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a  b  s  t  r  a  c  t

Background:  Bolus  is  an  accessory  that  is directly  placed  on the surface  region  to  shift  the  radiation  dose
up  to the  skin  during  high  energy  photon  and  electron  beam  irradiations.  The  aim  of this  study  was  to
mold  the  bolus  using  natural  rubber  material  and  assess  both  the  physical  and  dosimetric  characteristics.
Materials  and  methods:  A natural  rubber  with  additional  plasticizer  material  was  fabricated  as  a  bolus
sheet.  The  physical  properties  of natural  rubber  bolus  sheets  have  been  investigated  using computed
tomography  (CT) images.  Gafchromic  EBT3  films  were  used  to acquire  the  dose  at  depth  of 0,  2, 3,  and
3.5  cm  for  the  9-MeV  therapeutic  electron  beam.  A comparison  of  our  natural  rubber  bolus  sheets  to  the
commercial  bolus  sheets  was  studied.
Results:  The  in-house  natural  rubber  bolus  sheets  with  the  thickness  of 0.32  and  0.52  cm  were  successfully
made.  Relative  electron  density  of  the two  sheets  was  consistent  with  each  other.  However,  similar  to

the  commercial  boluses,  the  natural  rubber  boluses  were  not  provided  with  the  same  CT  number  over
the  whole  sheet.  Different  bolus  material  gave  different  dose  at the  surface.  Both  material  and  thickness
of  the  bolus  showed  a stronger  impact  on the  dose  beyond  the depth  of  maximum  dose.
Conclusion:  Because  of  the density,  simple  fabrication,  and vast  availability,  natural  rubber  material  has
an effective  potential  to be used  as  a bolus  sheet  in  radiotherapy

© 2020  Greater  Poland  Cancer  Centre.  Published  by  Elsevier  B.V.  All  rights  reserved.
. Background

Electron beam irradiation in the range of 6−18 MeV  energies is
ommonly used to treat the lesion on superficial to shallow depths
n radiotherapy. It provides a uniform dose in the treatment region
nd minimizes the dose to deeper tissue. Gunhan et al1 has shown
hat the surface dose was 81.7% of the maximum dose at 9 MeV.
lacing the bolus thickness of 0.6 and 1.25 cm increased the surface
ose by about 11% and 16%, respectively.

Bolus is a tissue-equivalent material placed directly on the
atient’s skin to enhance the superficial dose and compensate the

issing tissue within the irradiated field. Ideally, the density of a

olus should be similar to water or tissue medium. It can be formed
y either a natural or synthetic material. A study of Vyas et al2 listed

∗ Corresponding author at: 154 Rama 1 Rd., Pathumwan, Bangkok 10330, Thailand.
E-mail addresses: l.apipanyasopon@gmail.com, lukkana.a@chula.ac.th

L. Apipunyasopon).

ttps://doi.org/10.1016/j.rpor.2020.06.006
507-1367/© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights res
the bolus materials and their compositions used in the field of radi-
ation therapy. Water-bag is the first material reported for bolus
during total body irradiation by Saw et al.3 At present, there are
numerous types, thicknesses and dimensions of bolus available in
the market. Superflab4 (Radiation Products Design Inc, Albertville,
MN)  is one of the commercial boluses which is composed of a syn-
thetic gel. It is designed to increase radiation dose at the surface,
and conform the patient’s contour without an air gap during both
photon and electron beam treatment. Moreover, it is provided in
several sizes and thicknesses to support dose enhancement in var-
ious treatment conditions. A typical bolus thickness combined in a
clinical radiation treatment varies form a few mm to 20 mm.  The
effect of bolus thickness on surface doses has been studied by Gun-
han et al.1 They measured the surface doses in a solid phantom
and Alderson Rando phantom by using a parallel-plate ionization

chamber and thermoluminescense dosimeter (TLD), respectively.
They found that the surface dose increased with increasing elec-
tron energies, field sizes and bolus thickness, especially for the
low-energy electron beam.

erved.

https://doi.org/10.1016/j.rpor.2020.06.006
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2020.06.006&domain=pdf
mailto:l.apipanyasopon@gmail.com
mailto:lukkana.a@chula.ac.th
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Rubber is a material that can be processed into many various
roducts. Natural rubber (NR) is a natural resource which can be
ound in the South-East Asia region.5 The chemical composition
f NR is cis-Polyisoprene. Most commercial NR is tapped from the
atex sap of a tree; Hevea brasiliensis species. Generally, the forma-
ion of rubber compound consists of 10 or more ingredients added
o prolong the deterioration and improve the properties such as
ensile, modulus, hardness, abrasion resistance, tear strength, elec-
rical conductivity, etc. The property of NR product is based on the
mount of these ingredients per total of 100 parts of the rubber.6

ecause of its superior properties and low cost, NR is mostly used to
roduce many medical products. It can be fabricated and cut into
ifferent sizes and shapes. In 2018, Supratman et al.7 succeeded

n developing bolus using NR. They found that the relative elec-
ron density and mass attenuation coefficient value of NR bolus is
imilar to water and lung tissue.

Several dosimeters can be used to measure the dose in a high
radient region in radiotherapy. Radiochromic film is one of the
osimeters widely used to measure the irradiated dose.8 It provides

 two-dimensional dose distribution with high spatial resolution
nd does not require the darkroom for processing. It has been
eveloped in various models and introduced for medical appli-
ation. Gafchromic EBT3 film is the released model suited for
igh energy photons. According to manufacturer specification,
afchromic EBT3 film can be used to measure the absorbed dose

anging from 0.2–10 Gy. The thickness of the active layer is 28 �m
andwiched between two sheets of matte-polyester substrates.9

ctually, Gafchromic EBT3 film has a similar performance as EBT2
lm that eliminated the newton rings artifact. Molina-Romero
t al.10 studied the response of Gafchromic EBT3 film irradiated in
lectron beam energy ranging from 6 to 22 MeV. The optical den-
ity obtained in the red color channel is independent from electron
eam energies for the dose between 2 and 10 Gy.

. Aim

The aim of this study was to mold the in-house bolus using
R material vastly available in our country and to determine the
hysical and dosimetric properties of NR bolus sheet.

. Materials and methods

.1. In-house bolus forming

An in-house bolus was made from NR material with additional 3
arts of aromatic oil per hundred weight of NR material. Aromatic
il is one of the plasticizer materials to accelerate the process-
ng and reduce the viscosity of rubber. NR and aromatic oil were

ixed by Magnetic stirrer with hotplate (Coming, model PC-420D)
t the speed of 800 rpm. The mixtures were molded using an alu-
inum tray size of 20 × 20 cm2. With the amount of 206 mL  of
R material and 5.7 g of aromatic oil, the bolus thickness of 0.5 cm
as produced. The 0.7 cm thickness of bolus was created by using

75 mL  of NR material and 7.6 g of aromatic oil. The samples were
overed with straining cloth, and left for 5 days at the room tem-
erature. After this process, the samples were inserted in a hot-air
ven (Lenton, model WF-60) and heated at 60 ◦C for 3 h to get rid
f fluids and give a lift from the tray.

.2. CT image acquisition
The physical properties of the NR and commercial bolus sheet
n terms of homogeneity, thickness, and density were assessed by
omputed tomography (CT) images. The CT images of the NR and
ommercial bolus sheet with different thickness were acquired
logy and Radiotherapy 25 (2020) 725–729

using a Philips Brilliance Big Bore 16-slice CT scanner (Philips
Healthcare, Amsterdam, Netherlands) with a slice thickness of
3 mm.  During the image acquisition, all of bolus sheets were placed
on a foam surface 10 cm in thickness. Scanning parameters were set
to 120 kV X-ray beam with 250 mA and obtained over the whole
volume of bolus sheet. The thickness of bolus sheet was mea-
sured in the transverse view. In the coronal view, the region of
interest (ROI) size of 100 mm2 was drawn on the bolus images
to gain the CT number and assess the uniformity. Relative elec-
tron densities of a bolus sheet as a function of the CT number were
determined from the CT scan images of various materials embeded
in the RMI  phantom11 (Gammex-RMI Ltd, model 467, Nottingham,
United Kingdom) introduced by Knoss et al.12 The CT calibration
curve is the relationship between the electron density of materials
and their corresponding CT number in Hounsfield units (HU).

To ensure the density of our NR bolus sheet, we  compared the
obtained electron density with that from the equation proposed
by Martinez et al.13 This equation calculated the relative electron
density values from the CT number as given by

�e = (HU + 1000)/1000 where; -1000 = HU = 47 (1)

where pe is the relative electron density and HU is Hounsfiled units
for the different materials.

3.3. Gafchromic EBT3 film measurement

Each sheet of nominal Gafchromic EBT3 film9 size was cut into
the dimension of 5 × 3 cm2 for irradiation with the 9 MeV  ther-
apeutic electron beam collimated using a 10 × 10 cm2 electron
applicator from a Varian Clinac 21EX linear accelerator (Varian
Medical Systems, Palo Alto, USA). All pieces of Gafchromic EBT3
film were taken from the same lot (#A02271802, Expiry: February
2020) and scanned using an Epson Perfection V800 Photo flat-based
scanner (Seiko Epson Corp., Nagano, Japan). For practical reasons,
a 92 h delay from irradiation to read-out have been selected in our
study to ensure the accuracy of optical density better than 0.2%.14

All pieces of film were placed in the center of the scanner and
scanned using the Epson scan software operating in the RGB (Red
Green Blue) transmission mode without color correction. All digital
images from the pre- and post-irradiation were obtained at a reso-
lution of 150 dpi, saved in 48 bit tagged image file format (TIFF).15

These images were imported into ImageJ software version 1.52a
(National Institute of Health, Bethseda, USA) to read out the pixel
values in the red color channel using a ROI size of 15 × 15 mm2

as recommended by Moylan et al.16 For each piece of the film, net
optical density (ODnet) values were determined by the following
relationship17

ODnet = log10

(
PVun exp/PVexp

)
(2)

where PVunexp and PVexp represent pixel value measured for unex-
posed and exposed films, respectively.

Each piece of the film was placed in a 30 × 30 × 14.5 cm2 solid
water slab phantom (Gammex467; Gammex Inc., Middleton, WI,
USA). To create the film calibration curve, Gafchromic EBT3 films
were irradiated to the doses ranging from 0 to 5 Gy at the depth of
maximum dose for the 9-MeV electron beam with the applicator
size of 10 × 10 cm2. The pixel values for each irradiated dose were
converted to the net optical density (ODnet). The ODnet values were
plotted against the delivered dose.

To investigate the dose attenuation of the NR bolus, film pieces
were placed at the depths of 0, 2, 3 and 3.5 cm in a solid phan-
tom at a source to surface distance (SSD) of 100 cm. Three repeated

measurements were made to obtain the dose at each condition.
The measured doses were compared with two  commerical boluses;
Superflab and tissue-equivalent (TE) gel bolus (CIVCO Radiother-
apy, Iowa).18 These two  bolus materials are routinely used to
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Fig. 1. Dried NR bolus sheet with the thickness of 0.32 and 0.52 cm.

Table 1
The Hounsfield units of different bolus types on the CT image. Each location was measured using an area of 100 mm2.

Location (X,Y) Bolus material

NR (∼0.3 cm)  NR (∼0.5 cm)  Superflab (0.3 cm) TE gel (0.5 cm)

Center (0,0) −161.7 ± 2.8 −169.5 ± 2.3 −152.7 ± 2.5 −19.2 ± 5.9
5  cm off axis in X or Y direction
(0,+5) −155.7 ± 3.1 −165.7 ± 2.3 −156.9 ± 2.5 −10.2 ± 3.0
(0,-5)  −159.2 ± 2.7 −155.7 ± 2.2 −167.0 ± 5.1 −15.7 ± 6.3
(+5,  0) −131.8 ± 1.7 −147.2 ± 3.5 −114.0 ± 3.5 −30.3 ± 9.6
(-5,0)  −168.3 ± 2.5 −141.2 ± 3.1 −166.4 ± 5.2 −17.3 ± 3.7
5  cm off axis in both X and Y direction
(+5,+5) −133.1 ± 2.1 −146.9 ± 2.4 −100.5 ± 4.5 −30.6 ± 6.3

 ± 2.7 −118.6 ± 4.8 −32.2 ± 7.5
 ± 3.5 −126.3 ± 3.2 −18.7 ± 9.6
 ± 2.8 −132.2 ± 3.9 −23.2 ± 7.1
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Table 2
The average CT number and relative electron density of the NR and commercial
bolus.

Bolus Average CT number Relative electron density

(HU) Calibration curve Martinez et al.13

∼0.3 cm NR −150.51 ± 14.71 0.8561 0.8495
∼0.5  cm NR −152.12 ± 10.37 0.8548 0.8479
0.3  cm Superflab −137.18 ± 24.35 0.8668 0.8628
0.5  cm TE gel −21.93 ± 7.65 0.9590 0.9781
(+5,  −5) −129.7 ± 1.6 −142.5
−5,  −5) −158.3 ± 2.3 −156.9
(−5,+5)  −156.8 ± 2.6 −143.5

ncrease the surface in clinical radiotherapy. There were four con-
itions for Gafchromic EBT3 film irradiation: 1) without bolus
aterial placed on the anterior surface of the solid phantom; 2)
ith 0.3 cm thick Superflab bolus; 3) with 0.5 cm thick TE gel bolus;

) with ∼0.3 and ∼0.5 cm thick NR bolus. For each setup, 15 pieces
f films were irradiated at the dose of 3 Gy with the dose rate of
00 MU/min.

. Results

The successfully made NR bolus with two thicknesses was pre-
ented in Fig. 1. The surface is flat in most of the area except near the
dge. Air bubble is not seen on the surface. After the bolus sheets
ecome dried and hardened, they were kept in a square shape but
he thickness of bolus sheet shrank from 0.5 and 0.7 cm to 0.32 and
.52 cm,  respectively.

The CT number for the NR and commercial bolus on various
ocations is presented in Table 1. At the center, the NR bolus with
ifferent thickness, i.e. ∼0.3 and ∼0.5 cm,  had a consistent CT num-
er of -161.7 ± 2.8 HU and -169.5 ± 2.3 HU, respectively. The CT
umber at the center of Superflab and TE gel bolus was -152.7 ± 2.5
U and -19.2 ± 5.9 HU, respectively. We observed that the CT num-
er on both NR and commercial bolus at each location was  not
learly the same. For ∼0.5 cm NR bolus, the high CT number was
ound at 5 cm off-axis in the X or/and Y direction, while the low
T number was found at the center. The same results were also
bserved with the ∼0.3 cm NR bolus. For TE gel bolus, the highest
nd lowest CT number was found at 5 cm off-axis in the Y direction
nd 5 cm off-axis in both X and Y direction, respectively.

Table 2 shows the value of average CT number and relative elec-
ron density of the NR and commercial bolus. Comparing with the
verage CT number, the maximum differences of the CT number
btained from the NR bolus with the thickness of ∼0.3 and ∼0.5 cm

ere 20.81 HU and 17.38 HU, respectively. The largest deviation of

he CT number was found in the 0.3 cm Superflab bolus.
From the CT dataset of RMI  phantom, the calibration curve was

reated as illustrated in Fig. 2. The relative electron densities of
Fig. 2. CT calibration curve for determining the relative electron density of bolus
sheet.

both NR and commerical bolus were investigated using Fig. 2 and,
also, by Eq. (1). From the calibration curve, the relative electron
density of NR bolus with ∼0.3 and ∼0.5 cm thickness also pre-
sented in the similar values, i.e. 0.8561 and 0.8548, and close to
that of Superflab bolus. The relative electron densities varied rang-

ing from 0.8471 to 0.8711 for ∼0.3 cm NR bolus, and from 0.8409
to 0.8635 for ∼0.5 cm NR bolus. As presented in Table 2, the val-
ues of relative electron density calculated using the method of
Martinez et al.13 were lower than that of the calibration curve
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Table 3
The absolute and percentage surface dose obtained using Gafchromic EBT3 film for the 9 MeV  electron beam with a cone size of 10 × 10 cm2.

Surface dose Without bolus NR bolus Superflab bolus 0.3 cm TE gel bolus 0.5 cm

∼0.3 cm ∼0.5 cm

2.84 ± 0.01 2.75 ± 0.01 2.76 ± 0.06
93.48 90.54 91.05
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Fig. 3. The percentage dose at the depth of 2.0, 3.0, and 3.5 cm obtained from the
NR  and commercial bolus.
Absolute dose (Gy) 2.36 ± 0.08 2.71 ± 0.03 

Relative  dose (%) 77.79 89.11 

or both NR and Superflab bolus. Only the TE gel bolus, the rela-
ive electron density derived from Eq.(1), were higher than that
rom the calibration curve, because of the effect of selected kilo-
oltage during image acquisition.11 Changing the kilovoltage peak
ill alter the beam penetration, and this affected its attenuation

n the medium. The relative electron density of these bolus mate-
ials was not similar to that of water. The densities of the NR and
uperflab bolus were closed to the adipose tissue, while the den-
ity of TE gel bolus was ∼0.96 that is equal to the density of breast
issue.11

The unknown doses at the depth of 0.0, 2.0, 3.0, and 3.5 cm in
ach studied conditions were obtained by polynomial fitting on
he ODnet obtained from the red color channel. With the red color
hannel, the difference of percentage dose from the measurement
nd the calibration curve at the 2 cm depth was about 3%, which is
onsistent with the study of Kairn et al.19 The absolute dose (AD)
an be written as in Eq (3).

D = 4783.8(ODnet)2 + 837.7 (ODnet) + 0.8202 (3)

here AD is the absolute dose value in the unit of Gy and ODnet is
he net optical density.

Table 3 shows the surface doses measured by Gafchromic EBT3
lm for the 9 MeV  electron beam at the various conditions. The
ose at the surface was mainly absorbed by bolus. A thicker bolus
bsorbed more electron beam than a thinner one. With the ∼0.3 cm
R bolus and 0.3 cm Superflab bolus, the percentage surface dose
as equal to 89.11% and 90.54%, respectively. The percentage sur-

ace doses with the ∼0.5 cm NR bolus was about 93.48%. As shown
n Table 3, the bolus thickness of 0.3 and 0.5 cm cannot increase
he percentage surface dose up to 100% of the maximum dose for
he 9 MeV  electron beam. Compared with no bolus condition, the
urface doses increased to ∼12% with the ∼0.3 cm NR bolus and
.3 cm Superflab bolus, while the surfaces doses increased to 13%
nd 15% with the 0.5 cm TE gel bolus and ∼0.5 cm NR bolus, respec-
ively. From the result, it shows that the surface doses were greatly
ependent on the bolus thickness. Furthermore, the NR bolus gave

 higher dose at the surface region than the TE gel bolus when com-
ared with the same thickness. The different bolus density also gave
ifferent surface dose.

Using the bolus thickness of 0.3 cm,  the dose at maximum depth
ncreased with the ratio of 1.29 and 1.154 for NR and Superflab
olus. While the doses at the 3 cm depth beyond the surface region
ecreased with the same ratio. The effect of bolus greatly presented
t deeper depths as shown in Fig. 3. The dose differences between
he ∼0.3 cm NR bolus and 0.3 cm Superflab bolus were mostly less
han 1% except the 3.5 cm depth beyond the surface region. While
he dose differences between the ∼0.5 cm NR bolus and 0.5 cm TE
el bolus at the depth of 2.0, 3.0, and 3.5 cm were equal to 4%, 8%,
nd 7%, respectively.

. Discussion

The bolus fabricated by NR material was first introduced by

upratman et al.7 The relative electron densities of our NR bolus
ere different from the previous study, because of the rubber types

nd the elemental compositions. In the study of Supratman et al.,7

he bolus sheet was made from NR with additional 90% of formic
acid and the relative electron density was equal to 0.893. When
the bolus sheets become dried, they were shrunk in all directions.
The edge of NR bolus sheets were more shrunk than the center of
NR bolus sheets, because of the difference of thermal expansion
coefficient between the rubber and aluminum mold.20 Variations
of bolus thickness and bolus density were observed. We  found that
the thicker bolus sheets were more uniform than the thinner bolus
sheets as shown in Table 1. The deviations of CT number varied
more than 20 HU in both ∼0.3 cm NR bolus and 0.3 cm Superflab
bolus, because the ROI size of 100 mm2 is too large to collect the
Hounsfield units in the thinner bolus thickness.The relative elec-
tron density of our study was mostly in good agreement with the
method of Martinez et al.13 as shown in Table 2.

Variations in the CT number and relative electron density of the
bolus sheet represented the differential attenuation of the elec-
tron beam. The amount of beam attenuation depended on bolus
thickness, bolus type and bolus density as presented in Table 3. As
the bolus thickness increased, more electron beams were attenu-
ated. The doses were shifted toward the surface as much as the
bolus thickness used. Higher surface doses were found for a thicker
bolus sheet. The ∼0.5 cm NR bolus and 0.5 cm TE gel bolus may have
the same thickness, but the composition will be different. The NR
is composed of hydrocarbon, carbohydrate, protient, lipid, organic
acid, mineral, and water.21 For the TE gel bolus, the content of water
was higher, the values of CT number close to 0 HU as shown in
Table 1. The NR bolus was  more densely packed and, therefore,
attenuated the dose more than TE gel bolus. For the Superflab bolus,
it was composed of a synthetic oil gel. Superflab bolus had the
same relative electron density as NR bolus, but they differed in the
compactness.

Because of the depth dose charactetistic of the electron beam,
the doses rapidly fell off at the depth apart from the therapeutic
range. Lower deeper doses are found for a thicker bolus thickness.
The highest dose difference at the 3.5 cm depth was  found between
the ∼0.5 cm NR bolus and 0.5 cm TE gel bolus as shown in Fig. 3. The
bolus density strongly impacted the doses at the depth beyond the

surface region.
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20. Coefficient of thermal expansion for various materials at different temperatures.;
2004 https://www.balseal.com/wp-content/uploads/2019/06/Coefficient Of
Thermal Expansion Of Bal Seal MaterialsTR 18.pdf [accessed 25 June 2004].

21.  Jacob JL, d’Auzac J, Prevot JC. The composition of natural latex from Hevea
L. Apipunyasopon et al. / Reports of Practica

. Conclusions

An advantage of radiotherapy bolus fabricated by NR mate-
ial was homogeneous, compatible density, and availability in our
ountry. The relative electron densities of the NR bolus were very
imilar to that of the Superflab, but differed from that of the TE
el. By placing the different thickness and material of bolus on the
nterior surface of the medium, the surface dose and dose at the
elevant depths were modified. The differences of the surface dose
nd dose at the deeper depth between the ∼0.5 cm NR and 0.5 cm TE
el bolus were observed. Dosimetrically, the strong effect of bolus
hickness and material showed in the rapid fall-off region of the
herapeutic electron beam.
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