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The accuracy and uniformity of CT numbers are the main causes of radiation dose calculation error. Especially,
for the dose calculation based on kvV-Cone Beam Computed Tomography (CBCT) image, the scatter affecting
the CT number is known to be quite different by the object sizes, densities, exposure conditions, and so on.
In this study, the scatter impact on the CBCT based dose calculation was evaluated to provide the optimal
condition minimizing the error. The CBCT images was acquired under three scatter conditions ("Under—scatter",
"Over—scatter', and "Full-scatter") by adjusting amount of scatter materials around a electron density phantom
(CIRS062, Tissue Simulation Technology, Norfolk, VA, USA). The CT number uniformities of CBCT images for
water—-equivalent materials of the phantom were assessed, and the location dependency, either “inner” or “outer”
parts of the phantom, was also evaluated. The electron density correction curves were derived from CBCT images
of the electron density phantom in each scatter condition. The electron density correction curves were applied
to calculate the CBCT based doses, which were compared with the dose based on Fan Beam Computed
Tomography (FBCT). Also, 5 prostate IMRT cases were enrolled to assess the accuracy of dose based on CBCT
images using gamma index analysis and relative dose differences. As the CT number histogram of phantom
CBCT images for water equivalent materials was fitted with a gaussian function, the FHWM (146 HU) for
"Full-scatter" condition was the smallest among the FHWM for the three conditions (685 HU for "under scatter"
and 264 HU for "over scatter"). Also, the variance of CT numbers was the smallest for the same ingredients
located in the center and periphery of the phantom in the "Full-scatter" condition. The dose distributions
calculated with FBCT and CBCT images compared in a gamma index evaluation of 1%/3 mm criteria and in
the dose difference. With the electron density correction acquired in the same scatter condition, the CBCT based
dose calculations tended to be the most accurate. In 5 prostate cases in which the mean equivalent diameter
was 27.2 cm, the averaged gamma pass rate was 98% and the dose difference confirmed to be less than 2%
(average 0.2%, ranged from —1.3% to 1.6%) with the electron density correction of the "Full-scatter" condition.
The accuracy of CBCT based dose calculation could be confirmed that closely related to the CT number uniformity
and to the similarity of the scatter conditions for the electron density correction curve and CBCT image. In pelvic
cases, the most accurate dose calculation was achievable in the application of the electron density curves of
the "Full-scatter" condition
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Fig. 1. CIRS062 phantom and Inserts position; CIRS062
phantom consists of inner (head) and outer (lung) parts. Eight
different tissue equivalent inserts pairs were arranged symme-
trically around the phantom center at the inner and outer
region of the phantom.
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Fig. 2. Phantom scatter conditions; three different scatter conditions were implemented by adding different amount of scatter
material around the CIRS062 phantom. (a) “Under-scatter (U)” condition: the phantom was only placed inside the exposure volume

of kV beam. (b) “Over-scatter (O)” condition: the phantom was immersed in a ~30 cm’ cubic water tank. (c) “Full-scatter (F)

”

condition: the phantom was immersed in a cylinder-shaped water with the same diameter of 33 cm and 25 cm length, which is of
similar scatter condition for the CBCT acquisition of pelvic regions.
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Fig. 3. HU histograms of the
FBCT and CBCT images with
various scatter conditions. (a)
FBCT image and HU histogram,
(b) CBCT image and histogram
with “Under-scatter” condition.
() CBCT image and histogram
with “Over-scatter” condition. (d)
CBCT image and histogram with
“Full-scatter” condition. The main
peak on each histogram repre-
sents the histogram of the water
equivalent material that com-
poses the main body of the
phantom.
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Fig. 4. Comparison of FBCT and CBCT HU-ED calibration curves and HU differences of the same ED insert-pairs between their
locations (inner and outer parts of phantom). (a) FBCT HU-ED calibration curve with three scatter condition. (b) CBCT HU-ED
calibration curve with “Under-scatter” condition. (c) CBCT HU-ED calibration curve with “Over-scatter” condition. (d) CBCT HU-ED
calibration curve with “Full-scatter” condition.
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Table 1. Average gamma indices of the dose distributions of
the phantom CBCTs with a combination of three different
HU-ED calibrations.

Gamma 1%/3 mm

HU-ED
Calibration
curve

CBCT image
A on <l (%)

(*gamma index)

Under scatter  Under scatter 0.42 0.34 95.65
Over scatter 0.53 0.32 94.92
Full scatter 0.56 0.34 91.12
Over scatter Under scatter 0.65 0.35 81.43
Over scatter 0.36 0.24 97.94
Full scatter 0.19 0.12 100.00
Full scatter Under scatter 0.66 0.34 80.28
Over scatter 0.37 0.24 97.62
Full scatter 0.15 013 100.00
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Table 2. Average gamma indices and percentage dose differences between the FBCT and CBCT dose distributions based on

different HU-ED calibrations for all the 5 patients.

Gamma index (1%/3 mm)

Absolute dose difference (%)

HU-ED
calibration curve Ave sD <1 (%) | Min | | Max | |Ave|
(*gamma index) (*dose difference)
Under scatter 0.73 0.51 77.57 0.15 6.31 2.80
Over scatter 0.31 0.23 97.45 1.06 223 0.45
Full scatter 0.25 0.22 98.16 1.30 1.62 0.22
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