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Abstract

Existing X-ray medical imaging acquired the image data of X-ray absorption difference using the difference 
in density of the subject tissue. X-ray scattering and phase contrast imaging technology is a technology 
that dramatically increases boundary information between homogeneous materials of similar density using 
scattering and phase contrast information. To acquire and evaluate absorption, scattering, and phase contrast 
images, using the phantom made of polyethylene, on a round rod with a diameter of 3˟1cm, a hole with a 
diameter of 0.5cm was drilled on 5 round rods, and the medical phantom was produced by sealing with 
sodium chloride, neon, calcium, phosphorus, and selenium powder. At a distance of 40cm from the focus, 
the distribution of absorbed doses have shown 1,277 ± 0.31μGy in the center area. The measurement dose 
in the anode side direction was 110.1 ± 0.35μGy and the cathode side direction was 117.7 ± 0.77μGy. It has 
shown dose inequality that depends on the geometry of the target. It has shown similar tendency in 60cm and 
80cm Compared with absorption images in graphite materials, it was confirmed that scattering and phase 
contrast images were showing relatively high image information. These results are expected to be utilized 
as an important basic data for reducing medical exposure dose and acquiring, evaluating and utilizing X-ray 
absorption, scattering and phase contrast images.
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Introduction

The X-ray was discovered on Friday evening, 
November 8, 1895 by Professor Röntgen. It has great 
historical significance to science such that it was deemed 
to have opened the age of modern physics. X-ray is 
generated by colliding accelerated electrons under high 
voltage against a metal plate called a target using a kind 
of vacuum discharge tube called an X-ray tube. For the 
types of X-rays, there is braking radiation that generates 
electromagnetic waves while suddenly stopping due 
to the Coulomb force when accelerated electrons pass 
near nuclei of tungsten objects, and if the electrons of 
the K angle are empty, there is a characteristic X-ray 
which is generated as the electron of L angle transits. 
The probability of X-ray occurrence is 90% for braking 
radiation, and 10% for characteristic X-ray[1-5].

X-ray wavelength is shorter than ultraviolet ray and 
longer than gamma ray. X-rays and gamma rays have a 
short wavelength and high energy, so they penetrate deep 
inside the matter. Because of this nature, with X-rays, 
we can look into the inside of a material like magic. 
Because X-rays are not directly visible, it is necessary 
to convert the image to a visible image using a film or a 
detector. The x-ray detector is made using the properties 
of X-ray ionizing the matter. Here, ionization means a 
phenomenon in which atoms and electrons are separated 
into positive ion and free electron by releasing electrons 
from neutral atoms. 

The most important applications of X-ray are 
medical diagnosis. The X-ray was the only way to obtain 
images of the inside of a human body without damaging 
the human body until the introduction of ultrasound 
in 1953 or magnetic resonance imaging technology in 
1973. But with the emerging of electronics and a rapid 
development of computers, X-rays are used not only 
for simple imaging but also for various methods such 
as computed tomography(CT, 1970s ~), fluoroscopy 
(1950’s~), and digital tomosynthesis, etc.
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Simple imaging is the simplest test of shooting 
the part of human body such as chest, abdomen, 
skeleton using x-ray and x-ray films. This test is used 
to diagnose tuberculosis, pneumonia, lung cancer, 
kidney stones, and fractures. However, X-ray film 
has a disadvantage in that it requires the use of toxic 
substances during development and takes a long time to 
develop. To complement this, since the 1990s, the digital 
radiography has been developed to display images on 
computer monitors immediately after shooting based 
on amorphous silicon, and currently, various computer 
aided diagnostics techniques are being used. 

Over the past 100 years, advances in various 
technologies have been made centering on x-ray generator 
and x-ray detection technology, and it is expanding its 
use to medical, industrial, food, as well as pure science 
and arts fields. The application field and scope of X-ray 
will increase more and more. Since medical radiation 
using X-rays occupies most of the annual average dose, 
there are efforts to institutionalize the management of 
exposure doses, to minimize exposure dose, and to 
obtain optimal images[6-9].

Existing X-ray medical imaging has acquired 
the image data of X-ray absorption difference using 
the difference in density of the subject tissue. X-ray 
scattering and phase contrast imaging technology is 
a technology that dramatically increases boundary 
information between homogeneous material of similar 
density using scattering and phase contrast information 
in radiation healthcare[10-15]. In addition, it has a 
feature of acquiring image with excellent image quality 
with low radiation dose than existing image acquisition 
technology using X-ray absorption difference [15-20]. 
For this reason, in this study, by self producing the 
phantom that can acquire and evaluate X-ray absorption 
images, phase contrast images and scatter images, a 
mobile detector-based absorption doses were evaluated, 
and X-ray absorption difference images, scattering 
images, and phase contrast images were obtained with 
its usability analyzed.

Research Method

X-ray Dose Measurement Evaluation: For the 
detector the mobile detector of DR Tech was used, and 
for X-ray generator, the foreign medical equipment 
CXD-R185 system was used. For dose measurement, the 
measurement distance of X-ray tube and dosimeter was 

40 cm, 60 cm, and 80 cm. For exposure conditions, the 
average value was obtained by measuring 10 times for 
each distance condition using the irradiation of 22kVp 
20mA 630ms.

For dosimetry device, using a glass dosimeter Dose 
Ace (Model GD-352M and FGD-1000, Asahi Techno 
Glass Cooperation, Shizuoka, Japan), the annealing 
process was heated at 400oC for 1 hour before the dose 
measurement and the background values were measured 
after cooling. After measuring the dose under each 
condition and after the pre-heating is carried out at 70°C 
for 1 hour, the average value was calculated by repeatedly 
measuring the integral dose value 10 times through the 
reader after cooling. Calibration of glass dosimeter used 
137Cs radioactive standard from the Japanese radiation 
standards to conduct calibration with glass element with 
6 mGy irradiated to measure[Figure 1, Figure 2].

Figure 1: Glass dosimeter measuring element

Figure 2: Glass dosimeter device reader and a 
preheating device

Absorption, scattering, phase contrast image 
acquisition phantom production and image 
evaluation: To acquire and evaluate absorption, 
scattering, and phase contrast images, using the phantom 
made of polyethylene, on a round rod with a diameter of 
3˟1cm, a hole with a diameter of 0.5cm was drilled on 5 
round rods, and the medical phantom was produced by 
sealing with sodium chloride, neon, calcium, phosphorus, 
and selenium powder. Acquisition of absorption, 
scattering, and phase contrast images were acquired and 
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analyzed by irradiating it at the exposure conditions of 
22kVp 20mA 630msec using a self produced phantom 
by setting the distance between the focus and subject at 
300mm, fixed grid at 700mm, and the distance between 
the focus and detector at 1,448mm.

Figure 3: Absorption, scattering, and phase contrast 
image acquisition radiation healthcare phantom

Research Results and Considerations

 X-ray Dose Measurement Evaluation Result: Using 
the CXD-R185 X-ray generator, X-ray absorption dose 
was measured and evaluated with a glass dosimeter by 
changing the distance of the x-ray focus to 40cm, 60cm, 
and 80cm. For X-ray irradiation conditions, by setting 
the irradiation at 22kVp 20mA 630ms, the mean and 
standard deviation values were measured by measuring 
10 times for each condition.

At a distance of 40cm from the focus, the distribution 
of absorbed doses have shown 1,277 ± 0.31μGy in 

the center area. The measurement dose in the anode 
side direction was 110.1 ± 0.35μGy and the cathode 
side direction was 117.7 ± 0.77μGy. It has shown dose 
inequality that depends on the geometry of the target. In 
addition, with the measurement dose of 93.3 ± 0.41μGy in 
the upward direction and 60.3 ± 0.34μGy in the downward 
direction of focus, the absorbed dose showed a different 
dose distribution with respect to the focal point.

At a distance of 60cm from the focus, the 
distribution of absorbed doses have shown 500.3 ± 
0.16μGy in the center area. The measurement dose in 
the anode side direction was 83.5 ± 0.32μGy and the 
cathode side direction was 87.3 ± 0.31μGy. It has shown 
dose inequality that depends on the geometry of the 
target. In addition, with the measurement dose of 79.2 
± 0.30μGy in the upward direction and 47.3 ± 0.28μGy 
in the downward direction of focus, the absorbed dose 
showed a different dose distribution with respect to the 
focal point.

At a distance of 80cm from the focus, the 
distribution of absorbed doses have shown 129.8 ± 
0.31μGy in the center area. The measurement dose in 
the anode side direction was 57.0 ± 0.27μGy and the 
cathode side direction was 60.9 ± 0.16μGy. It has shown 
dose inequality that depends on the geometry of the 
target. In addition, with the measurement dose of 51.2 
± 0.34μGy in the upward direction and 37.2 ± 0.47μGy 
in the downward direction of focus, the absorbed dose 
showed a different dose distribution with respect to the 
focal point[Table 1].

Table 1: X-ray dose measurement evaluation result

Direction Exposure dose (40cm) Exposure dose (60cm) Exposure dose (80cm)
Cathode 117.7 ± 0.77μGy 87.3 ± 0.31μGy 60.9 ± 0.16μGy
Anode 110.1 ± 0.35μGy 83.5 ± 0.32μGy 57.0 ± 0.27 μGy
Center 1,277 ± 0.31μGy 500.3 ± 0.16 μGy 129.8 ± 0.31 μGy
Up 93.3 ± 0.41 μGy 79.2 ± 0.30μGy 51.2 ± 0.34 μGy

Down 60.3 ± 0.34 μGy 47.3 ± 0.28 μGy 37.2 ± 0.47 μGy

These results are similar to those of other 
studies[11-15] and it was confirmed that the dose 
inequality phenomenon occurs with the same tendency 
due to the geometrical structure of the x-ray tube in 
the medical X-ray low energy region. In addition, it 
was confirmed that as the distance got farther away 
from the focus, the absorption dose was lowered. This 
phenomenon shows that when performing a disease 

examination using X-ray, it is helpful to keep a far 
distance as possible.

Absorption, scattering, phase contrast acquisition, 
phantom production and image acquisition evaluation 
result: To acquire and evaluate absorption, scattering, 
and phase contrast images, using the phantom made of 
polyethylene, on a round rod with a diameter of 3˟1cm, 
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a hole with a diameter of 0.5cm was drilled on 5 round 
rods, and the medical phantom was produced by sealing 
with sodium chloride, neon, calcium, phosphorus, and 
selenium powder. Acquisition of absorption, scattering, 
and phase contrast images were acquired and analyzed by 
irradiating it at the exposure conditions of 22kVp 20mA 
630msec using a self produced phantom by setting the 
distance between the focus and subject at 300mm, fixed 
grid at 700mm, and the distance between the focus and 
detector at 1,448mm.

15P material absorption, scattering, phase contrast 
imaging result

	 	
	 Absorption	S cattering

Phase Contrast
Figure 4: 15 P material absorption, scattering, phase 

difference image evaluation result

X-ray absorption images are obtained by the 
difference of absorption decay coefficient of the matter, 
where the larger the density difference of the tissue, the 
greater the difference in the contrast of the images, it 
becomes easier to diagnose the disease or to check for 
foreign matter. On the other hand, X-ray scattering 
and phase contrast images are obtained by imaging the 
x-ray velocity difference at two nearby points as the 
x-ray passes through the matter, thus it is more efficient 
than X-ray absorption difference image and can reduce 
radiation dose since the real part of the refractive 
index that determines this speed is about one thousand 
times larger than the absorption coefficient in radiation 
healthcare[15,19,20].

As a result of evaluating the 15P material absorption, 
scattering, and phase contrast images, the evaluation 
results of absorption image information and the 
evaluation results of scattered image and phase contrast 
image did not show significant difference[Figure 4].

Nacl material absorption, scattering, phase contrast 
image result

	 	
	 Absorption	S cattering

Phase Contrast
Figure 5: Nacl material absorption, scattering, 

phase contrast image evaluation result

Since the x-ray absorption contrast image is 
generated by the x-ray attenuation coefficient of the 
tissue, the distortion of image information occurs 
according to the geometric location. Overcoming these 
drawbacks is scattering and phase contrast image. 
Scattered image and phase contrast provides high 
discrimination in identifying matters by calibrating the 
geometric distortion and the degree of scattering through 
mathematical algorithms.

As a result of evaluating the Nacl material 
absorption, scattering, and phase contrast images, the 
evaluation results of absorption image information and 
the results of scattering and phase contrast images did 
not show a significant difference[Figure 5].

Graphite material absorption, scattering, phase 
contrast image result: Organ or tissue composed of a 
substance with a low effective atomic number significantly 
reduces the contrast or resolution of the image in the 
absorption difference image, therefore the identification 
ability of the image is deteriorated. However, scattering 
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and phase contrast images improve the contrast and 
resolution of images even with low atomic numbers thus 
it can be helpful for diagnosing diseases from images by 
increasing the ability to identify images.

The result of [Figure 6] shows the ability to identify 
scattered and phase-contrast images when the graphite 
material with low atomic number is compared with 
absorption image. It can be seen that although absorption 
imaging degrades the identification ability, but the 
identification ability is increased in scattered image and 
phase contrast images.

Absorption

Scattering

phase Contrast
Figure 6: Graphite material absorption, scattering, 

phase contrast image evaluation result

This result confirms the usefulness of scattering and 
phase contrast images when describing areas of soft tissue 
having a low X-ray absorption difference in organs and 
tissues of the human body. In addition, scattering and 
phase contrast imaging is a technology that dramatically 
increases boundary information between homogeneous 
materials or similar materials with little difference in 
density, it can be used for clinical breast cancer imaging or 
low dose computed tomography in radiation health care.

Along with the development of X-ray scattering 
image and phase contrast imaging technology, it is 
thought that many studies on the reduction of exposure 
dose should be carried out with more research and 
development on medical phantom that can acquire and 
evaluate images quantitatively.

Conclusion

In this study, a phantom that can acquire and 
evaluate the X-ray absorption, scattering, and phase 
contrast images was self produced and the X-ray dose 
was measured, analyzed and its images were obtained 
and analyzed.

At a distance of 40cm from the focus, the distribution 
of absorbed doses have shown 1,277 ± 0.31μGy in the 
center area. The measurement dose in the anode side 
direction was 110.1 ± 0.35μGy and the cathode side 
direction was 117.7 ± 0.77μGy. It has shown dose 
inequality that depends on the geometry of the target. It 
has shown similar tendency in 60cm and 80cm.

As a result of acquiring and analyzing the 
absorption, scattering, and phase contrast images of 
sodium chloride, phosphorus, and graphite materials, 
there was no difference in the amount of absorption, 
scattering, and phase contrast images of sodium chloride 
and phosphorus. Compared with absorption images in 
graphite materials, it was confirmed that scattering and 
phase contrast images were showing relatively high 
image information in radiation healthcare.

These results are expected to be utilized as an 
important basic data for reducing medical exposure dose 
and acquiring, evaluating and utilizing X-ray absorption, 
scattering and phase contrast images.
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