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Abstract: Recording and managing the dose of x-rays in an x-ray machine is an important part of the
data. In addition, recording and managing radiation dose data in x-ray devices plays an important role
in providing transparency of radiation dose to medical staft' and patients by quantifying the radiation
dose data. Four mobile diagnostic X-ray units were used to analyze the dose by spatial location. The
dose distribution by location was analyzed by identifying and analyzing the dose by angle for both
image intensifier and flat panel detector types. The three-dimensional space of the radiation area
consisted of 27 sides, and the structure of the space was assumed to be horizontal X, Y, and Z sides and
vertical A, B, and C sides, and the dose analysis was performed at the assumed position. On the
longitudinal side, the highest dose tissue (highest puSv/min) is B_Center : (R.B.M, Colon, Lung,
Stomach, Breasts, Remainder of body) - 330.404 uSv/min, and the lowest dose tissue (lowest pSv/min)
is 0.002 pSv/min on the (Skin, Bone surface, Salivary glands, Brain) side at C_270°. The findings from
diagnostic X-ray devices have emphasized the importance of managing radiation exposure when using
the devices and may raise questions about the management of radiation protection measures to protect
the health of healthcare personnel and patients. This can be expected to advance the organization of the
use of radiation devices in a safe healthcare environment. A system for managing data will be useful as
an indicator to guide medical staft using the equipment and patients participating in procedures and
surgeries where they can minimize their dose and avoid harm.
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1. Introduction
Radiation protection is a requirement when using radiation, and radiation dose measurement plays
an important role. As medical and research advances in radiation protection, there is a need for
technologies that can produce radiation fields of high intensity, very short duration, and high repetition
rate [17]. These new technologies include accelerators and ultra-high-intensity laser devices that
produce high-intensity neutron sources at intermediate energies from about 50 MeV to several GeV per
nucleon [2,37]. For example, at J-PARC's 1 MW proton accelerator, the maximum extraction energy,
current, and number of neutrons produced at 3 GeV (333 mA) each provide an average neutron yield of
8x1018 s [47]. Ultra-intense lasers interact with a target with powers ranging from a few hundred TW
to a few PW, accelerating a large number of electrons down to tens of MeV, which generate a very
strong electric field of the order of a few TV m-! that ionizes the backside of the target [57. The electric
field generated here can accelerate the ions to tens of MeV and creates the characteristic of
Bremsstrahlung, which interacts with the chamber using X-rays [67].
Secondary neutrons can also be present when the energy from photons and ions exceeds the threshold
for production. The duration of a single laser pulse is in the order of a few hundred fs, so that
measurements are made on the primary ions of the target and the secondary radiation field, neutrons.
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The detectors used for radiation protection are TLDs for photons and passive detectors in superheated
emulsions for neutrons [77]. The application of ionizing radiation to medical imaging is intended to be
used in medical practice to improve human health [87]. The effects of radiation exposure on the human
body are generally increased and the consequences of this increase in radiation dose require a higher
level of radiation protection for the patient [97]. In many healthcare settings, occupational radiation
doses to users and healthcare personnel are monitored [107] and direct dose data are required for
outcomes [117]. The utilization of medical imaging has been increasing in recent decades, with a
significant increase in the total volume of radiological imaging [127]. The radiation protection of
patients with increased radiation exposure requires increased utilization and a higher level of care [137].
The risk of low-dose radiation in medical imaging is unproven, and it is difficult to demonstrate a risk
for low-dose radiation [14,157.

In order to establish dose information based on the location of low-dose sources with risk implications
[167], specific measures of dose in the dose monitoring system are required. Exposure management is
based on the structural location of low doses and converting them into dose measurements, so we want
to find a way to calculate the ionizing radiation from the measuring device. Through, the measurement
value of ionizing radiation is materialized and utilized for statistical data of radiation dose.

2. Methods
2.1. Instruments

A dose monitoring system should be established to locate low doses of potentially hazardous sources.
Dosimetry requires a radiation-protected detector to measure low doses and uses a passive detector with
a TLD for photons and a superheated emulsion for neutrons. A typical detector is the Radical 9010
10X5-1800 Ion Chamber Table 1.

Table 1.

Ion chamber specifications.

Chamber Radical 9010 10X5-1800 ion chamber

Minimum rate 0.01 mR/hr 0.1 pGy/hr

Maximum rate 65 R/hr 575 mGy/hr

Minimum dose 0.1 uR 0.01 nGy

Maximum dose 230 R 2 Gy

Cine specifications N/A

Calibration accuracy +4% using X-rays @ 150 kVp & 10.2mm Al HVL

Exposure rate dependance | +0%, -5%, 0.1mR/hr to 20 R/hr, -10% to 65 R/hr

Energy dependance +5%, 33 keV to 1.33 MeV (with build-up material)
Polycarbonate walls and electrode;

Construction conducting graphite exterior coating; 1800cm3 active volume; 0.54 kg

2.2. Diagnostic Radiation Device for Measurement Equipment

We found a method to construct low-dose radiation structurally according to positional changes,
measure the dose by ionization changes, and calculate the converted value from the measurement device.
The equipment used for measurement is FPD (Flat Panel Detector) and I.I (Image Intensifier). The
types of X-ray devices are Korean FPD C-arm, German FPD C-arm, Korean Image Intensifier C-arm,
and German Image Intensifier C-arm, which have different characteristics of C-arm. In order to evaluate
the reliability of the dose, the average dose value calculated from the German Image Intensifier C-arm
was used as a reference value.

2.8. Experimental Method
e Dose Measurement Procedure According to Position
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1. Divide the space into 27 sections, centered on the center of the X, Y, and Z planes, by creating 9
sections at 45° intervals and further categorizing them into three sides : A, B, and C.

2. Set the measurement voltage to 50-110 kV (in 10 kV increments) and the current to 1-4 mA (in 1
mA increments), then measure the irradiation dose in the 27 sections.

3. Analyze the measured dose values for reliability using variance analysis.

4. Convert the measured irradiation dose to absorbed dose. Irradiation dose (X) refers to the amount
of ionizing radiation measured in air, typically in units of Roentgen (R). Absorbed dose (D) refers to the
amount of radiation absorbed by a specific substance (e.g., human tissue), typically in units of Gray (Gy).
The absorbed dose can be calculated from the irradiation dose using the air kerma rate ( fj, where f is a
conversion factor specific to the material.

D=X-f (1)

5. Since the effect of radiation on tissue varies depending on the type and energy of the radiation, the
equivalent dose (H) is calculated by taking this into account. The equivalent dose is calculated by
multiplying the absorbed dose by the radiation weighting factor (Wz).

H=D-Ws (2)
Wz is a value determined by the type of radiation (e.g., X-rays, gamma rays, and electromagnetic waves
have a value of 1; neutrons, depending on their energy, have a value of 2.5-20; protons have a value of 2;
and alpha particles have a value of 20).
6. When converting from equivalent dose to effective dose, the effective dose (E) is a value that takes
into account the sensitivity of various organs or tissues to radiation. The effective dose is calculated by

multiplying the equivalent dose of each organ or tissue by the tissue weighting factor (1'1“':! ).

E =) (Hr W) 5

Wr is a factor that represents the radiation sensitivity of a specific organ or tissue.
7. The coefficients required in this process (f, Wa , Wr) should use the standard values provided by
organizations such as the International Commission on Radiological Protection (ICRP).
For example, to calculate the dose based on the measured values: If the irradiation dose X is 1 R
(Roentgen), the absorbed dose D is calculated as follows.
D=X f=0.00876 Gy /R =0.00876 Gy (4)
Here, 0.00876 Gy/R is the typical value for the air kerma rate. If the absorbed dose D is 0.00876
Gy, and if the radiation is X-rays, the equivalent dose H is calculated as follows.
H =D -W; =0.00876 Gy = 1 =0.00875 5v (5)
It the equivalent dose H is 0.00876 Sv, the effective dose E is calculated as follows (considering the
contribution of each tissue):
E =Z{HT W)

6

For example, if the exposed organ is the lungs: ¥
Eiung = Hiung * Wiung = 0.00876 Sv x 0.12 = 0.0010512 Sv (7)

By summing up the contributions from each organ in this manner, the total effective dose E can be
obtained. The example above serves as a simple illustration for clarity. In actual calculations, all exposed

organs and tissues must be considered.

3. Research Results
3.1. Validation of Radiation Dose From C-Arm Equipment

The average differences in radiation dose among four C-arm diagnostic radiation devices were
verified. After validating 756 absorbed dose values for each device, the p-value was found to be less than
001, indicating that the differences in radiation dose among each device were statistically significant,
with values less than .05 confirming the presence of differences in radiation dose between each device
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(Table 2).
Table 2.
Validate average differences in radiation dose across devices.
Classification by equipment Mean Std. deviation F Sig. (P)
Korean flat panel type C-arm 39929.03 174702.866
Rorean image intensifier type C-arm 16886.87 75645.082 5 594 001
German flat panel type C-arm 19807.08 89619.372 o '
German image intensifier type C-arm | 24478.61 119369.526

3.2. Verification of Radiation Dose According To A, B, C Planes

The average differences according to the A, B, and C planes were verified. The p-value was found to
be less than .001, indicating that the differences in radiation dose among each side were statistically
significant with values less than .05. Post-hoc tests were conducted to specifically verify the mean
differences between groups. Analysis revealed that radiation dose in B(M=74777.19, SD=201050.348)
was significantly higher compared to A (M=3894.369, SD=480.411) and C (M=279.639, SD=538.719)
Table 3.

Table 3.
Verification of mean differences in radiation dose by side.
N Mean | Std. deviation F Sig. | POST_HOC
A 1008 394.37 480.411
B 1008 T4777.19 201050.348 138.185 | 0.000 B>A, C
C 1008 279.64 538.719

3.8. Analysis of X-Axis (A, B, C_45°, 90°, 135°) Dose Areas
1.R.B.M, Colon, Lung, Stomach, Breasts, Remainder of body show maximum dose at B_90°, with

139.855 uSv/min for each tissue. They show minimum dose at C_90°, with 0.054 uSv/min for each
tissue.

2. Gonads show maximum dose at B_90°, with 93.237 pSv/min. They show minimum dose at
C_90°, with 0.086 uSv/min.

3. Bladder, Liver, Oesophagus, Thyroid show maximum dose at B_90°, with 46.618 pSv/min for
each tissue. They show minimum dose at C_90°, with 0.018 puSv/min for each tissue.

4. Skin, Bone surface, Salivary glands, Brain show maximum dose at B_90°, with 11.655 pSv/min
for each tissue. They show minimum dose at C_90°, with 0.004' pSv/min for each tissue (Fig. 1).
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Figure 1.
Radiation Distribution Profiles for A, B, C Sides at Center, 0°, 180°.

3.4. Analysis of V-Axis (A, B, C_Center, 0°, 180°) Dose Areas

1. RB.M, Colon, Lung, Stomach, Breasts, Remainder of body show maximum dose at B_Center,
with 830.404 pSv/min for each tissue. They show minimum dose at C_Center, with 0.082 pSv/min for
each tissue.

2. Gonads show maximum dose at B_Center, with 220.269 uSv/min. They show minimum dose at
C_Center, with 0.055 USv/min.

3. Bladder, Liver, Oesophagus, Thyroid show maximum dose at B_Center, with 110.135 pSv/min

for each tissue. They show minimum dose at C_Center, with 0.027 puSv/min for each tissue.
4. Skin, Bone surface, Salivary glands, Brain show maximum dose at B_Center, with 27.534

HSv/min for each tissue. They show minimum dose at C_Center, with 0.007 pSv/min for each tissue
(Fig. 2).
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Figure 2.
Radiation Distribution Profiles for A, B, C Sides at 45°, 90°, 135°.

3.5. Analysis of Z-Axis (4, B, C_225°, 270°, 315°) Dose Areas

1. RB.M, Colon, Lung, Stomach, Breasts, Remainder of body showed maximum dose at C_315°,
with 0.269 uSv/min for each tissue. They showed minimum dose at C_270°, with 0.019 pSv/min for
each tissue.

2. Gonads showed maximum dose at C_3815°, with 0.180 pSv/min. They showed minimum dose at
C_270°, with 0.018 puSv/min.

3. Bladder, Liver, Oesophagus, Thyroid showed maximum dose at C_315°, with 0.090 pSv/min for
each tissue. They showed minimum dose at C_270°, with 0.006 uSv/min for each tissue.

4. Skin, Bone surface, Salivary glands, Brain showed maximum dose at C_315°, with 0.022 uSv/min
for each tissue. They showed minimum dose at C_270°, with 0.002 pSv/min for each tissue (Fig. 3).
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Radiation Distribution Profiles for A, B, C Sides at 225°

4. Discussion
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Analyzing the radiation exposure levels of C-arm equipment used in medical imaging, we focused

on investigating the differences in radiation dose among A, B, and C sides. From this analysis, the
tollowing conclusions were drawn: Significant differences in radiation dose were observed among the
four types of C-arm equipment. The German Image Intensifier type C-arm showed higher radiation
levels compared to other devices. Radiation dose on the B side was notably higher than on the A and C
sides. High radiation exposure at specific locations indicates the necessity for radiation protection
measures. Radiation levels varied significantly along the X, Y, and Z axes based on direction and
position. Most tissues exhibited maximum radiation exposure at B_90° and minimum at C_90°. Specific
management and supervision are required to minimize radiation exposure. Measures such as using
radiation protection equipment and reducing exposure time are necessary when working in high-
exposure areas like the B side. Further research is needed to investigate radiation levels in diverse
medical environments and study the long-term effects of radiation exposure. Strengthening radiation
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protection education is essential to minimize radiation exposure among medical staff.

5. Conclusion

In order to establish dose information according to the location of low doses, a dose monitoring
system is established and organized for accurate diagnosis and examination according to the dose
measurement method. Since the increase in radiation dose caused by using radiation is a situation where
the use of imaging is increasing to obtain better image quality in medical information, the increased
radiation dose is used for the patient's exposure level and managed to monitor the radiation dose of
users and medical staft. The devices used were four mobile diagnostic X-ray units, and the doses were
analyzed by spatial location. To understand the dose distribution by location, angular dose was analyzed
for image intensifier and flat panel detector types. Depending on the scope of the section used, the three-
dimensional space of the radiation source was constructed with 27 sides, and the structure of the space
was assumed to be the horizontal X, Y, and Z sides and the vertical A, B, and C sides. In order to build
the dose information according to the location of the low dose, the dose measurement method was made
possible by the dose monitoring system. In the exposure control, the method of converting the ionizing
radiation from the measuring device to the measured value of the dose due to the structural position
change of the low dose was utilized. This allows the measurement of ionizing radiation to be
materialized, which can be used as a step for statistical data on radiation dose in the future.

Copyright:
© 2024 by the authors. This article is an open access article distributed under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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