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ABSTRACT

With the development of medical technology and radiation treatment equipment, the frequency of high-precision
radiation therapy such as intensity modulation radiation therapy has increased. Image-guided radiation therapy has
become essential for radiation therapy in precise and complex treatment plans. In particular, with the introduction
of imaging equipment for diagnosis in a linear accelerator, CBCT scanning became possible, which made it
possible to calibrate and correct the patient's posture through 3D images. Although more precise reproduction of
the patient's posture has become possible, the exposure dose delivered to the patient during the image acquisition
process cannot be ignored. Radiation optimization is necessary in the field of radiation therapy, and efforts to
reduce exposure are necessary. However, when acquiring 3D CBCT images by changing the imaging conditions
to reduce exposure, there should be no image quality or artefacts that would make it impossible to align the
patient's position. In this study, Rando phantom was used to scan and evaluate images for each shooting
condition. The highest SNR was obtained at 100 kV 80 mA 25 ms F1 filter 180°. As the tube voltage and tube
current increased, the noise decreased, and the bowtie filter showed the optimal effect at high tube current. Based
on the actual scanned images, it was confirmed that patient alignment was possible under all imaging conditions,
and that image-guided radiation therapy for patient alignment was possible under the condition of 70 kV 10 mA
20 ms FO filter 180°, which showed the lowest SNR. In this study, image evaluation was conducted according
to the imaging conditions, and low tube voltage, tube current, and small rotation angle scan are expected to be
effective in reducing radiation exposure. Based on this, the patient's exposure dose should be kept as low as
possible during CBCT imaging.
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Fig. 1. Black Piranha.

Table. 1 Announcement of standards for Half Value

Layer by the Korea Food and Drug Administration!”!

X-ray tube voltage (kV) Minimum amount of aluminum (mmAl)

X-ray generator

Tube Measuring Medical X-ray for dental
voltage  tube voltage device diagnosis
30 0.3 1.5
~ 50 40 0.4 1.5
50 0.5 1.5
51 1.2 1.5
51 ~ 70 60 1.3 1.5
70 1.5 1.5
71 2.1 2.1
80 2.3 2.3
90 2.5 2.5
100 2.7 2.7
71 ~ 110 3.0 3.0
120 32 3.2
130 35 3.5
140 3.8 3.8
150 4.1 4.1

2.2. G

Fig. 2= A A 23 ¥ (Rando phantom)S A}&-3}
o] CBCTES 273}+= E&olth Elektarl2] Versa
HDoll Al CBCTZ7Ho AR 7hsdh S FO
filteroll A1 70, 100, 120 kV $1.2™ F1 filterll A 100,
120 kV It} CBCTi= 360°, 180° 3| @A =7i0] 715
st 7b ettt BAFE 10 mAR T A 7 A
HAgS WA 7| 2703818 ) Table 2+ ¥4

|

fo I

O

Ju
N
N
k]
ol
il
k]
=)
2
&
o
g
_O‘L

o
BAI7IH G ZAS W3 AJF A, FO filter®l Fl
o

Table 3 #ASte] AT BHF7F A w9
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Table 2. Tube current fixed tube voltage change
condition

Gantry FO filter

rotation F1 filter

70 kV 10 mA 20 ms

360° 100 kV 10 mA 20 ms 100 kV 10 mA 20 ms

120 kV 10 mA 20 ms 120 kV 10 mA 20 ms

70 kV 10 mA 20 ms

180° 100 kV 10 mA 2 Oms 100 kV 10 mA 20 ms

120 kV 10 mA 20 ms 120 kV 10 mA 20 ms

Table 3. Tube voltage fixed tube current change
condition

Gantry FO filter

rotation F1 filter

100 kV 80 mA 20 ms 100 kV 80 mA 20 ms
180° 100 kV 10 mA 20 ms 100 kV 10 mA 20 ms
100 kV 20 mA 20 ms 100 kV 20 mA 20 ms

Fig. 2. Scanning the Rando phantom.
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Fig. 3. ROI to measure Noise and Signal.

II. RESULT
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Fig. 4. Noise change according to tube voltage change
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Fig. 5% F1 filterol| A #3d¢F W slol] w2 Noise
& ERTh 1800 Z~7Ael A #d o] 100, 120 kV
2 Z71e w Noisei= °F 33.32, 24.94 HUZ Y E}S
), 360° 22704 # o] 100, 120 kVE 7}

W] Noiser= <F 25.37, 18.11 HUZ Y E}F%T}

2 jo

308



"J. Korean Soc. Radiol., Vol. 17, No. 3, June 2023"

40
X

Noise (H.U.)

D
20

-#~Scan angle 180, F1 filter

~*~Scan angle 360, F1 filter

1]
60 80 100 120

Energy (kV)

Fig. 5. Noise change according to tube voltage change
(F1 filter).
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Fig. 6. Signal change according to tube voltage change
(FO filter).
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Fig. 8. Noise change according to tube current change.
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Fig. 9. Signal change according to tube current change.
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Fig. 10. SNR change according to tube voltage change
(FO filter).
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Fig. 11. SNR change according to tube voltage change
(F1 filter).

FHHgto] F718 SNRS S7}shs sl
Wt SNRS 360° =710 180° ~70 KT} &
ST Fl filter®} FO filterd] 22 A] 180° Z:Z’H"ﬂ/ﬂ‘—‘}
HAG Wstel wet xko] 7t A glARE 3
oA 100 kVel A FoO filter”} A vreEb: U% 120
o

o]}J

kvl A Fl filter”} T -‘5741 LERRTE S St
of whe} HE] s} Froju ek Wl Py
2] k%

(2) A F W] W SNR H7}

Fig. 12+ A7 ¥3to] wE SNRS LERATH
HAF7F 10, 20, 80 mAE F7+e w FO filterol A
SNRS ¢k 30.05, 33.43, 35.66°. % UEFFOH, FI
filtero] 4] SNR-& 9F 29.53, 37.31, 53.47% YEFRT]

310



"J. Korean Soc. Radiol., Vol. 17, No. 3, June 2023"

AF7F S7FekW Noise®] A2 SNRE S7}s)
Ao w vtk #dF kel whe A s
el o gk 2ol s Bt 53 w& wA
o A Noise9] A= ¥ SNRS UEFWHTE

dn = orr e

40 |

20 |

©—CBCT: FO filter - CBCT: F1 filter

0 20 40 60 80 100
Current (mA)

Fig. 12. SNR change according to tube current change.
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Fig. 13. Highest SNR shooting conditions.

70kv 10mA 20ms FO filter 180°

Fig. 14. Lowest SNR shooting conditions.
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IV. DISCUSSION
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