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Low-dose dual-energy cone beam CT material decomposition based on half-projection
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Abstract: Objective To propose and validate a decomposition method based on half-projection reconstruction for dual-
energy cone beam CT (DE CBCT), thereby providing a potentially feasible low-dose imaging solution for anatomical
monitoring and dose reconstruction optimization in adaptive radiotherapy. Methods Dual-energy scans were performed on a
Gammex phantom using the on-board kilovoltage CBCT system of a VitalBeam accelerator at acquisition frame rates of 15
and 7 frames per second (f/s). Images were reconstructed from the projection data, and dual-energy decomposition was
applied to the 7 f/s dual-energy images to derive relative electron density (RED) and stopping power ratio (SPR) using
weighted formulas and empirical functions, followed by accuracy evaluation. Additionally, the weighted CT dose index was

calculated for different scanning parameters. Results Dual-energy decomposition effectively suppressed image artifacts, with
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RED and SPR errors remaining below 2.82% and 2.56%, respectively. Compared with the traditional dual-scan method

which required high- and low-energy acquisitions, the weighted CT dose index of the half-projection DE CBCT was reduced

by 11.60 mGy (a 52.90% reduction). Furthermore, it was 2.58 mGy lower than the dose of the full-projection high-energy
CBCT alone (a 19.98% reduction) and only 1.31 mGy higher than that of the low-energy CBCT (a 14.52% increase).

Conclusion The proposed method effectively suppresses image artifacts while maintaining high accuracy in RED and SPR

under low radiation dose conditions, demonstrating its potential value for scenarios requiring frequent image guidance, such

as adaptive radiotherapy.

Keywords: dual-energy imaging; cone-beam CT; image guidance; low-dose imaging
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Table 1 Phantom scanning parameter settings

Wi/ s LR (R ABAIRAE ) /kVp AFHLI/mA 280 BRG] /s
7 140/80 60 5 8.4

15 140/80 60 LSy 17.9
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Table 2 Elemental composition and relative electron density of electron density inserts

i {44 Ak H 0 C N Cl Ca Si B Na Mg RED
LN450 Lung 744 2069 5803 197 0.8 0.57 1122 0.44
HE Brain 823 1970 6575 205 0.3 179 094 0.04 015 123 1.02
HE General Adipose 9.73 1435 7141 271 012 034 1.11 005 0.18 0.94
HE Breast 50/50 948 1513 7023 247 0.12 074 101 004 016 061 097
HE Liver 825 19.02 66.87 225 0.4 1.94 065 003 010 075 1.05
CaC0,-30% 5.60 2847 51.77 212 0.09 11.77 0.18 127
CaC0,-50% 403 3413 4034 152 007 19.62 030 1.46
HE Inner Bone 6.38 2564 5379 173 0.0 9.82 072 003 011 168 1.16
HE Cortical Bone 231 3995 2741 085 0.04 2662 282 178
HE CT Solid Water 841 1849 6697 216 0.3 143 1.08 005 017 110 1.00
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NRMSE 4 0.017. 7EE 1 # (L R AE 1153 140 kvp
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1 Gammex fR{RBYE 1%

Figure 1 Images of the Gammex phantom
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Table 3 Reference and calculated values of relative electron density and stopping power ratio

RED SPR
bR e ‘ ‘
ZEME  HME 2% e HEME 2AH/%
7 1.07+0.00 1.98 1.07+0.01 1.80
HE Liver 1.05 1.05
15 1.08+0.00 2.82 1.08+0.00 2.56
7 1.78+0.01 0.00 1.70+0.01 0.00
HE Cortical Bone 1.78 1.70
15 1.78+0.01 0.00 1.70+0.01 0.00
7 1.48+0.01 1.44 1.44+0.01 1.23
CaCO0,-50% 1.46 1.42
15 1.48+0.01 2.24 1.454+0.01 1.97
7 0.95+0.00 1.47 0.97+0.00 0.89
HE General Adipose 0.94 0.96
15 0.96+0.00 2.48 0.98+0.00 1.80
7 1.16+0.00 0.26 1.15+0.00 0.17
HE Inner Bone 1.16 1.15
15 1.17+0.00 1.20 1.16+0.00 1.03
7 0.97+0.00 0.00 0.98+0.00 0.08
HE Breast 50/50 0.97 0.98
15 0.97+0.00 0.07 0.98+0.00 0.15
7 1.29+0.00 1.57 1.27+0.00 1.48
CaCO0;-30% 1.27 1.25
15 1.29+0.00 1.86 1.27+0.00 1.75
7 1.01£0.00 -1.28 1.01£0.00 -0.91
HE Brain 1.02 1.02
15 1.01£0.00 -1.11 1.01£0.00 -0.78
7 0.97+0.00 -2.82 0.98+0.00 -1.88
HE CT Solid Water 1.00 1.00
15 0.98+0.00 -2.40 0.99+0.00 -1.53
*4 SRWSBTHRETIE(mGy)
Table 4 Imaging dose under various scanning parameters (mGy)
15 f/s 7 fls
CTDI
140kVp  80kVp S 140kVp  80kVp Javill
CTDIc 17.00 9.19 26.19 8.01 433 12.34
12 54075 6] CTDIp 2.80 3.32 6.12 1.32 1.57 2.89
3 447518 CTDIp 8.59 9.00 17.59 4.05 4.24 8.29
6 45575 "] CTDIp 22.79 13.30 36.09 10.74 6.27 17.00
9 14719 CTDIp 9.34 10.16 19.50 4.40 4.79 9.19
CTDIw 12.91 9.02 21.93 6.08 4.25 10.33

A1, i1 3 fir 7, DE CBCT 7E RED #1 SPR [k Hit |
I 5 1 WA 1, G e RED 53 1% 25 4 [
H -2.82%~2.82% , SPR i1 53 12 25 43 A1 2l -1.88%~
2.56% AR XTI B R 22 K A A X #5824 1Y CBCT
FIG B 5 SOk A Ee A AL T4 BV L, 40 Shi
SR ] 80 kV/120 kV FRAFAY/K B IR 224 2.24% .

A KR RS B AtK B4 X AT RE R SR R 2
— RSG5 N AR 2 el 2 St T RE AR B 1 A
AFEN . SRMAHELZ T ARG RE CBCT B P4

7] 7€ RED 1 SPR & tt 7 T ) i 25 5 A, B ol LA 5]
R PR Qi AR IR TR R B, A1

1ER) CT BG4 B Do 30 28.7% MR 18 25 . AHHA
1) RED I SPR 4373 (B 70 3155 A 3l , L3252 il
SHEYT R R B HERRE ), Bar VRS R, SR
FARE CT AH EL , WLRE AR MG AT LAN /> AR 21 SPR 1522 &
AP A SRR 1, TR TR 14, v L
BT HRAHRE M 1~5 em 387051 0.5~0.9 cmo ASHF
¢ DE CBCT KB 1) RED 1 SPR 34 SCH il 75 %5 B Oy
SCHISE I A B R AR SR ALY 1 RED 1 SPR
AT FALGE ) 2 5 CT, HL4% DE CBCT it HiE— 200k
BB TEANFBER E IR R 22 SR AR e E, N
ART 4511 PR S A o ] 5 1) o o PR
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