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LINAC selection strategy based on quality of Varian cone beam CT image
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Abstract: Objective To quantitatively analyze the features of different cone beam CT (CBCT) images for selecting the optimal
LINAC for patients. Methods CatPhan604 phantom was used for evaluating the quality of the images of head, thorax and pelvis
which were obtained by 4 CBCT mounted on an Edge, a TrueBeam, and 2 ix (ix New and ix Old). Results Of the 12 image sets,
the best accurate CT number for the head, thorax and pelvis was observed on ix New, TrueBeam, and Edge, respectively, and the
corresponding value was 5.69, 0.81, 6.74 HU, respectively. The best CT number linearity was found on ix New or ix Old (0.995),
Edge (0.996), and Edge (0.997), respectively. Moreover, ix Old, Edge, and Edge or TrueBeam or ix Old had the minimal linear
distance errors, which were 0.050, 0.075, 0.100 mm, respectively; and ix Old, Edge or TrueBeam, and Edge or ix New had the
smallest angular errors, which were 0.075°, 0.050°, and 0.075°, respectively. For the head, thorax and pelvis, the best contrast
resolution (7, 5, and 5 LP/cm, respectively) was achieved by ix Old, Edge, and Edge, respectively; and the best homogeneity (4.78,
20.19, and 4.63, respectively) was obtained by Edge, Edge, and Edge. The lowest noise for the head, thorax and pelvis was observed
on Edge, ix New, and ix New, which were 27.53, 8.67, and 7.33, respectively; the best signal-to-noise ratio was observed on Edge,
TrueBeam, and ix New, which were 83.17, 124.39, and 288.39, respectively; and the best contrast-to-noise ratio was observed
on Edge, ix New, and ix New, which were 11.92, 41.42, and 51.47, respectively. No low contrast resolution was found in the head,

while Edge or TrueBeam, and Edge achieved the best low contrast resolution (6.00 and 3.75) for thorax and pelvis. Conclusion
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Large inter-system varieties are observed among different CBCT systems. When choosing an appropriate machine for a special

patient, imaging features should also be considered. For instance, LINAC with CBCT that can provide better CT number linearity

and accuracy should be assigned for a patient undergoing adaptive radiotherapy, while machines with lower distance and angular

errors should be chosen for patients having stereotactic radiotherapy.

Keywords: image-guided radiotherapy; kilo-voltage cone beam CT; linear accelerator; image quality
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Tab.1 OBI preset scanning parameters of Varian TrueBeam and

CLINAC ix platform accelerator

M EAA JERY

B CBCTH A E/kV
mAs cm cm
TrueBeam B 100 150 26.2 18.5
ikl 125 270 46.5 17.5
fHh 125 1080 46.5 175
CLINAC ix Bl Sk 100 145 25.0 16.0
AR 2 A 110 262 45.0 16.0
R 125 680 45.0 16.0
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Fig.1 Schematic diagrams of each module structure of CatPhan604 phantom
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Tab.2 CT number and geometric accuracy of 4 different Varian CBCT systems

CT{EK: Wt JUIT RS 2
CBCTHI  Hlinsl s

CT{HUERTE/HU — CT{HLkE Mg /mm AP

S Edge 10.85 0.993 0.125 0.150

TrueBeam 20.05 0.993 0.125 0.100

ix IHMLAF 14.18 0.995 0.050 0.075

Ix HiAL AR 5.69 0.995 0.075 0.100

JFs Edge 0.87 0.996 0.075 0.050

TrueBeam 0.81 0.995 0.100 0.050

ix [HHLE% 68.30 0.995 0.100 0.100

ixFipLaE 59.40 0.995 0.375 0.100

il Edge 6.74 0.997 0.100 0.075

TrueBeam 21.50 0.996 0.100 0.100

ix IHALAR 15.51 0.995 0.100 0.100

ix HrHL & 30.36 0.994 0.400 0.075
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HHLER B 7R A% 1 75 CNR | SNR Fefd: , B0 435
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Tab.3 Quality of images obtained by 4 different Varian CBCT systems

CBCTH#x  HLEHAELS WXFHESPER/AP-om!  RXT N HE/mm 50k B SNR CNR
Sk Edge 6 Invisible 478 2753 83.17 11.92
TrueBeam 6 Invisible 24.82 29.00 50.39 11.16
ix IHALER 7 Invisible 7333 30.12 55.20 10.58
ix Hiblde 6 Invisible 71.21 28.04  30.78 10.89
i Edge 5 6.00 20.19 1476 74.92 23.60
TrueBeam 4 6.00 55.63  27.05 124.39 18.70
ix AL 3 8.00 5833 1554  42.88 36.77
ix FrLEE 3 8.00 31.59 8.67 9125 41.42
S Edge 5 3.75 4.63 839  164.59 28.21
TrueBeam 4 6.00 17.63 1225 12198 22.55
ix IHAL&R 4 5.00 53.33 1449  107.12 46.47
ix FbLas 4 4.00 26.74 733 28839 51.47
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