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ABSTRACT

This study aimed to quantitatively analyze the effect of anode angle on the heel effect and image quality in
digital radiography systems. For this purpose, two X-ray devices with anode angles of 12 ° and 16 °~ (Accuray
D6 and INNOVISION-SH) were used to compare the radiation dose distribution and the signal-to-noise ratio
(SNR) and contrast-to-noise ratio (CNR) in thoracic spine images, using a chest phantom under identical imaging
conditions.

In the radiation dose distribution study, it was observed that the device with a 12 ° anode angle showed more
pronounced dose distribution non-uniformity, with a sharp decrease in dose from the cathode side to the anode
side. In contrast, the 16 ° anode angle device exhibited a more gradual dose decrease and a more uniform
distribution than the 12 °~ device. It was confirmed that a smaller anode angle intensified the heel effect, causing
the radiation intensity to be distributed unevenly.

In the thoracic spine image analysis, it was found that, with an anode angle of 16 ~, the SNR and CNR
improved when the chest phantom was placed in the standard orientation (T12 on the cathode side and T1 on the
anode side). This suggests that the anode angle and patient positioning influence the effect of the heel effect on
image quality. Compared to the reverse orientation (T1 on the cathode side and T12 on the anode side), the
standard orientation provided superior image quality.

Based on these findings, it is recommended that, in clinical practice, awareness of the anode angle and accurate
differentiation between standard and reverse positioning during thoracic spine imaging with digital radiography
systems can enhance image quality and improve diagnostic reliability.
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Systems, Korea)2} INNOVISION-SH(DK Medical
Systems, Korea)E ©]-8-3}SITF. Accuray D6 “gH] <]
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(b) Actual focal angle of
anode 16°

(a) Actual focal angle of
anode 12°
Fig. 1. Exposure dose dosimetry of the equipment
in each block.
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Fig. 2. Exposure dose dosimetry of the equipment
in each block.
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(a) Thoracic phantom at
an anode angle of 12°

(b) Thoracic phantom at
an anode angle of 16°

Fig. 3. Thoracic phantom at 12° and 16" anode angles.
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Fig. 4. ROl measurement value of chest phantom.
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III. RESULT
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Table 1. Radiation dose distribution at different points
with a 12° anode angle

cathode

mR a b c d e f g
A 156.9 1612 162.7 1612 1564 149.1 1393
B 1624 170.1 172.1 170.5 1659 157.5 147.2
C 158.6 1643 166.6 166.0 160.8 153.0 141.8
D 1463 1519 1539 1529 1493 1415 131.8
E
F
G

126.2 1305 133.5 131.5 1283 1233 1137
111.0 112.8 1165 111.7 1102 107.7 1053
83.0 879 928 91.7 902 846 787

anode
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Fig. 5. Heatmap of radiation dose distribution at each
point with a 12° anode angle.

Fig. 6. 3D visualization of radiation dose distribution
with a 12° anode angle.
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Table 2. Radiation dose distribution at different points
with a 12° anode angle

cathode

mR a b c d e f g

153.3 161.7 1657 167.8 1653 160.8 153.6
160.3 1719 1746 1765 1722 171.0 1593
161.0 171.8 175.7 179.1 176.1 1724 163.3
157.7 163.0 170.7 1733 1689 166.0 155.5
149.6 1557 161.8 1642 161.0 1583 1479
1339 1419 146.2 148.6 1451 1429 1364
1104 1147 119.0 1194 118.7 116.7 1102

anode

Q| m|O|O|m| >

Cathode
o

136.4

G- 1104 114.7 119.0 119.4 118.7 116.7 110.2

Fig. 7. Heatmap of radiation dose distribution at each
point with a 16° anode angle.

Fig. 8. 3D visualization of radiation dose distribution
with a 16° anode angle.
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Table 3. Comparison of radiation dose measurements for
anode angles of 12° and 16°

Group Median U-statstic p-value
Anode angle 12° 141.8
678.5 0.0002
Anode angle 16 160.8

HIALA AEE By o f4AAS vus] ¢ &
2 S AREsE Ayl AARL 1200 = AEFSIo A
70.43, BEkRlo A 79.16, CEFRll A 78.26, DEFRIC
A 62.20, E2Folo) A 4451, FaFolol A 12.92, GeFel
ol 4 26245 LtERRETE 53] BEF1(79.16)3 CEHel
(78.26)%] H-AF gho] 74 o} whabM Mk Ry 9
HEMo|l 7ou A ~ D el Frol|A Ao
2 %o WEge BATh W, Fob GEole] BAb

¢

7o 247 12,929 26242 e} o] F7Fo| A wb
AP A REE vy #55H A YERS TR

AAMZE 167 ARt A 33.53, BEFQlol A
46.49, CEFloll A 45.80, DEFQIO A 44.19, Eg}2l o
Xl 38.63, FEFeloll A 28.08, GEFeloll A 15.64= EAF

685



Analysis of the Effect of Anode Angle on the Heel Effect and Image Quality in Digital Radiography Systems

Zrol UEbwtl. BEF¢l(46.49)7F CEFQl(45.80)°0 A
b e B ks ®molom, AAMZ 1209 Ht
Ak ghol 533990 " REA, 1674 = 36.05%2 ] W

< A gE 7158k

F5 AAME 1279 167 ®AF ko] it AfolE A
Sot7] Sl SHERE dAow FAsla, E4
Ab= Table 49k 2tk 7 15 1ke] Aol A
Aoz frolatA HeERRTHp < 0.05).

Table 4. Comparison of radiation rose measurements for
anode angles of 12° and 16°

Group Mean+SD t-statstic p-value
Anode angle 12° 53.94425.71
2.65 0.022
Anode angle 16 36.19+11.48

4 focal spot angle of 127 focal spot angle of 16”

80

Ano':dé

Catﬁ;:de Rows (A to G}

Fig. 9. Comparison of radiation dose distribution for 12°
and 16° anode angles.
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Fig. 10. 3D Visualization of radiation dose distribution
for 12° and 16° anode angles.
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