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inTrODucTiOn
In order to deliver targeted radiation dose to a designated 
tumor area, image-guided radiation therapy is necessary 
in the current radiation therapy setting. Fiducial markers 
have been used in radiotherapy to facilitate the target local-
ization process. Fiducial markers are often placed inside 
or adjacent to the target volumes in the Interventional 
Radiology Department prior to delivery of radiation treat-
ment. During the simulation, the radiation oncologists can 
use the markers as surrogates to the target volumes since 
tumors may not be adequately visible on simulation CT 
images. Ideally, fiducial markers should be clearly and easily 
identified and localized on both simulation and verifica-
tion images. However, some target areas show diminished 
imaging quality using the current localization technol-
ogies; for example, a liver lesion has a lower differential 
contrast than normal liver tissue, or a moving lung lesion 
results in motion artifacts in current CBCT or fan beam 
CT images.1–3 Metal localization devices implanted to help 

patient target localization are commonly seen in image-
guided radiation treatment,4–7 but any imaging modality 
will reflect metal artifacts in their image reconstruction. In 
addition to metal artifacts on CT images, the majority of 
positioning errors can also result from organ-motion arti-
facts.8–10 Some literature also compared technical perfor-
mance between kV and MV CBCT11–13 ; moreover, overall 
IGRT (image guided radiation therapy) quality assurance 
accuracy was also reported.14 The prior investigation recog-
nizes the crucial and complicated issue of manipulating 
affected images on localization devices. This study reports 
the positioning errors of the metal devices on the kV and 
MV Cone Beam CT images and demonstrates that the MV 
CBCT images reflect fewer positioning errors on fiducials 
than on the kV CBCT. CBCTs are often chosen to be the 
imaging modality currently used in clinics to perform 
target alignment due to the advantage of getting 3D images 
for targets and OARs. In the clinic, we consider these local-
ization devices as a reference to perform imaging fusion; 
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Objective: To investigate motion artifacts on kV CBCT 
and MV CBCT images with metal localization devices for 
image-guided radiation therapy.
Methods: The 8 μ pelvis CBCT template for the Siemens 
Artiste MVision and Pelvis template for the Varian IX 
on-board Exact Arms kV were used to acquire CBCT 
images in this study. Images from both CBCT modalities 
were compared in CNRs, metal landmark absolute posi-
tions, and image volume distortion on three different 
planes of view. The images were taken on a breath-
ing-simulated thoracic phantom in which several typical 
metal localization devices were implanted, including 
clips and wires for breast patients, gold seeds for pros-
tate patients, and BBs as skin markers. To magnify the 
artifacts, a 4 cm diameter metal ball was also implanted 
into the thoracic phantom to mimic the metal artifacts.
results: For MV CBCT, the CNR at a 4 sec breathing 
cycle with 1 cm breathing amplitude was 5.0, 3.4 and 
4.6 for clips, gold seeds and BBs, respectively while it 

was 1.5, 2.0 and 1.6 for the kV CBCT. On the images, the 
kV CBCT showed symmetric streaking artifacts both in 
the transverse and longitudinal directions relative to the 
motion direction. The kV CBCT images predicted 89 
% of the expected volume, while the MV CBCT images 
predicted 95 % of the expected volume. The simulated 
soft tissue observed in the MVCT could not be detected 
in the kV CBCT.
conclusion: The MV CBCT images showed better 
volume prediction, less streaking effects and better 
CNRs of a moving metal target, i.e. clips, BBs, gold 
seeds and metal balls than on the kV CBCT images. 
The MV CBCT was more advantageous compared to 
the kV CBCT with less motion artifacts for metal local-
ization devices.
advances in knowledge: This study would benefit clini-
cians to prescribe MV CBCT as localization modality 
for radiation treatment with moving target when metal 
markers are implanted.
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however, they are still influenced by motion effects during CBCT 
data acquisitions. In another word, utilizing metal localizers kV 
image, either 2D or CBCT, to represent target location is daily 
practice in majority of the clinics nowadays, and practitioners 
will presume MV CBCTs are not suitable for soft tissue align-
ment. This study shows the comparison of images between the 
localization devices. The investigation also recommends options 
for the user depending on the situation.

MeThODs anD MaTerials
CBCT modalities
In this study, the 8MU Pelvis CBCT template (360 degree 
rotation in 60 sec) for the Siemens Artiste MVision (Siemens 
Medical Solutions, Concord, CA) and Pelvis template for Varian 
IX (Varian Medical Systems, Palo Alto, CA) on-board Exact 
Arms kV (360 degree rotation in 50 sec) were used to acquire 
CBCT images with the same thickness (Table 1 for details of the 
CBCT specs). 1 MV Imaging BeamLine (IBL) from Siemens 
Artiste machine is directing the imaging beam with the same 
treatment beam path but replacing the tungsten target with the 
carbon target. Details and the energy spectrum are discussed in 
literature.15–17 5MU, 8MU, and 15MU protocols are configured 
and 8MU protocols are chosen to perform the study as 8MU 
protocols are the ones used in clinics.

Metal localization devices
The images were taken on a breathing-simulated thoracic 
phantom in which several typical metal localization devices were 
implanted, including surgical clips and wires for breast patients, 
gold seeds for prostate patients, and steel ball bearings (BBs) as 

skin markers. Figure 1 shows the actual objects imaged in this 
study. To magnify the artifacts, a 4 cm diameter metal ball was 
implanted into the thoracic phantom to mimic the metal arti-
facts. A 4 cm diameter cylinder simulated soft tissue implant was 
compared as well to mimic the soft tissue from abdominal envi-
ronment. The amplitude of the simulated breathing was 1 cm, 
and the period varied from stationary, 2 sec, 4 to 8 sec. Radia-
tion doses from different CBCT modalities were recorded. Target 
volumes in the images with motion were also compared among 
various 4D scan settings. By fixing the window/level magnitudes, 
delineating targeting objects manually on both the kV and MV 
images is performed.

4d (4DCT)
4D images from the GE Lightspeed CT scanner were also 
analyzed with Average Intensity Projection (AIP) and Maximum 
Intensity Projection (MIP). 4D CT scans were done with phase 
sorting from Varian Real-time Position Management™ (RPM) 
with a sinusoidal phantom oscillation cycle. AIP is a set of CT 
images with average intensity (HU signals) of the pixel at the 
same location after sorting; MIP is a set of composite CT images 
with maximum intensity (HU signals) of the pixel at the same 
location after sorting.

Contrast-to-noise ratios (CNRs) comparison
Images from both CBCT modalities were compared in CNRs, 
image landmark coordinates, and image volume distortion on 
three different planes of view. Contrast-to-Noise Ratio (CNR) is 
a measure used to specify image quality. It is defined as:

 
CNR =

(
µobject − µbackgroud

)
/σbackground  

µ is the mean attenuation coefficient and σ is the standard devi-
ation. We have selected the same ROI (region of interests) for 
every CNR calculation by including extra 1 cm “empty” space 
around the measurement objects.

kV CBCT and MV CBCT dose measurements
To follow the ACR measurement for the CT dose index (CTDI), 
an acrylic cylindrical phantom with a diameter of 32 cm with 10 
cm length was used. The phantom was put at 100 cm SAD posi-
tion. The phantom has five holes to place ion chambers, one in the 
center and the others at 0°, 90°, 180° and 270° each with a distance 
of 1 cm to the surface of the phantom. Three dose measurements 
were done in all five positions for a full volume scan. The central 
dose (CTDIc) was measured in the middle of the phantom, the 
peripheral dose (CTDIp) is the average of measurements in the 
holes at 0°, 90°, 180° and 270°. The weighted CTDIw is calculated 
from the central and peripheral dose measurements as follows:

Table 1.List of MVCB and kVCB parameters

Protocol ID Energy Scan time SID Rotation Reconstruction diameter Scan length
MVCB 8MU CW Med 1 MV diamond view 60 secs 145 cm 360 degrees 27.4 cm 15 cm

kVCB Pelvis 125 kV/80 A/13 ms 50 secs 150 cm 360 degrees 45 cm 16 cm

Figure 1.(a) Surgical clips; (b) Gold seed injector with gold 
seeds; (c) BBs; (d) Wires; (e) Metal Ball; (f) Simulated soft 
tissue; (g) Simulated lung tissue.
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 CTDIw = 1
3CTDIc +

2
3CTDIp  

The dose measurements were done by a CT-chamber (PTW 
30009) with 3.14 cm3 measuring volume and a sensitive length 
of 10 cm. As the irradiated volume is longer than 10 cm, the 
chamber was irradiated over the full length.

resulTs anD DiscussiOn
For MV CBCT, the CNRs at the 4 sec breathing cycle with 1 cm 
breathing amplitude were 5.0, 3.4 and 4.6 for surgical clips (tita-
nium), gold seeds and BBs, respectively; and 1.5, 2.0 and 1.6 for 

the kV CBCT (Table 2). On the images, the kV CBCT showed 
symmetric streaking artifacts both in the transverse and longitu-
dinal directions relative to the motion direction. The kV and MV 
CBCT axial slices with various localization devices are shown in 
Figure 2. We also compared the object volumes. The kV CBCT 
images predicted 89% of the expected volume, while MV CBCT 
images predicted 95% of the expected volume. The original idea 
to implant the fiducial markers as surrogates of the target volumes 
is to reduce the uncertainty introduced by human subjective 
judgment on target identification. Contrast-to-noise ratio (CNR) 
is a measure used to determine image quality and represents the 
ability to distinguish between differences in intensity on an image. 
The markers had a higher contrast-to-noise ratio, indicating a 
higher level of visibility. When the markers have a higher level 
of visibility, it usually represents better prediction of the marker’s 
absolute position. When the marker boundary is blurred (lower 
CNRs), the boundary of the marker image could be outlined 
incorrectly and detection of its centroid could be misaligned. This 
would result in an IGRT positional error. For example, regular 
surgical clips measure 0.7 mm in diameter and 4 mm in length. 
However, one can observe a significant enlargement on the kV 
CBCT images in Figure  (2)a. The surgical clips measure 2 mm 
diameter and 6 mm in length. A 1 ~ 2 mm positional error could 
be resulted. If the centroids of the surgical clips are -misidenti-
fied by 50% of the dimension, IGRT target location could be 
misaligned by 0.5 ~ 1 mm. Moreover, if the radiation oncologist 
uses it to delineate the ITV (internal target volume), it could also 
lead to under or over estimation of the target motion volume if 
the centroid of the fiducial marker is identified incorrectly.

Table 2.CNRs at coronal plane for different metal localiza-
tion devices at various simulated breathing periods with 1 cm 
breathing amplitude in the S-I direction

kV stationary 2 sec 4 sec 8 sec
Surgical clip 6.0 2.3 1.5 3.1

Gold Seed 4.4 2.2 2.0 2.4

BB 5.4 2.1 1.6 2.7

Metal ball 6.3 4.0 3.0 3.2

MV stationary 2 sec 4 sec 8 sec

Surgical clip 6.0 5.5 5.0 2.3

Gold Seed 4.2 4.0 3.4 2.0

BB 5.5 5.5 4.6 4.5

Metal ball 6.9 6.8 4.0 4.2

Figure 2.(a) kV CBCT on clips and metal ball; (b) kV CBCT on gold seed; (c) kV CBCT on BBs; (d) MV CBCT on clips and metal 
ball; (e) MV CBCT on gold seed; (f) MV CBCT on BBs. Note that (a) and (d) are at the same slice; (b) and (e) are at the same slice; 
(c) and (f) are at the same slice.
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The scattering we are referring to here is mainly the scattered 
photons from Compton Scattering. At the kV and MV image 
energies, attenuation is primarily due to Compton scatter, and 
is proportional to 1/Energy. Compton scattering causes X-ray 
photons to change direction (and energy), and thus end up in a 
different detector. When metal implants are present, they could 
block all photons; the corresponding detector will only detect 
scattered photons. The scattering photons from other locations 
can become more significant. With broad beam CB images, this 
effect could be enhanced because a larger irradiated volume is 
recorded and more Compton scattering can occur. However, 
MV images can have less Compton scattering since the yield of 
Compton scattering is proportional to 1/Energy.

From the results, we found that scattering plays a significant 
role in kV imaging as expected. For CBCT images, the most 
important process is the reconstruction. Figure 3 shows the basic 
steps of the reconstruction process.18 kV CB and MV CB have 
a similar reconstruction process. Although correction methods 
may differ with individual vendors, the overall process is very 
similar. In other words, both kV and MV CB reconstruction 
processes suffer from the same computational noise, in this case, 
low energy photon scatterings. We have observed that scattering 
is more substantial on kV images than on MV images. When 
the two modalities showed a similar strength of scatter (noise) 
filtering mechanism, an enormous amount of noise appeared on 
kV images and affected much of the process of back projecting 
of the original data. The reconstruction algorithm can achieve 
better results with less scattering as noted on the MV CBCT 
images. This result suggests using MV CBCT instead of kV CBCT 
for IGRT target localization for the treatment sites involving 
more organ motion. Titanium clips and aluminum wires for 
breast patients, gold seeds for prostate patients, and BBs for skin 
markers, etc are commonly used in IGRT localization. Organ 
motion enhances the low energy photon scattering received by 

the detector array, and as expected, better image quality can be 
achieved by MV CBCT rather than by kV CBCT. This provides 
better patient localization accuracy. KV and MV CBCT delivered 
doses are reported in Figure 4. Although MV CBCT can deliver 
higher doses to patients, better accuracy is noted with metal 
localization devices. Doses can also be included in the treatment 
plan calculations with an estimated α/β value for equivalent 
biological dose calculations. Metal object predicted volumes on 
images can change by 50%. Regular surgical clips, gold seeds and 
BBs measure 0.7 ~ 1.2 mm in diameter and 3 ~ 7 mm in length. 
If the centroids of each metal fiducial are -misidentified by 50% 
of the dimension, IGRT target location could be misaligned by 
0.4 ~ 4 mms. The absolute coordinate can be confused with the 
streaking artifacts and distortion produced by the image gener-
ating process. This positional uncertainty could result in adverse 
dose smearing at the target.

Additional evidence of kV images suffering with low energy 
photon scattering is shown in Figure  2 (b),(e). At MVCB, 

Figure 3.Illustration on CBCT reconstruction process

Figure 4.Dose comparisons between the pelvis templates in 
Varian kV CBCT and Siemens Artiste MV CBCT.
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we could see some simulated soft tissue implanted into this 
phantom on the slice but at kVCB, we did not observe this tissue 
boundary. This phenomenon is also observed with metal fiducial 
markers. When the tissue boundary (similar to fiducial marker 
boundaries) moves in the S-I direction during certain breathing 
periods, kV CBCT has equivalently done an average job on the 
projections (kV CBCT takes about 50 secs to complete) which 
includes larger amounts of scattering so that a clear boundary 
cannot be detected. While the MVCB has less scattering (the full 
scan is 60 sec), the reconstructed images are clearer.

Figure  5 shows the scanned images from the helical CT, kV 
CBCT, MIP from a 4D scanner and MV CBCT with the 4 cm 
diameter metal ball (the images can be seen on Figure 2(a) , and 
(d)). The images are compared with a fixed window/level setting. 
The phantom motion was set along the superior-inferior direc-
tion with a 1 cm peak-to-peak amplitude and a 5 sec cycle. The 
signal gradients, target elongations and shapes in both organ 
motion directions and the orthogonal motion-free direction were 
compared among MIP, AIP-based Phase combinations of 4DCT, 

as well as helical CT and CBCT images. We observed a blurred 
CBCT image with organ motion artifacts. The CBCT images 
contained a less steep signal gradient at the edge, so FWHM was 
used to judge the motion artefact magnitude. To compare with 
full-phase-combined MIP images, which reflects a full range of 
1 cm motion for 5 cm total length at motion direction (S-I) and 
4 cm width at motion-free direction (L-R), CBCT shows an up 
to 2 mm pure streaking artefact in the L-R direction and up to 2 
mm combined blurred and streaking artefact in the S-I direction. 
Streaking artifacts at the target image are not pronounced on 
CNR calculations. Compared to the helical CT, although there 
is a similar motion artefact along the motion-free direction, the 
gantry spiral motion-induced shape distortion makes the helical 
CT not as dependable as the CBCT. We compared kV CBCT and 
MV CBCT images, and noticed that the kV CBCT produced 
more motion artifacts at the object boundaries in the motion 
direction; MV CBCT has an overall smoother boundary predic-
tion. Both kV CBCT and MV CBCT have an equivalent-to-av-
erage effect on the motion included volume prediction.

cOnclusiOn
MV CBCT images showed better volume prediction, less 
streaking effects and better CNRs of a moving metal target, i.e. 
clips, BBs, gold seeds and metal balls than kV CBCT images. MV 
CBCT was more advantageous compared to kV CBCT with less 
motion artifacts for metal localization devices.
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