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Aim: In high-precision radiation therapy, kilovoltage cone-beam computed tomography

plays an important role in verifying the position of patient and localization of the target.

However, the exposure dose is a problem with kilovoltage cone-beam computed tomogra-

phy.  Flux overlap region increases the patient dose around the center when the scan is

performed in a full-scan mode. We  assessed the influence of flux overlap region in a full-

scan mode to understand the relationship between dose and image quality and investigated

methods to achieve a dose reduction.

Method: A Catphan phantom was scanned using various flux overlap region patterns in the

pelvis on a full-scan mode. We  used an intensity-modulated radiation therapy phantom for

measuring the central dose. DoseLab was used to perform image  analysis and to evaluate

the  linearity of the computed tomography values, uniformity, high-contrast resolution, and

contrast-to-noise ratio.

Results: The Hounsfield unit value varied by ±40 Hounsfield unit of the acceptance value for

the  X1 field size of 3.5 cm. However, there were no differences in high-contrast resolution

and  contrast-to-noise ratio among different scan patterns. The absorbed dose decreased by
7%  at maximum for the case within the tolerance value.

Conclusion: Dose reduction is possible by reducing the overlap region after calibration and

by  performing computed tomography in the appropriate overlap region.
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Fig. 1 – CBCT image of HU reproducibility (Catphan CTP
404).
reports of practical oncology and 

.  Introduction

ith advancements in radiation therapy (RT), intensity-
odulated radiation therapy (IMRT) has facilitated the

elivery of large irradiation doses in a treatment volume with
 high degree of conformity. Although highly conformal treat-
ent offers the advantage of sparing the delivery of high-dose

adiation to the surrounding normal tissue, this advantage
ay only be achieved if patients are accurately positioned

uring each treatment session. Recently, image-guided radio-
herapy (IGRT) systems have been developed to accurately
et the patients’ position.1,2 Among IGRT systems, the use of
ilovoltage cone-beam computed tomography (kV-CBCT) has
ecome widespread.3–6

There are two types of kV-CBCT scanning methods used
ith the On-Board Imager system (OBI; Varian Medical Sys-

ems, Palo Alto, CA). One is a half-scan method that creates an
mage by rotating 200◦, and the other is a full-scan method that
reates an image  by rotating 360◦. The advantage of the full-
can method is the ability to expand the field of view. However,
he exposed dose in the center region of the full-scan method
s higher than that of the half-scan method due to a flux
verlap region (FOR) around the center. Dose can be reduced
uring CBCT scan through two different methods: one is by
educing the tube current; the other is by reducing the pro-
ections used in volumetric imaging reconstruction.7 The first

ethod would result in a reduced signal-noise ratio due to less
ncident photons (reduced mAs) interacting with detectors,
hich ultimately degrade the image  quality. Those degrading

ffects have been studied by several investigators, and solu-
ions to alleviate them have been proposed.8–10 Alternatively,
he second strategy to reduce the patient’s dose underlies the
eduction of sampling frequency during image  acquisition.
owever, there are no report that the higher dose in the center

egion, which was the disadvantage of the full scan method,
s reduced.

In this study, we  investigated the influence of the FOR using
he full-scan method on kV-CBCT image  quality and patients’
xposure dose.

.  Methods  and  materials

.1.  CBCT  system  and  scan  parameters

ll measurements in this study were performed using an OBI
ystem mounted on a Varian Clinac iX linear accelerator (Var-
an Medical Systems). The kV-CBCT scanning parameters were
s follows: tube voltage of 125 kV, tube current of 80 mA,  slice
hickness of 2.5 mm,  tube rotation angle of 364◦, and use of a
alf-fan filter. The default field size at the time of the scan was
1 = 6.8 cm,  X2 = 23.5 cm,  and Y1 and Y2 = 8.0 cm.  FOR reduc-

ion of the kV-CBCT scans was performed by varying the field

ize (X1 = 6.8 cm,  6.5 cm,  6.0 cm,  5.5 cm,  5.0 cm,  4.5 cm,  4.0 cm,
.5 cm,  3.0 cm,  2.5 cm,  2.0 cm,  1.5 cm,  1.0 cm,  0.5 cm,  and 0 cm).
e performed a visual evaluation of the image  and the image

uality according to the FOR reduction, as described below.
2.2.  Evaluation  of  artifacts  by  FOR  reduction

A Catphan phantom (The Phantom Laboratory, Salem, NY),
which comprises several modules with geometrical struc-
tures, was set at the top of the couch and kV-CBCT scans of
the Catphan phantom according to FOR reduction were per-
formed. Then, we visually evaluated the presence of artifacts
in the image  according to FOR reduction against the CBCT
image at the default condition.

2.3.  Evaluation  of  image  quality  according  to  FOR
reduction

The image  data of the Catphan phantom was analyzed
using the image  analysis software DoseLab (Mobius Medi-
cal Systems, LP). The image  quality was evaluated by the
reproducibility of Hounsfield unit (HU) values, high-contrast
resolution, low-contrast resolution, and uniformity.

2.3.1.  Reproducibility  of  HU  values
The reproducibility of HU values was measured using the
scanned data of the Catphan module CTP404 (Fig. 1). In this
module, there are six regions of interest (ROI) with different
compositions, namely acrylic, air, polystyrene, low-density
polyethylene, polymethylpentene, and Teflon®. The measured
HU values of those six ROI were compared with the reference
HU values of the CTP404. The deviation between the reference
HU values and the measured HU values were calculated. In this
study, tolerance of the deviation was defined as values within
40 HU.

2.3.2.  High-contrast  resolution
High-contrast resolution was evaluated with the modulation
transfer function (MTF), which obtains information about the

spatial resolution of the imaging system. In this study, the MTF
was calculated using HU values of multiple ROI that were set
for 21 different line bar patterns (Fig. 2) in the Catphan module
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Fig. 2 – CBCT image of the high-contrast resolution
phantom (Catphan CTP 528).

Fig. 4 – CBCT image of the uniformity phantom (Catphan
CTP528. The evaluation value was 50% of the MTF value from
MTF  curves.

2.3.3.  Low-contrast  resolution
Low-contrast resolution was evaluated with the contrast-to-
noise ratio (CNR) determined by Eq. (1) using the data of the
two ROI of regions 1 and 2 in the Catphan CTP404 module
(Fig. 3):

CNR =
√

(�1)2 + (�2)2/
√

(S1)2 + (S2)2

(S2 − S1)/(S2 + S1)
(1)

In Eq. (1), �1 is the standard deviation of the signal value
of region 1, �2 is the standard deviation of the signal value

of region 2, S1 is the mean signal value (mean pixel value) of
region 1, and S2 is the mean signal value of region 2.

Fig. 3 – CBCT image of the low-contrast phantom (Catphan
CTP 404).
CTP 486).

2.3.4.  Uniformity
The uniformity of the images was evaluated using the HU val-
ues in the five ROI of the module CTP486. These five ROI were
positioned in the center, right, bottom, left, and top of the
images, as shown in Fig. 4. The deviations of the measured HU
values from the reference HU values were calculated. In this
study, the tolerance of the deviations was defined as values
within 40 HU.

2.4.  Evaluation  of  the  absorbed  dose  according  to  FOR
reduction

The I’mRT Phantom (IBA Dosimetry) was used for this exper-
iment (Fig. 5). The center doses in the I’mRT phantom
according to FOR reduction were measured with a TN30013
(PTW), which is a Farmer-type ionization chamber, and a
RAMTEC SMART (Toyo Medic), which is an electrometer. We
evaluated the relative charge amount as the exposure dose.

The charge amount of each field size was normalized by that
of the default field size (X1 = 6.8 cm).

Fig. 5 – Inserted I’mRT phantom Farmer chamber.

dx.doi.org/10.1016/j.rpor.2016.04.005
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.  Results

.1.  Evaluation  of  artifacts  according  to  FOR  reduction

ig. 6 shows the obtained Catphan phantom images. There
as almost no visual difference in image  at the field sizes of
1 from 6.8 cm to 3.5 cm.  However, a ring artifact was detected
t the X1 field size of ≤3 cm;  this artifact became larger as the
1 became smaller.

.2.  Effect  on  image  quality  in  a  case  in  which  the  FOR
ize was  decreased

(A) The deviation between the measured HU values and the
reference HU values in the six ROI are shown in Table 1.
The deviation beyond the tolerance value was observed at
the X1 field sizes of ≤4.0 cm in Teflon. Although the devi-
ation tended to be larger as the FOR size became smaller,
all other deviations were within the tolerance value.

(B) There was no tendency for the high-contrast resolution
to be degraded in the evaluation of MTF  for all kV-CBCT
images according to the FOR reduction (Table 2).

(C) There was no tendency for the low-contrast resolution
to be degraded in the evaluation of CNR for all kV-CBCT
images according to FOR reduction (Table 2).

D) The deviations between the measured HU values and the
reference HU values in the five ROI are shown in Table 3.

The deviation beyond the tolerance value was observed
at the X1 field sizes of ≤3.5 cm in the center. Although the
deviation tended to be larger as the FOR became smaller,
all other deviations were within the tolerance values. The
erlap region reduction.

deviation increased with FOR reduction; the maximum
error became 2835 HU when the field size of X1 was 0 cm.

3.3.  Effect  of  FOR  reduction  on  the  absorbed  dose

Fig. 7 and Table 4 show the center doses of the I’mRT phantom
according to FOR reduction. The center dose decreased with
FOR reduction. The dose was reduced over 10% at the field size
of X ≤3.5 cm compared with X1 = 6.8 cm and was reduced by
60% at the field size of X1 = 0 cm for X1 = 6.8 cm.

4.  Discussion

Pearce et al. have recently reported that CT scans in children
that deliver cumulative doses of approximately 50 mGy may
increase almost three times the risk of leukemia and brain
tumor.11,12 CBCT is useful in high-precision RT but is asso-
ciated with a low-dose exposure to patients. It is critical to
reduce this low-dose exposure. Additionally, previous study
reported that for pelvis scan, the OBI delivers a dose 16.8 cGy
higher to the gonads, over the course of a 30-fraction regimen
by comparing with the XVI.13,14 Therefore, a full scan of the OBI
should reduce the dose in the center region. In this study, we
investigated the possibility of decreasing the exposure dose in
CBCT of OBI by reducing FOR.

The image  quality between the X1 field sizes of 6.8 cm
and 4.0 cm was within the tolerance value of HU reproducibil-
ity and uniformity. Also, there were no differences between

high-contrast and low-contrast resolutions with regard to FOR
reduction. Based on this result, the field size of X1 could be
reduced to 4.0 cm and then the absorbed dose in CBCT could
be decreased by 7%.

dx.doi.org/10.1016/j.rpor.2016.04.005
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Table 1 – The deviation between measured values and referenced HU values (Catphan CTP404).

X1 (cm) (A) Reproducibility of HU values (HU)

Acrylic Air Polystyrene LDPE PMP Teflon

6.8 9.02 4.32 10.00 0.15 6.25 8.66
6.5 6.36 3.77 7.14 0.05 5.89 12.15
6 1.21 2.88 9.00 3.29 11.39 14.60
5.5 2.31 2.32 6.24 1.65 9.79 29.29
5 4.46 1.64 3.00 7.30 11.51 31.34
4.5 3.12 2.53 0.05 4.00 11.70 37.46
4 8.12 1.42 0.47 8.73 12.19 39.24
3.5 7.81 1.50 1.66  6.68 13.16 63.80
3 12.81 1.52 2.32 10.70 12.30 68.07
2.5 13.67 1.40 5.76 7.55 14.72 82.15
2 17.53 1.23 4.15 13.42 16.33 79.72
1.5 18.83 1.43 11.85 11.88 21.51 82.03
1 24.24 1.23 11.63 19.72 24.14 83.77
0.5 22.60 1.98 18.53 25.83 30.60 82.69
0 30.21 11.78 11.67 37.23 36.91 82.33

Table 2 – The MTF  values which is high-contrast
resolution (Catphan CTP 528), and CNR values which is
the low contrast resolution (Catphan CTP 404).

X1 (cm) (B) High contrast
resolution (MTF, lp/mm)

(C) Low contrast
resolution

6.8 5.9 9.5
6.5 5.9 10.0
6 5.9 10.0
5.5 5.9 9.2
5 5.8 8.4
4.5 5.8 10.1
4 5.8 8.6
3.5 5.8 10.7
3 5.8 9.1
2.5 5.8 9.5
2 5.9 8.8
1.5 5.7 9.6
1 5.7 10.3
0.5 5.6 9.4

0 5.5 8.9

Table 3 – The deviation between measured values and referenc

FOR(cm) 

Center Right 

6.8 1.16 3.07 

6.5 4.63 6.17 

6 10.20 3.10 

5.5 17.01 10.50 

5 22.81 7.45 

4.5 29.64 14.43 

4 36.25 11.83 

3.5 42.07 17.91 

3 47.35 15.86 

2.5 37.62 22.22 

2 42.82 20.33 

1.5 208.27 27.67 

1 65.47 27.57 

0.5 1193.99 34.02 

0 2834.99 32.20 
Fig. 7 – Center dose in the overlap region reduction.

The quality of the image  deteriorated at the X1 field size
of ≤3.5 cm with regard to HU reproducibility and uniformity
in case of FOR reduction. This was the effect of the ring arti-

fact that was generated from the reduction of the center dose.
The region that detected X-rays in the norm-phantom cali-
bration but did not detect X-rays according to FOR reduction
was processed as high-density areas during image  processing.

ed HU values (Catphan CTP486).

(D) Uniformity (HU)

Bottom Left Top

0.00 2.23 2.12
1.94 0.64 4.05
4.45 6.06 5.84
5.86 2.72 8.22
8.51 9.63 9.56
9.35 6.92 12.27

12.04 13.06 13.29
12.99 11.08 16.33
15.66 17.40 17.61
17.33 14.71 19.36
19.62 21.76 21.06
20.77 19.22 23.21
22.69 25.07 23.43
22.36 26.21 23.96
25.38 32.14 25.34

dx.doi.org/10.1016/j.rpor.2016.04.005
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Table 4 – The deviation from the default (X1 = 6.8 cm).

X1 (cm) The deviation from the default (%)

6.5 0.9
6 1.8
5.5 2.4
5 3.3
4.5 5.2
4 7.1
3.5 9.9
3 12.1
2.5 14.8
2 17.0
1.5 21.0
1 26.3
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0.5 41.1
0 59.9

he X1 field size of the norm-phantom calibration was 6.8 cm;
owever, the contribution of the scattered radiation according

o FOR reduction scan was considered to be lesser than that
f the calibration. From these results, we assumed that FOR
eduction was not acceptable at the X1 field size of ≤3.5 cm.

The quality of the image  in the high-contrast resolution did
ot deteriorate by the FOR reduction. Nor did the quality of the

mage in the low-contrast resolution deteriorate by the FOR
eduction. The differences in these parameters were probably
ot detected because the method of analysis by the Doselab
oes not include the measurement of the central region.

As described above, the FOR could reduce the X1 field size
o 4.0 cm in this study. However, all detectors in the FPD are
rradiated if the X1 field size is set at 3.5 cm. Therefore, the
ontribution of scattered radiation at the calibration becomes
he same as that during the scans by performing the calibra-
ion at the X1 field size of 3.5 cm;  it is possible to further reduce
he dose.

In addition, we  used the acceptance value as the reference
n this study. The quality of the image  differs depending on
he IGRT device in the clinical facility for each CBCT. Therefore,
he acceptable tolerance value needs to be further determined
aking into account the clinical image  quality in each facility.

.  Conclusion

sing the full-scan method for kV-CBCT, it was possible to

ecrease the dose without decreasing the image  quality by
educing FOR. FOR could reduce the X1 field size to 4.0 cm,
nd the absorbed dose in CBCT could be reduced by 7% at the
enter dose.
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