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ABSTRACT

Although radiation equipment are developing rapidly, general research on fundamental physics approaches is
relatively lacking. Therefore, this study aims to analyze the energy difference of Anode Heel Effect(AHE) based
on the tube voltages range of 50 kVp to 125 kVp of X-ray tube, and ultimately suggest an appropriate tube
alignment for general radiography that can be used clinically. The radiation simulation was performed using the
MCNP(Monte Carlo N-Particle), and the X-ray tube was modeled as E7869X(Japan) used in stationary X-ray
equipment(Samsung GC58A). The tube voltages used in this study were 50, 65, 80, 95, 110, and 125 kVp, and
the photon spectrum was analyzed to compare trends using MCNP and TASMIP(Tungsten Anode Spectral Model
Interpolating Polynomials), and the AHE analysis was calculated into 1,849 sections consisting of 1cm’.
Comparisons between the anode and the cathode side photon values of 50 kVp(0.1%), 65 kVp(9.1%), 80
kVp(16.5%), 95 kVp(16.3%), 110 kVp(20.6%), and 125 kVp(28.1%). Therefore, based on these findings, it is
determined that the tube range requiring consideration of the AHE is 80, 95, 110, and 125 kVp, while for 50 and

65 kVp, AHE consideration is deemed unnecessary.
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I. INTRODUCTION
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II. MATERIAL AND METHODS
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(a)
Fig. 1. MCNP simulation geometry. (a) photon-counts between X-ray tube and Radiation-box, (b) segmentation for
analysis of Anode Heel Effect(AHE).

III. RESULTS
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Fig. 2. X-ray spectrum analysis each kVp
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of MCNP, TASMIP. (a): 50, 65 kVp, (b): 80, 95 kVp, (c): 110, 125 kVp

Table 1. Anode and Cathode radiation effect analysis each 7 c¢cm interval.

Anode (+) direction

v Center Cathode (-) direction
P +21 cm +14 cm +7 cm (I em) -7 ¢m -14 ¢cm -21 ¢cm
S0 kv 6.55E-11 6.8E-11 7.75E-11 7.53E-11 6.86E-11 7.18E-11 6.56E-11
P 87% 90.4% 103% 100% 91.1% 95.4% 87.1%
65 KV 3.37E-10 3.8E-10 3.96E-10 3.78E-10 3.83E-10 3.92E-10 3.71E-10
P 89.2% 100.5% 104.7% 100% 101.3% 103.7% 98.1%
20 LV 8.56E-10 1.03E-9 1.07E-9 1.02E-9 1.08E-9 1.03E-9 1.03E-9
P 83.6% 100.7% 104.7% 100% 104.9% 100.1% 100%
95 KV 1.83E-9 2.24E-9 2.34E-9 2.38E-9 2.26E-9 2.24E-9 2.18E-9
P 76.7% 94% 98% 100% 94.7% 93.7% 91.6%
10 KV 3.09E-9 3.86E-9 4.19E-9 4.03E-9 4.14E-9 4.08E-9 3.89E-9
P 76.8% 95.9% 104.1% 100% 102.9% 101.4% 96.7%
125 KV 4.61E-9 6.05E-9 6.73E-9 6.38E-9 6.69E-9 6.58E-9 6.41E-9
P 72.4% 94.9% 105.6% 100% 104.9% 103.2% 100.6%
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Fig. 3. X-ray intensity analysis each kVp(50, 65, 80, 95, 110, 125 kVp) at 1 cm interval,
x-axis of "0" direction is Anode and x-axis of "44" direction is Cathode.
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IV. DISCUSSION
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(a): 50 kVp, (b): 65 kVp, (c): 80 kVp, (d): 95 kVp, (e): 110 kVp, (f): 125 kVp.
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V. CONCLUSION
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Table 2. Results based on diagnostic reference level data(2023) and this research data

5 ages 10 ages Adult
X-ra . . .
Projecti};ns Median Tube Median Tube Median Tube
value! ™! Alignment value!™ Alignment value!™! Alignment
Hand PA 45 kVp 50 kVp 52 kVp
Elbow AP 50 kVp 54 kVp 56 kVp
Ankle AP 50 kVp 53 kVp 57 kVp
Knee AP 53 kVp N/A-AHE 55 kVp N/A-AHE 60 kVp
N/A-AHE
Humerus AP 55 kVp 60 kVp 65 kVp
Femur AP 58 kVp 65 kVp 70 kVp
Shoulder AP 60 kVp 64 kVp 70 kVp
C-spine AP 70 kVp
Hip-joint AP 65 kVp 70 kVp 75 kVp
N/A-AHE N/A-AHE
Skull AP 65 kVp 65 kVp 75 kVp
T-spine AP 75 kVp
Pelvis AP 65 kVp 70 kVp 76 kVp A-AHE
N/A-AHE N/A-AHE
Abdomen AP 65 kVp 70 kVp 78 kVp
L-spine AP 80 kVp
Chest PA 70 kVp N/A-AHE 90 kVp A-AHE 102 kVp

N/A-AHE: Not applicable Anode Heel Effect, A-AHE: Applicable Anode Heel Effect
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