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Dosimetric consistency of different Varian kV-cone beam CT systems: a comparative study
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Abstract: Objective To verify the dosimetric consistency between two Varian CBCT systems of the same type but of different
working years using 6 sets of standard scanning parameters. Methods The stability of the tube voltage (kVp) of the two systems
was measured using PTW DIAVOLT-MULTI (Germany). In a standard CTDI phantom consisting of the head and body modules
(diameters of 16 cm and 32 cm, respectively), the dose at the central and 4 peripheral points were measured with a PTW CT
chamber (Germany) to calculate the weighed CT dose index (CTDI,) in both the full-fan and half- fan modes. Results
Measurement using the 6 sets of standard scanning parameters showed that the kVp of both the new and old CBCT systems was
higher than the nominal values by (2.5+0.7) kVp and (2.9+0.8) kVp, respectively, with deviations ranging from 1.3% to 3.12%.
Compared to the new system, the old CBCT system had a higher CTDI,, by (8.73+2.95)% on average, with deviations ranging
from 4.90% to 11.46%. Conclusion The dosimetric consistency of Varian CBCT is stable but the deviation of kVp increases as
the working year of the machine increases. The CTDI, can vary between different Varian CBCT systems even of the same type
and with the same scanning parameters. Monitoring of the dosimetric consistency is recommended for routine quality control
and maintenance of the CBCT systems.
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Tab.1 Key parameters of standard scanning protocols of Varian OBI CBCT (V1.6)

Parameter Standard dose head Low dose head High-quality head Pelvis Pelvis spot l.ight (- Low-dose thorax
fan bow-tie filter)

X-ray voltage/kVp 100 100 100 125 125 110

X-ray current/mA 20 100 80 80 80 20

X-ray milli-second/ms 20 20 25 13 25 20
Gantry rotation/deg 200 200 200 360 200 360
Number of projections 360 360 360 655 360 655

Fan type Full Full Full Half Full Half
Bow-tie filter Full Full Full Half Full Half
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Tab.2 Comparison of measured kVp and nominal kVp of an old and a new Varian CBCT

Bow-tie filter Half Full None
Nominal kVp 110 125 100 125 100 110 125
New Measured 112.7 128.5 102.0 128.1 101.3 112.4 127.7
Difference’ 2.7(2.5%) 3.5(2.8%) 2.0(2.0%) 3.1(2.5%) 1.3(1.3%) 2.4(22%) 2.7(2.2%)
Old Measured 113.3 128.6 102.4 128.9 101.5 112.9 127.9
Difference’ 333.0%) 3.6(29%) 24(24%) 39(3.1%) 1.5(1.5%) 2.9 2.6%) 2.9 (2.3%)
P (Old vs. Nominal) 0.650
P (New vs. Old) 0.952
P (New vs. Nominal) 0.695

kVp: Tube voltage; " Relative to nominal kVp.
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Tab.3 CTDI, values and deviations of the new and the old Varian
CBCT (mGy/100 mAs)

Parameter New CBCT Old CBCT Deviation”
Standard dose head 2.19 2.30 0.11 (4.90%)
Low dose head 2.19 2.37 0.18 (7.89%)
High-quality head 2.18 2.31 0.13 (5.79%)
Pelvis 1.99 2.23 0.24 (11.37%)
Pelvis spot light (Full-

. 1.72 1.92 0.20 (10.99%)

fan bow-tie filter)

Low-dose thorax 1.48 1.66 0.18 (11.46%)
P (New vs. Old) 0.324

CTDI,: Weighed CT dose index; " Relative to the mean CTDI, of two
CBCT.
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