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Dual energy subtraction technique is based on the different physical properties of soft-
tissue and bony structure in the attenuation of x-ray photons at different x-ray energies. It
produces two radiographs, one at higher kVp (bone image) and one at lower kVp (standard chest
radiograph).The subtraction of a standard chest radiography and a bone image from the second
CR plate produces a soft-tissue image. The purpose is to study the performance of the single shot
dual-energy subtraction system in order to obtain the optimal protocol for chest radiography.
Lung Man Chest phantom with simulated lesions diameter 3, 5, 8, 10, 12 mm were studied using
a single shot DE subtraction system with different protocols on automatic exposure control.
Optimal protocols result from the scores on qualitative evaluation by two radiologists and the
entrance surface dose of phantom. The protocols were implemented to routine DE chest study in
65 patients. The image quality was scored by 2 radiologists of similar experience at three sets of
images and evaluated ESD from clinical studies. Optimal protocol of this study is kVp at 120, -
15% density, frequency rank O, and frequency enhancement 0.3. ESD of chest projection in
phantom study is 0.24 mGy. In patients study the average ESD was 0.22 (0.12- 0.58). The use of
the DE subtraction method enhances the abnormal shadow detection capability especially in
nodules at behind bone structure which can be seen in soft-tissue image rather than standard
image only. However, the ultimate application of this technology can be used in clinical practice

as an enlargement to existing imaging rather than as a replacement.
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CHAPTER |

INTRODUCTION

1.1. Background and rationale

Computed radiography (CR) has been developed since the middle of the
twentieth century [1]. At present, CR is preferred in many medical centers as it
produces digital images to replace the film processing. In addition, it is excellent

actions to achieve the end result of images.

CR can store the images generated by an x-ray equipment in the departmental
computer system or PACS. The photostimulable phosphors (PSP) has been designed
to replace the screen-film system. The phosphor is deposited onto a substrate as an
imaging plate when the x-rays access to the imaging plate, they are stimulated and
possessed to store the images.A laser is used to scan the imaging plate to process the
digital format. The results are then fed directly into a computer for further
interpretation. This simplifies the all process, since no photographic development

process is involved, as a consequence of the fact that dark rooms are inessential [1].

Lung cancer, is the most common and the worst cancer in the world with rapid
increasing of prognosis. [2] The early detection would increase the chances of
survivor. Although the advantage of technology in field of radiology to indicate the
abnormality of chest has several techniques especially in chest radiography such as
computed tomography (CT) and magnetic resonance imaging (MRI). However, the
first and most common diagnostic tools for observe the abnormality of chest is a
conventional chest radiograph. [3] Conventional chest radiograph as known as plain
films has been benefited significantly as technological advancement on computer

technologies, which can be manipulated in an electronic format.

The limitation of conventional chest radiograph is the overlapping of structures

inside the chest of patients, which decreases the accuracy of interpretation. To resolve



these problems, Dual-energy subtraction chest radiograph is developed in order to

overcome the limitation of conventional chest radiograph.

The advantage of Dual-energy subtraction chest radiograph is more sensitivity for
the detection of calcification within a pulmonary nodule than conventional chest
radiograph. Moreover, it is relevant to identification abnormalities of bone and
pleural; retirement of masses at mediastinal and hilar; detection of tracheal narrowing

and airway disease; and localization of stents, catheters, and other in dwelling devices

[4].

KING CHULALONGKORN MEMORIAL

Figure 1.1 Three images are produced from dual-energy subtraction technique

(A) standard chest image (B) bone image (C) soft-tissue image.

Dual-energy subtraction chest radiograph is not only improved the ability in early
detection of abnormal chest but also improves the accuracy in diagnoses. The
principle of dual-energy subtraction chest radiograph relies on the difference of
attenuated of x-rays through body tissue. These differences are generated the higher
(bone image) and lower (standard chest image) attenuated images. Subtraction of
higher and lower attenuated images produced soft-tissue image as in figure 1.1. There
are two techniques to make the dual-energy subtraction chest radiography: a single-

shot technique and a dual-shot technique.



1.2. Objectives
The objectives of the research are

1.2.1. To study the performance of single shot dual-energy, SSDE,
subtraction chest radiograph.

1.2.2. To determine the optimal protocols for chest radiograph using SSDE

subtraction technique.



CHAPTER Il
REVIEW OF RELATED LITERATURES

2.1 Theory
2.1.1 Introduction

Chest radiography (CXR) offers a low-cost, low radiation dose modality that
remains the strength of noninvasive examination and diagnosis of chest pathologies in
many hospitals. For the reason that conventional CXR lacks of sensitivity in the
detection of small lung nodules, it is inappropriate for screening purposes. Advance
technique in digital radiography (DR) has generated remarkable improvements in
diagnostic quality through the introduction of high-performance flat-panel detectors
(FPDs) and computed radiography (CR) [5]. The fundamental limitation to diagnostic
performance remains the compression of three-dimensional anatomy into a two
dimensional projection image [5], with the visual disarray associated with
superimposed structures, a major limiting factor. Dual-energy (DE) imaging
moderates this limitation in part by acquiring low- and high-energy projections from
which soft-tissue and bone images are disintegrated.

2.1.2 Computed radiography

Computed radiography (CR) was the first commercial digital imaging
modality widely used in chest imaging and currently is still the most common
technology for acquiring digital chest radiographs, especially for bedside applications
[3]. The CR is based on photo-stimulable properties of barium halide phosphors [3].
With a cassette similar to that used in screen-film radiography, the phosphor screen is
exposed to x-rays. After exposure, the cassette is transferred to a reader device, which
subjects the screen to a scanning laser beam. The laser releases the energy locally
deposited by x-rays on the screen, causing the screen to fluoresce. The released light
is used to form the image after it is collected by a light guide, digitized, and associated
with the geometric location of the laser beam at the time of stimulation. The digital
image data is then processed for presentation. Since its commercial introduction more

than two decades ago, CR has been under continuous improvement. The most recent



advances include the collection of photo-stimulated light from both sides of the
screen, leading to improved detective quantum efficiency. The use of line scanning
and light collection technology result for improved speed, and the use of structured
phosphor for improved detection efficiency without associated loss in resolution. In
the most common implementation, CR devices produce image quality that tends to be
lower than that for other digital radiography systems, but CR systems possess certain
operational and economic advantages that cause them to remain competitive with
other digital modalities. Those advantages can be summarized as follows:

A. CR cassettes are identical in size to screen film cassettes, making it

possible to retrofit existing analog radiography rooms

B. CR reader and cassettes are separate entities makes the technology

extremely convenient for bedside applications.

C. The separation of CR reader and cassette makes it further possible to have
one (higher-cost) CR reader used in reading multiple (lower-cost) CR cassettes, which
allows one CR reader to serve multiple radiography rooms and reduces the up-front

cost of the transition to digital radiography.
2.1.3 Dual-energy subtraction

Dual-energy subtraction imaging is used to produce images of two
independent tissue types, most commonly bone and soft tissue. The dual-energy
technique separates bone from soft tissue by using the known energy dependence of
x-ray attenuation in soft tissue and in bone. Calcified structures attenuate far more
heavily, by means of photo-electric absorption, than do soft-tissue structures; thus, the
contrast of calcium diminishes with increases in beam energy much faster than does
the contrast of soft tissue [3]. Thus, if two images are acquired at different beam
energies, the image obtained at the lower energy will show a larger fraction of
contrast from bone than from soft tissue. These two images may be combined in such
a way that the soft-tissue or calcium components can be exactly out-of-the-way.
Typically, an image containing only calcified structures and an image containing only
soft-tissue structures are generated. Thus, dual-energy subtraction radiography can
improve lung nodule obvious by eliminating overlying anatomic noise from the

bones. The technique can also be used to better demonstrate calcium in lesions.



Although the dual-energy technique was proposed as early as the 1950s, it was not
until practical digital radiographic detectors became available in the 1980s that dual-

energy imaging was clinically feasible for chest applications.
2.1.4 Single shot dual energy technique

The single-shot dual energy technique uses a single exposure to produce a
standard chest radiograph, a bone image and a soft tissue image as in figure 2.1. The
cassette contains a thin copper filter sandwiched between two phosphor computed
imaging plates as in figure 2.2. The X-ray beam reaching the first imaging plate
produces a standard chest radiograph containing bones and soft tissues. The second
imaging plate is reached by a smaller number of mostly high photon energies which
have passed the first image plate and the filter. Due to the high energy and low photon
count, the image generated on the second plate has low bone contrast and is also
noisier than the normal image on the first imaging plate. The higher noise is partially
compensated by noise suppression during image post-processing. To generate a bone
image, the signal of the high-energy image on the second imaging plate is enhanced
till the intensity from the soft tissues reaches that on the low-energy image on the first
imaging plate; weighted subtraction of these images results in canceling the soft tissue
signal, leaving only bones and calcified structures visible (bone image). To generate
the soft tissue image, the signals of the high-energy image on the second plate are
adjusted to equalize the intensity of bones on both plates; weighted subtraction of

these images again produces the soft tissue image [6].
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Figure 2.1 Three images of dual-energy subtraction A: standard image B: bone image

and C: soft-tissue image.



Firstimaging plate

Filter

Secondimaging plate

Cassette

Figure 2.2 Composition of single shot dual energy cassette.
2.1.5 Applications of energy subtraction radiography

From the beginning, it has been the principle of energy subtraction to
eliminate overlaying bones that often make the detection of pulmonary pathology
difficult [6]. The most noticeable advantage results for nodule detection, as needed in
primary lung cancer and lung metastases. Correspondingly, small benign lesions often
are better visible after bone subtraction; this is true for the detection of active versus
scarred tuberculosis or invasive aspergillosis in immune-compromised patients [6].
Dual energy technique improves the characterization of focal and the visualization of
distribution of diffuse lung disease and, thus, may help in their differentiation [7].
Beyond the elimination of superimposed bone, Dual energy is a sensitive tool to prove
or exclude calcification [7]. Calcified nodules most often are of benign origin. The
exception is pulmonary metastasis in case of a calcified or ossified primary neoplasm;
however, this is usually known which simplifies the recognition of malignant
calcification. Calcified lymph nodes are often seen in hilum or mediastinum location.
Pleural calcification is enhanced and its distribution often helps in determining the
etiology, both asbestos exposure [2], post-inflammatory or posttraumatic. Since
penetration is minimal for the mediastinum, the bone image often is very noisy here;
still, it is possible to identify cardiovascular calcifications [2].



Table 2.1 Clinical applications of ES chest radiography [6]

To avoid overlap of thoracic bones

To prove calcification/ossification

To analyze the bone

To localize foreign bodies

-To detect pulmonary lesions

-To characterize the density and
morphology of pulmonary lesions
-To show the tracheobronchial lumen

-To detect a mediastinum mass

-In lung nodule (granuloma, hematoma,
scar, metastasis of calcified neoplasm)
-In lymph nodes

-In pleural location

-In mediastinum: vascular, cardiac,
cartilage

-In soft tissues including breast

Callus after rib fractures, osteophytes
etc.

-In congenital malformations

-In acquired bone disease

-Metallic devices/foreign bodies
-Indwelling devices (catheters, ports,
drains)

-Silicone breast implants

2.1.6 Entrance surface dose

Entrance surface dose (ESD) is a measure of the radiation dose absorbed by
the skin where the x-ray beam enters the patient. ESD can be measured directly with

thermo-luminescent dosimeters or computed from measurements made with an

ionization chamber.



2.1.7 Factors Affecting ESD in Conventional Radiography
2.1.7.1 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, ESD will change as the square of the change in peak kilovoltage.
The selection of higher peak kilovoltage are increases the average energy of
the x-rays and therefore beam 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 [8].

Diagnostic radiography units are required by regulations to contain a
total filtration (which includes the tube wall and any other added filtration) of
at least 2.5 mm of aluminum equivalent if they are operated at tube potentials
above 70 kVp. This filtration preferentially absorbs the low-energy x-rays in

the beam.
2.1.7.2 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 [8].
2.1.7.3 Grids

Grids were introduced into radiography to reduce the amount of
scattered radiation that reaches the image receptor. Modern grids do an
exceptional job, resulting in images with much improved contrast and
increased patient dose. A grid also absorbs a portion of the primary x-rays that
is, those 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 radiation incident on the grid and therefore the patient.
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A grid removes a much larger fraction of scattered x rays than primary, x-rays,
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 a grid, however, may

result in fewer retakes and more accurate diagnoses [8].
2.1.7.4 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 [8].
2.1.8 ALARA

With increasing awareness of the need for radiation protection, a prototype
shift can be observed from the principle of “image quality as good as possible” to
“image quality as good as needed.” The radiation dose to patients should be as low as
reasonably achievable (ALARA) while still providing image quality adequate to
enable an accurate diagnosis [9]. ALARA does not necessarily mean the lowest
radiation dose, nor, when applied, does it result in the least desirable radiographic
image [10]. What, indeed, constitutes adequate image quality is still open for
discussion for the various imaging tasks. There is a multitude of studies in the
literature comparing the performance of one system with another “reference” system
to define the amount of possible dose reduction that would still achieve an image
quality equivalent to that provided by the acknowledged reference. Using this
approach, it is possible to survey parameters, such as the detection of artificial lesions
or the semi-quantitative assessment of subjective image impression, as a surrogate for
image quality and relate these parameters to a reference of dose. To define, however,
the minimum level of image quality needed to reliably make a certain type of
diagnosis is much more difficult. Individually defining the minimal dose to reliably
answer a specific diagnostic question in a prospective manner seems to be impossible,
given the vast variety of patient-related and disease-related conditions and the

workflow for radiographic examinations. Reduction of patient dose according to the
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ALARA principle is not only a question of selecting the right detector, but also
requires the optimization of the whole imaging chain and the selection of appropriate

imaging parameters [9].
2.1.9 Optimization of tube voltage and beam filtration

Customarily, the limited dynamic range of conventional film/screen systems
required the use of high kilovoltage settings to penetrate high attenuating areas, such
as the mediastinum, while still maintaining an acceptable level of image contrast in
the lungs. In general, digital images are acquired with the same kVp settings as those
used for conventional film-screen. This methodology, however, was recently
interrogated. Digital systems have redefined the traditional relationship between tube
potential and image contrast because image processing allows the contrast and density
of an image to be optimized independently. A second point to challenge the traditional
high kVp technique for digital systems is related to the fact that all digital detector
mediums have to a different extent, depending on their absorption characteristics
higher dose efficiency at lower kVp ranges. This ideally, can be translated to an
improved signal-to-noise [11]. Most studies were carried out by physicists and were

based on SNR measurements or contrast detail experiments.
2.1.10 Optimization of image processing technology

There is no distrust that the processing of digital images shows a major role in
effectively performing the medical imaging assignment. Three aspects must be taken
into account. Firstly, the overall impression of a typical radiograph (e.g., chest
radiograph) should be similar to conventional radiography performed with screen-film
systems in order to recognize the typical features acquired during radiology training
and to maintain the option for universal interpretation [9]. Secondly, there should be a
certain consistency in image processing to determine whether something is normal
and for interpretation of studies longitudinally [9]. Thirdly, the present multi-
frequency processing proficiencies enhance image contrast differently in different
anatomic regions and differently for different image structures. In reader studies,
images enhanced with decorative processing tools are greatly preferred [9]. The
question of whether a gain in image quality by processing can be developed for dose

reduction remains to be answered. As image noise can be both improved and
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suppressed by processing, the relationship between image processing and dose

requirement is unmistakable.
2.1.11 Image processing

Image processing improves diagnostic accuracy and expands diagnostic scope.
Two type of image processing are involved: gradation and spatial frequency
processing.

Gradation processing

In gradation processing, the basic contrast curve is used as a base from which
contrast and density can be adjust as finely as desired.

Spatial processing

Spatial frequency control processing is the process of controlling sharpness. In
a film-screen system, the higher the frequency becomes, the smaller the frequency,
response becomes. However, with CR it is possible to control response as desired. In
FRC, unsharp mask processing is used as a method of image processing for frequency
control. This method is simpler and faster than methods that involve Fourier

conversion.
2.1.12 Automatic exposure control

Recent digital equipment usually provides the essential data interface for
automatic data collection and evaluation. Integrated in a suitable RIS/PACS
environment, dose control can be established in clinical routine as part of an overall
quality control program. With longitudinal assessment of dose-relevant parameters,

even small deviations can be identified [9].
2.1.13 Diagnostic reference levels

Diagnostic reference levels (DRL) are defined as dose levels for typical
examinations for groups of standard-sized patients or standard phantoms for broadly
defined types of equipment. They are specified as entrance skin air kerma (ESAK,
measured in air without backscatter) or as entrance skin dose (ESD, measured in
specified material with backscatter). The concept of DRL was introduced by the

International Commission of Radiological Protection (ICRP) [8]. DRL are typically
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set at the third quartile (75% value) of the dose distribution, derived from a suitable
patient dose survey. The DRL specified are not to be exceeded with routine practice.
The reference levels are periodically reviewed and, if necessary and possible,
modified on the basis of knowledge of current practice. The DRL are recommended.
That is, they do not distinguish between acceptable and unacceptable practice. It
should be noted that the reference levels derived from these surveys represent the
“state of practice” and not the “state of the art,” and should be considered as such.
They do not take into account the options provided by most modern CR detector
technologies, and allow for flexibility to accommodate individual variation in dose
reduction and resultant image quality. However, because digital systems have this
greater freedom in setting the dose level without “overexposing,” devotion to
reference levels is even more important to avoid dose levels to the patient that do not

contribute to the clinical purpose of a medical imaging task [9].

Table 2.2 Dose Reference Levels (mGy) from various Standards [12]

CRCPD IPSM IAEA AAPM NRPB
1988 1992 1996 2012 1999
PA Chest 0.4 0.3 0.4 1.5 0.3
LAT Chest - 1.5 1.5 1.5 1.5
LAT Skull 1.3 3 3 3 3

2.2 Related literatures

Many research studies on computed radiography in dual energy subtraction

image are as followings.

Brent K et al. [13] focused on analysis and development of single-shot dual
energy subtraction method using computed radiography (Fuji FCR-101storage
phosphor system). By utilizes the transparency of the storage phosphor imaging plate,
radiographic information that would be otherwise lost, offer energy selective
information essentially as a by-product of radiographic examination. Fixed analog to

digital converter gain and varies photomultiplier sensitivity, with the purpose of use
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the large dynamic range of the storage phosphor imaging plate, which associated to
relative incident exposure for export to the decomposition algorithm. 100 kVp using a
0.15 mm tin thickness of filter interdetector for the lung field that are the optimal
protocol for this research. Result of a surface absorbed was 0.26 mGy for a 23 cm in

patient chest thickness.

Shoji K et al. [14] studied 22 patients and showed one to five pulmonary
nodules range from 5mm to 2 cm in diameter, other 22 patients had no pulmonary
nodules in each patient, were confirmed on CT images. Dual energy subtraction
parameters were obtained with 100 kVp, 400 mA, gradient type E, frequency
enhancement 0.3 and frequency rank 0. An iterative noise reduction algorithm used
to reduce the quantum mottle of subtracted image. Radiation dose parameters and
image quality scoring were determined and compared. In this study, the original
computed radiographic image plus iterative bone subtraction image is superior to the
original computed radiographic image for detection of pulmonary nodules, especially
those that overlap the ribs. However, nodules that overlapped a rib behind the heart

were difficult to detect. The entrance surface dose was 38.4 mR( mGy).

Kana | at el. [15] acquired PA chest using computed radiography (Fujifilm:
FCR XU-D1) with retrospectively 77 patients. The exposure parameters were 120
kVp and 200 mA. Five radiologists observed in two groups, first standard PA without
dual energy subtraction images, second standard PA with dual energy subtraction
images. In this study, using ROC curve for statistical analysis, the average Az values
increased from 0.7673 (without ES images) to 0.8265 (with ES images) (P < 0.05) for
the five observers significantly. Az values were 0.4583 and 0.5319 for the nonsolid
group, 0.7162 and 0.8209 for the partly solid group, and 0.9695 and 0.9859 for the

solid group, without ES images and with ES images, respectively.

Hye H at el. [16] reported 29 patients using double shot dual energy
subtraction with 200 msec between the high-and low-energy exposures. The imaging
parameters included a 120 kVp image at a speed equivalent to approximately 200 and
a 60 kV image at a speed equivalent to approximately 200. In statistical, two
radiologists observed accuracy measured by using area under ROC curve. Entrance
surface doses were estimated using a chest phantom, for standard chest radiographs
was 0.31 mGy for the standard PA view and 1.41 mGy for the standard lateral view.
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For the dual-exposure dual energy radiographs, the entrance dose was 0.59 mGy.
Thus, the entrance dose was 0.28 mGy greater than the standard chest radiograph
alone. The aim of this study is that, chest radiography using dual-exposure dual-
energy technique may be suitable for a complimentary study when a nodule is

detected on a standard chest radiograph.



CHAPTER 11
RESEARCH METHODOLOGY

3.1 Research design

This study is an observational descriptive design.
3.2 Research Design Model.

The Model is displayed in figure 3.1

Perform QC for computed radiography
¥

Find the suitable protocol for DE in phantom

\

Select the appropriate protocol for collect data from patient

A4

Collect data

Image quality 1 5 |Dose
~ Analysis /

Figure 3.1 The research design model.
3.3 Conceptual framework.

The framework is displayed in figure 3.2

‘ . } Radiation dose (=|\ Patient thickness

[ ma |
)

CNR| => || Image quality |€—

pOSFp[‘OCc‘SSiI]g

Parameter

Figure 3.2 The framework.



17

3.4 Key words

e Dual energy subtraction
e Chest radiograph
e Entrance surface dose

3.5 Research question

What is the optimal protocol of single shot dual-energy subtraction for chest
radiograph?

3.6 Materials

3.6.1Computed radiography system: FUJI model XU-D1

Figure 3.3 Computed radiography system manufacturer FUJI model
XU-D1 (vertical stand).
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In this study, Computed radiography system manufacturer FUJI model
XU-D1 at Out Patient Department, King Chulalongkorn Memorial Hospital
has been used. These CR system has a dual energy subtraction program
(single-shot dual energy subtraction), 40 cm Grid lines. The radiation dose can

be recorded by using DAP meter in mGy.cm?.

3.6.2 X-ray tube housing: Toshiba model ROTANOD

Figure 3.4 TOSHIBA x-ray tube housing model ROTANODE.

For this study, TOSHIBA x-ray tube model ROTANODE at Out
Patient Department, King Chulalongkorn Memorial Hospital has been used.
X-ray tube was installed in September 2007. Toshiba ROTANODE is
constructed with Rhenium -tungsten faced molybdenum target. These tubes
have foci 1.2 mm and 0.6 mm, and are available for a maximum tube voltage

150 kV, and have a 0.8 mmAl permanent filtration.
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3.6.3Multipurpose chest phantom

Multipurpose chest phantom N1 LUNGMAN, five sizes of simulation
circular nodules (3, 5, 8, 10, 12 mm) and three HU (-800, -630, +100 HU)
were used to study the optimal protocol in phantom.(Figure 3.3)

—

—630.‘ .. 88

+1oo...|-

Figure 3.5 Multipurpose chest phantom N1 LUNGMAN and simulation circular

nodules in five sizes and three HU units number.

Table 3.1 Specifications of Multipurpose chest phantom N1 LUNGMAN

N1 LUNGMAN

Main body
Internal parts

Mediastinum

Abdomen (diaphragm) block

Simulated nodules

Materials

Synthetic bones are embedded
Separates into four parts

Heart, trachea, Pulmonary vessels
(right and left)

No internal structure

3 varieties of Hounsfield number:
approximated -800, -630,+100 HU

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

Soft tissue: polyurethane (gravity 1.06)
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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

3.6.4 Solid state detectormanufacturer UNFORS model Xi

The UNFORS model Xi, was used to calibrate the system and measure
the radiation dose from phantom study. A complete system is applicable for
multi-parameter measurements on all modalities such as Radiographic-
fluoroscopic system, Mammography, Dental and CT systems. The detector is
a solid state detector which is not influenced by temperature and pressure of
environmental. It is capable of measuring kVp, dose, dose rate, pulse, pulse
rate, dose/frame, time, HVL, total filtration and waveforms simultaneously.
Only one detector is needed for low dose rate measurements up to high
exposures, while Active Compensation ensures high precision regardless of
the beam quality as shown in figure 3.4

Figure 3.6 Solid state detector manufacturer UNFORS model Xi.
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Table 3.2 Specifications of UNFORS model Xi

UNFORS detector

Size 12 x 22 x 117 mm (0.5 x 0.9 x 4.6 in)
DOSE

Range 10 nGy — 9999 Gy (1 uR — 9999 R)
Trig level 100 nGy/s (0.7 mR/min)

Uncertainty

DOSE RATE
Range
Min. peak trig level

Uncertainty

kV/kVp
Range

Uncertainty

EXPOSURE TIME
Range

Uncertainty

HVL

Range

Uncertainty

5% (40 — 150 kVp, HVL: 1.5—-14 mm
Al(1), Active Compensation)

10 nGy/s -1 mGy/s

100 nGy/s (0.7 mR/min)

5 %(40 — 150 kVp, HVL: 1.5 - 14 mm
Al(1), Active Compensation)

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)

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

3 % (for 0.5—1 mm Cu or equivalent,

Active Compensation)

1 ms—-999s

0.5%or 0.2 ms

1.0 - 14.0 mm Al
10 % (at signal levels above 1/1000 of
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max dose rate for selected sensor)

TOTAL FILTRATION

Range

1.5 35 mmAlI (60 — 120 kV)

Uncertainty 10 % or £0.3 mmAl

3.6.5 Image J Computer Program

Image J program version 1.32J is used to analyze the contrast to noise
ratio (CNR) of Energy subtraction image. Image J can solve image processing
and analysis problems, from three-dimensional live-cell imaging, to
radiological image processing, multiple imaging system data comparisons to
automated hematology systems.

3.6.6 Patients

The patients who underwent chest x-ray examination at Out Patient
Department, King Chulalongkorn Memorial Hospital were included in the
study. Patients who were not rule out lung nodule or lung mass and
Emergency or acute disease patient, could not keep operation during

examination were excluded.

3.7 Methods

3.7.1 Perform Quality Control of Toshiba ROTANODE x-ray system

The quality control of x-ray system was performed following the
AAPM report No.74 (2002): quality control in diagnostic radiology [4].The
quality control program consists of the test of performance of

electromechanical components, image quality and radiation dose.
3.7.2 Simulation nodules in phantom study

Insert the circular simulation nodules of 0.3, 0.5, 0.8, 1.0, 1.2 cm in
diameter, with three HU- in the Multipurpose chest phantom N1 LUNGMAN.
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Table3.3 Size and HU of circular simulation nodules insert in each site of

Lungman N1 phantom.

Site of simulation nodule Size HU of nodule
Right and left lung apex 0.3, 1cm -800 HU
0.5,1cm-630 HU
0.8 cm 100 HU
Behind rib and clavicle 1,1.2cm 100 HU
Left hilum 0.8 cm -800 HU

0.3,1.2cm -630 HU
0.3,0.5cm 100 HU

Behind heart 0.5, 1.2 cm -800 HU
0.8 cm -630 HU

3.7.3 Parameter settings in phantom study

Energy subtraction was performed in phantom study by varying kVp
from 100 to 130, %density -15%, N, +15%. Fix mA at 400 with using
automatic exposure control technique (AEC).

In post-processing parameter, spatial frequency processing, 2 variables
are frequency rank (RN) and frequency enhancement (RE). Frequency rank
(RN) was varied at 0, 4, 8 and frequency enhancement (RE) was varied at 0.3,
0.5, 0.7only in standard and soft-tissue images but in bone image set
frequency enhancement (RE) at 0.

3.7.4 Data recording in phantom study

Record the site and size of nodules, parameter setting, post-processing

setting and radiation dose in case record form.
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3.7.5 Optimize the image quality and radiation dose from phantom to

obtain the suitable protocols for patients
3.7.5.1 Evaluate the qualitative image quality

Evaluate the image quality by two radiologists independently

using image quality criteria guideline [17].

e Score 5 = Very satisfied
The abnormality is perfectly obvious and easy

characterized.

e Score 4 = Satisfied

The abnormality is visible and can be well characterized.

e Score 3 = Neither satisfied

The abnormality is reasonably well seen and characterized.

e Score 2 = Dissatisfied
The abnormality is visible, but detection and characterized

of subtitle features are a bit challenging.

e Score 1 = Very dissatisfied

The abnormality could be overlooked or mischaracterized.
3.7.5.2 Evaluate the quantitative image quality

Evaluate the quantitative image quality by determining contrast
to noise ratio (CNR). CNR is evaluated from the equation:

Signal, — Signal
CNR _ (Signal, gnalg)

g

Where:  Signal, = Signal at Nodule
Signalg = Signal at Background

o = Noise at Background
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3.7.5.3 Evaluate the quantitative nodule detectability

Evaluate the quantitative nodule detectability by specified

number of size in each site of nodules by two radiologists.

3.7.5.4 Radiation dose calculation

Entrance surface dose represent radiation dose was calculated

from the equation [18]:

ESD = K,B

Where: ESD = Entrance surface dose
K, = Entrance surface air kerma
B = Backscatter factor

The unit of entrance surface dose is in mGy.

3.7.6 Data recording from patients.

Suitable protocols from phantom study were used for the patients.

Record the patient’s information, exposure parameter in case record form.

3.7.7 Evaluate the qualitative image quality in patient study

In patient study, qualitative image quality was evaluated by 2 groups

e Conventional chest radiography only
e Combine standard chest x-ray, bone and soft-tissue image
Image quality criteria using guideline from review of literature

12 for evaluate image quality in patient study by two radiologists.

e Score 3
Dual energy subtraction aids in the visibility of the

detail

e Score 2
No help in seeing details, but details not significantly

degraded in subtracted image
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e Scorel
No help in seeing details, and details significantly

degraded in subtracted image
3.7.8 Radiation dose calculation

Calculate the radiation dose by using same equation 3.7.5.4

3.8 Sample size

The sample population is independent, prospective data.The sample was

determined using following formula by Kothari (2003)

Z&PQ
N= 2;2
= 65 cases
Where: N = Sample size

Z(a/2) = 1.96 which correspond to 95% CI
P = Sample proportion (0.8)
Q = 1-P(0.2)
e = Acceptable error (0.1)

3.9 Measurement
Variable

Independent variables: acquisition protocol, exposure parameters
Dependent variables: radiation dose, image scoring and CNR

3.10 Statistical analysis

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

maximum radiation dose and CNR were determined with the excel program.
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3.10.2 Weighted Kappa for inter-observer reliability was used to evaluate

qualitative image quality analysis from www.medcalc.org/manual/kappa.php
3.11 Data Collection

3.11.1 Patient information: thickness of chest and mAs

3.11.2 The image quality was obtained from scoring and CNR

The data was collected at Computed radiography system manufacturer
FUJI model XU-D1 at Out Patient Department, King Chulalongkorn
Memorial Hospital, BangkokThailand.

3.12 Data Analysis

Data from phantom and patient study had been reported as mean,

standard deviation and ranges presented in form of table.

Radiation dose data for specific parameter setting in phantom and patient
study were collected from the values of ESD in the unit of mGy presented in form of

chart.

The quantitative image quality was analyzed by CNR for each protocol of

phantom study as presented in form of bar chart.

The qualitative image quality, using image scoring was analyzed by two

radiologists as presented in form of table and bar chart.
3.13 Outcomes
3.13.1 Optimal protocol from single shot dual energy imaging technique.

3.13.2 The patient radiation dose was calculated from patient thickness and

mAS.

3.13.3 Qualitative image quality was scoring by two radiologists and

guantitative image was determined by the CNR.


http://www.medcalc.org/manual/kappa.php
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3.14 Expected Benefits

Optimal protocol in single shot dual energy subtraction technique is expected
from this study. These would be beneficial to the patients and the radiologists in

order to requesting the examination or further investigations.
3.15 Ethical consideration

The radiation dose of single-shot dual energy is directly evaluated in patients
at Department of Radiology, King Chulalongkorn Memorial Hospital. Informed
consent from every patient was obtained before the procedure. The research proposal
had been approved from the Ethic Committee of Faculty of Medicine, Chulalongkorn

University.
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RESULT

4.1Quality Control of Toshiba RATANODE x-ray system

The quality control of x-ray system was performed following AAPM report
No.74 [4]. It includes the test of electromechanical component, image quality and
radiation dose. As in appendix A, the detail of quality control of CR system is shown
with the summarized report of CR system performance test.
4.2 The phantom study

4.2.1Scanning parameters and CNR of phantom study

Circular simulation nodules of 0.3, 0.5, 0.8, 1.0 and 1.2 cm in
diameter, with three HU— were inserted in the Multipurpose chest phantom N1
LUNGMAN as shown in figure 4.1.

Figure 4.1 Left Drawing with arrows of simulation circular nodules in five
sizes and three HU within Multipurpose chest phantom N1 LUNGMAN and

position of simulation circular nodule as seen after exposures(Right).
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Table 4.1 Scanning parameters of 18 studies of phantom study, having high CNR.

Study ) Frequency Frequency
No. VP mAs  edensity rank enhancement =sb
1 100 4.8 N% 0 0.3 0.29
2 110 4 15% 0 0.3 0.29
3 120 2.8 -15% 0 0.3 0.24
4 120 3.2 15% 0 0.3 0.28
5 130 2.8 15% 0 0.3 0.27
6 100 4.8 N% 0 0.5 0.29
7 100 4 15% 0 0.5 0.24
8 100 4.8 15% 0 0.5 0.29
9 110 4 15% 0 0.5 0.29
10 120 2.8 -15% 0 0.5 0.24
11 120 3.2 15% 0 0.5 0.28
12 100 4.8 15% 0 0.7 0.29
13 110 4.8 15% 0 0.7 0.29
14 120 3.2 N% 0 0.7 0.28
15 100 4.8 N% 4 0.3 0.29
16 100 4.8 N% 8 0.7 0.29
17 100 4.8 N% 8 0.3 0.29
18 110 4 15% 8 0.3 0.29

4.2.2 Radiation dose

The entrance surface dose was obtained by the multiplication of the
entrance surface air kerma and the backscatter factor for chest. [6] The
average entrance surface dose, the standard deviation, maximum and
minimum are 0.277, 0.017, 0.288, 0.239 mGy respectively.
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with high CNR.

Figure 4.2 Bar chart of the ESD of 18 studies

4.2.3 Image Quality

4.2.3.1 Quantitative image quality

High CNR from phantom study of 18 studies, in standard, bone

4.4, 4.5 respectively.

tissue images are plotted in figure 4.3,

and soft
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Figure 4.3 Bar chart of the CNR of 4 positions of nodule in standard image from
phantom study
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Figure 4.4 Bar chart of the CNR of nodule in bone image from phantom study.
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Figure 4.5 Bar chart of the CNR of 3 positions of nodule in soft-tissue image from

phantom study.

Detection in number and size of nodule in each position from

two radiologists as describe in Table 3.3. Table 4.2 is shown the

comparison of nodule detectability from two radiologists.
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Table 4.2 Comparison of nodule detectability from two radiologists.

Radiologist 1 Radiologist 2
) Incorrect ] Incorrect
No. Correct in Correct i both Correct in Correct in bath
both size  only size _ both size  only size )
and site or site SIZ&? and and site or site S|ze. and
site site
1 3 0 0 2 3 0
2 3 0 0 2 3 0
3 3 0 0 2 2 0
4 3 0 0 2 3 0
5 3 0 0 2 3 0
6 3 0 0 2 2 0
7 3 0 0 2 3 0
8 3 0 0 2 3 0
9 3 0 0 2 3 0
10 3 0 0 2 3 0
11 3 0 0 2 3 0
12 3 0 0 2 2 0
13 3 0 0 2 2 0
14 3 0 0 2 2 0
15 3 0 0 2 2 0
16 3 0 0 2 3 0
17 3 0 0 2 4 0
18 3 0 0 2 4 0

4.2.3.2 Qualitative image quality
Qualitative image quality was evaluated by two radiologists
from criteria score 5 to 1 as described in the chapter 3.Table 4.3and

4.4show the scores from two radiologists.
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Table 4.3 Overall image quality score.

Score Radiologist 1 Radiologist 2
5 = Very satisfy - 3 (17%)
4 = Satisfy 11 (62%) 8 (45%)
3 = Neither satisfy 7 (38%) 7 (38%)
2 = Dissatisfy - -

1 = Very dissatisfy - -
Total 18 18
*Weighted kappa k-value =0.34 (www.medcalc.org/manual/kappa.php)

The k-value from weighted kappa is interpreted the strength of
agreement. 0.345 is k-value from this study, which means the strength
of agreement is fair. So, the optimal protocol has been developed from
one radiologist, who detected precisely.

4.3 Optimal protocol

From detecting in size and site of nodules, scoring the image quality of
radiologist land ESD, the optimal protocol is 120kVp, mA 400, -15% density,
Frequency rank (RN) = 0, frequency enhancement (RE) = 0.3. Optimal protocol was
implemented to patients.
4.4 Result in patient study

4.4.1 Patient information and scanning parameters

65 patients had completed the consent form before conventional chest
X-ray examination. The patient data and scanning parameters were shown in
Table 4.4

Table 4.4 Patient information and scanning parameters

Case ]
Gender(M,F) Chest thickness(cm) mAS
number
1 F 21 2.2
2 F 24 2.6
3 M 22 2.4
4 M 20 2.2
5 M 19 2



http://www.medcalc.org/manual/kappa.php
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ntj:risbeer Gender(M,F) Chest thickness(cm) mAS
6 M 18 2
7 M 20 2.4
8 F 20 2.2
9 F 18 2
10 M 20 2.2
11 M 16 2
12 F 20 2.2
13 M 23 2.4
14 M 21 2.2
15 M 25 2.4
16 M 20 2.2
17 M 22 2.2
18 M 18 2
19 M 22 2
20 M 25 2.2
21 M 20 2.4
22 M 23 2.4
23 F 16 2
24 F 23 2.4
25 F 18 2
26 M 20 2.4
27 F 30 3.2
28 M 25 2.4
30 M 26 2.8
31 F 25.5 2.4
32 M 27 4
33 M 25 2.2
34 M 22 2.4
35 F 24 2.8
36 F 26 2.4
37 F 32 2.8
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ntj:risbeer Gender(M,F) Chest thickness(cm) mAS
38 M 20 2.4
39 M 14 1.6
40 F 20 2.4
41 F 27 2.4
42 F 28 3.2
43 M 28 4
44 M 30 2.4
45 F 25 2
46 M 26 2.4
47 M 20 2.8
48 F 28 3.2
49 M 28 3.2
50 F 24 2.4
51 F 19 2.4
52 M 24 2.4
53 F 23 3.2
54 M 21 2.8
55 M 20 2.4
56 F 21 3.2
57 F 21 2.8
58 F 32 35
59 F 22 2.4
60 F 22 3.2
61 M 17 2.8
62 F 21 2.8
63 F 17 2
64 F 18.5 2
65 F 23 2.4
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4.4.2 Radiation dose
Entrance surface dose was calculated using data from quality control of

the x-ray equipment and the inverse square law to the thickness of patients. [6]
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Figure 4.6 Scatter chart of ESD (mGy) of 65 cases.

Table 4.5 Summary of ESD, patient thickness and mAs.

Average S.D. Maximum Minimum
Patient thickness(cm) 22.63 4.16 35 14
mAS 2.54 0.61 5.6 1.6
ESD(MmGy) 0.23 0.07 0.58 0.13

0.5

0.4

0.3

0.2

H IPSM 1992 H IAEA 1996 M European 1990
mGy & AAPM 2012 & NRPB 1999 W This study

Figure 4.7 Comparison of the ESD values for chest radiography (PA) to
internationals established reference dose values. [12, 19]
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4.4.3 Image Quality
4.4.3.1Qualitative image quality
Qualitative image quality was evaluated by two radiologists
from criteria score 3 to 1 as described in the chapter 3. Table 4.6 shows

the score from Llradiologist with high precision.

Table 4.6 Summary of image quality score in 65 patients.

Score
Total
3 2 1
47(72.4%) 8(12.3%) 10(15.3%) 65

65 patients were scored from 1 radiologist, who detected high
precision in phantom study. Score 3, 2, 1 are equal 72.4%, 12.3%,
15.3% respectively.



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

The quality control program for x-ray equipment and computed radiography
systems are an important role and should be firstly performed. The measured CR
Dose was evaluated following the AAPM report No.74 protocol. The results were
analyzed for the continued clinical service, including the radiation output, beam
quality and image quality which were used in this study. For image quality, the
second imaging plate had not been erased completely due to the fact that it had not

been routinely used and it reaches the end of life.

Single shot dual energy subtraction image can produce standard, bone, soft-
tissue images of the chest. By using the cassette with two imaging plates and thin
copper filter between that allows the high photon energy pass only. So, the
overlapping structures can be removed from chest radiographs, improve the limitation

of chest radiography for nodule detection.

The Lungman phantom N1 with simulated nodules had been used to obtain the
optimal protocol. Only 4 nodules, 0.3 cm, 1.0 cm at left lung, 0.8 cm at right lung
apex and 1.2 cm at behind rib with 100 HU had been visualized after exposure. As the
nodule with 100 HU is similar to the soft-tissue in human, it can be visualized. On the
other hand, the nodules with -630 and -800 HU similar to air and constituent of the
most of lung cannot be visualized and make the radiologists miss lesions. For nodules
having 0.3 and 0.5 cm in diameter with 100 HU, located at the left hilum that is soft-
tissue (close to 100 HU) so, they had not been visualized. After filling the internal
part in main body of phantom, nodule with 0.3 cm in diameter moved down into left
lung, as it is too small and not be able hang on simulated bronchiole. Therefore, it can
be visualized because it was located in the area without rib or bone overlying or

underlying.
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The results of the experimental study in phantom lead to the optimal protocol
of kVp 120, mA 400, -15% density, Frequency rank (RN) = 0, frequency
enhancement (RE) = 0.3 evaluate from optimization between CNR, image quality
score,accuracyof nodule detectability and ESD. Similarly, Shoji Kido [11] obtained
single shot dual energy subtraction technique with parameters of frequency rank =0
and frequency enhancement = 0.3. Image J program was used to obtain CNR by
drawing ROI of nodule and background, calculate CNR follow formula in chapter 3.
For the high accuracy in drawing ROl only 95% of nodule area was used. The overall
qualitative image scored by two radiologists showed fair agreement (weighted kappa
value = 0.345). Therefore, image quality scored by radiologist that has more accuracy
in detectability size and site of nodule, was used to interpret the results. Increasing
kVp from 100 t0130 and % density -15, N, 15 the average ESD was decreasing to
0.277 mGy with 0.017 standard deviation. The ESD was less than the dose reference
level (DRL) [12, 19]. Frequency rank (RN) and frequency enhancement (RE) are in
spatial control processing and control the sharpness. This method is simpler and
faster than methods involved Fourier conversion [20].

Sixty-five patients were studied using optimal protocol from the phantom
study. The patient information consists of 36 male and 29 female, average chest

thickness was 22.63 cm with maximum and minimum at 35 and 14 cm.

The quantitative nodule detectability by specified number of size at each site
of nodule evaluated by two radiologists with the same experience. The observers were
allowed to adjust contrast, brightness, window width and level of the image set.
Patient information had not been given except gender with no limitation on reading

time and in the same environmental.

Image quality score from two radiologists using weighted kappa criteria shows
fair agreement because the subtraction images had not been used for interpretation
before. For example, in the standard image the nodule cannot be visualized by one
radiologist but could be visualized by the other. One radiologist gave the best score
because he thought that the subtraction image can help in visualizing the nodule but
the other radiologist gave the worst score because he thought that it was an artifact.

Therefore, the scoring from two radiologists showed fair agreement.
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Image quality evaluated by one radiologist with high detected precision was
shown in table 4.6. Score 1 represented 10 % of all image score, because the second
imaging plate had not been used and erased completely. Thus, bone and soft-tissue
image showed many artifacts that affect details which were significantly degraded
subtracted image. However, 85% of score showed the image details were not
significantly degraded in subtracted image (from score 2 and 3). Moreover 72.4% of
score showed that dual energy subtraction support in the visibility of the detail (from
score 3 only). The major factor reducing the image quality is the patient pathology.

The IAEA DRL for chest PA is 0.4 mGy [19], while our patient study, the
average ESD was 0.23 mGy with the standard deviation 0.07, the maximum and
minimum were 0.58 and 0.13 mGy. Overall ESD was in the range of 0.18 to 0.24
mGy as most patients have similar thickness. However, some patients’ chest were
thicker and thinner resulting in more and less ESD respectively. Third quartile of ESD
was 0.24 mGy, which was less than DRL for internationals established reference dose
values. Furthermore, only one patient, 1.53%, had ESD over IAEA DRL for chest PA
because of the patient chest thickness which is the major factor influences the ESD. .

In comparison the ESD to other studies, Shoji Kido [14] showed single shot
ES (FCR 7000: Fuji computed radiography) with imaging parameters of 100 kVp,
400 mA, 40 msec and ESD 0.384 mGy. Brent K. [13] showed (FCR-101: Fuji
computed radiography) with 100 kVp and ESD at 0.26 mGy for 23 cm chest
thickness. Our study, the images were obtained (XU-D1: Fuji computed radiography)
with parameters 120 kVp, 400 mA, -15% density and ESD at 0.24 mGy. Therefore,
the parameter settings in this study are good because the use of high kVp with AEC

techniques reduce the dose to patient [18].

The limitations relate to this study are, first of all, the direct measurement
of patient dose using the gold standard method of TLD has not been performed,
the image quality from patient study had not been analyzed. Patients with relative
large mass or multiple nodules included in the study could be easily detected without
subtraction images. The differentiation between benign and malignant nodules using

this method had not been evaluated.
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5.2 Conclusion

The significant improvement of nodule detection by addition the single shot
dual energy subtraction chest radiographs the remove of overlapping structures from
chest radiography. It is dependent on the different attenuation of tissue at high and
low photon energies. As a result the single shot dual energy subtraction chest
radiograph can be encouraged the standard chest radiograph in terms of better

detection of nodules.

This study has shown the protocol for single shot dual energy subtraction chest
radiograph using high kVp and AEC techniques on computed radiography in
correlation to phantom and patient studies.

The optimal protocol for this study of kVp 120, mA 400, -15% density,
Frequency rank (RN) = 0, frequency enhancement (RE) = 0.3, result in the ESD of
0.24 mGy which was lower than IAEA DRL. The major factor influences ESD is the

chest thickness of patients.

In conclusion, the application of single shot dual energy subtraction chest
radiographs significantly improves detection of lung nodule by the removal of
overlapping structures. The 72.4% of score show that dual energy subtraction aids in
the visibility of the detail. The ESD ranges from 0.13 to 0.58 mGy from thin to thick
chest thickness. However, the ultimate application of this technology can be used in

clinical practice as an enlargement to existing imaging rather than as a replacement.

The exposure table protocol should be posted and implemented regularly to
obtain the dose reduction and optimal image quality in single shot dual energy
subtraction chest radiographs at Out Patient Department unit of King Chulalongkorn

Memorial Hospital, Thai Red Cross Society.
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Appendix A: Quality control of CR system
REPORT OF RADIOGRAPHIC SYSTEM PERFORMANCE

General Information
Location: King Chulalongkorn Memorial Hospital

Date:

Room number:

13/7/2012

7

Manufacturer: Quantum medical imaging
Model number: E7254FX
Serial number: 07J210

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
N/P Crosshair centering
P Focal spot size
N/A Photo cell consistency
N/P Bucky/Grid Centering
N/A Automatic Collimation (PBL)
P Beam Quality (Half VValue Layer)
P Consistency of exposure (mMR/mAS)
P kVp Accuracy
P Timer accuracy




mA Linearity

N/P

ESE calculations

N/P

Relative radiation wave form

N/P

Exposure repeatability

N/P

N/A

N/A

< < <| =z

Reciprocity

General Condition of Mechanical and Electrical Components

Are there any frayed or exposed electrical wires?

Could electrical wires interfere with the use of the unit?

Is there play in the couch when it is locked?

Does it have the freedom of movement it was designed for?

Is the couch level in tube and perpindicular directions?

Is there play in the tube when it is locked?

Does it have the freedom of movement it was designed to have?
Does the visual, and/or, audible beam-on indicator function?

Is the dead man switch installed correctly?

47



Target to Film Distance Indicator Check (at 40" SID)

SID: 72

Measured distance:
Indicated distance:
Radiographically

(determined) distance:

% Difference:

Passed or Failed:

Allowable limit =+/- 2% SID

725 inches
72 inches
- inches
0.69%
Passed

Motion and Lock Check

Motion Locks
Tube Longitudinal: P P
Tube Rotate: P P
Tube Transverse: P P
Tube Vertical: P P
Tube Angulate: P P
Collimator Jaws: P P
Collimator Rotation: P P

48
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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: 72 inches
Indicator Measured Measured Pass/
Setting Longitudinal Transverse % Variation  Fail
8x8 13 1/2 13 7.64% Fail
10x 10 17 1/8 16 5/8 9.90% Fail

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: 712 inches
Light Field Size Radiation Field Size

Field % Pass/
Measured Measured Measured  Measured

Size Variation  Fail
Longitudinal Transverse  Long. Trans.

8x8 13 1/2 13 12 1/2 11 1/5 2.50% Fail

Cross Hair Centering
Purpose: to determine if the ligth field cross hair indicates the central axis

of the x-ray beam.
Requirement: must be within +/- 2% of indicated SID.

SID: 72 inches

Deviation between radiation and optical field centers: 3/4

Pass/Fail: Pass



Focal Spot Size
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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: 80
Degree of Star: 2
Star dimension:
Actual: 45

Blurr: 208

Computed Focal Spot Size:
Set kvp: 80

Degree of Star: 2

Star dimension:

Actual: 45

Blurr: 110

Computed Focal Spot Size:

Set mA: 100 Set time:

Large or Small Focal Spot:

Radiographic: 325

Manufacturer specification:

1.167 Meets NEMA: Y

Set mA: 150 Set time:

Large or Small Focal Spot:

Radiographic: 325

Manufacturer specification:

0.617 Meets NEMA: Y

Beam Quality (Half VValue Layer)

Method: set 80 kVp.

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

Set kVp: 80

Measured kVp:

0.025

0.025

79.29



Instrument
Filter (mmAl)
Reading (uGy)
OPEN 273.5
2 158.3
3 128.9
Calculated HVL: 2.73 mmaAl

Exposure Consistency

Purpose: to determine if the exposre is remaining consistent.
Requirement: coefficient of variation should be </=0.05.

Method: UNFOS MODEL xi.

o1

Set SCD: 26" Set kVp: 80
Set mA: 100 Set time: 0.025 Set mAS: 25
kVp Time(ms) uGy
79.44 25.7700 272.7
80.02 25.8800 275.7
80.13 25.7700 2749
81.24 25.8800 274.4
Mean: 80.208 25.8433 274.43
Std. Dev. 0.6512 0.0519 1.0986
C.V. 0.0081 0.0020 0.0040
Pass/Fail: Pass
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Timer Accuracy

Requirement: within 10% of set time.
Method: at about 80 kVp, mid-current mA station, record measured time for each time
setting.

SCD: 26” Set kVp: 80 mA: 100
Seconds(set) msec Measured (milliseconds) % Variation
1.0000 3.6670 266.70%
10.0000 11.5500 15.50%
50.0000 50.8800 1.76%
100.0000 101.1000 1.10%
500.0000 501.3000 0.26%

mA or mAs Linearity

~ Method: select 80 kVp and time close to 0.100 ms (1/10 sec) and cycle through
all mA stations and record the exposure in uGy.
Requirement: coefficient of variation should not exceed 0.1.

Avg. kVp mA Time mAS uGy uGy/mAs C.V.
80.92 100 0 1.000 78.52 78.520 -0.274
80.07 100 1/20 5.000 688.5 137.700 -0.049
80.21 100 1/10 10.000 1519 151.900 -0.016
80.01 100 4/25 16.000 2509 156.813 -0.006
80.15 100 1/5 20.000 3172 158.600 -0.005
80.16 100 1/4 25.000 4002 160.080 0.095
80.06 100 1/2 50.000 6616 132.320 0.045
80.19 100 4/5 80.000 9679 120.988 -0.151

80.08 100 1 100.000 16400 164.000
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Global Mean: 140.102
Global Std. Dev.: 27.283
Global C.V. 0.19474

kVp Linearity

Method: at a mid-current station, vary the kVp from minimum to maximum in steps of 10
kVp. Record the measured kVp.
Requirement: the deviation should not exceed 5 kVp or 10% of set kVp, whichever is larger.

Set SCD: 26" Phase: 3
mA: 100 Time: 0.025 MmAS: 25
Set kVp Avg. % Dev. mGy mGy/mAs
50 47.89 4.22% 1.38 0.06
60 58.57 2.38% 2.16 0.09
70 69.45 0.79% 3.04 0.12
81 80.04 1.19% 3.99 0.16
90 90.48 0.53% 5.02 0.20
100 101.10 1.10% 6.11 0.24
109 112.00 2.75% 7.26 0.29
121 122.80 1.49% 8.44 0.34
0.40
0.35 7Y
0.30
0.25 /
oéo
oo S
: —
0.05
0.00
40 50 60 70 80 kVp 90 100 110 120 130




Appendix B: Case record form

Part 1: Phantom study

- Image quality scores (1-5)

54

Case

Score

- Size and site of nodules

iameter

Site of
Nodules

3 mm

5mm

8 mm

10 mm

12 mm

Behind the
heart

Left hilum

Right lung
apex

Left lung
apex

Behind rib and
clavicle




Part 2: Patient study

Study

Chest

D/IMIY number Gender | Age thickness kVp mAs | ESD
1
2
- Image quality scores (1-5)
Score
Case
1 2 3 4 5
1
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Appendix C: Patient information sheet
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