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Abstract Commercial plate bolus is generally used for treatment of surface tumor and required surface dose. We fab-
ricated 3D-printed bolus by using 3D printing technology and usability of 3D-printed bolus was evaluated. RT-structure of
contoured plate bolus in the TPS was exported to DICOM files and converted to STL file by using converting program.
The 3D-printed bolus was manufactured with rubber-like translucent materials using a 3D printer. The dose distribution
calculated in the TPS and compared the characteristics of the plate bolus and the 3D printed bolus, The absolute dose
was measured inserting an ion chamber to the depth of 5 em and 10 cm from the surface of the blue water phantom,
HU and ED were measured to compare the material characteristics, 100% dose was distributed at Dmax of 1.5 cn below
the surface when was applied without bolus, When the plate bolus and 3D-plate bolus were applied, dose distributed at
0.9 ean and 0.8 em below the surface of the bolus, After the comparative analysis of the radiation dose at the reference
depth, differences in radiation dose of 0.1 ~ 0.3% were found, but there was no difference dose. The usability of the
3D-printed bolus was thus confirmed and it is considered that the 3D-printed bolus can be applied in radiation therapy.
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| . Introduction

The International Commission of Radiation Units
(ICRU) recommends that 95% of the prescription dose
be distributed in clinical target volume (CTV), including
systemic error, random error, and beam penumbra, In
addition, planning target volume (PTV) includes CTV
and the motions of internal margins for organs
motion, include set—up margin for uncertainty of

ready position and recommend be delivered sufficient

homogeneous dosel1,2].

The purpose of radiation therapy is to deliver the
maximum radiation dose to the tumor and the minimize
radiation dose to normal tissue, In the high energy
radiation therapy, enough radiation dose cannot be
delivered to target or PTV in the case of treatment of
superficial tumor or diseases which need a surface
dose because of the occurrence of the skin sparing
effect, High energy radiation gives with Dmax at the
specific depth according to percent depth dose (PDD),
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The region between surfaces and Dp.x is called a
build—up region, The surface dose and skin dose
deliver a much lower radiation dose than maximum
radiation dose under the tissue because the build—up
effects[3-5].

Because of the skin sparing effect of high—energy
radiation, superficial tumors and treatments that
require a skin dose need a bolus of tissue—equivalent
material., The bolus increases the surface dose and
decreases the skin sparing effect so that sufficient
radiation can be delivered to tumors[6,7]. Types of
boluses include water, wet cotton gauze, SuperFlab,
petroleum—based, uncooked rice, paraffin wax, beeswax,
Polyflex, Elasto—Gel, thermoplastic, Super—Flex, etc,
The usability of water boluses has been confirmed
because muscle and fat tissue are equivalent material
with water, However, there are limitations of practicality,
reproducibility, and convenience in clinical,

In addition, plate boluses such as Superflab and
Super—Flex, which are commonly used in radiation
therapy, have limitations in the accuracy of the
location, shape reproducibility, and maintaining form
during the therapy period[8—10]. In recent years, 3D
printing technology has been revolutionizing design,
engineering, and manufacturing and is rapidly
expanding into the medical industry, This technology
has been transforming its applicability into the
shapes of biomedical applications in medical research
and operation simulation that can substitute tissues
and organs[11-13]. In addition, many studies have
been carried out on the production of compensator for
the dose distribution equalization and the production
of proton compensator using 3D printing technology
in radiotherapy[14—17]. This study was purpose to
evaluate the usability of a 3D—printed bolus that can
substitute for the plate bolus that are commonly used

to superficial tumor treatment and surface doses,

Il. Materials and Methods

1, Manufacturing the 3D—printed bolus

The blue water phantom (Standard Imaging, USA)
images were acquired using a CT simulator (Somatom
Definition AS, Siemens, Germany) at conditions of 120
kV, 35 mAs, 3 mn slice thickness, and 1,0 pitch, The
scanned images were registered in the radiation
treatment planning system (TPS, MONACO Ver, 5.0,
Elekta, USA) and then the CT images and RT—structures
of contoured plate bolus were exported to Digital Imaging
and Communications in Medicine (DICOM) files.
Converting DICOM file to stereolithography (STL) file
is necessary to manufacture plate bolus using a 3D
printer, The converted STL file(A—View, Prototech) was
then entered into the 3D printer (Objet500 Connex3,
Stratasys, USA), and the 3D-printed bolus was
manufactured with rubber—like translucent materials
(1,7,7—trimethylbicyclo[2,21] hept—2—yl acrylate) [Fig,
1, 2].

The scanned images were registered in the radiation
treatment planning system and then CT images and
RT—Structures of contoured plate—bolus were exported
to DICOM files,

RTP System Bolus Data .
Bolus contouring Bolus Data Conl:rsersion 3D Printing
for RTP System Export (STL File) Bolus
(DICOM File)

Fig 1. Schematic presentation of 3D Printing System

(a) (b)

Fig. 2. Schematic presentation of (a) plat-bolus,
(b) 3D printing bolus

10 Journal of Radiological Science and Technology 43(1), 2020



Manufacturing a Functional Bolus Using a 3D printer in Radiation Therapy

2. Experimental Methods

To compare the characteristics of the plate and
3D—printed boluses, blue water phantom 1 cm slices
were stacked at a height of 20 cm and images were
acquired without applying the bolus, Images were
acquired with 1 ¢m thick plate bolus and 3D printing
bolus, respectively, CT images were registered in the
TPS, and then comparative analysis of the radiation
dose distribution was performed by calculating the
dose at conditions of 6 MV, 10 MV, 100 cGy, 0° Gantry
0°, Collimator, SSD 100 cm , filed size 10 cm X 10 cm,
grid size 0,3 cm for the Dmax, The absolute dose was
measured to confirm the dose of the reference depth,
The respective absolute dose was measured inserting
an ion chamber to the depth of 5 ¢cm and 10 ¢m from the
surface of the blue water phantom, Also, delivered 6
MV and 10 MV of 100 MU in conditions of Gantry 0°,
Collimator 0°, SSD 100 cm, field size 10 cm X 10 cm[Fig, 3],

Hounsfield units (HU) and electron density (ED) were
measured to compare the material characteristics of the
plate bolus and 3D—printed boluses with 0.8 cn' the
volume of interest (VOI) setting in the TPS

Source

— —— f=SSD

Fig. 3. Schematic diagram of absolute dose measurement
Diex : Maximum dose, D : reference depth

lIl. Results

1. Analysis of the dose distribution

By TPS calculated doses at the same condition, dose

distribution was measured at the blue water phantom

without bolus and with plate bolus and the 3D—printed
bolus, 100% dose was distributed at Dmax of 1.5 cm
below the surface when was applied without bolus,
When the plate bolus was applied, 100% dose was
distributed at 0.9 cm below the surface of the bolus, And
when the 3D printed bolus was applied, 100% dose was
distributed at 0.8 cm below the surface of the bolus,

95% dose was distributed at 3.0 cm below the surface
when was applied without bolus, When the plate bolus
was applied, 95% dose was distributed at 3.64 cm
below the surface of the bolus, And when the 3D
printed bolus was applied, 95% dose was distributed at
3.67 cm below the surface of the bolus,

90% dose was distributed at 4.18 cm below the
surface when was applied without bolus, When the
plate bolus was applied, 90% dose was distributed at
4.9 cm below the surface of the bolus, And when the
3D printed bolus was applied, 90% dose was
distributed at 4.92 cm below the surface of the
bolus{Table 1), [Fig. 4].

2. Measuring of the absolute dose

Absolute dose was measured at the reference depth
using a farmer—type ionization chamber, At the
reference depth of 5 c¢m, 6 MV and 100 MU were
measured, The absolute dose was measured 98,9 cGy
when without bolus was applied, 100.4 cGy when a
plate bolus was applied and 100.4 cGy when the 3D—
printed bolus was applied, At the reference depth of
10 cm, 6 MV and 100 MU were measured, The absolute
dose measured 97.1 cGy when without bolus was
applied, 98.6 cGy when a plate bolus was applied and
98.3 cGy when the 3D—printed bolus was applied, At
the reference depth of 5 c¢cm, 10 MV and 100 MU were
measured, The absolute dose was measured 98.4 cGy
when without bolus was applied, 100.3 cGy when a
plate bolus was applied and 100.3 cGy when the
3D—printed bolus was applied,

At the reference depth of 10 cm, 10 MV and 100 MU
were measured, The absolute dose was measured 97 4
c¢Gy when without bolus was applied, 98,7 ¢cGy when a
plate bolus was applied, and 98 4 cGy when the
3D—printed bolus was applied{Table 2).
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3. Comparing the characteristics of the bolus
materials

The wvalidity of the materials was investigated
by comparing the material characteristics of the

manufactured 3D—printed bolus, plate bolus, and blue

water phantom, HU and ED were measured in TPS by
set up VOI, As result, average ED on the blue water
phantom slide was 21 and the standard deviation was
34. The average ED on the blue water phantom slide
was 1,030 and the standard deviation was 0,042, The

Table 1, Distance from Dmax to 100%, 95%, 90% isodose line (unit cm)
With out bolus With plate-bolus With 3D printing bolus
100% 0.5 1.6 1.7
95% 1.5 1.14 1.17
90% 2.68 23 2.3

(@) (b)

Fig, 4, Distributions of calculated dose (a) without bolus (b) with plate-bolus (c) with 3D printing plate-bolus, Isodose distribution
of red line is 100% and orange line is 95%, yellow line is 90%, light green line is 80%, sky blue line is 60%, blue

is 50%, navy blue line is 30%,

(©)

Table 2, Comparison of dose for blue water phantom at reference depth (unit cGy)
With out bolus With plate-bolus With 3D printing bolus
6 MV 10 MV 6 MV 10 MV 6 MV 10 MV
5 98.9 98.4 100.4 100.3 100.2 100.3
10 cm 97.1 97.4 98.6 98.7 98.3 98.4

blue water phantom

plate-bolus

3D printing bolus.

1T 2=

_+
(1] ﬂ}

(a)

1.20
1.154
1.104
1.05 4

0.95

1

blue water phantom
plate-bolus.
30 printing bolus.

11

0.90 } } t

(b)

Fig. 5. The results comparison graph of (a) Hounsfield Unit (HU), (b) Electron Density (ED)
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average HU on the plate bolus slide was —12 and the
standard deviation was 0,026, The average HU on the
3D—printed bolus slide was 69 and the standard
deviation was 17, Lastly, the average ED on the
printed bolus slide was 1,052 and the standard
deviation was 0, 027[Fig. 5].

IV. Discussion

Recently, 3D printing technology has brought a
paradigm shift throughout industry and is being
called a third industrial revolution, and this technology
is rapidly expanding its application area into the
medical industry, We have evaluated the usability of
3D printed bolus to apply 3D printing technology in
the radiation therapy of clinical, We evaluated the
usability of a 3D—printed bolus through comparing
dose distribution for plate bolus and without bolus in
TPS. As result, 100% dose moved respectively 1.1 cm
and 1,2 cm at Dmax to the surface direction when plate
bolus and 3D printing bolus were applied, These
results suggest that the effects of the surface dose
increase were equal when the plate bolus and 3D—printed
boluses were applied. 95% dose also moved upward so
that a sufficient surface dose was delivered,

At the reference depths of 5 ¢m and 10 cm, 6 MV of
the absolute dose measured, respectively, 100.4 cGy
and 98,6 cGy when a plate—bolus was applied and was
measured 100,2 cGy and 98,3 cGy, also respectively,
when the 3D—printed bolus was applied, The radiation
dose difference was 0,1~0,3%, At the reference depths
of 5 cm and 10 cm, there were no meaningful differences
in absolute dose between the 6 MV and 10 MV cases
under the same condition, This result showed that the
radiation dose effect were the same with the generally
used plate bolus and the 3D—printed bolus,

HU and ED were measured by comparing the material
characteristics of the blue water phantom, plate
bolus, and manufactured 3D—printed bolus by using
VOI, In the case of HU, there was a difference between
the measured values of each, However values were

included in the range of values from water, fat and

muscle, In addition, average ED showed differences
from 2% to 5%; 1,030 for the blue water phantom,
1,001 for the plate bolus, and 1,052 for the printed
bolus, The differences were included in the range of
measurement error, and the similarity in each material’s
characteristics was confirmed, However, correcting
each material’s characteristics should be considered to

deliver accurate radiation doses,

V. Conclusions

A bolus, which is used for superficial radiation
therapy, was made by using a 3D printer, Compared with
the existing plate bolus’s usability, the 3D—printed
bolus showed the equivalent rising effect of the
surface dose and the equivalent dose effects at the
reference depths, In addition, the printed bolus
maintained the skin—sparing effect that is typical of
boluses and the surface dose increase effects, The
3D—printed bolus satisfied the role and usability
standard for boluses, With further study, it is considered

that a 3D—printed bolus could have clinical applications,
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