruction algorithm. It has been shown to be superior to the standard 

algorithm in the assessment of thin-section images. In case that doctor wants to see 

  



Fac. of Grad. Studies, Mahidol Univ.    M.Sc.(Radiological Technology) / 87 
 

detail of bone or small organ, bone algorithms image was used. Figure 56 illustrate 

head image using bone algorithms. 

 

 
 

Figure 56. Head image using bone algorithms  

 
 The soft tissue algorithms image 

 This image type was used in case that want to separate the pathology from 

organ image background such as hemorrhage. In head trauma case, this image type 

was used to find subdural hemorrhage. 
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Image quality control guide line for high contrast resolution of multiplanar 

reformation image  

 This guide line should be adjusted for each CT scanner. Standard control 

data should be made after acceptance test for new CT scanner. The following steps are 

procedures to make quality control for high contrast resolution of  multiplanar 

reformation images. 

1. The acceptance test or general quality control should be performed. 

2. Scanning and reconstruction protocol should be set for each institute 

purpose. 

3. Use modified Catphan phantom as a phantom to scan. 

4. The frequently used protocol for head image should be selected as a 

scanning protocol. 

5. The reconstruction protocol should be selected from the routine 

protocol. At least three protocols for brain matter image, bone image, 

and soft tissue should be use. 

6. The high contrast resolution indicator should be present by two 

methods. 

a. Scoring method  

i. Radiological technologist read score from high contrast 

resolution module image. 

ii. Record readable score in a record sheet.  

iii. Reading should be done at least three times to reduce 

internal reader bias. 

b. Modulation transfer function (MTF) 

i. Radiological technologist uses an image of bead source 

to find MTF.  

ii. 0.1 MTF is an indicator to represent high contrast 

resolution. 

iii. Record 0.1 MTF in a record sheet. 

7. The data of high contrast resolution should be acquired repeatedly for 

at least three days for creating standard value. 
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8. A control chart should be set as a standard value and acceptance 

interval. 

 

Image quality control guide line for low contrast resolution of multiplanar 

reformation image  

 This guide line should be adjusted for each CT scanner. Standard control 

data should be made after acceptance test for new CT scanner. The following steps are 

procedures to make quality control for low contrast resolution of multiplanar 

reformation images. 

1. The acceptance test or general quality control should be performed. 

2. Scanning and reconstruction protocol should be set for each institute 

purpose. 

3. Use modified Catphan phantom as a phantom to scan. 

4. The frequently used protocol for head image should be selected as a 

scanning protocol. 

5. The reconstruction protocol should be selected from the routine 

protocol. At least three protocols for brain matter image, bone image, 

and soft tissue should be use. 

6. The low contrast resolution should be evaluate by scoring method 

a. Scoring method  

i. Radiological technologist read score from low contrast 

resolution module image. 

ii. Record readable score in a record sheet.  

iii. Reading should be done at least three times to reduce 

internal reader bias. 

7. The data of low contrast resolution should be acquired repeatedly for 

at least three days for creating standard value. 

8. A control chart should be set as a standard value and acceptance 

interval. 
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