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CHAPTER 1 

INTRODUCTION 

1.1 Background and rationale 

 Digital imaging was firstly introduced in 1977 and put to clinical use in 1980. 

Digital imaging is currently used in practice to include both computed radiography and 

digital radiography(1). 

 Computed radiography (CR) replaced film by a storage phosphor plate as the 

image receptor. The latent image on the exposed plate is scanned by a laser beam and 

converted to digital data to produce the image(1). 

 Digital radiography (DR) involves collecting image data in digital format, 

without laser scanning to extract the latent image. The direct capture of x-rays for digital 

images was introduced with DR using a charge-coupled device (CCD) in 1990. The 

technology evolved and improved over the decade by 2001. Flat-panel thin-film 

transistor (TFT) detectors are exposed and display images in nearly real time. Future 

from CCD, current technology includes a variety of devices and materials such as 

photoconductors and x-ray scintillators in digital radiography(1). 

 The range of radiation dose that digital image receptors can detect has allowed 

wider values to be processed digitally to display a diagnostic quality image in 

comparison to screen film system (figure 1.1). The digital image has original, raw data 

that should be kept intact. Post-processing can change the original raw data and the set 

point that establishes the levels of gray scale assigned to the pixels. A change in the raw 

data can loss information in the PACS system (1) and affect the viewing capabilities. 
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Figure 1.1 The dynamic range of digital detector and characteristic curve of screen-

film system(2). 

 

 A mobile DR system used in this study was introduced to King Chulalongkorn 

Memorial Hospital in September 2013. There is an immediate read-out for visual 

control of image quality but suffers from a relatively bulky read-out unit to be managed 

within the patient room. Direct conversion systems use a photo conducting layer 

(amorphous selenium, a-Se), in which the absorbed x-ray energy is directly converted 

into charge on top of a TFT array. These systems offer the high spatial frequencies, 

absorb less x-ray energy, compared to CR or film-screen system. Based on this 

principle, the exposure parameters used in the CR or film-screen system should not be 

applied to DR system. They should be determined to optimize the patient radiation 

doses with the accepted image quality. 

 Optimization used in diagnostic radiologic imaging, is a balance between the 

benefit of the diagnostic imaging for the patient and the associated risk of the ionizing 

radiation exposure. 

 When following the ALARA principle, patient exposure could be minimized 

from digital radiography procedures. Using digital image receptors require careful and 

consistent attention to system protocol and practice standards. Digital radiography 

system separates acquisition, processing and display. The best practice is to select the 
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appropriate exposure technique factors for the patient size and condition, to obtain 

adequate image quality for diagnosis(1). 

The chest radiography is requested for an immobilized patient using the mobile 

DR system more than any other examination in the department. The patients are unable 

coming to the department for routine chest PA radiography(2). 

 The chest radiography on the patient wards is essential to the process of medical 

treatment which may be taken several times throughout the period of treatment resulting 

in the radiation risk. Furthermore, the hospital staff including physician, nurses and 

other patients could receive scattered radiation from mobile chest radiography. Most 

patient wards are not specifically designed for radiation protection, therefore, the 

selection of the appropriate parameter for digital chest radiography could reduce the 

patient, staff and public radiation doses.  

1.2 Objective 

 The objective of the study is to optimize the radiation dose and image quality for 

chest radiograph using digital mobile x-ray system at King Chulalongkorn Memorial 

Hospital. 

1.3 Definition 

Back Scatter Factor (BSF): The ratio between dose quantities measured at a phantom 

or material surface facing the source of radiation and the same dose quantity at the same 

position free in air. 

Dose: Absorbed dose is the energy imparted to matter per unit mass of the irradiated 

matter. Absorbed dose is expressed in SI units of joule/kg (J/kg), non SI unit of rad or 

Gray (Gy). 

Entrance Surface Air KERMA (ESAK): Absorbed dose in air at the center of the 

field at the patient surface including backscatter. 

Exposure: A radiation quantity of charge produced by ionization in air from x-rays or 

gamma rays. Unit is expressed in coulomb per kilogram of air (C/kg), and non SI unit 

is Roentgen (R). 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Theory  

 2.1.1 Introduction 

The bedside chest x-rays (CXR) is one of the most commonly requested 

examinations, and remains the cornerstone of diagnosis and monitoring of the intensive 

care unit (ICU) patient. Bedside CXR is essential for detecting malposition of monitor 

material, for identifying associated complications, and for analyzing the underlying 

reasons for cardiopulmonary deterioration(3). 

The limitations of beside CXR are the superposition of soft tissue, pleural and 

pulmonary disease, as well as tubes and lines. Frequently, the patient is difficult to 

position, or is unable to cooperate, and the technical equipment is limited(3). 

 

 2.1.2 Digital Radiography  

Digital radiography (DR) flat-panel systems with integrated readout mechanisms 

were introduced at the end of the 1990s (4).  Flat-panel systems, large area x-ray 

detectors, integrate an x-ray sensitive layer and an electronic readable system based on 

TFT arrays are called direct conversion TFT detectors (4). A scintillator layer and a 

light-sensitive TFT photodiode had been used as an indirect conversion TFT detectors. 

The amorphous silicon (a-Si) used in TFT arrays to record the electronic signal is 

different from an amorphous selenium (a-Se) to capture x-ray energy in a direct digital 

detector. The structure of a DR flat-panel system is shown in figure 2.1.  

This electronic readable system allows an active readout process, also called 

active matrix readout, in opposition to the storage-phosphor systems where no active 

readout elements are integrated within the detector. The entire readout process is very 

fast, allowing further developments in digital real-time x-ray detectors (4). 
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Figure 2.1 Flat-panel system structures (5). 

 

TFT arrays (Figure 2.2) are typically deposited onto a glass substrate in multiple 

layers, with readout electronics at the lowest level, and charge collector arrays at higher 

levels. Depending on the type of detector being manufactured, charge collection 

electrodes or light sensing elements are deposited at the top layer of the ‘‘electronic 

sandwich’’(5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 TFT array(5). 
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Large area direct conversion systems use amorphous selenium (a-Se) as the 

semiconductor material because of its x-ray absorption properties and extremely high 

intrinsic spatial resolution (4, 5). Before the flat-panel is exposed to x-rays an electric 

field is applied across the selenium layer. Then the x-ray exposure generates electrons 

and holes within the a-Se layer: the absorbed x-ray photons are transformed into electric 

charges and drawn directly to the charge-collecting electrodes due to the electric field. 

Those charges proportional to the incident x-ray beam are generated and migrate 

vertically to the both surfaces of the selenium layer, without much lateral diffusion. At 

the bottom of the a-Se layer, charges are drawn to the TFT charge collector, where they 

are stored until readout. The charge collected at each storage capacitor is amplified and 

quantified to a digital code value for the corresponding pixel. During the readout, the 

charge of the capacitors of every row is conducted by the transistors to the amplifiers. 

Large area indirect conversion systems use cesium iodide (CsI) or gadolinium 

oxysulphide (Gd2O2S) as an x-ray detector. The scintillators and phosphors can be 

either structured or unstructured (Figure 2.3). Unstructured scintillators scatter a large 

amount of light and this reduces spatial resolution(4). Structured scintillators consist of 

phosphor material in a needlelike structure (the needles being perpendicular to the 

screen surface). This increases the number of x-ray photon interactions and reduces the 

lateral scattering of light photons(4).When the scintillator layer is exposed to x-rays the 

beam is absorbed and converted into fluorescent light. At a second stage that light is 

converted into an electric charge by means of an a-Si photodiode array(6). Indirect 

conversion detectors are constructed by adding an a-Si photodiode circuitry and a 

scintillator as the top layers of the TFT sandwich. These layers replace the x-ray 

semiconductor layer used in a direct conversion device(5). The active area of the 

detector is divided into an integrated array of image elements-the pixel-and each 

element contains a photodiode and a TFT switch available for the readout process. 
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Figure 2.3 Schematic of an unstructured (left) and structured scintillator (right)(5). 

 

Recent development for a novel pixel–structured scintillation screen with 

nanocrystalline Gd2O3: Eu particle size for high-spatial-resolution x-ray imaging 

detectors are being made for indirect x-ray imaging sensors with high sensitivity and 

high spatial resolution(7). 

 2.1.3 Post Processing 

After exposure and readout, the raw imaging data is processed for display on the 

computer (Figure 2.4). Image processing improves image quality by reducing noise, 

removing technical artifacts, and optimizing contrast for viewing.  

Altering processing features on digitally acquired images is not trivial. If one 

feature is being improved, others may be suppressed, so that unintended and unwanted 

masking of diagnostically relevant features may occur. Consequently, image processing 

must be optimized carefully for each digital radiography system. In addition, processing 

algorithms must be adapted to each anatomic region-meaning, for example, that 

different standards are required for lateral and postero-anterior chest radiography.  

Image processing software is usually bundled with the detector and cannot be 

replaced by other software. In general, this arrangement allows processing algorithms 

to be optimized for a specific detector but does not rule out the possibility that use of a 

different processing software package might improve image quality even further. 

Digital images consist of picture elements, or pixels. The two-dimensional 

collection of pixels in the image is called the matrix, which is usually expressed as 

length (in pixels) by width (in pixels).  
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Figure 2.4 Digitally processing on image appearance: Raw data without any processing 

(A), Contrast enhancement (B), Contrast reduction (C) and Edge enhancement (D)(2). 

 

 2.1.4 Factors affecting image quality 

A number of factors affecting the quality of the image in digital radiography are 

contrast, spatial resolution (detail), and noise. They are the primary factors and play a 

major role in CR and DR.  

 2.1.4.1 Contrast  

Contrast (radiographic contrast) is proportional to the magnitude of the 

signal difference between the structure of interest and its surroundings in the displayed 

image, which is expressed in terms of the relative brightness difference between the 

corresponding areas in a digital image displayed on a monitor. Radiographic contrast is 

influenced by subject contrast and receptor sensitivity. However, in digital imaging, 

contrast in the displayed image can also be altered by the adjustment of display 

parameters independent of the acquisition parameters. Subject contrast is proportional 

to the relative difference in x-ray exposure on the exit side of the patient and is the result 

of the attenuating properties of the tissues under study. Attenuation is strongly 

dependent on the x-ray energy spectrum and is determined by the target material, 

kilovoltage, and total beam filtration. Subject contrast is further reduced by the presence 

of scatter. Receptor sensitivity is defined as the amount by which the output (analog-

to-digital unit value for CR and DR) changes per unit change in exposure to the receptor 

(8). 

A. B. C. D. 
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The quantity of contrast shows how well two adjacent objects can be 

distinguished as separate entities and the differences in the attenuation properties of 

objects. The figure 2.5 illustrates the concept of contrast. 

 

 

 

 

 

 

 

Figure 2.5 A schematic diagram illustrating the concept of contrast. 

 

Any perception of contrast will be due to the difference in the transmitted 

intensities through the attenuating materials. The transmitted intensities X1 and X2 are 

related to contrast through the relationship: 

𝑪𝒐𝒏𝒕𝒓𝒂𝒔𝒕 = 𝒍𝒐𝒈𝟏𝟎
𝑿𝟏

𝑿𝟐
               or 

   𝑪𝒐𝒏𝒕𝒓𝒂𝒔𝒕 = 𝟎. 𝟒𝟑(𝝁𝟏 𝑿𝟏 −  𝝁𝟐𝑿𝟐) 

As beam energy increases, the Compton Effect becomes predominant, 

leading to increased scattered radiation which will ultimately reduce the contrast. In 

simple terms contrast is a measure of the difference between densities on an exposed 

detector. 

For DR, image processing is used to determine display contrast by 

establishing the relationship between raw pixel values and gray-scale levels. This 

produces the final for-presentation image for interpretation either on hard-copy film or 

softcopy displays.  

 

 

 

d1 

X1 
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 2.1.4.2 Spatial Resolution 

Spatial resolution is the ability of an imaging system to allow two adjacent 

structures to be visualized as being separate, or the distinctness of an edge in the image 

(i.e., sharpness). Spatial resolution losses occur because of blurring caused by 

geometric factors (e.g., the size of the x-ray tube focal spot, light diffusion in the 

receptor), the effective aperture size, and motion of the patient relative to the x-ray 

source and image receptor.  

The measurement of spatial resolution is performed by subjective or 

objective methods. Subjective measurement is achieved with a bar pattern of alternating 

radio-opaque bars and radiolucent spaces of equal width, imaged to determine the 

limiting resolution in line pairs per unit of distance, usually expressed in units of line 

pairs per millimeter. Intrinsic detector resolution measurements are performed by fixing 

the bar pattern to the receptor surface to eliminate focal spot blurring. System resolution 

(including the effects of the focal spot blur) uses a bar pattern placed at a clinically 

relevant distance above the receptor. For digital systems, the resolution may be different 

in the row and column directions, often requiring separate evaluations. The limiting 

resolution is the frequency at which the bars and spaces can no longer be visualized. 

Objective measurements by the MTF are obtained by measuring the transfer of signal 

amplitude (contrast) of sinusoidal patterns (of various frequencies) from incident x-rays 

to the output. The system MTF is determined by the product of the individual MTF 

components along the signal chain. The system MTF can be measured by imaging a 

test object containing a narrow slit or a sharp edge(8). 

Spatial resolution in DR systems depends primarily on two factors. The first 

factor for indirect systems is the spread of light photons in the x-ray-to-light conversion 

process. To minimize visible photon spread, several manufacturers of indirect DR 

systems use structured converters, in which the converter material (usually cesium 

iodide) is formed into narrow, parallel columnar structures, oriented so that the x-ray 

photons are incident along the long dimension of the columns. The advantage of this 

structure is that the majority of the light exiting the converter onto the TFT array has 

been internally reflected along the length of the columns. The internal reflection process 

thus confines the light photons to a region close to the actual location of the x-ray 

absorption. This approach permits improved absorption efficiency through thicker 
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absorbers (longer columns) without as much spatial resolution degradation as seen in 

unstructured converters constructed using the same thickness. Direct-conversion DR 

systems do not suffer from this effect, because the spread of the electrons within the 

photoconductor material as they are accelerated toward the TFT array is minimal(8). 

The second factor affecting spatial resolution is the size of photoconductor 

material. Because all x-rays absorbed within a single detector during an exposure 

contribute to a single quantity, there is no way to distinguish different absorption 

locations within a single detector. Therefore, structures in the patient smaller than the 

detector size are smeared out, and their contrast is reduced (this is known as the partial 

volume effect). Such structures may thus be undetectable unless they are inherently 

high contrast objects(8). 

 2.1.4.3 Noise  

In radiography, noise can be defined as any fluctuations in an image that do 

not correspond to variations in the x-ray attenuation of the object being imaged. Image 

noise is typically measured by illuminating the receptor with a uniform x-ray fluence, 

then measuring the variance (the square of the standard deviation) in selected regions 

of the resulting image. A more informative measure of noise can be obtained by 

estimating the noise power spectrum (NPS), which characterizes the spatial frequency 

dependence of the noise. Knowledge of the frequency response of noise in an imaging 

system is important because there are a number of additional noise sources in digital 

radiography, such as aliasing and electronic noise that are not present in conventional 

(Film-Screen) systems(9). 

The NPS can be thought of as the variance of the image intensity divided 

among the various frequency components of the image or as the variance of a given 

spatial frequency component in an ensemble of measurements of that spatial frequency. 

NPS is related to MTF and two dimensional DQE through the relationship. 

𝑫𝑸𝑬(𝒖,𝒗) =
𝒅𝟐 𝑴𝑻𝑭𝟐

(𝒖,𝒗)

𝒒𝑵𝑷𝑺(𝒖,𝒗)
 

Where d  is the average pixel value in an image 

 MTF(u,v) is the two-dimensional system modulation transfer function 
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 q  is the average density of X-ray quanta incident on the system 

while the image is being acquired 

 NPS  is the noise power spectrum which is a measure of the 

radiographic mottle. 

 DQE  is the detector quantum efficiency 

The level of noise depends on the amount of receptor exposure used to 

produce an image. With digital radiography it can be adjusted over a rather wide range 

because of the wide dynamic range of the typical digital receptor.  

 2.1.4.4 Image Processing 

 For digital imaging, image processing (which is often proprietary to the 

device manufacturer and not under the control of the radiologist) is used to determine 

display contrast by establishing the relationship between raw pixel values and grayscale 

levels(10). 

 2.1.4.4.1 Pre-processing 

 The image receptor on most digital radiography systems stores an 

electronic charge that is monotonically related to the amount of radiation energy 

absorbed. At this stage, the signal (charge) is a linear function of the incident radiation 

exposure. Preamplifiers and an analog-to-digital converter transform the charge from 

each detector element to an integer representing the raw data image value. Several 

corrections are applied to the raw image values to obtain values suitable for image 

processing. These corrections include interpolating bad pixels and to adjusting for non-

uniformity(10). 

 2.1.4.4.2 For-Processing Images 

 Most DR systems transform the preprocessed value to a value 

proportional to the logarithm of the input exposure. Logarithmic signals have the 

property that a fractional change in signal, due to the contrast of adjacent structures, 

produces a fixed change in the raw image value independent of subject penetration and 

input exposure. These values are the For-Processing images values and may be stored 

in DICOM image objects. The AAPM further recommends specific units for 

normalized For-Processing image values(10). 
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 2.1.4.4.3 DR Image Processing Operations 

 Image processing operations are performed on For Processing images 

to obtain For-Presentation images with values suitable for display on a workstation 

monitor. All suppliers of DR equipment provide image processing software that can 

restore the sharpness of edges, enhance detail contrast for images with a wide range of 

input exposures, and reduce noise. When properly implemented, image processing can 

restore the sharpness of edges without introducing artifacts. Detail contrast can be 

enhanced by multi-frequency processing that equalizes image brightness over broad 

areas by operating on low spatial frequencies. Most recently, methods have been 

introduced to reduce high frequency image noise without adversely effecting image 

resolution. In general, the image processing from different systems can be adjusted to 

give similar presentation appearance for images of the same body part, as the desired 

appearance may be different in different facilities. The parameters used to process 

images need to be specifically determined for all body parts and views that will be 

encountered. In the past, this required significant effort by the user to establish the 

desired appearance for all views. Currently, most systems make these adjustments 

internally, with the user determining the generic characteristics of the presented image. 

For example, users may differ with respect to the amount of detail contrast enhancement 

that is desired(10). 

 2.1.4.4.4 DR Image Grayscale 

 As a part of the operations that transform For-Processing images 

to For-Presentation images, the image values in the anatomical regions of interest 

referred to as the values of interest (VOI), are identified and used to compute a LUT 

used to display the For-Presentation values. Earlier systems applied the VOI-LUT in 

the DR systems and sent these image values within the DICOM object. It is preferable 

that the VOI-LUT be sent and that the image display software transform the values at 

the workstation. This allows the user at the workstation to make further adjustment in 

the grayscale of the image. The VOI are also used to calculate the exposure index and 

associated deviation index that are used as indicators of proper radiographic technique. 

The edges of the collimated regions of the image should be recognized by the system 

and the regions outside of the collimators masked to prevent presentation of large bright 
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regions to the radiologist, and to ensure accurate computation of the exposure indicator. 

It is preferable that this mask be encoded in the DICOM image as an overlay so that if 

needed it can be removed to see information that might be near the collimated edge, 

such as a marker(10). 

 2.1.5 Factors affecting radiation dose 

 2.1.5.1 Beam energy and filtration 

Beam energy primarily depends on the peak kilovoltage (kVp) selected and 

the amount of filtration in the beam. If all other variables are held constant, radiation 

dose will change as the square of the change in peak kilovoltage. The selection of higher 

peak kilovoltage increases the average energy of the x-rays and therefore beams 

penetrability. As the beam becomes more penetrating, more x-rays will reach the image 

receptor during the same period of time. In practice, this may allow for use of a lower 

tube current or a shorter exposure, thus reducing the dose to the patient. 

Diagnostic radiography units are required by regulations to contain a total 

filtration of at least 2.5 mm of aluminum equivalent if they are operated at tube 

potentials above kVp 70. This filtration preferentially absorbs the low-energy x-rays in 

the beam(11). 

 2.1.5.2 Collimation 

During any radiographic procedure, the area of the patient exposed to the 

x-ray beam should be limited to the area of clinical interest. Tissues inside the primary 

beam receive doses that are orders of magnitude higher than doses received by tissues 

outside the primary beam. By using collimation to expose only the area of clinical 

interest, one can substantially reduce unnecessary patient exposure (11). 

 2.1.5.3 Grids 

Grids were introduced into radiography to reduce the amount of scattered 

radiation that reaches the image receptor, resulting in images with much improved 

contrast and increased patient dose. A grid also absorbs a portion of the primary x-rays 

that would have contributed to exposing the image receptor and the only way to achieve 

the degree of exposure required to produce the image is to increase the amount of 
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radiation incident on the grid and therefore the patient. A grid removes a much larger 

fraction of scattered x-rays than primary x-ray, and the doses are typically increased 

from two to five times those encountered without the use of a grid. This proportion is 

commonly referred to as the Bucky factor and represents the ratio of the dose with a 

grid to the dose without a grid. The higher-quality images achieved with grid, however, 

may result in fewer retakes and more accurate diagnoses(1). 

 2.1.5.4 Patient size 

As the thickness of the area being imaged increases, the amount of radiation 

incident on the patient increases because adequate x-ray penetration is needed to create 

an acceptable image. Technique charts that display suggested radiographic technique 

factors for various examinations and patient thicknesses placed near the operator’s 

console may be helpful(11). 

 2.1.6 Image quality in Chest radiography 

Image quality in chest radiography is usually considered in terms of the portrayal 

of normal anatomy or the depiction of potential pathology. Radiographic display of 

normal anatomy provides examples of the compromises that arise when image quality 

is considered. As one example, technical factors that might improve the visibility of 

unobscured lung may tend to diminish the visibility of lung projecting behind the heart 

or mediastinum. Consideration of such compromises often dominates careful 

investigations of image quality for the examination. Although thoracic anatomy is 

predictable in a given patient, potential abnormal findings are much less and it is not 

advisable to discuss image quality without reference to a target abnormality of interest. 

Lesions of clinical importance in chest radiography that might typically escape 

detection due to poor image quality include small, faint, opacities resulting from an 

early neoplasm or faint linear opacities caused by early interstitial disease. Technical 

approaches that might increase the likelihood that one type of target is detected can 

often decrease the likelihood of the detection of another. Discussions of image quality 

in chest radiography are most frequently framed in the context of detection of early 

neoplastic manifestations(12). 

 



 16 

The concept of image contrast, image sharpness and image noise are the 

mainstays in the quantification of image quality in medical radiographic science(12). 

 2.1.7 Observer performance methods based on visibility of anatomical 

structures 

 2.1.7.1 Visual grading analysis  

 In visual grading analysis (VGA), the appearance of the whole image or 

part of an image is evaluated visually. A special case of VGA is to compare the visibility 

of defined structures with the same structures in a reference images(13).  

 The VGA approach to image assessment the image or a feature of the image 

is given a relative score, which reflects how well that image or feature can be visualized. 

The relative approach involves a comparison between the clinical test images and a 

reference image. Subsequently the observer gives a score or rates the clinical images 

with respect to the reference image. Results of the VGA study are then used to calculate 

the visual grading analysis score, which is defined as the mean of all the ratings when 

the numerical representations of the scale steps are used. The normalized visual grading 

analysis score (VGAS) can be calculated from(9) 

𝑽𝑮𝑨𝑺 =  
∑ ∑ ∑ 𝑮𝒊,𝒔,𝒐

𝑶
𝒐=𝟏

𝑺
𝒔=𝟏

𝑰
𝒊=𝟏

𝑰 ∗ 𝑺 ∗ 𝑶
 

Where  G  is the relative ratings of the image are summed over a number of 

observer (o), images (i) and structure (s). 

 I  is the total number of images per technique 

 S  is the total number of structures 

 O  is the total number of observers 

 The VGA results are dependent on the reference image. VGA is very much 

a subjective test thus it can be improved by having multiple observers and averaging 

their scores(9). 
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 2.1.7.2 Image criteria score 

 A special case of visual grading analysis is the use of image criteria. The 

criteria state various levels of visibility of defined structures (e.g. “visually sharp 

reproduction of the pedicles”). The task of the observer is to decide whether the 

criterion is fulfilled or not in an image. With this method an absolute level of image 

quality can be determined from what is stated in the criterion, with the frame of 

reference of the observer, provided that the observer’s decision threshold is constant. 

The CEC has presented a list of image criteria in the European guidelines on Quality 

Criteria for Diagnostic Radiographic Images (European Commission, 1996)(13). 

  

2.2 Related literature 

 Coblentz LC et al (14) proposed the guideline for mobile chest radiography. For 

the cooperative patients, erect radiographs at 180 cm target-film distance are preferred. 

For the uncooperative patients, a semi-erect or supine radiograph is necessary, and a 

125 cm target-film distance is acceptable. Radiographic exposure should be made 

during peak inspiration. The kilo-voltage should be between 80 and 90 in order to 

optimize penetration and minimize the effects of scattered radiation. Grids should be 

used whenever possible and higher kilo-voltage ranges of 100-120 are employed. To 

minimize patient motion, mobile equipment should have adequate capacity to make a 

radiographic exposure in less than 0.1 seconds. Exposure parameters such as mAs, kVp, 

distance and patient position should be recorded as they may be helpful in future 

radiographs taken at the bedside. 

 Sun Z et al (15) studied the performance of three computed radiography and three 

direct radiography systems with regard to the image noise and entrance skin dose based 

on a chest phantom. Images were obtained with kVp of 100, 110, and 120 and mA 

settings of 1, 2, 4, 8, and 10. Quantitative measurements of image quality were 

conducted at seven regions of interest to determine the relationship between image 

noise, imaging parameters, and different digital systems. The selected regions of 

interest (ROIs) at middle right 4th rib (ROI 1), area to the left of the right 4th rib soft 

tissue reading (ROI 2), interspace between third rib and fourth rib (ROI 3), middle of 

the spine (ROI 4), heart beside the step wedge (ROI 5), area below the diaphragm (ROI 
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6) and left side of abdomen (ROI 7). Image noise was defined as the standard deviation 

(SD) of the pixel value within the region of interest. Significant differences of image 

noise were found in these digital chest radiography systems (P0.0001).  Standard 

deviation was significantly different when the mAs was changed (P0.0001), but it was 

independent of the kVp values (P=0.08–0.85). Up to 44% of radiation dose could be 

saved when kVp was reduced from 120 to 100 without compromising image quality. 

 Anderson DW et al (16) compared image quality before and after introducing 

grid use routinely to the mobile x-ray. This was studied in the intensive care unit (ICU) 

setting, comparing images obtained over a 2 week period prior to and after the 

introduction of the change in technique. They introduced a 6:1 grid ratio with 

appropriate changes in exposure factors. No other alterations were made. The images 

were graded for diagnostic quality using a five point grading system as follows: Grade 

1 was not of diagnostic quality, Grade 2 was poor or barely adequate diagnostic quality, 

Grade 3 was fair or acceptable diagnostic quality, Grade 4 was good or above average 

diagnostic quality and Grade 5 was excellent diagnostic quality. The initial image set 

performed before grid technique (total 133 patients) produced the following results: 

Grade 1: 24/133, Grade 2: 55/133, Grade 3: 40/133, Grade 4: 13/133 and Grade 5: 

1/133. The second image set, performed following the introduction of grid technique 

(total 196 patients) produced the following results: Grade 1: 2/196, Grade 2: 30/196, 

Grade 3: 104/196, Grade 4: 48/196 and Grade 5: 12/196. They found that a reduction 

in the proportion of images were of non-diagnostic or barely diagnostic quality. Non-

diagnostic examinations were reduced from 18% to 1%. Introducing grids to mobile x-

ray resulted in improvement in image diagnostic quality, largely by reducing the 

proportion of poor and unacceptable quality images.  

 Schaefer-Prokop RC et al (17) presented the relationship between dose and 

image quality quantitatively and qualitatively. The spectrum reaches from objective 

measurements of physical characteristics, such as modulation-transfer function (MTF), 

detective quantum efficiency (DQE) or contrast-noise ratio (CNR) over contrast-detail 

studies, anthropomorphic phantom studies to clinical studies. Studies differ in how 

much a radiologist’s perception and abilities are involved and how well they represent 

the clinical situation. 
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 A review of the literature concluded that the primary factors affecting image 

quality in digital radiography consists of contrast, spatial resolution and noise.  The 

factors affecting radiation dose are beam energy, kVp, collimation, anti-scatter (grid) 

and patient size. Image quality in chest radiography considered in terms of the portrayal 

of normal anatomy or depiction of potential pathology. 

 The purpose of this research is to study the exposure parameters for the bedside 

digital chest radiography based on image quality and patient dose. 



CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Research design 

 This is an observational cross-sectional descriptive study. 

3.2 Research design model 
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3.4 Research question 

 What is the exposure parameter for chest radiography using digital mobile x-ray 

system to optimize radiation dose and image quality? 

3.5 Research objective 

To optimize the radiation dose and image quality for chest radiograph using 

digital mobile x-ray system at King Chulalongkorn Memorial Hospital. 

3.6 Materials 

 3.6.1 Digital mobile x-ray system 

Digital mobile x-ray system manufacturer GE, model Optima XR220amx S/N. 

1031650WK3 with digital image receptor S/N.UA45948-6 at Department of 

Radiology, King Chulalongkorn Memorial Hospital as shown in figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Digital mobile x-ray GE Optima XR220amx and Digital image receptor. 
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 3.6.2 Ionization chamber dosimeter 

 The ACCU-PRO ionization chamber dosimeter manufacturer Radcal 

Corporation model AGDM S/N.40-0277 measured the radiation for the calculation of 

the scattered radiation (figure 3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Ionization Chamber dosimeter manufacturer Radcal model AGDM. 

 3.6.3 Solid state dosimeter 

  Solid state dosimeter manufacturer UNFORS RaySafe model Xi S/N.167273 and 

Detector S/N. 166743 was used to calibrate the Digital mobile x-ray system and 

measure the radiation dose from phantom study. The dosimeter measured kVp, dose, 

dose rate, pulse, pulse rate, time, HVL, total filtration and waveforms simultaneously 

(figure 3.3). 

 

 

 

 

 

 

Figure 3.3 Solid state dosimeter manufacturer UNFORS RaySafe model Xi. 
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Table 3.1 Specifications of UNFORS RaySafe model Xi 

Model Xi  

Size 12 x 22 x 117 mm  

DOSE  

Range 10 nGy – 9999 Gy  

Trig level 100 nGy/s  

Uncertainty 5 % (40 – 150 kVp, HVL: 1.5 – 14 mm Al (1), Active 

Compensation) 

DOSE RATE  

Range 10 nGy/s – 1 mGy/s 

Min. peak trig level 100 nGy/s  

Uncertainty 5 % (40 – 150 kVp, HVL: 1.5 – 14 mm Al (1), Active 

Compensation) 

kV/kVp  

Range 35 – 160 kV/kVp (for up to 0.5 mm Cu or equivalent) 

 60 – 130 kV/kVp (for 0.5 - 1 mm Cu or equivalent) 

Uncertainty 2 % (for up to 0.5 mm Cu or equivalent, Active 

Compensation) 

 3 % (for up to 0.5 – 1 mm Cu or equivalent, Active 

Compensation) 

EXPOSURE RATE  

Range 1 ms – 999 ms 

Uncertainty 0.5 % or 0.2 ms 

HVL  

Range 1.0 – 14.0 mm Al 

Uncertainty 10 % (at signal level above 1/1000 of max dose rate for 

selected sensor) 

TOTAL 

FILTRATION 

 

Range 1.5 – 35 mm Al (60 – 120 kV) 

Uncertainty 10 % or ± 0.3 mm Al 
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 3.6.4 Multipurpose chest phantom 

 Chest phantom manufacturer Kyoto Kagaku Co.Ltd. model N1 LUNGMAN 

(male chest torso) is designed and constructed commercially to simulate standard 

human chest as shown in figure 3.4. X-ray absorption rates relatively to those of human 

tissues. 

 

Figure 3.4 Multipurpose chest phantom N1 LUNGMAN. 

 

Table 3.2 Specifications of Multipurpose chest phantom N1 LUNGMAN  

N1 LUNGMAN  

Main body: Synthetic bones are embedded 

Internal parts:  

(separates into four parts) 

1. Mediastinum: Heart, Trachea 

2. Pulmonary vessels (right and left)  

3. Abdomen (diaphragm) block: no internal structure 

4. 15 Simulated tumors: 

 3 varieties of Hounsfield number: approx. -800, -

630, +100 

 5 sizes for each type: diameters 3, 5, 8, 10, 12 mm 

Material: Soft tissue: polyurethane (gravity 1.06) 

Synthetic bones: epoxy resin 

Phantom size: 43 x 40 x 48H cm, chest girth 94 cm 

Weight: approx. 18 kg 

Packing size: 59 x 52 x 30 cm, 25 kg 
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 3.6.5 The patients  

 The patients underwent mobile digital chest radiography at In-Patient 

Department of Radiology, King Chulalongkorn Memorial Hospital. 

3.7 Methods 

The study was carried out as in the following sequences 

3.7.1 Perform Quality Control of digital mobile x-ray system  

The quality control of digital mobile x-ray system was performed following the 

AAPM report No.74 (18). The quality control program consists of the test of 

performance of electromechanical components, image quality and radiation dose. The 

x-ray equipment and dosimeter set up for quality control procedures were shown in 

figure 3.5. 

 

Figure 3.5 Set-up for quality control of x-ray beam quality. 
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3.7.2 Perform Quality Control of GE Digital image receptor 

The quality control of digital image receptor was performed following the 

KCARE protocol for the QC of direct digital radiography system(19). The tests were 

intended to detect artefacts and test image quality and sensitivity. The tests were split 

into the following categories; 

 Commissioning tests 

 Annual QA tests. 

3.7.3 Determine the backscatter factors   

The backscatter factor from the LUNGMAN phantom was determined for 

varying exposure parameters of kVp 70-120 as following 

3.7.3.1 Set up the digital mobile x-ray unit and ionization chamber 

dosimeter as followings, 77 cm of Source to Chamber Distance (SCD), 100 cm of 

Source to Detector Distance (SDD) and 41x41 cm of field size (Figure 3.6). 

 

Figure 3.6 Set up for the incident air kerma, Ki measurement 

 3.7.3.2 Set kVp at 70, 80, 90, 100, 110 and 120 and mAs at 1.0, 2.5, and 

5.0, expose the ionization chamber to determine Ki as in figure 3.6. 
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 3.7.3.3 Set the LUNGMAN phantom under the ionization chamber to 

measure the entrance surface air kerma, Ke (Figure 3.7).  

 

Figure 3.7 Set up for the entrance surface air kerma, Ke measurement 

 3.7.3.4 Set kVp at 70, 80, 90, 100, 110 and 120 and mAs at 1.0, 2.5, and 

5.0, expose the ionization chamber to determine Ke as in figure 3.7. 

 3.7.3.5 Back Scatter Factor (BSF) can be calculated by the following 

equation.  

𝑩𝑺𝑭 =  
𝑬𝒏𝒕𝒓𝒂𝒏𝒄𝒆 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝒂𝒊𝒓 𝒌𝒆𝒓𝒎𝒂

𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒕 𝒂𝒊𝒓 𝒌𝒆𝒓𝒎𝒂
 

3.7.4 Calculate the ESAK for the phantom study 

The ESAK for 23 cm thickness of LUNGMAN phantom was calculated for 

varying exposure parameters of kVp 70-120 and mAs 0.2-10.0 at FID 100 cm. The 

ESAK was calculated by the equations:  

                                          𝒀(𝒅) =  
𝑲(𝒅)

𝑷𝑰𝒕
                

                                                       𝑲𝒊 = 𝒀(𝒅). 𝑷𝑰𝒕 . (
𝒅

𝒅𝑭𝑻𝑫− 𝒕𝑷
)

𝟐

  

                                        𝑬𝑺𝑨𝑲 =  𝑲𝒊 . 𝑩𝑺𝑭  



 28 

 Where:                 Y(d)  =  X-ray tube output 

 K(d)  =  Air kerma 

 PIt =  Tube loading 

 Ki  =  Incident air kerma 

 d       =  Focus to chamber distance 

 dFTD =  Focus to table distance 

 tP =  Patient thickness 

 ESAK =  Entrance Surface Air Kerma 

 BSF     =  Back Scatter Factor 

 The unit of entrance surface air kerma is mGy 

3.7.5 Phantom study 

The phantom study was performed using the exposure parameter that the ESAK 

was less than 0.4 mGy (IAEA DRL of Chest radiography). The set up for x-ray 

equipment and LUNGMAN phantom was shown in figure 3.8 

 

Figure 3.8 Set up for the phantom study. 
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3.7.6 Optimize the radiation dose and image quality from phantom to obtain the 

appropriate protocols for patients. 

The appropriate protocol is based on the image quality score and the radiation 

dose. The image quality of the phantom radiographs was evaluated by three observers 

in term of; 

 3.7.6.1 Image criteria score based on the Commission of the European 

Communities (CEC) criteria as shown in table 3.3. 

 

Table 3.3 Score image criteria based on the Commission of the European Communities  

Item Image Criteria Score* 

1 Visually sharp reproduction of the vascular pattern in the 

whole lung, particularly the peripheral vessels 

 

2 Visually sharp reproduction of the trachea and proximal 

bronchi  

 

3 Visually sharp reproduction of the borders of the heart and 

aorta 

 

4 Visually sharp reproduction of the diaphragm and lateral 

costophrenic angles 

 

5 Visualization of the retrocardiac lung and the mediastinum  

6 Visualization of the spine through the heart shadow  

* Rate image score: 0, 0.5 and 1 where 0 = not fulfilled, 0.5 = partly fulfilled, 1 = 

fulfilled 

 3.7.6.2 Qualitative noise score: relative rating score as 

 Score 3 = Free of noise 

 Score 2 = Scarce noise 

 Score 1 = Significant noise 

 Score 0 = Obvious noise 

3.7.7 Collect the data of routine exposure protocol 

Before the patient study, the patient exposed by digital mobile x-ray system of 

routine exposure protocol was collected. Record the patient’s information such as the 

thickness of chest, exposure parameter (kVp and mAs). 
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3.7.8 Collect the data of patient study 

The appropriate protocol from phantom study was used for the patient who 

underwent mobile chest radiography. Record the patient’s information such as the 

thickness of chest, exposure parameter, field size and focus to image receptor distance 

(FID). 

3.7.9 Determine patient dose and image quality assessment 

 3.7.9.1 Patient dose calculation 

  Calculation the patient dose by using the equation in 3.7.4 

 3.7.9.2 Image quality assessment 

 The image quality of the chest radiographs was evaluated by three 

observers using the same method of phantom study. 

3.7.10 Define the acceptable level of chest radiographs for clinical diagnosis. 

3.7.11 Analyze the image quality and correlate with the patient dose. 

3.7.12 Obtain the optimal protocol for mobile chest radiography in patient. 

3.7.13 Compare the average patient dose from patient study to routine protocol. 

3.8 Sample size determination 

3.8.1 Target population 

The patients were requested for portable chest AP radiographic projection using 

digital mobile x-ray at King Chulalongkorn Memorial Hospital. 

Inclusion criteria: 

- Patients’ chest thickness: 15 to 23 cm. 

Exclusion criteria: 

 - Patient’s chest thickness: Less than 15 cm or more than 23 cm. 

 - Poor image quality or motion unsharpness. 
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3.8.2 Sample population  

The sample size was determined using formula as following 

𝑵 =  
(𝒁𝜶 𝟐⁄ )𝟐 . 𝝈𝟐

𝒅𝟐
 

𝑵 =  
(𝟏. 𝟗𝟔)𝟐 .  (𝟎. 𝟐𝟓)𝟐

(𝟎. 𝟏)𝟐
 

                                                        N  =  24.01            50 cases will be collected 

 Where:  N           =  Sample size 

  Zα/2       =  95% Confidence Interval (1.96) 

  σ2          =  Variance of data (0.25) 

  d           =  Acceptable error (0.1) 

3.9 Statistical analysis 

3.9.1 Descriptive statistics: mean, standard deviation (SD), minimum and 

maximum of radiation dose, percentage of the score of image criteria and qualitative 

noise were determined using Microsoft excel. 

3.9.2 Weighted Kappa for inter-observer reliability was used to evaluate the 

image criteria and qualitative noise score analysis. 

3.10 Outcomes 

3.10.1 The optimal protocol for mobile chest radiography. 

3.10.2 The patient radiation dose calculated from patient thickness, kVp and mAs. 

3.10.3 The image quality scored by three observers on 

 3.10.3.1   Image criteria score 

3.10.3.2   Qualitative noise score 

3.11 Data Collection 

3.11.1 Patient dose: thickness of chest, exposure parameter (kVp, mAs), and FID. 

3.11.2 Image quality: image criteria score and qualitative noise score. 
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3.12 Data Presentation 

The table, bar diagram and scatter chart were presented in terms of patient dose, 

image criteria score and qualitative noise score. 

3.13 Expected Benefit 

The optimal protocol for mobile chest radiography will be obtained. These would 

be beneficial to the patients who receive low dose and accepted image quality, referred 

physicians for follow up clinical disease and radiographers who apply for the optimal 

protocols. 

3.14 Limitation 

There are no image criterion for chest radiography in AP supine position. Thus, 

the image criteria from chest radiography in PA upright position based on the 

Commission of the European Communities (CEC) criteria to evaluate the image quality 

had been applied. 

The LUNGMAN phantom has only two sizes of 23 cm and 29 cm thickness (with 

build-up layer).This study used only a thickness of 23 cm, which is close to Thai 

patients. 

3.15 Ethical consideration 

The patient dose in this study will be directly evaluated in patient at In-Patient 

Department (IPD) of King Chulalongkorn Memorial Hospital. The research proposal 

has been approved by the Ethic Committee of Faculty of Medicine, Chulalongkorn 

University. 



CHAPTER 4 

RESULTS 

4.1 Quality Control of digital mobile x-ray system 

The quality control of digital mobile x-ray system was performed following the 

AAPM report No.74(18). The results were within acceptable range of the AAPM 

protocol. The detail of quality control and the performance test is shown in appendix 

A. 

4.2 Quality Control of digital image receptor 

The quality control of digital image receptor was performed following the 

KCARE protocol(19). The results were within acceptable range of the KCARE 

protocol. The detail of quality control is shown with the summarized report of digital 

image receptor as in appendix B. 

4.3 The backscatter factors 

 The BSF was determined by set kVp at 70, 80, 90, 100, 110, 120 and mAs at 1.0, 

2.5, 5.0. The results of backscatter factors (BSF) were shown as in table 4.1. 

Table 4.1 The results of backscatter factor 

Parameter             Dosimeter reading (mGy) BSF Average 

kVp mAs Ki Ke   

70 1.0 0.052 0.071 1.353 1.353 

 2.5 0.131 0.177 1.353 

 5.0 0.270 0.366 1.353 

80 1.0 0.072 0.098 1.371 1.370 

 2.5 0.184 0.252 1.370 

 5.0 0.363 0.497 1.370 

90 1.0 0.094 0.130 1.383 1.382 

 2.5 0.238 0.330 1.382 

 5.0 0.466 0.644 1.382 

100 1.0 0.117 0.162 1.388 1.388 

 2.5 0.291 0.404 1.387 

 5.0 0.580 0.805 1.388 
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Table 4.1 The results of backscatter factor (Continued) 

Parameter             Dosimeter reading (mGy)     BSF   Average 

kVp mAs Ki Ke   

110 1.0 0.145 0.202 1.391 1.391 

 2.5 0.350 0.487 1.391 

 5.0 0.700 0.973 1.391 

120 1.0 0.164 0.229 1.394 1.393 

 2.5 0.408 0.568 1.392 

 5.0 0.830 1.156 1.393 

 

4.4 ESAK for the phantom study 

The ESAK for 23 cm thickness of phantom was calculated for varying exposure 

parameters of kVp 70, 80, 90, 100, 110 and120, mAs 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 

1.6, 2.0, 2.5, 3.2, 4.0, 5.0, 6.3, 8.0 and 10.0, at FID 100 cm using data from quality 

control of digital mobile x-ray system as shown in table 4.2. 96 ESAK were calculated 

based on the exposure parameters used for this study and ranged from 0.014 to 2.252 

mGy as shown in figure 4.1. 

 

Figure 4.1 Relation of calculated ESAK and the exposure parameters 
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Table 4.2 The calculated ESAK from the phantom study. 

Selected 

kVp 

Tube loading: 

PIt or mAs 

Tube output: 

Y(d) 

(mGy/mAs) 

Ki        

(mGy) 

BSF ESAK   

(mGy) 

70 0.2 0.07 0.010 1.353 0.014 

70 0.25 0.07 0.013 1.353 0.017 

70 0.32 0.07 0.016 1.353 0.022 

70 0.4 0.07 0.021 1.353 0.028 

70 0.5 0.07 0.026 1.353 0.035 

70 0.63 0.07 0.032 1.353 0.044 

70 1.0 0.07 0.051 1.353 0.070 

70 1.6 0.07 0.082 1.353 0.111 

70 2.0 0.07 0.103 1.353 0.139 

70 2.5 0.07 0.129 1.353 0.174 

70 3.2 0.07 0.165 1.353 0.223 

70 4.0 0.07 0.206 1.353 0.278 

70 5.0 0.07 0.257 1.353 0.348 

70 6.3 0.07 0.324 1.353 0.438 

70 8.0 0.07 0.411 1.353 0.557 

70 10.0 0.07 0.514 1.353 0.696 

80 0.2 0.10 0.015 1.370 0.020 

80 0.25 0.10 0.018 1.370 0.025 

80 0.32 0.10 0.024 1.370 0.032 

80 0.4 0.10 0.029 1.370 0.040 

80 0.5 0.10 0.037 1.370 0.050 

80 0.63 0.10 0.046 1.370 0.063 

80 1.0 0.10 0.073 1.370 0.101 

80 1.6 0.10 0.118 1.370 0.161 

80 2.0 0.10 0.147 1.370 0.201 

80 2.5 0.10 0.184 1.370 0.252 

80 3.2 0.10 0.235 1.370 0.322 

80 4.0 0.10 0.294 1.370 0.403 

80 5.0 0.10 0.367 1.370 0.503 

80 6.3 0.10 0.463 1.370 0.634 

80 8.0 0.10 0.588 1.370 0.805 

80 10.0 0.10 0.735 1.370 1.007 
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Table 4.2 The calculated ESAK from the phantom study (Continued) 

Selected 

kVp 

Tube loading: 

PIt or mAs 

Tube output: 

Y(d) 

(mGy/mAs) 

Ki        

(mGy) 

BSF ESAK   

(mGy) 

90 0.2 0.13 0.019 1.382 0.026 

90 0.25 0.13 0.024 1.382 0.033 

90 0.32 0.13 0.031 1.382 0.042 

90 0.4 0.13 0.038 1.382 0.053 

90 0.5 0.13 0.048 1.382 0.066 

90 0.63 0.13 0.060 1.382 0.083 

90 1.0 0.13 0.096 1.382 0.132 

90 1.6 0.13 0.153 1.382 0.211 

90 2.0 0.13 0.191 1.382 0.264 

90 2.5 0.13 0.239 1.382 0.330 

90 3.2 0.13 0.306 1.382 0.422 

90 4.0 0.13 0.382 1.382 0.528 

90 5.0 0.13 0.478 1.382 0.660 

90 6.3 0.13 0.602 1.382 0.832 

90 8.0 0.13 0.764 1.382 1.056 

90 10.0 0.13 0.955 1.382 1.320 

100 0.2 0.16 0.024 1.388 0.033 

100 0.25 0.16 0.029 1.388 0.041 

100 0.32 0.16 0.038 1.388 0.052 

100 0.4 0.16 0.047 1.388 0.065 

100 0.5 0.16 0.059 1.388 0.082 

100 0.63 0.16 0.074 1.388 0.103 

100 1.0 0.16 0.118 1.388 0.163 

100 1.6 0.16 0.188 1.388 0.261 

100 2.0 0.16 0.235 1.388 0.326 

100 2.5 0.16 0.294 1.388 0.408 

100 3.2 0.16 0.376 1.388 0.522 

100 4.0 0.16 0.470 1.388 0.653 

100 5.0 0.16 0.588 1.388 0.816 

100 6.3 0.16 0.741 1.388 1.028 

100 8.0 0.16 0.940 1.388 1.305 

100 10.0 0.16 1.176 1.388 1.632 
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Table 4.2 The calculated ESAK from the phantom study (Continued) 

Selected 

kVp 

Tube loading: 

PIt or mAs 

Tube output: 

Y(d) 

(mGy/mAs) 

Ki        

(mGy) 

BSF ESAK   

(mGy) 

110 0.2 0.19 0.028 1.391 0.039 

110 0.25 0.19 0.035 1.391 0.049 

110 0.32 0.19 0.045 1.391 0.062 

110 0.4 0.19 0.056 1.391 0.078 

110 0.5 0.19 0.070 1.391 0.097 

110 0.63 0.19 0.088 1.391 0.122 

110 1.0 0.19 0.140 1.391 0.194 

110 1.6 0.19 0.223 1.391 0.311 

110 2.0 0.19 0.279 1.391 0.388 

110 2.5 0.19 0.349 1.391 0.485 

110 3.2 0.19 0.447 1.391 0.621 

110 4.0 0.19 0.558 1.391 0.777 

110 5.0 0.19 0.698 1.391 0.971 

110 6.3 0.19 0.879 1.391 1.223 

110 8.0 0.19 1.117 1.391 1.553 

110 10.0 0.19 1.396 1.391 1.942 

120 0.2 0.22 0.032 1.393 0.045 

120 0.25 0.22 0.040 1.393 0.056 

120 0.32 0.22 0.052 1.393 0.072 

120 0.4 0.22 0.065 1.393 0.090 

120 0.5 0.22 0.081 1.393 0.113 

120 0.63 0.22 0.102 1.393 0.142 

120 1.0 0.22 0.162 1.393 0.225 

120 1.6 0.22 0.259 1.393 0.360 

120 2.0 0.22 0.323 1.393 0.450 

120 2.5 0.22 0.404 1.393 0.563 

120 3.2 0.22 0.517 1.393 0.720 

120 4.0 0.22 0.647 1.393 0.901 

120 5.0 0.22 0.808 1.393 1.126 

120 6.3 0.22 1.018 1.393 1.418 

120 8.0 0.22 1.293 1.393 1.801 

120 10.0 0.22 1.616 1.393 2.252 
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4.5 Phantom study 

4.5.1 Radiation dose (ESAK) 

The ESAK of phantom study was acquired by 60 exposure parameters listed in 

table 4.3.The calculated ESAK is less than 0.4 mGy, IAEA Dose Reference Level for 

chest radiography. The range of ESAK from 0.014 to 0.388 mGy are shown in figure 

4.3. The results of ESAK were presented as in table 4.4. 

Table 4.3 kVp and mAs used in phantom study 

kVp mAs 

70 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 1.6, 2.0, 2.5, 3.2, 4.0, 5.0 

80 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 1.6, 2.0, 2.5, 3.2 

90 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 1.6, 2.0, 2.5 

100 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 1.6, 2.0 

110 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 1.6, 2.0 

120 0.2, 0.25, 0.32, 0.4, 0.5, 0.63, 1.0, 1.6 

 

 

Figure 4.2 ESAK and exposure parameters used in phantom study. 
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4.5.2 Image quality of phantom study 

The image quality was evaluated by three observers as shown in table 4.4.  

Table 4.4 ESAK and image quality score of phantom study 

Exposure 

parameter

:kVp;mAs 

ESAK 

(mGy) 

1st Observer 2nd Observer 3rd Observer 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

70;0.2 0.014 2.5 0 2.5 0 2.5 0 

70;0.25 0.017 2.5 0 2.0 0 2.5 0 

70;0.32 0.022 3.5 0 3.0 1 3.0 1 

70;0.4 0.028 4.0 1 4.5 1 4.5 1 

70;0.5 0.035 5.0 1 5.0 1 5.5 1 

70;0.63 0.044 5.5 1 5.5 1 5.5 1 

70;1.0 0.070 4.5 1 4.0 1 4.0 1 

70;1.6 0.111 5.0 2 5.0 2 5.0 2 

70;2.0 0.139 5.0 2 5.0 2 5.0 2 

70;2.5 0.174 5.5 2 5.5 2 5.0 2 

70;3.2 0.223 5.0 2 5.0 2 5.0 2 

70;4.0 0.278 5.0 3 5.5 2 5.0 3 

70;5.0 0.348 5.5 3 5.5 3 5.0 3 

80;0.2 0.020 4.5 1 4.5 1 4.5 1 

80;0.25 0.025 5.0 1 5.0 1 5.0 1 

80;0.32 0.032 5.0 1 5.5 1 5.5 1 

80;0.4 0.040 5.5 1 5.5 1 5.5 1 

80;0.5 0.050 5.0 1 5.0 1 5.5 1 

80;0.63 0.063 5.0 1 5.0 1 5.0 1 

80;1.0 0.101 5.0 2 5.0 2 5.0 1 

80;1.6 0.161 5.0 2 5.0 2 5.0 2 

80;2.0 0.201 5.0 2 5.0 2 5.0 2 

80;2.5 0.252 5.5 2 5.0 2 5.5 2 

80;3.2 0.322 5.5 3 5.5 3 5.5 3 

90;0.2 0.026 5.0 1 5.0 1 5.5 1 

90;0.25 0.033 5.5 1 5.5 1 5.5 1 

90;0.32 0.042 5.5 1 5.5 1 5.5 1 

90;0.4 0.053 5.5 1 5.5 1 5.5 1 
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Table 4.4 ESAK and image quality score of phantom study (Continued) 

Exposure 

parameter 

:kVp;mAs 

ESAK 

(mGy) 

1st Observer 2nd Observer 3rd Observer 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

90;0.5 0.066 5.5 1 5.5 1 5.5 1 

90;0.63 0.083 5.5 2 5.5 2 5.5 2 

90;1.0 0.132 5.5 2 5.5 2 5.5 2 

90;1.6 0.211 5.5 2 5.5 2 5.5 2 

90;2.0 0.264 5.5 3 5.5 3 5.5 3 

90;2.5 0.330 5.5 3 5.5 3 5.5 3 

100;0.2 0.033 5.5 1 5.5 1 5.5 1 

100;0.25 0.041 5.5 1 5.5 1 5.5 1 

100;0.32 0.052 5.5 1 5.0 1 5.5 1 

100;0.4 0.065 5.5 1 5.5 1 5.5 1 

100;0.5 0.082 5.5 1 5.5 1 5.5 1 

100;0.63 0.103 5.5 2 5.5 2 5.5 1 

100;1.0 0.163 5.5 2 5.5 2 5.5 2 

100;1.6 0.261 5.5 2 5.5 2 5.5 2 

100;2.0 0.326 5.5 3 5.5 2 5.5 3 

110;0.2 0.039 5.5 1 5.5 1 5.5 1 

110;0.25 0.049 5.5 1 5.5 1 5.5 1 

110;0.32 0.062 5.5 1 5.0 1 5.5 1 

110;0.4 0.078 5.5 1 5.5 1 5.5 1 

110;0.5 0.097 5.5 1 5.0 1 5.5 1 

110;0.63 0.122 5.5 2 5.5 2 5.5 2 

110;1.0 0.194 5.5 2 5.5 2 5.5 2 

110;1.6 0.311 5.5 2 5.5 2 5.5 2 

110;2.0 0.388 5.5 3 5.5 3 5.5 2 

120;0.2 0.045 5.5 1 5.5 1 5.5 1 

120;0.25 0.056 5.5 1 5.5 1 5.5 1 

120;0.32 0.072 5.5 1 5.5 2 5.5 1 

120;0.4 0.090 5.5 2 5.5 2 5.5 2 

120;0.5 0.113 5.5 2 5.5 2 5.5 2 

120;0.63 0.142 5.5 2 5.5 2 5.5 2 

120;1.0 0.225 5.5 2 5.5 2 5.5 3 

120;1.6 0.360 5.5 3 5.5 3 5.5 3 
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The image criteria score was shown in figure 4.3 to 4.5 and the qualitative noise 

score was shown in figure 4.6 to 4.8.  

 

Figure 4.3 Scatter charts of image criteria score and exposure parameters by 1st observer. 

 

Figure 4.4 Scatter charts of image criteria score and exposure parameters by 2nd observer. 

 

Figure 4.5 Scatter charts of image criteria score and exposure parameters by 3rd observer. 
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Figure 4.6 Scatter charts of qualitative noise score and exposure parameters by 1st observer. 

 

Figure 4.7 Scatter charts of qualitative noise score and exposure parameters by 2nd observer. 

 

Figure 4.8 Scatter charts of qualitative noise score and exposure parameters by 3rd observer. 
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The image quality scored from three observers were compared as shown in figure 

4.9, 4.10 and table 4.5. The range of image criteria and qualitative noise score were 2.5 

to 5.5 and 0 to 3 respectively. 

 

Figure 4.9 The image quality scored by three observers. 

 

Figure 4.10 The qualitative noise scored by three observers. 

 

Table 4.5 The observers’ agreement  

Observers 
Kappa Value* 

(Image criteria) 

Kappa Value* 

(Qualitative noise) 

1st Observer and 2nd Observer 0.834 0.857 

1st Observer and 3rd Observer 0.812 0.865 

2nd Observer and 3rd Observer 0.775 0.725 

* The kappa values were calculated using SPSS version 17.0 
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 The classification of kappa value by Landis and Koch (1997) shows that 

the strength of agreement is excellent for 1st, 2nd and 3rdobservers. So, the optimal 

protocol has been developed from image quality scored by the 1stobserver. 

Figure 4.11 Classification of qualitative noise 

 

4.5.3 Optimal protocol 

  The image quality scored by the 1st observer and the radiation dose (ESAK) were 

leading to the optimized protocol from the image criteria with score ≥ 5 and the 

qualitative noise score ≥ 2 as shown in table 4.6. Finally the optimal exposure parameter 

was kVp 90, mAs 0.63 and the ESAK was 0.083 mGy. The score on the image criteria 

and the qualitative noise were 5.5 and 2 respectively. 

 

 

 

         
A) Score = 0 (Obvious noise)              B) Score = 1 (Significant noise) 

        
C) Score = 2 (Scarce noise)                D) Score = 3 (Free of noise) 
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Table 4.6 The optimal protocol from the ESAK and image quality score 

Exposure parameter ESAK Image quality (score) 

:kVp; mAs (mGy) 
Image criteria Qualitative noise 

90;0.63 0.083 5.5 2 

120;0.4 0.090 5.5 2 

80;1.0 0.101 5.0 2 

100;0.63 0.103 5.5 2 

70;1.6 0.111 5.0 2 

120;0.5 0.113 5.5 2 

110;0.63 0.122 5.5 2 

90;1.0 0.132 5.5 2 

70;2.0 0.139 5.0 2 

120;0.63 0.142 5.5 2 

80;1.6 0.161 5.0 2 

100;1.0 0.163 5.5 2 

70;2.5 0.174 5.5 2 

110;1.0 0.194 5.5 2 

80;2.0 0.201 5.0 2 

90;1.6 0.211 5.5 2 

70;3.2 0.223 5.0 2 

120;1.0 0.225 5.5 2 

80;2.5 0.252 5.5 2 

100;1.6 0.261 5.5 2 

90;2.0 0.264 5.5 3 

70;4.0 0.278 5.0 3 

110;1.6 0.311 5.5 2 

80;3.2 0.322 5.5 3 

100;2.0 0.326 5.5 3 

90;2.5 0.330 5.5 3 

70;5.0 0.348 5.5 3 

120;1.6 0.360 5.5 3 

110;2.0 0.388 5.5 3 
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Figure 4.12 Phantom’s radiographs from difference exposure parameters 

 

 

4.6 Acceptable level for clinical diagnosis 

For mobile digital chest radiography, the observers suggested the level of 

acceptance for diagnosis as;  

4.5.1 Image criteria score ≥ 3 

4.5.2 Qualitative noise ≥ 2 

 

4.7 Patient study 

 Fifty patients of thirty-five male (70%) and fifteen female (30%) were exposed 

on chest by digital mobile x-ray system using the optimal protocol from the phantom 

study. The optimal protocol was kVp 90, mAs 0.63 and focus to image receptor distance 

100 cm. 

4.7.1 Patient dose (ESAK) 

The patient ESAK was calculated using the x-ray tube output, tube loading and 

the chest thickness of patients. The results of ESAK and patient chest thickness were 

presented in table 4.7 and figure 4.13 to 4.15. 

 

      
A) kVp 90 ; mAs  2.5               B)  kVp 90 ; mAs 1.6                C)  kVp  90 ; mAs 0.63 

     ESAK = 0.330 mGy                  ESAK = 0.211 mGy                  ESAK = 0.083 mGy 

     Image criteria = 5.5                   Image criteria = 5.5                  Image criteria = 5.5 

     Qualitative noise = 3                 Qualitative noise = 2               Qualitative noise = 2 
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Table 4.7 Patient data and ESAK of the patient study 

Case Number Gender (M/F) Chest thickness (cm) ESAK (mGy) 

1 M 22.0 0.081 

2 M 18.0 0.073 

3 M 19.0 0.075 

4 M 22.0 0.081 

5 F 18.0 0.073 

6 M 16.0 0.070 

7 M 18.5 0.074 

8 F 23 0.083 

9 F 17.5 0.072 

10 F 16.0 0.070 

11 F 19.0 0.075 

12 M 22.0 0.081 

13 F 16.5 0.070 

14 M 18.0 0.073 

15 M 19.0 0.075 

16 M 21.0 0.079 

17 F 20.0 0.077 

18 M 22.5 0.082 

19 M 17.0 0.071 

20 M 21.0 0.079 

21 F 20.0 0.077 

22 M 19.0 0.075 

23 M 21.0 0.079 

24 M 22.5 0.082 

25 M 23.0 0.083 

26 M 23.0 0.083 

27 M 17.5 0.072 

28 M 19.5 0.076 

29 M 17.5 0.072 

30 M 22.0 0.081 

31 F 17.0 0.071 

32 F 20.0 0.077 
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Table 4.7 Patient data and ESAK of the patient study (Continued) 

Case Number Gender (M/F) Chest thickness (cm) ESAK (mGy) 

33 M 22.0 0.081 

34 F 20.0 0.077 

35 M 20.0 0.077 

36 M 17.0 0.071 

37 M 19.0 0.075 

38 M 23.0 0.083 

39 F 21.0 0.079 

40 M 21.0 0.079 

41 M 19.0 0.075 

42 M 18.0 0.073 

43 F 20.0 0.077 

44 M 20.0 0.077 

45 M 20.0 0.077 

46 M 18.0 0.073 

47 M 23.0 0.083 

48 F 18.0 0.073 

49 F 19.0 0.075 

50 M 19.0 0.075 

 

 

 

Figure 4.13 Bar charts of the ESAK, mGy for 50 patients. 
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Figure 4.14 Bar charts of the patient chest thickness of 50 patients. 

 

Figure 4.15 Graph of the patient chest thickness and patient dose (ESAK). 

The average, range and S.D. of ESAK were 0.076 (0.070-0.083) ± 0.004 

mGy and the average, range and S.D. of patient chest thickness were 19.7 (16-23) ± 

2.03 cm as shown in table 4.8. 

Table 4.8 Summary of patient dose and patient chest thickness 

 Average S.D. Minimum Maximum 

Patient dose: ESAK (mGy) 0.076 0.004 0.070 0.083 

Patient chest thickness (cm) 19.70 2.03 16.0 23.0 
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4.7.2 Image quality of patient study 

The image quality of chest radiograph was evaluated by three observers using the 

same method of phantom study (4.4.2). The results of image quality were presented in 

table 4.9. The range of image criteria and qualitative noise score were 2.0 to 5.5 and 2 

to 3 respectively.  

Table 4.9 Image quality of the patient study 

Case 

Number 

1st Observer 2nd Observer 3rd Observer 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

1 3.5 2 3.0 2 3.5 2 

2 4.0 3 4.0 3 4.0 2 

3 4.0 2 4.0 2 4.0 2 

4 3.5 2 3.5 2 3.5 2 

5 4.5 3 4.5 3 4.0 3 

6 4.5 3 4.5 2 4.5 2 

7 5.0 3 5.0 3 5.0 3 

8 3.5 2 4.0 2 4.0 2 

9 4.0 3 4.0 3 4.0 2 

10 3.5 3 3.5 3 3.5 2 

11 3.0 2 3.0 2 3.5 2 

12 4.5 2 4.5 2 4.5 2 

13 2.5 3 2.5 3 2.0 3 

14 2.0 3 2.0 2 2.0 3 

15 3.0 2 2.0 2 3.0 2 

16 5.0 2 5.0 3 5.0 2 

17 3.5 2 3.5 2 3.5 2 

18 3.5 2 3.5 2 3.5 2 

19 3.5 3 3.5 3 4.0 3 

20 2.0 2 2.0 2 2.0 2 

21 3.5 2 3.5 2 3.5 2 

22 4.0 2 4.0 3 4.0 2 

23 4.5 2 4.5 2 5.0 2 

24 3.5 2 3.5 2 3.0 2 

25 2.0 2 3.0 2 2.0 2 
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Table 4.9 Image quality of the patient study (Continued) 

Case 

Number 

1st Observer 2nd Observer 3rd Observer 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

Image 

criteria 

Qualitative 

noise 

26 4.5 2 4.5 2 4.5 2 

27 3.0 3 3.0 2 3.0 3 

28 2.0 2 2.0 2 2.0 2 

29 4.0 3 4.0 3 4.5 3 

30 2.5 2 2.5 2 2.5 2 

31 3.5 3 3.5 2 3.5 3 

32 4.0 2 4.0 2 3.5 2 

33 3.0 2 3.0 2 3.0 2 

34 4.5 2 4.5 2 4.5 2 

35 4.5 2 5.0 3 4.0 3 

36 4.0 3 4.0 3 4.0 2 

37 4.0 2 3.5 2 4.0 2 

38 4.0 2 4.0 2 3.5 2 

39 4.0 2 4.0 2 4.0 2 

40 4.0 2 4.5 2 4.0 2 

41 4.5 2 4.5 2 4.5 2 

42 4.5 3 4.5 3 4.5 2 

43 3.5 2 4.0 2 4.0 2 

44 4.0 2 4.0 2 4.0 2 

45 4.0 2 4.0 2 4.5 2 

46 5.5 3 5.0 3 5.5 3 

47 3.5 2 3.5 2 3.5 2 

48 4.0 2 4.0 2 3.5 3 

49 3.5 2 3.5 2 3.0 2 

50 4.5 2 4.5 2 4.5 2 
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 The image quality score compared with three observers as in table 4.10. 

Eighty eight percent of image criteria score was ≥ 3.0 and all of qualitative noise score 

was ≥ 2 (70% for score 2 and 30% for score 3). Figure 4.16 shows the image criteria 

and qualitative noise scores from the 1st observer. 

Table 4.10 Overall image quality score of patient study 

Image quality score 1st Observer 2nd Observer 3rd Observer 

1. Image criteria    

0 - - - 

0.5 - - - 

1.0 - - - 

1.5 - - - 

2.0 4 (8%) 4 (8%) 5 (10%) 

2.5 2 (4%) 2 (4%) 1 (2%) 

3.0 4 (8%) 6 (12%) 5 (10%) 

3.5 12 (24%) 11 (22%) 12 (24%) 

4.0 15 (30%) 14 (28%) 14 (28%) 

4.5 10 (20%) 10 (20%)   9 (18%) 

5.0 2 (4%) 4 (8%) 3 (6%) 

5.5 1 (2%) - 1 (2%) 

6.0 - - - 

Total 50 (100%) 50 (100%) 50 (100%) 

2. Qualitative noise    

0 - - - 

1 - - - 

2 35 (70%) 36 (72%) 39 (78%) 

3 15 (30%) 14 (28%) 11 (22%) 

Total 50 (100%) 50 (100%) 50 (100%) 
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Figure 4.16 Bar chart of the image quality score of 50 cases 

 

Figure 4.17 Scatter plot of the image quality score and patient dose (ESAK) 

 

Figure 4.18 Scatter plot of the image quality score and patient chest thickness 
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4.7 Routine protocol 

Collect ten patient’s data exposed by digital mobile x-ray system of routine 

protocol retrospectively. The results of using routine protocol were presented in table 

4.11. 

Table 4.11 Patient data, ESAK and image quality score using routine protocol. 

Case  Gender Chest 

thickness 

Exposure 

parameter 

ESAK Image quality 

Number (M/F) (cm) :kVp;mAs (mGy) Image 

criteria 

Qualitative 

noise 

1 M 22.5 90;2.5 0.326 4.0 3 

2 M 15.0 85;2.0 0.212 4.0 3 

3 M 22.0 95; 1.6 0.206 2.5 3 

4 M 20.0 85;1.6 0.191 3.5 3 

5 F 19.0 90;0.8 0.096 2.0 2 

6 M 21.0 90;1.0 0.126 4.0 2 

7 M 18.0 90;1.0 0.117 5.0 3 

8 F 19.0 95;1.6 0.191 4.0 3 

9 F 23.0 100;2.0 0.265 4.5 3 

10 F 19.0 95;1.6 0.191 3.5 3 

 

In routine protocol, the average, range and S.D. of ESAK were 0.192 (0.096-

0.326) ± 0.069 mGy and the average, range and S.D. of patient chest thickness were 

19.85 (15-23) ± 2.40 cm as shown in table 4.12. 

  

Table 4.12 Summary of patient dose and patient chest thickness of the routine protocol 

 Average S.D. Minimum Maximum 

Patient dose: ESAK (mGy) 0.192 0.069 0.096 0.326 

Patient chest thickness (cm) 19.85 2.40 15.0 23.0 
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 The range of image criteria score and qualitative noise score were 2.0 to 5.0 

and 2 to 3 respectively as shown in table 4.13. Eighty percent of image criteria score 

was ≥ 3.0 and all of qualitative noise score was ≥ 2 (20% for score 2 and 80% for score 

3).   

Table 4.13 Overall image quality scored by first observer of routine protocol 

Image quality score 1st Observer 

1. Image criteria  

0 - 

0.5 - 

1.0 - 

1.5 - 

2.0 1 (10%) 

2.5 1 (10%) 

3.0 - 

3.5 2 (20%) 

4.0 4 (40%) 

4.5 1 (10%) 

5.0 1 (10%) 

5.5 - 

Total 10 (100%) 

2. Qualitative noise  

0 - 

1 - 

2 2 (20%) 

3 8 (80%) 

Total 10 (100%) 
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4.8 Comparison of optimal protocol to routine protocol 

The patient dose and image quality using routine protocol and optimal protocol 

in terms of number of patient, patient chest thickness, patient dose (ESAK) and image 

quality score were presented in table 4.14. 

Table 4.14 The number of patients and demography, the Image quality scores in 

optimal and routine protocols 

 Routine protocol Optimal protocol 

Number of patients  10 50 

Patient chest thickness (cm) 19.85 (15-23) 19.70 (16-23) 

Patient dose (mGy) 0.192±0.069 0.076±0.004 

Image criteria score ≥ 3.0 (80%) ≥ 3.0 (88%) 

Qualitative noise score 2 (20%), 3 (80%)  2 (30%), 3 (70%) 

 

 Chest radiographs of the same patient were exposed by routine and optimal 

protocol shown in figure 4.19.   

Figure 4.19 Chest radiographs from routine and optimal protocol 

 

 

 

 

               
A) Routine protocol                              B) Optimal protocol 
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Figure 4.20 The patient dose (ESAK) using routine and optimal protocols. 

 

Figure 4.21 Image criteria score using routine and optimal protocols 

 

 
 

Figure 4.22 Qualitative noise score using routine and optimal protocols 
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 Using the optimal protocol, the average of ESAK reduced to 0.076 mGy. A 

reduction of 60% from the routine protocol. The image criteria score of the optimal 

protocol (88%) and routine protocol (80%) were ≥ 3.  The qualitative noise score of the 

optimal protocol (70%) and routine protocol (20%) were 2, optimal protocol (30%) and 

routine protocol (80%) were 3. All of the image quality was assessed to be acceptable 

for diagnosis. 



CHAPTER 5 

DISCUSSION AND CONCLUSION 

5.1 Discussion 

For the estimation of the patient radiation dose, measurement of the ESAK was 

required with the evaluation of absorbed dose to individual organs.  ESAK depends on 

the x-ray tube output (kVp.), tube loading (mAs) and chest thickness of patient. The 

ESAK increases as kVp, mAs and chest thickness increase. ESAK had been calculated 

for 96 exposure parameters from kVp 70 to 120, mAs 0.2 to 10 and the phantom 

thickness 23 cm with the range of 0.014 to 2.252 mGy. 

In the phantom study of AP projection, 60 exposure parameters were obtained 

when the ESAK was lower than 0.4 mGy with the range of 0.014 to 0.388 mGy.  The 

criteria for determining the quality of the radiographs included image criteria of chest 

radiography standard in PA upright position based on the CEC was adjusted to 6 items. 

The image noise that appeared on the radiographs was also determined. The criterion 

to determine the optimal protocol consists of the score of image criteria equal to or more 

than 3 and qualitative noise equal to or more than 2. 

From the phantom study, 29 exposure parameters met the criteria of the optimal 

protocol. The results of phantom study lead to the optimal protocol of kVp 90 and mAs 

0.63 evaluate from optimization between image criteria score was 5.5 from 6, 

qualitative noise score was 2 from 3 and radiation dose (ESAK) was 0.083 mGy. 

Disadvantages of chest radiography using mobile x-ray unit is the low image 

quality because it was taken in AP supine position but it is also useful for the treatment 

by physicians. Therefore, it is necessary to define criteria for mobile chest radiography. 

In this study, the observers had suggested a level of acceptance criteria of mobile chest 

radiography for clinical diagnosis follows the score of image criteria equal to or more 

than 3 and qualitative noise score equal to or more than 2. 

Ten patients of six male and four female were exposed by routine chest protocol 

using digital mobile x-ray. The average patient chest thickness was 19.85 cm, range 

from 15 to 23 cm. The average patient dose (ESAK) was 0.192 mGy and range from 

0.096 to 0.326 mGy. 80% of image criteria score was ≥ 3.0 and all of qualitative noise 

score was ≥ 2 (20% for score 2 and 80% for score 3).   
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Fifty patients of thirty five male and fifteen female were exposed using optimal 

protocol from the phantom study. The average patient chest thickness was 19.70 cm, 

range from 16 to 23 cm. The average patient dose (ESAK) was 0.076 mGy and range 

from 0.070 to 0.083 mGy. 88% of image criteria score was ≥ 3.0 and all of qualitative 

noise score was ≥ 2 (70% for score 2 and 30% for score 3). The scores of image criteria 

varied from 2.0 to 5.0 due to pathology or patient’s disease result in lower score. The 

score on qualitative noise was 2 or 3, which correspond to the phantom study.  

Before the study, the average patient dose using routine protocol was 0.192 mGy. 

When the optimal protocol was implemented, the average patient dose reduced to 0.076 

mGy, a reduction by 60%. Assessment of image quality found no difference. 

Due to the average of patient chest thickness at King Chulalongkorn Memorial 

Hospital was 19 cm, smaller than the western standard. According to the protocol at the 

Department of Radiology the anti-scatter grid had not been used for chest radiography 

in AP supine position. The size of collimator depends on the size of each patient. Hence 

the anti-scatter grid and collimation had not been used in this study. 

Coblentz [21] recommended the kilo-voltage between 80 and 90 and 125 cm of 

focus to image receptor distance used for mobile chest radiography in semi-erect or 

supine position. Our study suggested kVp 90 for mobile chest radiography in semi-erect 

or supine position at 100 cm of focus to image receptor distance. 

Furthermore, figure 4.16 showed that when the patient chest thickness was less 

than 19 cm, the score of qualitative noise was approximately 3, which represented low 

noise or free of noise on the radiographs. Follow the criteria to determine the optimal 

protocol in terms of the qualitative noise score was equal to or more than 2 (scarce of 

noise), which acceptable to use to diagnostic.  

The optimal protocol of the study is particularly useful for patients who have 

exposed several times by mobile chest radiography during the period of treatment in 

the hospital. As a result, patients received radiation dose greater than necessary with 

increasing radiation risk. The optimal protocol reduces the unnecessary radiation to 

chest radiography patients more than half of the radiation dose from the previous 

protocol without affecting the clinical image quality. 
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5.2 Conclusion 

The optimal protocol to optimize the radiation dose and image quality for chest 

radiograph using digital mobile x-ray system at the In Patient Department (IPD), King 

Chulalongkorn Memorial Hospital was kVp 90 and mAs 0.63 at 100 cm of Focus to 

Image receptor distance (FID), suitable for the thickness of chest equal to or less than 

23 cm. 

Mobile chest radiography using the optimal protocol was assessed to be 

acceptable for diagnosis. Including the acceptable score of image criteria was equal to 

or more than 3 from 6 items and the acceptable score of qualitative noise was equal to 

or more than 2 from 3 levels (scarce noise or free of noise). 

As the average patient dose for routine chest study was 0.192 mGy, the patient 

doses using optimal protocol was 60% less than routine study and also lower than the 

International Atomic Energy Agency dose reference level of 0.4 mGy for chest 

radiography. 

5.3 Recommendation 

 Future studies should be extended for different sizes of phantom, suitable for 

use in the different patient sizes. The exposure parameter might be adjusted by reducing 

kVp and mAs, which directly affects the patient dose and increasing image noise but 

remains acceptable to diagnostic.  

  This research is preliminary study for the other examination when using digital 

mobile x-ray system according to IAEA recommendation such as skull, plain abdomen 

supine, lumbar spine and pelvis.
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Appendix A: Report of Digital X-ray system performance 

General Information 

Location: King Chulalongkorn Memorial Hospital 

Date:  29/06/2014 

Equipment number: 3 

Manufacturer: General Electric Company (September 2013) 

Model number: 5555000-6 (Optima XR220amx) 

Serial number: 1031650WK3 

 

Checklist 

           P              General mechanical and electrical condition 

           P              Tube angle indicator, tube motion and locks 

           P              Focus to film distance indicator (SID) 

           P              Field size indicator 

           P              Congruency of light and radiation fields 

           P              Crosshair centering 

           P              Focal spot size 

         N/A           Photo cell consistency 

         N/A           Bucky/Grid Centering 

         N/A           Automatic Collimation (PBL) 

           P              Beam quality (Half Value Layer) 

           P              Consistency of exposure (mGy/mAs) 

           P              kVp Accuracy 

         N/A           Timer accuracy 
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           P              mA or mAs Linearity 

         N/P            ESE calculations 

         N/A           Relative radiation wave form 

           P              Exposure repeatability 

         N/P            Reciprocity 

P = Performed 

N/P = Not Performed 

N/A = Not Application 

 

General Condition of Mechanical and Electrical Components 

         N          Are there any frayed or exposed electrical wires? 

         N          Could electrical wires interfere with the use of the unit? 

       N/A        Is there play in the couch when it is locked? 

       N/A        Does it have the freedom of movement it was designed for? 

       N/A        Is the couch level in tube and perpendicular directions? 

         N          Is there play in the tube when it is locked? 

         Y          Does it have the freedom of movement it was designed to have? 

         Y          Does the visual, and/or, audible beam-on indicator function? 

         N          Is the dead man switch installed correctly? 
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Target to Film Distance Indicator Check (at 100 cm SID) 

SID:                100      cm. Allowable limit = ±2% SID 

Measured distance:   99.5 cm. 

Indicated distance: 100 cm. 

Radiographically (determined) distance:     - cm. 

                         % Difference: 0.50% 

Pass or Fail: Pass 

 

Tube Angle Indicator Check 

 CW: CCW: 

      0o:       0o      

    45o:     45o     45o:       45o         

       90o:     90o     90o:       90o         

 Allowable limit = ±5o             Pass/Fail:         Pass 

 

Motion and Lock Check 

 Motion Locks 

Tube longitudinal: Yes Yes 

Tube Rotate: Yes Yes 

Tube Transverse: Yes Yes 

Tube Vertical: Yes Yes 

Tube Angulate: Yes Yes 

Collimator Jaws: Yes Yes 

Collimator Yes Yes 
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Field Size Indication 

Purpose: to insure that the radiographer can set a desired field size using the light 

field collimator. 

Requirement: ± 2% SID. 

 SID: 100 cm. 

Indicator 

Setting 

Measured 

Longitudinal 

Measured 

Transverse 

% Variation Pass/Fai 

18 x 18 17.37 17.54 0.63% Pass 

25 x 25 24.42 24.77 0.58% Pass 

35.6 x 35.6 34.73 35.14 0.87% Pass 

 

 

Congruence of Light and Radiation Fields 

Purpose: to determine the alignment of the light and radiation fields. 

Requirement: alignment to within ± 2% of indicated SID. 

Method: mark corners of light field and compare to radiation field. 

 SID: 100 cm. 

Field Size 
Light Field Size Radiation Field Size %Variation Pass 

Measured 

Longitudinal 

Measured 

Transverse 

Measured 

Longitudinal 

Measured 

Transverse 

 /Fail 

18 x 18 17.37 17.54 16.90 17.72 0.47% Pass 

25 x 25 24.42 24.77 24.13 25.16 0.39% Pass 

35.6 x 35.6 34.73 35.14 35.02 36.07 0.93% Pass 
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Focal Spot Size 

Purpose: to determine the size of the focal spot at a known technique with a view to 

detect degradation of the focal spot. 

Method:  Siemens star technique. 

 Set kVp:    50  Set mAs:   12.5 

Degree of Star:  2  Large or Small Focal Spot: Large 

Star dimension: 

Actual: 55  mm.  Radiographic: 107.04     mm. 

Blurr: 42.81 mm.  Manufacturer specification: 1.2 

Computed Focal Spot Size: 1.58  Meets NEMA:  Yes 

 

 Set kVp:    50  Set mAs:   1.6 

Degree of Star:  2  Large or Small Focal Spot: Small 

Star dimension: 

Actual: 55  mm.  Radiographic: 107.14     mm. 

Blurr: 18.73 mm.  Manufacturer specification: 0.6 

Computed Focal Spot Size: 0.69  Meets NEMA:  Yes 
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Cross Hair Centering 

Purpose: to determine if the light field cross hair indicates the central axis of the      

x-ray beam. 

Requirement: must be within ± 2% of indicated SID. 

 SID: 100 cm. 

Deviation between radiation and optical field center: 0.4 cm. 

Indicate Field size (cm) Deviation (cm) %Deviation 

18 x 18 0.4 0.4 

25 x 25 0.3 0.3 

35.6 x 35.6 0.4 0.4 

Pass/Fail:      Pass 

Beam Quality (Half Value Layer) 

Method: set 80 kVp. 

Requirement:  - NCRP#33 recommends not less than 2.3 mmAl at 80 kVp.              

– AAPM recommends not less than 2.5 mmAl at 80 kVp. 

Filter (mmAl) Instrument Reading (mGy) 

OPEN 2.491 

1.0 1.957 

2.0 1.591 

3.0 1.331 

3.5 1.221 

                                  Calculated HVL:      3.39     mmAl 

Pass/Fail: Pass 
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Exposure Consistency 

Purpose: to determine if the exposure is remaining consistent. 

Requirement: coefficient of variation should be ≤ 0.05. 

 Set SCD: 66       cm. Set kVp:     80  Field size:  10 x 10  cm.   

 Set mAs: 25 

 kVp Time (ms) Dosimeter (mGy) DAP meter (mGy) 

 82.29 82.00 2.48 2.47 

 82.18 82.22 2.48 2.47 

 82.16 82.11 2.48 2.49 

 82.14 82.00 2.47 2.50 

Mean 82.19 82.11 2.48 2.48 

Std.Dev. 0.058 0.090 0.002 0.013 

C.V. 0.001 0.001 0.001 0.005 

 

Pass/Fail: Pass 
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mA or mAs Linearity 

Method: select 80 kVp vary mAs from 0.5 to 50 and record the exposure in mGy 

Requirement: coefficient of variation should not exceed 0.1 

 Set SCD:     66   cm. Phase:     1   Set kVp:     80 

S/L Avg. kVp 
Time 

(msec) 
mAs 

DAP 

(mGy) 

Dosimeter 

(mGy) 
mGy/mAs C.V. 

S - 4.22 0.5 0.05 0.05 0.098 - 

S - 5.56 1.0 0.10 0.10 0.098 0.001 

S 82.94 10.77 2.0 0.20 0.20 0.100 0.008 

S 83.20 21.66 4.0 0.40 0.40 0.100 0.002 

S 82.67 59.00 8.0 0.80 0.81 0.101 0.004 

S 82.42 84.88 10.0 1.02 1.01 0.101 0.000 

L 81.93 41.00 12.5 1.23 1.23 0.099 -0.013 

L 82.27 65.77 20.0 1.98 1.98 0.099 0.001 

L 82.08 82.33 25.0 2.47 2.47 0.099 0.000 

L 82.07 105.50 32.0 3.16 3.16 0.099 0.000 

L 82.05 132.20 40.0 3.95 3.96 0.099 0.000 

L 82.19 169.60 50.0 4.94 4.95 0.099 0.000 

 

Global Mean: 0.099 

Global Std.Dev: 0.001 

Global C.V: 0.010 

Pass/Fail: Pass 
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kVp Linearity 

Method: at a mid-current station, vary the kVp from minimum to maximum in step     

of 10 kVp. Record the measured kVp 

Requirement: the deviation should not exceed 5 kVp or 10% of set kVp, whichever is 

larger. (5% of set kVp for new equipment) 

 Set SCD:     66   cm. Phase:     1   Set mAs:     25 

Set kVp 
Measured kVp 

DAP 

(mGy) 

Dosimeter 

Avg. %Dev. HVL (mmAl) (mGy) mGy/mAs 

50 49.60 0.80 0.75 2.14 0.81 0.03 

60 60.35 0.58 1.27 2.51 1.30 0.05 

70 71.01 1.44 1.83 2.93 1.84 0.07 

80 82.28 2.85 2.47 3.38 2.47 0.10 

90 92.64 2.93 3.13 3.88 3.16 0.13 

100 103.20 3.20 3.84 4.35 3.91 0.16 

110 114.10 3.73 4.54 4.81 4.72 0.19 

120 124.70 3.92 5.31 5.24 5.57 0.22 

Pass/Fail: Pass 
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Appendix B: Report of Digital Radiography system performance 

General Information 

Location: King Chulalongkorn Memorial Hospital 

Date:  14/07/2014 

Detector number  3 

Manufacturer: General Electric (GE) ; June 2013 

Model number: 5340000-7 

Serial number:  UA45948-6 

 

 

Commissioning Tests 

Objective:        

 To assess digital detector performance. 

 

Equipment:  

1. Tape measure 

2. Adhesive tape 

3. 1.5 mm Cu filtration (>10x10 cm) 

4. Dosimeter Unfors Raysafe model Xi 

5. TO20 threshold contrast test object 

6. Resolution test object (Huttner 18) 

7. M1 geometry test object  

8. Lead glass phantom (10x10 cm) 

 

The tests should be performed X-Ray unit and workstation that machines passed 

QC tests. These tests require the use of the higher quality reporting workstation like a 

clinical workstation. 
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Quality Assurance of Digital Detector  

1. Dosimetry  

 Purpose:  To measure entrance receptor doses required for later test. 

 Method: 

1. Set SID at 180 cm. 

2. Set SCD at 30.7 cm. in front of detector. 

3. Collimate to the dosimeter. 

4. Exposed the chamber such that the inverse square law corrected dose to the 

chamber is approximately 10 µGy, using 75 kVp, and 1.5 mmCu filtration.  

5. Record the measured dose and repeat twice. 

6. Under the same beam conditions determine the mAs required to deliver 1 

μGy, 4μGy, 12μGy and 50μGy. 

 

 

 

 

 

 

 

 

  

 

                            Figure 1: Set up for Dosimetry 
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 Result: 

 Table 1: The mAs was create receptor dose at 4 µGy, 10 µGy, 12 µGy, 50 µGy  

Radiation dose 

(µGy)  

SCD 

(cm) 

kV Time 

(msec.) 

mAs Measured dose 

at dosimeter 

(µGy) 

Calculated 

dose at 

detector (µGy) 

(SCD) (SID) 

1 159 75 - 4 1.32 1.03 

4 159 75 3.072 16 5.33 4.16 

10 159 75 4.813 40 13.54 10.56 

12 159 75 6.042 50 17.03 13.29 

50 159 75 22.12 200 69.33 54.09 

 

2. Linearity and system transfer properties 

 Purpose:  To establish the relationship between receptor dose and pixel value so 

that this relationship can be corrected for in image retention and 

uniformity tests. 

 Method: 

1. Remove grid from system. 

2. Expose the entire area of the detector at 75 kVp with 1.5 mmCu. Set a 4.0 mAs 

and SID to deliver a dose of 1Gy. 

3. Record the sensitivity index value (EI). 

4. Repeat for doses of order 4 μGy, 10 μGy, 12 μGy and 50 μGy. 

5. Record a pixel value from the center the image. 

  

 

Figure 2: Position for measurement pixel value. 

 

6. Plot a graph of pixel value versus receptor dose using a graph plotting. Obtain 

the equation of the trend-line for this graph (the pixel value as a function of 

receptor dose).  
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Result: 

Table 2: Pixel values at center of image and receptor dose 

kVp. mAs Dose(Gy) 

Pixel Value  

(Center of image) 

Mean Std Dev. 

75 4 1 266.07 4.78 

75 16 4 1087.99 9.44 

75 40 10 2742.00 16.40 

75 50 12 3431.91 18.55 

75 200 50 13761.62 46.85 

                                                               

 

Figure 3: Relation graph between pixel value and receptor dose 

Tolerance: 

 The trend-line plotted in excel should have an R2 fit value >0.95.  (R² = 0.999) 

 There is no tolerance for the STP equation. However the pixel value to dose 

relationship should be a simple relationship. 

  

 Pass/Fail: Pass 
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3. Image retention  

 Purpose: To test that any detectable residual signal (ghosting) that remains in 

subsequent images is minimal. 

     Method: 

1. Remove grid from system and ensured that there is no attenuation in the beam. 

2. Set the focus to detector distance (SID) to be 180 cm. 

3. Close the collimators and cover the detector with a lead apron. Set a low 

exposure 50 kVp and 0.5 mAs. 

 

 

 

 

               

 

Figure 4: Close detector with a lead apron and image after exposure 

 

4. Open the collimators and place the attenuating material-Lead glass 10x10 cm2 

on the detector. Make an exposure at 70kVp and 16 mAs to deliver a receptor 

dose of 4 µGy. 

 

 

 

 

 

 

Figure 5: Lead glass and image after exposure 

5. Obtain another blank image as described in step 3. 

6. Set a very narrow window and adjust the level. Visually inspect the image for 

any remnant of the previous image. If a remnant is visible, use region of 

interest analysis to quantify the difference in pixel value between the ghosted 

and unghosted areas. 
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Figure 6: Region of interest for image retention 

 Result: 

        

(a)                             (b)                                (c) 

Figure 7: Compare Images from Step 3(a), Step 4(b) and Step 5(c) 

             

 Table 3: Ghosting artifact in each exposure technique 

Image kV mAs Material on detector Ghosting artifact (Y/N) 

a 50 0.5 No N 

b 75 16.0 Pb glass N 

c 50 0.5 No N 

 

Tolerance: 

 If no evidence of ghosting is found from visual inspection of the images then the 

test is passed and there is no need to perform ROI analysis. 

 Pass/Fail: Pass 
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4. Sensitivity index consistency  

 Purpose: To assess the variation of sensitivity between exposure, and set a baseline 

for monitoring system sensitivity for future QA testing. 

    Method: 

1. Remove grid from system. 

2. Expose the entire area of the detector at 75 kVp with 1.5 mmCu. SID to deliver 

a dose of 1 µGy, 4 µGy, 10 µGy, 12 µGy and 50 µGy. 

3. Record the organ program, LUT name and sensitivity index, without changing 

the window and levelling. 

4. Repeat exposure 3 times. 

    Result: 

 Table 4: Show relationship between exposure index and dose 

     Tolerance: 

      The indicated sensitivity index should not differ by greater than 20% of 

equivalent exposure, between exposures. The measurement should be used to set a 

baseline for future QA tests. 

 Pass/Fail: Pass 

 

 

 

Dose 

(µGy) 

EI 
STD 

DEV. 

C.V. 

1 2 3 Avg. EI 

1 123.71 122.82 122.82 123.10 0.51 0.0040 

4 499.29 500.18 499.74 499.70 0.45 0.0008 

10 1258.91 1258.91 1259.80 1259.20 0.51 0.0004 

12 1574.86 1575.31 1576.20 1575.50 0.69 0.0004 

50 6299.00 6332.82 6325.70 6319.20 17.83 0.0028 
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5. Uniformity    

Purpose: To assess the uniformity of the recorded signal from a uniformly 

exposed detector. A non-uniform response could affect clinical image 

quality. 

    Method: 

1. Remove grid from system. 

2. Expose the entire area of the detector at 75 kVp with 1.5 mmCu. to deliver a 

dose of 1µGy. 

3. Also repeat for 4 µGy, 10 Gy, 12 µGy and 50 µGy. 

4. The five values obtained from ROI analysis should be used to calculate five 

indicated receptor dose values. 

 

 

 

               

 

Figure 8: Position of the ROI for uniformity test 

Result: 

Table 5: The values obtained from ROI analysis and coefficient of variation (CV) 

1 µGy C=Center UL UR LL LR Avg. STD DEV. CV 

Mean  266.07 285.64 276.71 293.81 285.80 281.61 10.58 0.04 

STD Dev. 4.78 5.58 5.36 5.80 5.51    

4µGy C=Center UL UR LL LR Avg. STD DEV. CV 

Mean  1087.99 1170.30 1122.68 1194.60 285.80 1145.61 41.54 0.04 

STD Dev. 9.44 11.62 10.81 12.50 11.62    

10µGy C=Center UL UR LL LR Avg. STD DEV. CV 

Mean  2742.00 2943.70 2812.57 3002.11 2904.83 2881.04 103.89 0.04 

STD Dev. 16.40 21.64 19.20 22.54 20.89    

12µGy C=Center UL UR LL LR Avg. STD DEV. CV 

Mean  3431.91 3677.63 3535.29 3764.53 3622.21 3606.31 128.29 0.04 

STD Dev. 18.55 24.75 22.09 28.41 24.63    

50µGy C=Center UL UR LL LR Avg. STD DEV. CV 

Mean  13761.62 14798.78 14113.54 15088.28 14556.37 14463.72 530.68 0.04 

STD Dev. 46.85 79.84 65.56 92.06 73.80    

C 

UR UL 

LL LR 
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 Tolerance: 

 The images should not have obvious artifacts. Using ROI analysis, STP corrected 

values should be within a range of 10% of the mean. 

 Pass/Fail: Pass 

 

6. Scaling errors        

  Purpose: To assess the accuracy of software distance indicators and check for 

distortion.  

     Method: 

1. Remove grid from system. 

2. Position the M1 test object direct onto the detector with an SID of 180 cm. 

3. Exposure the detector at 50 kVp 10 mAs with no attenuation in the beam. 

4. Using the distance measuring software tools measure the dimensions (x and y) 

in both the horizontal and vertical directions. Calculate the aspect ratio x/y. 

 

 

 

 

 

 

Figure 9: Show scaling error test and software tools measurement 

 Result: 

                M1 Object at center 220 mm.    

   Table 6: The distanced x, y and % different  

kVp mAs 
x axis 

(mm) 

y axis 

(mm) 

% different 

x 

% different 

y 
x:y 1-x:y 

50 10 219.94 220.37 0.03 0.17 0.980 0.02 
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Tolerance:   

      The measured distances x and y should agree within 3% of the actual distances at 

the center    or 5% at the corners. All calculated aspect ratios should be within 1.00 ± 

0.03 at the center or 5% at the corners. 

 Pass/Fail: Pass 

 

7. Blurring and stitching artifacts     

    Purpose: To test for any localized distortion or blurring and to highlight any stitching 

artifact if the system is formed from more than one detector element. 

    Method: 

1. The test should be made with the grid both in and out of the detector. (this 

practicum remove grid reduce affect from grid)  

2. There is no attenuation in the beam and that the SID is set as 180 cm. 

3. With a contact mesh on the detector, exposure 50 kVp 10 mAs using fine focus. 

4. Visually inspect the image for blurring and stitching artifacts. 

5. Repeat with a finer mesh. 

 

 

 

 

 

 

                   

Figure 10: Show MS1, MS3, MS4 test tools and image 

 

 

 

MS1 MS3 MS4 
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  Result: 

 Table 7: Blur area and Stitching obtained images from MS1, MS3 and MS4 

Object kVp mAs Blur area(Y/N) Stitching(Y/N) 

MS1 75 10 N Y 

MS3 75 10 N Y 

MS4 75 10 N Y 

 

 Tolerance:   

       No blurring should be present. If stitching artifacts are present there should be 

no loss of information. 

 Pass/Fail: Pass 

 

8. Limiting Spatial Resolution          

    Purpose:  To test the high contrast limit of the system ability to resolve details. 

    Method: 

1. Remove grid from system, there is no attenuation in the beam and that the SID 

is set as 180 cm. 

2. Place the resolution test object Huttner test object onto the detector aligned at 

45o to its edges. 

3. Exposure the detector at 75 kVp 16 mAs on fine focus. 

4. Repeat the measurement with the resolution test object placed at longitudinal 

axis and -45o to longitudinal axis. 

5. Adjust the window level and magnification to optimize the resolution.  

 

 

 

Figure 10: Show image of Huttner test object in 0o, 45o and 90o 
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Result: 

 Table 8: Group Line pair in 0o, 45o and 90o  

Alignment kVp mAs Line pair Tech monitor (group no.) 

0 deg 75 16 6 

45 deg 75 16 6 

90 deg 75 16 7 

  

 Tolerance:  

 These measurements should be used to set a baseline for future QA tests. 

 

 

9. Threshold Contrast Detail Detectability        

Purpose:  To monitor image quality by assessing the visibility of low contrast 

details. 

    Method:  

1. Remove grid from system. 

2. Position the TO20 test object direct onto the detector with an SID of 150 cm. 

3. Exposure the detector at 75 kVp and 4 mAs, 1.5 mmCu (Dose 1 µGy). 

4. Repeat this test for exposures of 4 µGy, 10 µGy, 12 µGy and 50 µGy. 

 

 

 

 

 

 

Figure 11: Obtained image form TO20 test tool. 
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 Result: 

 Table 9: Number of object in threshold contrast detail detectability 

Dose(µGy) kVp mAs No. of object low contrast 

1 75 4 3 

4 75 16 30 

10 75 40 33 

12 75 50 39 

50 75 200 62 

 

 Tolerance:   

       The results of this test are used to set a baseline for future QA tests. 

 

The summary result: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    P     1. Dosimetry  

    P       2. Linearity and system transfer properties 

    P       3. Image retention 

    P       4. Sensitivity index consistency  

    P       5. Uniformity  

    P       6. Scaling errors 

    P       7. Blurring and stitching artifacts 

    P       8. Limiting spatial resolution 

    P       9. Threshold contrast detail detectability 



Appendix C: Case record form 

 Form 1: Phantom study 

 

 

Mobile x-ray:    GE-Optima XR220amx No.3        .    

Image receptor:   GE-DR detector No.3                   .   

 Phantom Information: 

Model: N1-LUNGMAN Thickness:  23 cm 

Exposure parameter: Technical parameter: 

kVp:  FID: 100 cm 

mAs:  Grid: Not use 

 

 Radiation dose 

Entrance Surface Air Kerma (ESAK)                                         mGy 

 

 Image quality 

A. Image criteria (CEC) Score 

1. Visually sharp reproduction of the vascular of the lungs, 

particularly the peripheral vessels. 
 

2. Visually sharp reproduction of the trachea and proximal 

bronchi. 
 

3. Visually sharp reproduction of the borders of the heart and 

the aorta. 
 

4. Visually sharp reproduction of the diaphragm and lateral 

costophrenic angles. 
 

5. Visualization of the retrocardiac lung and the 

mediastinum. 
 

6. Visualization of the spine through the heart shadow. 

  

Total  

Rate of image criteria score: 1 = fulfilled; 0.5 = partly fulfilled; 0 = not fulfilled 

B. Qualitative noise  

Rate of qualitative noise score: 3 = free of noise; 2 = scarce noise; 1 = significant 

noise; 0 = obvious noise 
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 Form 2: Patient study 

Mobile x-ray:    GE-Optima XR220amx No.3        .    

Image receptor:   GE-DR detector No.3                   .   

 Patient Information: 

Case number:  

Chest thickness:                  cm Gender (M/F): 

Exposure parameter: Technical parameter: 

kVp:   90 FID: 100 cm 

mAs:   0.63 Grid: Not use 

 

 Patient dose 

Entrance Surface Air Kerma (ESAK):                                         mGy 

 

 Image quality 

A. Image criteria (CEC) Score 

1. Visually sharp reproduction of the vascular of the lungs, 

particularly the peripheral vessels. 
 

2. Visually sharp reproduction of the trachea and proximal 

bronchi. 
 

3. Visually sharp reproduction of the borders of the heart and 

the aorta. 
 

4. Visually sharp reproduction of the diaphragm and lateral 

costophrenic angles. 
 

5. Visualization of the retrocardiac lung and the 

mediastinum. 
 

6. Visualization of the spine through the heart shadow. 

  

Total  

Rate of image criteria score: 1 = fulfilled; 0.5 = partly fulfilled; 0 = not fulfilled 

B. Qualitative noise  

Rate of qualitative noise score: 3 = free of noise; 2 = scarce noise; 1 = significant 

noise; 0 = obvious noise 

C. Acceptable of image quality Yes No 

Acceptance level: Image criteria score ≥ 3 , Qualitative noise score ≥ 2 
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