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Introduction

Stereotactic body radiation therapy (SBRT) is 
a standard treatment modality for early-stage lung 

cancer [1–6]. The requirements for SBRT are gen-
erally a few treatment fractions with a high-dose in 
each treatment. The high-dose area is confined to 
the target, and it shrinks rapidly outside the target 
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Background: We evaluated the setup error and dose absorption of an immobilization system with a shell and wooden base-
plate (SW) for lung stereotactic body radiotherapy (SBRT). 

Materials and methods: Setup errors in 109 patients immobilized with an SW or BodyFix system (BF) were compared. Dose 
attenuation rates of materials for baseplates were measured with an ion-chamber. Ionization measurements were performed 
from 90° to 180° gantry angle in 10° increments, with the ball water equivalent phantom placed at the center of the wood 
and carbon baseplates whose effects on dose distribution were compared using an electron portal imaging device.

Results: The ratio for the anterior-posterior, cranial-caudal, and right-left of the cases within 3-mm registered shifts in in-
terfractional setup error were 90.9%, 89.2%, and 97.4% for the SW, and 93.2%, 91.6%, and 98.0% for the BF, respectively. For 
intrafractional setup error, 98.3%, 97.4%, and 99.1% for the SW and 96.6%, 95.8%, and 98.7% for the BF were within 3-mm reg-
istered shifts, respectively. In the center position, the average (minimum/maximum) dose attenuation rates from 90° to 180° 
for the wooden and carbon baseplates were 0.5 (0.1/2.8)% and 1.0 (–0.1/10.1)% with 6 MV, respectively. The gamma passing 
rates of 2%/2 mm for the wooden and carbon baseplates were 99.7% and 98.3% (p < 0.01).

Conclusions: The immobilization system with an SW is effective for lung SBRT since it is comparable to the BF in setup ac-
curacy. Moreover, the wooden baseplate had lower radiation attenuation rates and affected the dose distribution less than 
the carbon baseplate.
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area to spare the surrounding organs. Therefore, 
SBRT for lung requires accurate localization of 
the tumor [4–8].

Cone-beam computed tomography (CBCT), 
which provides volumetric images of patient anat-
omy, improves setup reproducibility and reliability 
of the patient treatment position [9–12]. Therefore, 
CBCT is commonly used in SBRT for lung can-
cer. However, the internal motion of lung tumors 
cannot be ignored even when the bony anatomy 
is matched [2]. Given the high-doses and steep 
dose gradients required for lung SBRT, the effects 
of inter- and intrafractional motion of lung tumors 
are clinically significant [10, 13].

Various types of immobilization systems have 
been developed to reduce the inter- and intrafrac-
tional motion of lung tumors. The Elekta body 
frame (Elekta, Stockholm, Sweden) and the Body-
Fix system (BF: Elekta, Stockholm, Sweden) have 
commonly been used. Furthermore, the Prolock 
(Civco Medical Solutions, Coralville, Iowa, USA) 
combines an abdominal compression plate with 
vacuum immobilization, and an immobiliza-
tion system with a body shell has also been used 
[14–17]. Since inter- and intrafractional motion of 
lung tumor depends on the immobilization system, 
new immobilization systems for lung SBRT need 
to be evaluated. Moreover, immobilization systems 
are often connected to the top of the couch using 
a baseplate or similar device [18]. Baseplate devices 
are made from carbon fiber and polymethyl meth-
acrylate. They attenuate the radiation dose and in-
crease the skin dose depending on their material 
and thickness [18–20].

A new immobilization system was developed by 
combining a wooden baseplate with a body shell. 
To evaluate the effectiveness of this immobilization 
system, the setup errors and time were compared 
with those of the BF. Furthermore, the effect of 
dose absorption in the wooden baseplate, the ma-
terial used in the new immobilization system, was 
compared with the carbon baseplate.

Materials and methods

Patient’s characteristics
In total, 109 patients treated with SBRT for pri-

mary cancer or metastases in the lung between 
April 2017 and January 2020 were included. Ini-
tially, the BF was used for 58 patients who re-

ceived lung SBRT. Subsequently, 51 patients were 
immobilized using an immobilization system with 
a shell and wooden baseplate (SW; AirFix system, 
Engineering System, Nagano, Japan). Two patients 
received 50 Gy in five fractions, and the other pa-
tients received 48 Gy in four fractions. The Ethics 
Committee of OICI approved the study (review 
board number: 20251).

The patient and tumor characteristics are sum-
marized in supplementary material. The patient 
characteristics collected included age, sex, perfor-
mance status using the Eastern Cooperative Oncol-
ogy Group scale, and tumor characteristics, includ-
ing tumor size and location.

Immobilization system
Figures 1A and B show the SW during computed 

tomography (CT) simulation and treatment with 
SBRT. The SW consisted of a vacuum cushion, ther-
moplastic sheet, balloon, and a wooden baseplate. 
The balloon was placed on each patient’s abdomen, 
and the thermoplastic sheet was used as a cover. 
The balloon was inflated by injecting air, which 
compressed the patient’s abdomen, and forced 
shallow breathing. The amount of air to inject into 
the balloon was considered the maximum volume 
tolerated by each patient. The cost of the SW was 
approximately 7,000 US dollars.

The wooden baseplate was constructed of oak 
wood, which is sufficiently dry, and minimally de-
formed. When the side plates of the wooden base-
plate were pulled upward at 100 N with the center 
of the wooden baseplate fixed, the wooden base-
plate was designed to be within about 1 mm of 
deformation. Furthermore, it was recommended 
that the wooden baseplate be wiped with a soft 
cloth moistened with ethanol or isopropanol in 
the case of heavy soiling. 

Figures 1C and D show the BF during com-
puted tomography (CT) simulation and treat-
ment with SBRT. The BF was composed of a vac-
uum cushion, a clear cover sheet, a cushion for 
abdominal compression, and a vacuum pump. 
The patient was covered with a clear cover sheet, 
and a cushion for abdominal compression was 
placed on the patient’s abdomen. When the vac-
uum pump sucked in air, the clear cover sheet 
and abdominal compression cushion exerted 
downward pressure on the abdomen, and the pa-
tient was immobilized and forced to limit their 
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breaths. The cost of the BF was approximately 
160,000 US dollars.

Simulation and treatment planning
A Revolution HD CT scanner (GE Medical 

Systems, Waukesha, WI, USA) was used to ac-
quire the images for planning. The parameters 
for image acquisition were 2.5-mm slice thick-
ness, 512 × 512 matrix, and 500-mm field of view 
(FOV). All patients underwent four-dimension-
al CT with free-breathing, and their respiratory 
waveforms were recorded using a real-time po-
sition management system (Varian Medical Sys-
tems, Palo Alto, CA, USA). Average intensity pro-
jection (AIP) and maximum intensity projection 
(MIP) images were generated from ten respirato-
ry-phase images.

The planning target volume (PTV) and normal 
tissue were delineated on AIP using the Eclipse 
treatment planning system (TPS; Varian Medical 
Systems, Palo Alto, CA, USA) by radiation oncol-
ogists at the Osaka International Cancer Institute. 
The PTV was defined as the area with a 5-mm mar-
gin in the internal target volume (ITV). The ITV 
was generated using the MIP reconstructed from 
the ten-phase images. If the tumor moved more 
than 1 cm in a longitudinal direction, a 6–8-mm 
longitudinal margin was added around the ITV.

SBRT treatment was performed with a Varian 
Truebeam STx and Varian Truebeam Edge (Vari-
an Medical Systems, Palo Alto, CA, USA) linear 
accelerators. All treatment planning was per-
formed using a volumetric modulated arc therapy 
(VMAT) plan with 6 MV and 6 MV flattening fil-
ter-free photons (FFF). The VMAT plans included 
3-5 coplanar arcs to deliver 48-50 Gy in four to five 
fractions. Dose calculation was performed with 
a 2.0-mm grid size using the Anisotropic Analyt-
ical Algorithm ver. 15.6 (Varian Medical Systems, 
Palo Alto, CA, USA).

Image guidance and data collection 
for setup efficacy

Through a two-step online CBCT based im-
age matching process, patients on Perfect pitch 
couch (Varian Medical Systems, Palo Alto, CA, 
USA) underwent image-guided radiation thera-
py. The CBCT images were acquired at 125 kVp, 
80 mA, and 13 ms with a gantry rotation of 360° 
and were reconstructed with a slice thickness of 
1 mm.

Setup time was measured to evaluate the effi-
ciency of the SW and BF. Setup time was defined 
as the time from opening to closing the clinical 
treatment plan minus the time for image matching 
and irradiation and was recorded for each fraction.

Figure 1. The two immobilization systems showing the abdominal compression cushion/balloon. The immobilization system 
with a shell and a wooden baseplate (SW) and the BodyFix system (BF) are shown in (A) and (C). Computed tomography 
images of the SW and BF are shown in (B) and (D)

A

B

C

D
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Data collection for the setup accuracy was con-
ducted as follows. First, an initial CBCT was ac-
quired before each treatment session. On the ini-
tial CBCT, image alignment was performed using 
the bony anatomy before lung tumor registration. 
Subsequently, registration of the ITV contour was 
performed to the lung tumor, and couch shifts were 
applied. The differences between the couch shift of 
the tumor matching and bone matching in the ini-
tial CBCT were recorded as interfractional setup 
errors. A second CBCT was then acquired before 
irradiation of the final beam, and the couch shifts 
of the second CBCT were performed after correct-
ing the setup errors. Displacements on the second 
CBCT scan, which were intrafractional setup er-
rors, were recorded.

The displacements were quantified in both trans-
lational and rotational directions to evaluate the in-
ter- and intrafractional setup errors. The transla-
tional direction was defined as anterior-posterior 
(AP), cranial-caudal (CC), and right-left (RL). 
The rotational directions represent rotations 
around each patient’s left-right axis (pitch), CC axis 
(roll), and AP axis (yaw). 

To compare the accuracy of the setup error be-
tween the immobilization systems, the group mean, 
systematic and random errors were calculated. 
The group mean values were defined as the average 
of individual values of all treatment fractions from 
all patients. Systematic and random errors were de-
fined as the standard deviation (SD) of the average 
interpatient variability, and the root mean square of 
the individual SDs, respectively. The three-dimen-
sional vector was calculated from the translational 
axes using the formula (AP2 + CC2 + LR2)0.5.

Radiation dose attenuation 
for baseplates

Figures 2A and B show the wooden and carbon 
baseplates (MTPLVC04MR, CIVCO Medical Solu-
tions, Coralville, IA, USA), and Figures 2C and D 
show the geometry of measurements in the up-
per and center positions. For assessing the dose 
absorption of the baseplates, the dose attenua-
tion was measured with a CC13 (IBA Dosimetry, 
Schwarzenbruck, Germany) ionization chamber, 
with the ball phantom (Taisei Medical Co., Ltd, 
Osaka, Japan) placed at its center of 20-cm di-
ameter, made by water-equivalent solid phantom 
(Solid Water HE, Gammex Inc, Wisconsin, USA). 

The ball phantom was placed at the upper and cen-
ter positions of the wooden and carbon baseplates, 
respectively. The ball phantom setup was aligned 
using CBCT.

The irradiation settings included nominal en-
ergy of 6 MV and 6 FFF X-ray beams with a field 
size of 5×5 cm2 at 100 Monitor unit values. Ion-
ization measurements were performed by irradi-
ating three times from 90° to 180° gantry angles, 
in 10° increments, and the average value for each 
angle was calculated. The measurement was divid-
ed down into three zones. Zone 1 was between 90° 
and 100° where the baseplates were not included in 
the irradiation field. Zone 2 was an angle between 
100° and 130° where the baseplates in the upper 
and center positions were included in the irra-
diation field. Zone 3 was an angle of 130° to 180° 
where baseplates in only the upper position were 
included in the irradiation field. 

The relative attenuation dose rate was calculated 
using the dose irradiated under the same condi-
tions with the treatment couch only as reference. 
The attenuation dose rate was defined as eq. (1) 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴�%� = �𝐷𝐷� − 𝐷𝐷��� × 100
𝐷𝐷�       (1)

where Dcb represents the dose measured with 
the beam passing through the treatment couch 
and baseplate and Dc represents the dose measured 
with the beam passing through only the treatment 
couch. 

Effect of dose absorption for baseplates 
on dose distribution

The effects of dose absorption for the wood-
en and carbon baseplates on dose distributions 
were compared using an electronic portal imag-
ing device (EPID, Varian Medical Systems, Palo 
Alto, CA, USA). The measurement arrangements 
and the dose distributions for irradiating the an-
thropomorphic phantom (PH-47, Kyoto Kagaku, 
Kyoto, Japan) without the baseplate as reference 
images, and with the wooden and carbon base-
plates are shown in Figure 3.

The dose distribution of the clinical treatment 
plan was acquired using the integrated dose im-
age acquisition mode of amorphous silicon EPID 
(aS-1200), with an active area of 400 mm × 400 mm 
and a pixel size of 0.34 mm. For the clinical treat-
ment plans, 10 plans were selected from the lung 
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SBRT treatment plans in which all arcs included 
a gantry angle of 90° to 180°. The clinical treat-
ment plans were calculated with CT images includ-
ing the anthropomorphic phantom and treatment 
couch.

The procedure of this study is detailed below. 
First, the integrated dose images as reference im-
ages were obtained by irradiating the anthropo-
morphic phantom without the baseplate. Next, 
the respective integrated dose images irradiated to 
the anthropomorphic phantom immobilized with 
the wooden and carbon baseplates were acquired. 
The anthropomorphic phantom was immobilized 
in the upper and center positions, respectively. For 
all cases, CBCT was performed before irradiation 
and matched with the anthropomorphic phantom 
in translation and rotation shift.

Using commercially available dosimetry soft-
ware (PerFRACTION version 2.0.4, Sun Nuclear 
Corporation, Melbourne, FL), 10 cases were ana-
lyzed for the integrated dose images, respectively 
with the wooden and carbon baseplates. All inte-
grated dose images were normalized to the max-
imum dose. The gamma passing rate, dose differ-
ence, and dose difference at the center point were 
calculated for each beam, and the average of one 
case was defined as the result. The criteria for 
the gamma passing rate and dose difference were 
set at 3%/3 mm, 2%/2 mm, and 1%/1 mm, and 10%, 
7%, 5%, and 3%, respectively. The gamma passing 
rate and dose difference were defined as the per-
centage of points for areas exposed to more than 
10% of the maximum dose. The difference in dose at 
the center point of the PTV between the integrated 

Figure 2. Measurement geometry of the dose attenuation rate for baseplates. The wooden and carbon baseplates are shown 
in (A) and (B), respectively. The measurement geometry in upper and center positions are shown in (C) and (D), respectively

A B

C D

Top view Top view

Side view Side view

Upper position Center position
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dose image of the reference and the integrated dose 
image with the wooden or carbon baseplates was 
defined as the dose difference at the center point. 

Statistical analysis
To compare the setup time and setup error be-

tween the immobilization systems, the Mann Whit-
ney’s U test was performed. A paired Wilcoxon 
signed-rank test was used to determine the differ-
ence in the effect of dose absorption on the dose dis-

tribution between immobilization systems. All sta-
tistical analyses were performed using SPSS (version 
25; SPSS Inc., Chicago, IL, USA). All reported p-val-
ues were two-sided with a significance level of 0.05.

Results

Setup time
The median (minimum/maximum) setup time 

required for the SW was significantly reduced 

Figure 3. Measurement arrangements acquired integrated dose images and dose distributions without a baseplate and with 
wooden and carbon baseplates. The anthropomorphic phantom without a baseplate as reference images, immobilized with 
the immobilization device with a wooden baseplate, and immobilized with a carbon baseplate are shown in (A), (B), and (C), 
respectively

A

B

C

Measurement arrangement

Without baseplate

Wooden baseplate

Carbon baseplate

Dose distribution
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(p < 0.01) compared to the BF: 450 (231/1021) 
and 834 (466/2336) seconds, respectively.

Interfractional setup error
The group means and the systematic 

and random values for the interfractional setup er-
rors are summarized in Table 1. The group means 
for the SW and BF indicated similar trends, except 
in the AP direction, where the difference was sig-
nificant (p < 0.05). In the SW, the group mean shift-
ed to the anterior side on the AP axis and posterior 
side in the BF. The systematic translation error of 
SW was larger than that of BF in the CC direction 
and was comparable in the other directions. The re-
sults of random errors for the SW and BF were not 
different for any translational direction. For ro-
tational setup error, the group means of the reg-
istered shifts for the SW and BF were not signifi-
cantly different. Except for random errors in pitch, 
the systematic and random errors in the rotational 
direction for the SW were smaller than those for 
the BF.

Figure 4A presents the frequencies within 
the translational tolerances of the interfractional 
setup error for the SW and BF. The ratios of AP, CC, 
and RL for the cases within registered shifts of 3 mm 
were 90.9%, 89.2%, 97.4% for the SW, and 93.2%, 
91.6%, and 98.0% for the BF. For the cases within 
registered shifts of 5 mm, they were 97.4%, 94.4%, 
99.6%, and 98.7%, 98.0%, and 99.6% for the SW 
and BF, respectively.

Intrafractional setup error
Table 2 summarizes the group means and the sys-

tematic and random values for intrafractional set-

up errors. The group means of the registered shifts 
for the SW and BF in the translation and rotation 
directions were not significantly different, except 
for the pitch, where the difference was significant 
(p < 0.01). Systematic errors for the SW in the AP 
direction were larger than those for the SW. How-
ever, the other systematic and random errors for 
the SW were smaller than those for the BF. For ro-
tational directions, systematic and random errors 
for the SW were smaller than those for the BF. 

Figure 4B represents the frequencies within 
the translational tolerances of the intrafraction-
al setup error for the SW and BF. For the AP, CC, 
and RL ratios, 98.3%, 97.4%, and 99.1%, and 96.6%, 
95.8%, 98.7% were within registered shifts of 3 mm 
for the SW and BF, respectively. Similarly, 99.6%, 
100%, 100%, and 99.6%, 99.6%, and 99.6% were 
within registered shifts of 5 mm for the SW and BF, 
respectively.

Dose attenuation rate for baseplates
The relationships between the measured gan-

try angle and dose attenuation rates are shown 
in Figure 5, where (A) and (B) indicate upper 
and center positions, respectively. In the upper 
position, the average (minimum/maximum) dose 
attenuation rates with 6 MV and 6 FFF were 1.9 
(0.1/4.0)% and 2.3 (0.2/4.5)% for the wooden base-
plate and 4.6 (-0.1/10.2)% and 5.4 (0.2/11.5)% for 
the carbon baseplate, respectively. In the center 
position, the average attenuation rates with 6 MV 
and 6 FFF were 0.5 (0.1/2.8)% and 0.6 (0.1/3.1)% 
for the wooden baseplate, and 1.0 (–0.1/10.1)% 
and 1.1 (–0.1/11.1)% for the carbon baseplate, re-
spectively.

Table 1. Group mean values and systematic and random errors for interfractional setup error of a shell and wooden baseplate 
and BodyFix immobilization systems

SW BF p-value

Group mean ∑ σ Group mean ∑ Σ Group mean

Inter fractional 
setup error

AP [mm] 0.2 1.6 1.3 –0.7 1.5 1.2 <0.05

CC [mm] –0.6 1.8 1.5 –0.2 1.4 1.5 0.364

RL [mm] 0.0 0.9 0.8 0.0 1.0 0.9 0.976

Pitch (°) 0.2 0.5 0.9 0.1 0.7 0.6 0.327

Roll (°) 0.0 0.4 0.5 –0.1 0.7 0.7 0.872

Yaw (°) 0.0 0.3 0.4 0.1 0.6 0.6 0.190

3D [mm] 2.1 1.6 1.7 2.0 1.4 1.7 0.915

SW — immobilization system with a shell and wooden baseplate; BF — BodyFix system; AP — anterior-posterior; CC — cranial-caudal; LR — left-right; 
pitch — patient’s left-right axis; roll — patients cranial-caudal axis; yaw — patients anterior-posterior axis; ∑ — systematic error; σ — random error
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Effect of dose absorption for baseplates 
on dose distribution

Table 3 summarizes the gamma passing rate, 
dose difference, and dose difference at the center 
point for integrated dose images for the wooden 

and carbon baseplates. For all analysis parameters, 
except 10%, 7%, and 5% of the dose difference in 
the center position, the wooden baseplate had sig-
nificantly less effect on the dose distribution than 
the carbon baseplate (p < 0.01).

Figure 4. Graphs of the frequencies within the translational tolerances of the setup error for immobilization system with 
a shell and a wooden baseplate (SW) and the BodyFix system (BF). The inter and intrafractional setup errors are shown in 
(A) and (B). The top, middle, and bottom images represent the anterior-posterior (AP), cranial-caudal (CC), and left-right (LR) 
directions, respectively. The blue circle and red triangle represent the SW and BF, respectively
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Table 2. Group mean values and systematic and random errors for intrafractional setup error of a shell and wooden baseplate 
and BodyFix immobilization systems

SW BF p-value

Group mean ∑ σ Group mean ∑ σ Group mean

Intra fractional 
setup error

AP [mm] –0.7 1.0 0.8 –0.8 0.9 1.0 0.722

CC [mm] –0.2 0.7 1.0 –0.1 0.9 1.1 0.403

RL [mm] –0.1 0.7 0.7 –0.1 0.9 1.0 0.464

Pitch (°) –0.1 0.2 0.3 0.1 0.3 0.5 < 0.01

Roll (°) –0.1 0.3 0.3 –0.2 0.5 0.5 0.827

Yaw (°) 0.0 0.2 0.2 0.0 0.3 0.4 0.842

3D [mm] 1.3 0.9 1.3 1.5 1.1 1.6 0.412

SW — immobilization system with a shell and wooden baseplate; BF — BodyFix system; AP — anterior-posterior; CC — cranial-caudal; LR — left-right; 
pitch — patient’s left-right axis; roll — patients cranial-caudal axis; yaw — patients anterior-posterior axis; ∑ — systematic error; σ — random error
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Discussion

This study compared the inter- and intrafrac-
tional setup errors of the SW and BF in 109 pa-
tients who underwent lung SBRT. To the best of 

our knowledge this is the first evaluation of the SW 
setup accuracy, while there are many reports on 
the setup accuracy of the BF [16, 21–23]. As the SW 
is a new immobilization system, the setup time 
and accuracy were compared to traditional im-

Table 3. Gamma passing rate, dose difference, and dose difference at the center point for integrated dose images for a shell 
and wooden and carbon baseplates

Upper position Center position

Wooden 
baseplate

Carbon 
baseplate p-value Wooden 

baseplate
Carbon 

baseplate p-value

Gamma passing rate 
(%)

3%/3 mm 99.9 ± 0.1 95.4 ± 2.4 < 0.01 100.0 ± 0.0 99.9 ± 0.2 < 0.01

2%/2 mm 99.1 ± 1.8 87.1 ± 4.0 < 0.01 99.7 ± 0.2 98.3 ± 1.2 < 0.01

1%/1 mm 95.0 ± 7.3 66.8 ± 4.7 < 0.01 93.1 ± 3.1 90.8 ± 5.4 < 0.01

Dose difference (%)

10% 100.0 ± 0.0 99.6 ± 0.7 < 0.01 100.0 ± 0.0 100.0 ± 0.0 0.32

7% 100.0 ± 0.0 74.4 ± 9.4 < 0.01 100.0 ± 0.1 99.9 ± 0.3 0.29

5% 97.6 ± 4.8 51.1 ± 6.9 < 0.01 99.7 ± 0.6 98.5 ± 1.8 0.038

3% 90.2 ± 18.7 36.9 ± 21.3 < 0.01 89.6 ± 7.4 68.0 ± 14.7 < 0.01

Dose difference at 
the center point (%) – 2.1 ± 1.6 7.5 ± 1.2 < 0.01 2.1 ± 1.6 3.0 ± 1.3 < 0.01

Figure 5. Relationships between the measured gantry angle and dose attenuation rates. The dose attenuation rates in 
the upper and center positions are shown in (A) and (B) respectively. Zone 1 is indicated by red, Zone 2 by yellow, and Zone 3 
by blue. The blue circle and triangle represent the wooden baseplate with 6 MV and 6 MV flattening filter-free photons (FFF), 
respectively. The green circle and triangle indicate the carbon baseplate with 6 MV and 6 FFF, respectively
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mobilization systems such as the BF. Furthermore, 
the dose attenuation and the effect on dose dis-
tribution for wooden and carbon baseplates were 
evaluated. In recent years, the use of VMAT, which 
is a rotational type of irradiation technique, has 
been increasing, and it is difficult to avoid the ef-
fects of X-ray attenuation and scattering by mate-
rials in the patient’s surroundings [24]. Therefore, 
it is important to evaluate the effect of materials in 
the patient’s surroundings on dose distribution.

The SW required less labor for patient immo-
bilization and abdominal compression compared 
to the BF; therefore, the setup time was reduced 
compared to the BF. More than 25 minutes of pa-
tient’s remaining on the treatment couch was re-
ported to increase intrafractional setup error [25]. 
The SW has an advantage compared to the BF by 
reducing intrafractional setup error in SBRT, which 
required more time to deliver higher dose than 
conventional treatments.

Regarding interfractional setup error, there was 
a statistically significant difference in group mean 
in the AP direction between the SW and BF. In 
abdominal compression systems, such as the SW, 
which compress the abdomen from the anteri-
or side only, it was reported that the tumor posi-
tion was displaced in the AP direction for in-
terfractional setup errors [15, 26, 27]. Since 
the diaphragm movement is restricted by the ab-
dominal compression system, the anterior shift in 
the tumor location is due to increased chest wall 
breathing. However, Strydhorst et al. reported that 
a thermoplastic sheet restricted chest motion in AP 
directions [28]. Therefore, interfractional setup er-
ror of the SW was 0.2 mm in the anterior direction. 
On the other hand, Foster et al. detected interfrac-
tional setup errors in the posterior direction due to 
the patient’s body moving downward due to small 
leakage in the vacuum cushion and relaxation ef-
fect [29]. The setup error of the BF was 0.7 mm in 
the posterior direction due to the longer setup time 
for the BF compared to the SW, which increased 
the effect of relaxation and small leakage of the vac-
uum cushion. Although both SW and BF shifted 
less than 1 mm in the AP direction, SW and BF 
were significantly different due to the opposite di-
rection of shift.

Several papers have reported the effectiveness of 
tumor matching [30–32]. In this study, for the intra-
fractional setup error, the systematic error of trans-

location for the SW ranged from 0.7 to 1.0 mm 
and was 0.9 mm for the BF, and the random error 
ranged from 0.7 to 1.0 mm, and 1.0 to 1.1 mm, re-
spectively. For the rotational direction, the system-
atic error for the SW and BF ranged from 0.2 to 0.3° 
and 0.3 to 0.5°, respectively, and the random error 
ranged from 0.2 to 0.3° and 0.4 to 0.5°, respective-
ly. Garibaldi reported 0.7–0.9 mm, at 0.4–0.6° of 
systematic error, and 0.6–0.9 mm, at 0.4° of ran-
dom error, comparable to the current study [26]. 
Since SW has no difference in setup accuracy com-
pared to other papers and BF, it is possible to uti-
lize SW for lung SBRT with tumor matching using 
CBCT. The method of measuring intrafraction-
al setup error used in this study does not capture 
the real-time motion of a tumor during treatment, 
and was only representative of the tumor posi-
tion mid-session.  

This study indicated that the wooden base-
plate had less effect on the dose distribution than 
the carbon baseplate because of the lower absorbed 
dose. In clinical practice, it has been reported that 
a method to reduce the effect of dose absorption in 
immobilization systems on dose distribution is to 
include the immobilization system inside the dose 
calculation region [33]. However, it is difficult to 
include the immobilization systems entirely with-
in the FOV because there is a mechanical limit of 
the CT scanner. In cases where the whole of the im-
mobilization system is not included in the CT im-
age, the effect of the immobilization system on 
the dose distribution is only partially calculated 
in the TPS. It is necessary to select immobilization 
systems that have less effect on the dose distribu-
tion.

Conclusion

The wooden baseplate had lower radiation atten-
uation than the carbon baseplate. The SW, in which 
the baseplate is made of wood, provided less effect 
on the dose distribution than the carbon base-
plate in SBRT. Compared to conventional systems, 
the SW is cheaper and required less time for setup, 
and achieved the same level of setup accuracy as 
conventional systems. 
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