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therapy (VMAT), manual contouring of the metal artifact area of artiﬁcial teeth is
done, and the area is replaced with water computed tomography (CT) values for
dose calculation. This contouring of the metal artifact areas, which is performed
manually, is subject to human variability. The purpose of this study is to evaluate
and analyze the effect of inter‐observer variation on dose distribution.
Methods: The subjects were 25 cases of cancer of the oropharynx for which VMAT
was performed. Six radiation oncologists (ROs) performed metal artifact contouring
for all of the cases. Gross tumor volume, clinical target volume, planning target volume (PTV), and oral cavity were evaluated. The contouring of the six ROs was
divided into two groups, small and large groups. A reference RO was determined for
each group and the dose distribution was compared with those of the other radiation oncologists by gamma analysis (GA).
As an additional experiment, we changed the contouring of each dental metal artifact
area, creating enlarged contours (L), reduced contours (S), and undrawn contours (N)
based on the contouring by the six ROs and compared these structure sets.
Results: The evaluation of inter‐observer variation showed no signiﬁcant difference
between the large and small groups, and the GA pass rate was 100%. Similar results
were obtained comparing structure sets L and S, but in the comparison of structure
sets L and N, there were cases with pass rates below 70%.
Conclusions: The results show that the artiﬁcial variability of manual artiﬁcial tooth
metal artifact contouring has little effect on the dose distribution of VMAT. However,
it should be noted that the dose distribution may change depending on the contouring
method in cases where the overlap between PTV and metal artifact areas is large.
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INTRODUCTION

Intensity‐modulated radiation therapy (IMRT) is an irradiation
method in which the dose distribution can be customized for a complicated target shape by adjusting the dose in the irradiation ﬁeld.1 A
site adjacent to the tumor and normal tissue is a good indication for
IMRT.2 Head‐and‐neck cases are one of the sites suitable for IMRT.3

ET AL.

occurred. The reason for targeting oropharyngeal cancer was that
the sites of dental metal artifacts were closer to the gross tumor volume (GTV), clinical target volume (CTV), and planning target volume
(PTV) than in other head‐and‐neck cases. This study was approved
by the Medical Research Ethics Review Committee of our institution.

In head‐and‐neck cases, there is an organ at risk (OAR), such as the
spinal cord, brainstem, eyeball, optic nerve, or parotid gland, near
the primary tumor. In recent years, volumetric‐modulated arc therapy
(VMAT) has been used clinically as an advanced type of IMRT. In
VMAT, the radiation intensity is modulated by dynamically changing
the aperture shape of the multi‐leaf collimator (MLC) and the radiation output per gantry rotation angle.4 The dose distribution
obtained by VMAT is similar to that of IMRT.5,6 Signiﬁcantly
improved treatment efﬁciency has been reported for VMAT compared to IMRT.7
Dental metal artifacts are often seen in patients with head‐and‐
neck cancer when performing treatment planning simulator computed tomography (CT). Artifacts caused by the presence of dentals
affect the calculation accuracy when attempting to obtain an accurate dose distribution.7,8 In recent years, several techniques, such as
metal artifact reduction (MAR), have been reported9–12 to reduce
the inﬂuence of metal artifacts during CT imaging. However, the
MAR function is not available in all facilities that perform radiother-

2.2 | Equipment and treatment planning
Treatment planning CT images were acquired using an Optima
CT580W (General Electric Medical Systems, Waukesha, WI, USA).
True Beam (Varian Medical Systems, Palo Alto, CA, USA) was used
as the medical linear accelerator, and the energy was 6 MV x ray.
The treatment planning system (TPS) used was Eclipse (Varian Medical Systems, Palo Alto, CA, USA) version 11.0.31. The VMAT was
set to 2‐arc, 181°–179° clockwise, and 179°–181° counterclockwise.
The collimator angles were 350° and 90°, and the maximum dose
rate was 600 MU/min. The prescription dose was 70 Gy/35 fractions, and the dose was 95% of the PTV70 volume (D95%). The
dose calculation algorithm used was the anisotropic analytical algorithm (AAA). To evaluate the dose distribution, 3DVH (Sun Nuclear
Corporation, Melbourne, FL, USA), which is software attached to the
three‐dimensional dose veriﬁcation system ArcCHECK (Sun Nuclear
Corporation, Melbourne, FL, USA), was used.

apy. Fixed multi‐gantry IMRT does not set the gantry angle orientation if there is a metal artifact in front of the main lesion on the x‐
ray entrance side. However, to avoid having the beam incident in
the direction of the dental metal artifact when performing VMAT
requires increasing the number of arcs to design the same dose dis-

2.3 | Difference in dose distribution due to inter‐
observer error
2.3.1 | Contouring of dental metal artifact area

tribution as would otherwise be delivered. The method of increasing

Based on the original treatment plan CT image for 25 cases of can-

the number of arcs eliminates the time reduction advantage of

cer of the oropharynx, six radiation oncologists (denoted Physician

VMAT. Therefore, many facilities that perform VMAT do not limit

A, Physician B, Physician C, Physician D, Physician E, and Physician

the beam. In general, during VMAT treatment planning, the treat-

F) performed the dental metal artifact area contouring. The struc-

ment planner manually performs contouring on the dental metal arti-

ture name of the dental metal artifact area that the radiation oncol-

fact region and replaces the region with the CT value of water to

ogist identiﬁed by contouring is metal. The metal was replaced with

calculate the dose. Artiﬁcial variability may occur in the manual con-

the CT value of water, and other structures remained unchanged

touring of dental metal artifacts. However, there are no previous

and were used in the actual clinical radiotherapy. Therefore, six

studies to date on the effects of artiﬁcial variability in dental metal

structure sets were created by the six radiation oncologists. In this

artifact contouring on dose distribution. In addition, because there

study, we deﬁned two groups. The small group was deﬁned as

are no reports on the criteria for contouring metal artifacts, the con-

Physicians B, E, and F, who contoured only the areas where den-

touring method may differ greatly depending on the treatment plan-

tures were present (Fig. 1). The large group was deﬁned as Physi-

ner. Therefore, the purpose of this study is to clarify the effect of

cians A, C, and D, who contoured the streaky artifact area and the

artiﬁcial variability of manual dental metal artifact contouring on the

dark band area (Fig. 1).

dose distribution.

2.3.2 | Recalculation of the dose distribution
2

|

METHODS

2.1 | Patients

The dose distribution was transferred from the original treatment
plan to the six structure sets created by the six radiation oncologists
and recalculation was performed. The original treatment plan was

Thirty cases of oropharyngeal cancer who underwent VMAT at our

not changed in this study, and no retreatment plan was performed.

institution between November 2014 and March 2019 were included.

The original treatment plan and the isocenter of the six structure

However, we excluded ﬁve cases in which no dental metal artifacts

sets were the same; only the dose distribution was transposed.
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F I G 1 . Selection of Criterion 1 and
Criterion 2.

2.3.3 | Evaluation method

an additional experiment. First, a set of the largest contouring areas
of the structure metal (L) was created by expanding the metal of the

Criterion 1 was deﬁned as the contouring of Physician F, whose vol-

radiation oncologist who had the largest contouring volume of the

ume of dental metal artifact contouring was closest to the mean

six radiation oncologists. The structure set L was created by manu-

among the three radiation oncologists in the small group. Similarly,

ally contouring more than half of the anterior surface in the ante-

Criterion 2 was set as the contouring of Physician D, whose volume

rior–posterior direction, including the streak artifact area and the

of dental metal artifact contouring was closest to the mean value

dark band area due to the denture. Here, because the mandible is a

among the three radiation oncologists in the large group. Figure 1

tissue that is not included in the denture artifact, it was excluded

shows the conceptual diagram for selecting Criteria 1 and 2. Here,

from the expanded structure metal (L). Next, a set of the smallest

GTV70, CTV70, PTV70, and the oral cavity, which were the closest

contouring areas of the structure metal (S) was created by shrinking

to the dental metal artifact area in OARs, were evaluated in terms of

the metal of the radiation oncologist who had the smallest contour-

mean dose. For PTV70, D98% and D2% — encompassing 98% and

ing volume of the six radiation oncologists. With metal (S), only the

2% of the PTV, respectively — were evaluated in addition to the

portions with CT values above 4000 HU were automatically

mean dose to assess dose coverage. In addition, the oral cavity was

extracted at the threshold. A range shifter, which is a function of

evaluated along with the dose–volume histograms (DVHs) of physi-

Eclipse, was used for threshold processing. The metal in (L) and (S)

cian F, the contour of Criterion 1, and physician D, the contour of

was replaced with CT values of water, and the other structures

Criterion 2. Furthermore, a three‐dimensional gamma analysis (GA)

remained the original structures used in the actual radiotherapy

was performed. The mean doses D98% and D2% of each assess-

(Fig. 2). In addition, a structure set N was created in which dental

ment in the small and large groups were calculated using 3DVH; the

metal artifacts were not contoured.

two groups were compared using a t‐test. GA was also evaluated
using 3 DVH, and the difference in dose distribution between Criterion 1 (Physician F) and the other ﬁve structure sets was evaluated.

2.4.2 | Recalculation of dose distribution

Similarly, the difference in dose distribution between Criterion 2

The dose distribution was transferred from the original treatment

(Physician D) and the other ﬁve structure sets was also evaluated by

plan to the structure sets L, S, and N, and recalculation was per-

GA. The GA criteria used were 2 mm/2%.

formed. As in Section 2.C, the isocenters of the original treatment

In addition, the dice similarity coefﬁcient (DSC) was used to
quantify the contouring of the dental metal artifact area for the

plan and the three structure sets were the same; only the dose distribution was transposed.

metal artifact contours of Physician D, corresponding to Criterion 2,
and the ﬁve radiation oncologists.

2.4.3 | Evaluation method
The dose distributions of the structure sets L and S and the dose

2.4 | Effect of different dental metal artifact
conversion volumes on dose distribution
2.4.1 | Contouring of dental metal artifact area

distributions of structure sets L and N were evaluated using 3DVH
with the three‐dimensional GA criteria of 2 mm/2%. The subjects of
the evaluation were GTV70, CTV70, PTV70, and oral cavity.
In addition, the volume of PTV70, the overlap of PTV70 and

Based on the contouring determined by the method of Section 2.C,

metal in (L), and the overlap of PTV70 and metal in (S) were calcu-

the contouring of the dental metal artifact area was also changed as

lated on the TPS to carry out additional investigation in cases with a
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F I G 2 . Creation concept of structure sets
S and L.
low GA pass rate. We divided the cases into groups with low GA

difference between the small and large groups tended to increase as

pass rates and other cases, and compared the differences in volume

the dose to the oral cavity increased.
Table 2 shows the results of GA for the dose distribution of

using the Mann–Whitney U test.

Physician F, which is Criterion 1, and the dose distribution of the
3

|

other ﬁve structure sets. The dose distribution for Criterion 1 differs

RESULTS

little when compared to the dose distributions for Physicians B and

3.1 | Difference in dose distribution due to inter‐
observer variability

E in the small group. Therefore, in Table 2, the GA pass rate of the

Table 1 shows the mean dose and t‐test results for each evaluation

pass rates were above 99.9% on average. The lowest pass rate

subject in the small and large groups; only PTV70 was evaluated for

among the large group Physicians A, C, and D in Criterion 1 was

D98% and D2%. The numerical values shown are the mean

Physician A’s CTV70, with a mean pass rate of 97.6%. The oral cav-

dose ± standard deviation. A signiﬁcant difference (P < 0.001) was

ity, which was considered closer to the dental metal artifact area

found in the mean doses of GTV70 and CTV70; the mean dose in

than GTV70, CTV70, and PTV70, did not differ from the other eval-

the large group was higher than that in the small group. For PTV70,

uations.

small group was 100% in all evaluation subjects except PTV70 and
oral cavity of Physician E. Physician E’s PTV70 and oral cavity GA

all endpoints were signiﬁcantly different (P < 0.001), and the mean

Table 3 shows the GA results of the dose distribution of Physi-

dose in the large group was higher than that in the small group. No

cian D, which is Criterion 2, and the dose distribution of the other

signiﬁcant difference was observed in the oral cavity (P = 0.78).

ﬁve structure sets. The dose distribution for Criterion 2 differs little

The minimum, average, and maximum DVH differences between

when compared to the dose distribution for Physicians A and C in

the small and large oral cavity groups are shown in Fig. 3. The

the large group. Therefore, as shown in Table 3, the pass rate of the
large group was 100% for all evaluation subjects except CTV70 and

T A B L E 1 Mean dose and standard deviation of the small group and
the large group and test results.

PTV70 of Physician C. Comparing the dose distribution of Criterion
2 with the dose distributions of Physicians B, E, and F in the small

Evaluation structure

The small group

The large group

P‐value

group, the lowest average GA pass rate was 98.3%, for CTV70 of

GTV70 (mean dose)

72.94 ± 0.71

73.13 ± 0.67

<0.001

Physician E.

CTV70 (mean dose)

73.13 ± 0.61

73.34 ± 0.59

<0.001

PTV70 (mean dose)

72.73 ± 0.49

72.91 ± 0.47

<0.001

PTV70 (D98%)

68.83 ± 0.33

69.06 ± 0.33

<0.001

PTV70 (D2%)

75.65 ± 0.78

75.81 ± 0.77

<0.001

Oral cavity (mean dose)

47.99 ± 12.61

47.89 ± 12.46

0.78

GTV: gross tumor volume, CTV: clinical target volume, PTV: planning target volume.

Table 4 lists the DSC results for Physician D and ﬁve radiation
oncologists. In the case of Physician D, the criterion for the large
group, the contour was similar to that obtained from Physician A,
one of the other two physicians in the large group, for the metal
artifacts; in this case, the mean DSC was 0.799. Furthermore, Physician C had the greatest variability in the DSC. Physicians B, E, and F
in the small group tended to have less variability in the DSC than
the radiation oncologists in the large group.
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F I G 3 . Minimum, average, and maximum dose volume histogram (DVH) differences in the oral cavities between the small and large groups.
(a) Minimum DVH, (b) average DVH, (c) maximum DVH.

T A B L E 2 Criterion 1 and other physician dose distribution gamma analysis (GA) results. Results are shown as the average ± standard
deviation of the pass rate.
Evaluation structure

Physician A

Physician B

Physician C

Physician D

Physician E

GTV70

98.00 ± 5.75

100.00 ± 0.00

98.46 ± 4.62

98.94 ± 3.05

100.00 ± 0.00

CTV70

97.63 ± 4.94

100.00 ± 0.00

98.40 ± 3.82

98.60 ± 2.99

100.00 ± 0.00

PTV70

97.88 ± 4.21

100.00 ± 0.00

98.53 ± 3.13

98.74 ± 2.49

99.94 ± 0.00

Oral cavity

98.06 ± 3.65

100.00 ± 0.00

98.25 ± 3.86

98.76 ± 2.47

99.92 ± 0.04

GTV: gross tumor volume, CTV: clinical target volume, PTV: planning target volume.

T A B L E 3 Criterion 2 and other physician dose distribution gamma analysis (GA) results. Results are shown as the average ± standard
deviation of the pass rate.
Evaluation structure

Physician A

Physician B

Physician C

Physician E

Physician F

GTV70

100.00 ± 0.00

99.07 ± 2.59

100.00 ± 0.00

98.45 ± 4.47

98.77 ± 3.37

CTV70

100.00 ± 0.00

98.76 ± 2.72

99.99 ± 0.03

98.26 ± 3.76

98.51 ± 3.07

PTV70

100.00 ± 0.00

99.17 ± 1.75

99.99 ± 0.02

98.77 ± 2.41

98.98 ± 2.01

Oral cavity

100.00 ± 0.00

99.29 ± 1.53

100.00 ± 0.00

98.98 ± 2.20

99.04 ± 2.22

GTV: gross tumor volume, CTV: clinical target volume, PTV: planning target volume.
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3.2 | Effect of dental metal artifact conversion
volume on dose distribution
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the subjects of the evaluation of Case 9, Case 15, Case 19, and Case
22. In Case 22, the pass rates of GTV70, CTV70, PTV70, and oral
cavity were 51.4%, 61.7%, 74.0%, and 87.1%, respectively, which

Figure 4 shows the GA results of the difference between the dose

were the lowest values of the cases studied. The subject of the eval-

plans transferred from the original treatment plan to the structure

uation with the highest average pass rate was PTV70 with 96.1%,

sets L and S and recalculated. Eighteen of the 25 cases had a 100%

and CTV70 was the lowest with 94.7%.

pass rate for all evaluations. In Case 22 GTV70 and CTV70, the GA

As an additional investigation, Table 5 shows the volumes of

pass rate was less than 90% (87.2% and 88.0%, respectively). The

PTV70, PTV70, and metal (L) overlap, and PTV70 and metal (S) over-

case with the lowest PTV70 pass rate was Case 22, for which the

lap in four cases with a GA pass rate of 90% or less. In Case 19

pass rate was 92.8%. The lowest oral cavity pass rate was found in

only, there was no overlap between PTV70 and metal S. The overlap

Case 15, with a pass rate of 89.3%. The pass rate was 93% or higher

volume of Case 19 PTV70 and metal (L) was similar to the other

in the other cases. The evaluation subject with the highest average

three cases. In Case 19, the volume of PTV70 was smaller than that

pass rate was PTV70 at 99.0%, and the evaluation subject with the

in the other three cases. Table 6 shows the results of the signiﬁcant

lowest average pass rate was CTV70 at 98.6%.

difference test of the volume in each of the four cases with a GA

Figure 5 shows the GA results of the difference between the

pass rate of 90% or less, as shown in Table 5, and the 21 cases with

dose plans transferred from the original treatment plan to the struc-

a GA pass rate of 90% or more. There was a signiﬁcant difference in

ture sets L and N and recalculated. In 14 of the 25 cases, the pass

the volume of overlap between PTV70 and metal (L) and the volume

rate was 100% in all subjects. The pass rate was 90% or less in all

of overlap between PTV70 and metal (S).

T A B L E 4 Dice similarity coefﬁcient (DSC) results for physician D and ﬁve radiation oncologists.
Case Number

Physician A vs
Physician D

Physician B vs
Physician D

Physician C vs
Physician D

Physician E vs
Physician D

Physician F vs
Physician D

Case1

0.773

0.059

0.788

0.057

0.041

Case2

0.787

0.095

0.777

0.090

0.121

Case3

0.876

0.123

0.854

0.117

0.124

Case4

0.875

0.059

0.728

0.075

0.070

Case5

0.783

0.066

0.699

0.078

0.062

Case6

0.848

0.098

0.794

0.098

0.136

Case7

0.812

0.098

0.810

0.102

0.145

Case8

0.824

0.068

0.493

0.074

0.087

Case9

0.881

0.168

0.711

0.133

0.148

Case10

0.803

0.128

0.666

0.098

0.118

Case11

0.767

0.150

0.700

0.121

0.152

Case12

0.810

0.066

0.697

0.069

0.064

Case13

0.742

0.237

0.630

0.245

0.242

Case14

0.863

0.047

0.828

0.049

0.061

Case15

0.837

0.165

0.682

0.128

0.136

Case16

0.815

0.095

0.663

0.078

0.106

Case17

0.838

0.120

0.629

0.112

0.139

Case18

0.838

0.085

0.675

0.090

0.126

Case19

0.786

0.144

0.830

0.109

0.119

Case20

0.799

0.083

0.672

0.079

0.097

Case21

0.789

0.091

0.469

0.070

0.085

Case22

0.846

0.122

0.771

0.099

0.117

Case23

0.742

0.072

0.689

0.055

0.068

Case24

0.807

0.165

0.765

0.122

0.149

Case25

0.433

0.117

0.246

0.117

0.142

Mean

0.799

0.109

0.691

0.099

0.114

Standard deviation

0.085

0.045

0.132

0.039

0.042
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F I G 4 . Results for gamma analysis for
2 mm/2% of the dose distribution obtained
by recalculating using structure sets L and
S, respectively.

F I G 5 . Results for gamma analysis for
2 mm/2% of the dose distribution obtained
by recalculating using structure sets L and
N, respectively.

4
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DISCUSSION

metal artifact contouring on the dose distribution during head‐and‐

Wang et al.13 suggested that the PTV dose may be reduced by the

neck VMAT planning.

denture attenuation effect in head‐and‐neck IMRT. Mail et al.14

In this study, the mean doses of the small group that contoured only

reported that in VMAT of the head‐and‐neck, the backscatter dose

dentures and the large group that contoured streak artifacts and dark

increases in the presence of dentures, and dose perturbation occurs,

band regions for GTV70, CTV70, and PTV70 are shown in Table 1.

7

which affects the dose distribution. Kim et al. reported that denture

There was a signiﬁcant difference in the subjects of the evaluation. It

artifacts could lead to hot spots in the OAR and cold spots in each

was also found that the mean dose in the large group was slightly higher

target volume. Furthermore, Parenica et al.15 reported an increased

than that in the small group. The small group did not contour the areas

dose in OARs affected by streak artifacts from dentures. Although

where CT values are nonuniform, such as dark band areas, which do not

they mention the physical dose distribution effect of dental metal

actually exist in the body. It is considered that a slight difference in the

artifacts, they do not report the effect of artiﬁcial variation of dental

mean dose was caused by the difference in dose calculation due to the
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T A B L E 5 Overlap volume of PTV70 and structure metal in S and L
and volume of PTV70 in four cases with low pass rates in gamma
analysis (GA).
Overlap(PTV ∩
metal)[cc]
Case number

ET AL.

GA pass rate of the oral cavity, which was closest to the dental
metal artifact region, and that of the other evaluation items.
The DSC was used to assess geometric differences between contours within each group quantitatively. From the American Association of Physicists in Medicine Task Group132 guidelines,17 a contour

(S)

(L)

PTV70[cc]

agreement of 0.8 or better obtained using the DSC is considered a

9

0.3

24.3

130.7

good match. A previous study reported18 the difference between

15

1.7

26.5

271.1

feature points and DSCs using treatment‐planning CT and cone‐

19

0.0

24.5

49.2

beam CT obtained immediately before the treatment to assess the

22

0.7

28.1

109.9

concordance rate of GTV contours of breath‐holding in lung cancer
patients. A DSC of ~ 0.7 has been reported to indicate a feature

PTV: planning target volume.

point shift of 2–3 mm in three dimensions. It is understandable that
the DSC of ~ 0.7 in this study is more than 99% with a GA criterion

T A B L E 6 Results of volume comparison and tests for each
evaluation target in four cases with low pass rates in gamma analysis
(GA) and other cases. The results are shown as mean ± standard
deviation.
Volume [cc]
Evaluation
structure

Four cases with low
pass rate

of 2 mm/2%. In addition, the DSC results of Physicians B, E, and F in
the small group exhibited less case‐to‐case variation than those of
the physicians in the large group. This can be attributed to the fact
that the small group contoured only metal artifacts, and therefore,
the contouring was less ambiguous than that in the large group,

Other 21
cases

which included the dark band. The contour of metal artifacts for the
p‐value

large group — Physicians A and D — was comparable based on the

overlap(S)*

1.20 ± 0.78

0.09 ± 0.38

0.0001†

DSC results; however, Physicians C and D had DSCs below 0.5 in

overlap(L)

27.93 ± 3.17

7.52 ± 10.86

0.003‡

some cases. The difference in the dose distribution between the two

0.18

contours was more than 99% for all contours based on the GA

PTV70

194.78 ± 54.06

146.57 ± 84.15

*

Overlap(S): overlap between PTV70 and metal(S).
<0.001.
‡
<0.05.
†

results, thereby suggesting that the effect on the dose distribution
was minimal. This ﬁnding suggests that the inﬂuence of PTV size
and geometric arrangement on the dose distribution is greater than
the anthropogenic inﬂuence on the contouring of metal artifacts.

existence of this nonuniform region. This is consistent with the reports

The magnitude of the effect of PTV size and geometric arrangement

by Wang et al.13 and Kim et al.7, and it is considered that there was a

on dose distribution can be understood from the DVH of the oral

slight dose reduction in the target volume due to denture artifacts. No

cavity shown in Figure 3, where the dose difference between the

difference in the dose distribution between the large and small groups

small and large groups tends to increase as the oral dose increases.

was found in the dose distribution GA evaluation. In addition, the com-

In contrast, from the results in Figure 4, in the dose distribution

parison of the dose distributions between groups showed that the aver-

comparison between the structure set L and structure set N in which

age pass rate was 97% or more, indicating a high agreement in the dose

the dental metal artifact region was not contoured, there were cases

distributions in all the evaluation subjects. This suggests that the artiﬁ-

in which the GA pass rate signiﬁcantly decreased. CTV70 had the

cial distribution of dental metal artifact contouring has little effect on

lowest average pass rate for evaluation at 94.7%. The lowest GA

the dose distribution.

pass rate was 51.4% for Case 22 GTV70, which was a large

Maerz et al.16 reported that VMAT has a higher dose calculation

decrease. Cases with relatively low GA pass rates in the structure

accuracy than IMRT when a denture is present. In the case of IMRT,

sets L and S shown in Figure 3 tended to have lower pass rates in L

multiple segments are irradiated from a single direction. Therefore,

and N, as shown in Figure 4. Therefore, performing contouring of

the beam segment that intersects the denture is irradiated in the

dental metal artifacts and substituting the area with CT values of

same direction through the denture. In the case of VMAT, however,

water is a necessary task to implement the VMAT treatment plan.

because the beam is continuously emitted from various directions,

The structure set L was based on the CT for treatment planning

the dose perturbation caused by the beam passing through the den-

and was manually contoured to every corner including the streak

ture has little effect on the dose distribution. From this, it is consid-

artifact area and the dark band area due to the denture. In contrast,

ered that the artiﬁcial distribution of artiﬁcial tooth contouring has

in the structure set S, the location of the denture was set as the

little effect on dose distribution.

region of interest, and only the area above 4000 HU was contoured

As a result of comparing the dose distributions recalculated from

with threshold processing using the range shifter feature of Eclipse.

the structure sets L and S created by changing the volume of dental

The structure set S can be created more easily than L. Therefore,

metal artifact contouring by GA, there were few cases in which the

contouring of dental metal artifacts by thresholding may be useful in

pass rate signiﬁcantly decreased, and the average pass rate was

actual medical care.

98.5% or more for all evaluation items. In addition, among the evalu-

From Table 6, the pass ratio tends to decrease as the overlap

ation items, there was no difference between the tendency of the

volume of PTV70 and the dental metal artifact region increases. In

KITAGAWA

other words, it is conceivable that the distance and the positional
relationship between the metal artifact of the denture and the
respective evaluation subjects are related to the pass rate. This can
be explained by the dose perturbation on the upstream side and the
downstream side of x‐ray incidence on the denture reported by Mail
et al.14 Because stronger dose perturbations occur near the denture
surface, the number and extent of dentures as well as the positions
of the denture and each assessment target due to the angle of the
jaw during treatment planning CT scans affect the GA pass rate.
Recently, an increasing number of reports have carried out dose
calculation in VMAT using an image reconstruction algorithm that
enables the reduction of metal artifacts in the image reconstruction
stage of CT.19–21 Hansen et al.21 reported that the consistency of contouring was improved by planning treatment using CT images using
MAR. However, there was no signiﬁcant difference in the dose distribution of CTV and PTV.21 The current study investigated the effect of
anthropogenic variation in dental metal artifact contouring on dose
distribution in a facility with an MAR‐free environment. This is important information for planning head‐and‐neck VMAT treatment for
facilities that cannot use MAR. In the current study, we used AAA
based on the dose kernel in water as a dose calculation algorithm. The
dose calculation algorithms implemented in the TPS used in this study
include Acuros XB10 (AXB10) and Acuros XB11 (AXB11) in addition
to AAA. Previous reports have stated that AAA causes dose errors in
nonuniform areas.22 In the future, we will investigate the effect of the
difference in the volume of mass conversion of dental metal artifacts
on the dose distribution by switching to AXB10, which has a smaller
dose error in nonuniform regions, and AXB11,23 which has a shorter
computation time in VMAT dose calculation.
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CONCLUSIONS

Our results show that the effect of artiﬁcial variation in manual dental
metal artifact contouring on dose distribution is small. However, it is
important to note that the dose distribution may change depending on
the contouring method in cases where the overlap between PTV and
the metal artifacts is large. Based on the small variation seen in the dose
distribution, the method of thresholding the portion of the denture with
a CT value of 4000 HU or higher is simpler and more efﬁcient than manually contouring dental metal artifacts.

ACKNOWLEDGMENT
The conceptual design of the study was carried out by Hitoshi Ikushima, Motoharu Sasaki, and Akira Tsuzuki. Data were collected by
Kenta Kitagawa, Shunsuke Furutani, Takashi Kawanaka, Akiko Kubo,
Chisato Tonoiso, and Takaharu Kudoh. Data analysis was performed
by Kenta Kitagawa, Motoharu Sasaki, and Yosuke Kano. Interpretation of the submitted papers was discussed by all authors. All
authors wrote or critically revised their articles on important intellectual content. In addition, all authors have given ﬁnal approval to the
submitted papers.

261

CONFLICT OF INTEREST
No conﬂicts of interest.
REFERENCES
1. Salz H, Wiezorek T, Scheithauer M, et al. IMRT with compensators
for head‐and‐neck cancers treatment technique, dosimetric accuracy,
and practical experiences. Strahlenther Onkol. 2005;181:665–672.
2. de Arruda FF, Puri DR, Zhung J, et al. Intensity‐modulated radiation
therapy for the treatment of oropharyngeal carcinoma: the Memorial
Sloan‐Kettering Cancer Center experience. Int J Radiat Oncol Biol
Phys. 2006;64:363–373.
3. Gupta T, Agarwal J, Jain S, et al. Three‐dimensional conformal radiotherapy (3D‐CRT) versus intensity modulated radiation therapy
(IMRT) in squamous cell carcinoma of the head and neck: a randomized controlled trial. Radiother Oncol. 2012;104:343–348.
4. Otto K. Volumetric modulated arc therapy: IMRT in a single gantry
arc. Med Phys. 2008;35:310–317.
5. Wiehle R, Knippen S, Grosu AL, et al. VMAT and step‐and‐shoot
IMRT in head and neck cancer: a comparative plan analysis. Strahlenther Onkol. 2011;187:820–825.
6. Blumer N, Scherf C, Kohn J, et al. New possibilities for volumetric‐
modulated arc therapy using the Agility 160‐leaf multileaf collimator.
Strahlenther Onkol. 2014;190:1066–1074.
7. Kim Y, Tomé WA, Bal M, et al. The impact of dental metal artifacts
on head and neck IMRT dose distributions. Radiother Oncol.
2006;79:198–202.
8. Kamomae T, Itoh Y, Okudaira K, et al. Dosimetric impact of dental
metallic crown on intensity‐modulated radiotherapy and volumetric‐
modulated arc therapy for head and neck cancer. J Appl Clin Med
Phys. 2016;17:234–245.
9. Yazdi M, Lari MA, Bernier G, et al. An opposite view data replacement approach for reducing artifacts due to metallic dental objects.
Med Phys. 2011;38:2275–2281.
10. Meyer E, Raupach R, Lell M, et al. Normalized metal artifact reduction (NMAR) in computed tomography. Med Phys. 2010;37:5482–
5493.
11. Wuest W, May MS, Brand M, et al. Improved image quality in head
and neck CT using a 3d iterative approach to reduce metal artifact.
AJNR Am J Neuroradiol. 2015;36:1988–1993.
12. Diehn FE, Michalak GJ, DeLone DR, et al. CT dental artifact: comparison of an iterative metal artifact reduction technique with
weighted
ﬁltered
back‐projection.
Acta
Radiol
Open.
2017;6:2058460117743279.
13. Wang L, Xing L, Le Q. The dosimetric and clinical impact of the
metallic dental implants on radiation dose distributions in IMRT head
and neck cancer patients. Med Phys. 2012;39:3818.
14. Mail N, Albarakati Y, Ahmad Khan M, et al. The impacts of dental
ﬁlling materials on RapidArc treatment planning and dose delivery:
challenges and solution. Med Phys. 2013;40:081714.
15. Parenica HM, Ford JR, Mavroidis P, et al. Treatment planning dose
accuracy improvement in the presence of dental implants. Med
Dosim. 2019;44:159–166.
16. Maerz M, Koelbl O, Dobler B. Inﬂuence of metallic dental implants
and metal artefacts on dose calculation accuracy. Strahlenther Onkol.
2015;191:234–241.
17. Brock KK, Mutic S, McNutt TR, et al. Use of image registration and
fusion algorithms and techniques in radiotherapy: Report of the
AAPM Radiation Therapy Committee Task Group No. 132. Medical
Physics. 2017;44:e43–e76.
18. Sasaki M, Ikushima H, Sakuragawa K, et al. Determination of reproducibility of end‐exhaled breath‐holding in stereotactic body radiation therapy. J Radiat Res. In press.

262

|

19. Maerz M, Mittermair P, Krauss A, et al. Iterative metal artifact reduction improves dose calculation accuracy: Phantom study with dental
implants. Strahlenther Onkol. 2016;192:403–413.
20. Soda R, Hatanaka S, Hariu M, et al. Evaluation of geometrical uncertainties on localized prostate radiotherapy of patients with bilateral
metallic hip prostheses using 3D‐CRT, IMRT and VMAT: A planning
study. J Xray Sci Technol. 2020;28:243–254.
21. Hansen CR, Christiansen RL, Lorenzen EL, et al. Contouring and
dose calculation in head and neck cancer radiotherapy after

KITAGAWA

ET AL.

reduction of metal artifacts in CT images. Acta Oncol.
2017;56:874–878.
22. Han T, Followill D, Mikell J, et al. Dosimetric impact of Acuros XB
deterministic radiation transport algorithm for heterogeneous dose
calculation in lung cancer. Med Phys. 2013;40:051710.
23. Han T, Mourtada F, Kisling K, et al. Experimental validation of deterministic Acuros XB algorithm for IMRT and VMAT dose calculations
with the Radiological Physics Center's head and neck phantom. Med
Phys. 2012;39:2193–2202.

