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Abstract Objective: To study the effect of respirat
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motion on four-dimensional computed tomography (4D-CT)
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T T B R (5 12019-YF09-00095-SN) and four-dimensional cone beam computed tomography (4D-
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i * N CBCT) imaging using QUASAR motion phantom. Methods
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Breathing patterns with different peak-peak amplitudes (5, 10, 20 and 30 mm) and frequencies (10, 12, 15 and 20 rpm)
were simulated using a programmable motion phantom (Modus QA). The phantom was scanned by 4D-CT and 4D-CBCT un-
der 16 breathing modes registered. The image datasets were transmitted to the MIM Software through Digital Imaging and
Communications in Medicine (DICOM). The inserts [ 2 spheres with diameter of 1 ¢cm and 2 cm (S1 and S2) and a cube
with edge length of 3 ¢cm (C3), density 1.41 g/cm’] of the QUASAR phantom were delineated in different phases of CT im-
ages. Volumes of inserts in the different phases of CT scans were recorded and analyzed. Results: Volume change rates of
S1, S2 and C3 inserts in 10 phases of 4D-CT scan were 62.42% +47.64% , 35.95% +32.02% and 32.71% +20.31% ,
respectively, and those of 4D-CBCT scan were 48.59% +26.76% , 8.80% +11.43% and 18.19% +9.05% , respective-
ly. Volumes of S1, S2 and C3 inserts in 40% ~ 70% phases of 4D-CT scan decreased to 37.02% +14.12% , 17.29% =+
7.58% and 23.43% +11.11% , respectively, which is more stable compared to other phases. Compare with 4D-CT, the
4D-CBCT results showed a lower increase of the contoured volumes, and were lower in volume variability along the whole in-
terval of phases. Conclusion: Respiratory motion will affect the results of 4D-CT and 4D-CBCT imaging. Volumes of the
QUASAR phantom scanned by 4D-CT and 4D-CBCT are relatively larger than real volumes. Volumres in 40% ~ 70% pha-
ses of 4D-CT scan are comparetively closer to real volumes. It is recommended to use 40% ~ 70% phases for contouring

target volumes and treatment in respiration-gated radiotherapy.
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Figure 1. QUASAR Respiratory Motion Phantom, Its Components and Respiration Waveform

A. QUASAR Respiratory Motion Phantom; B. Respiration waveform and phase division.
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Table 1. Volume Change Rates of S1, S2 and C3 Inserts in 10 Phases of 4D-CT Scan(x+s,% )

Variable S1 S2 C3

0% 94.89 +67.02 62.06 +46.62 45.28 +25.89
10% 78.67 +43.68 41.02 +24.26 35.17 £15.51
20% 85.71 £54.65 49.43 +33.55 37.57 £20.46
30% 61.85 +33.87 29.50 +£20.74 28.48 £14.19
40% 40.50 +15.03 20.03 £10.04 22.11 £6.04
50% 39.90 £11.18 17.39 £6.43 21.63 £5.17
60% 34.66 +14.93 16.34 +7.11 22.59 +8.44
70% 32.99 £13.43 15.39 +4.97 27.38 £18.38
80% 45.39 +20.85 35.90 £23.19 34.43 £19.41
90% 109.56 +63.00 72.44 +38.90 52.42 +£27.96

4D-CT: Four-dimensional computed tomography.
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Figure 2. Volume Distribution of S1, S2 and C3 10 Inserts in 10 Phases of 4D — CT and 4D — CBCT Scans of a QUASAR
Phantom under 16 Breathing Modes

Panel A, B and C show volumes of S1, S2 and C3 inserts in 4D-CT scan; Panel D, E and F show volumes of S1, S2 and C3 inserets
in 4D-CBCT scan. f; Frequency; A: Amplitude.
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Table 2. Absolute Volumes of S1, S2 and C3 Inserts in 40% ~70% Phases of 4D-CT and 4D-CBCT Scans (cm?®)

Variable S1 S2 a3
4D-CT 4D-CBCT 4D-CT 4D-CBCT 4D-CT 4D-CBCT

40% 0.73 £0.08 0.80 +0. 14 4.94 +£0.27 4.42 +0.21 32.80 £1.60 31.22 +1.42
50% 0.73 £0.06 0.76 £0.10 4.89 £0.27 4.37 £0.17 32.69 +1.35 30.52+1.03
60% 0.70 £0.08 0.82+0.11 4.82+0.24 4.76 £0.39 33.12+2.44 32.20+1.80
70% 0.69 +0.08 0.77 £0.12 4.83+0.22 4.59 +0.35 34.51 +5.28 32.09 +1.85
b 2.263 6.076 7. 069 4.201 1. 964 5.878

P 0.520 0.108 0.070 0.330 0.581 0.118

4D-CT: Four-dimensional computed tomography; 4D-CBCT: Four-dimensional cone beam computed tomography.
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