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ABSTRACT George’s Medical Univer-
Background: In general, radiotherapy treatment planning is performed using the (SIS LG
virtual bolus. It is necessary to investigate physical bolus in comparison to virtual
one.

Objectives: In the present study, first, radiological properties of superflab Gel
bolus and Paraffin wax bolus was investigated in terms of their relative electron den-
sity. Then, dosimetric performance of both the bolus (i.e. Gel and Parafin wax) was
compared with Virtual bolus.

Material and Methods: In This experimental study, the radiological prop-
erty of Wax and Gel boluses was investigated using two methods. In one, the relative
electron density of both the Gel and Wax boluses was calculated by measuring their
linear attenuation coefficient where in another method relative electron density was
calculated by recording their CT No directly from their CT scan. Later CT scan of
solid water slab phantom (dimension 30x30x15 c¢m?), with physical boluses (i.e. Gel
and Wax bolus) of appropriate thicknesses required to deliver a dose of 200 cGy at
D __ using4 MV, 6 MV and 15 MV photon beams, was taken. These CT data sets were
retrieved to TPS. A plan was done to deliver a dose of 200 cGy at D using Single
4 MV, 6 MV and 15 MV photon beams. Dose at depths D__, 1 cm, 2 cm, 3 cm, 4 cm
and 5 cm was recorded. Using this similar method, doses at depths viz D__, 1 cm, 2
cm, 3 cm, 4 cm and 5 cm was recorded for the Gel and Wax boluses. The differences
in dose of gel and wax bolus from virtual bolus were recorded for comparison of their
dosimetric performance.

Results: The measured (calculated) relative electron density of wax and Gel bolus
was found to be 0.958 (0.926) and 0.923 (0.907), respectively. Variation in dosimetric
performance of Gel and Wax with reference to Virtual bolus was studied. However, on
average, Gel bolus was more consistent with virtual bolus.

Conclusion: To avoid any dose difference between, delivered (using physical bo-
lus) and planned (using virtual bolus), the physical boluses should be investigated for
their dosimetric performance in comparison to virtual bolus. The results obtained and
methodology used in this study can be applied in routine radiotherapy practices.
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body [1]. The water phantom used for this
purpose is flat, homogeneous, uniform and
static in nature. However, dose distribution is
affected by the tissue inhomogeneity due to
difference in density and atomic number com-
pared to water [2]. Radiation beam incident on
an irregular or sloping surface produces tilt in
the isodose curves compared to the standard
isodose curves obtained from the flat, homo-
geneous, uniform and static water phantom.
However, the surface irregularity may lead
dose non-uniformity, which is unacceptable;
to rise within the target volume and make
OARs such as spinal cord receive excessive
irradiation [3, 4]. To deal with this problem,
a number of techniques have been devised,
including the use of bolus, wedged fields or
multiple fields and addition of bolus materi-
als or compensators. Bolus is used to enhance
the skin dose in high-energy radiotherapy [5].
One of the requirements of bolus materials is
tissue-equivalence in terms of interaction of
radiation [6]. To use the bolus as a compen-
sator, with decreased skin sparing effect, it is
placed directly on the skin. Ideally, bolus ma-
terials should be easy to produce, non- toxic,
rigid in the constituent over a periods of use,
soft to be located on the skin surface under the
beam incident. Moreover, it should provide a
homogeneous dose distribution, which covers
whole of the target volume. Some of the ma-
terials used as bolus are cotton wet, super flab
gel, wax bolus etc [7]. Due its frequent use
and important role in uniform radiation deliv-
ery to target, researchers have always tried to
find a bolus material having features such as
cost effective and easy to design according to
individual patient requirements etc [8]. Fur-
thermore, the performance of bolt material has
been found to be affected by the accuracy of
the algorithms used in the treatment planning
system, too [9].

In this present study, two popular bolus ma-
terials namely Gel Bolus and Wax bolus were
validated radiologically; then, their dosimetric
performance was compared with Virtual bolus

found in the treatment planning system.

Material and Methods

Superflab Gel Bolus

In this experimental study, superflab gel bo-
lus is available in different thicknesses, which
provide maximum dose buildup for relevant
photon energies. Since the material is imper-
ceptibly stressed by normal stresses, it does
not have to be placed or wrapped in a film to
maintain its shape.

At the option of the user, however, super-
flab may be wrapped in the disposable plastic
film for cleanliness and use, or washed with
soap and water as needed followed by an ap-
plication of talcum powder or corn starch. Su-
perflab slabs are elastic and quite flabby. The
material conforms to patient’s contour while
still maintaining good thickness uniformity.
Although Super flab exhibits very little cold
flows, it is best stored flat, not as folded.

Super flab is an oil gel; thus, it is necessary
to provide care. Since the synthetic oils can
damage plastic surfaces, particularly vinyl-
covered furniture.

Wax Bolus Material

This is a type of pattern wax with pink color.
This bolus material is available in the form of
sheet of different thicknesses. It is kept in close
contact of human skin to enhance the dose de-
position towards the anterior side of the ince-
dent beam. Wax bolus is a mixture of some
materials namely Paraffin wax (70-80%),
Bee wax (12%), Carnauba wax (2.5%), resins
(3%), and synthetic wax (2.5%). It works well
over the temperature range of 45 - 60 °C.

Methodology

The validation of two boluses (Super flab
Gel and Paraffin Wax bolus) was done using
the two methods [8-10]. In method No. 1, the
HU No. of the bolus materials was recorded
directly from their CT scan using the console
computer. In method No (2), the CT No. was
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calculated using the formula as following:
HU = 1000[(s1 - 1,/ 1] (1)
Where, p_is the measured linear attenuation
coefficient of the bolus material of thickness
x (cm) and p, is the measured linear attenu-
ation coefficient of water. The experimentally
measured p value was then used for calculat-
ing the relative electron density of the material
using equation
1= [log, (N/N)J/x @)
To measure the linear attenuation coefficient
K, an experimental setup was used as shown
in Figure 1. This setup was comprised of Co-
60 beam of dimension 2x2 cm?, to incident on
the layer of bolus material slab(s) maintained
at a distance of 100 cm. To quantify the at-
tenuation capacity of the bolus material under
interest, an ionization chamber was put at a
distance of 20 cm (distal to plane over which
bolus slabs were placed) along the central axis
of the beam. Firstly, the response of the ioniza-
tion chamber was recorded without any bolus
material and this reading of the electrometer
was given name N . After that, same amount

(a) )

of exposure was done with bolus materials slab
placed at a distance of 100 cm from source as
shown in Figure 1. The time response of the
electrometer was called N, where x=1 cm i.e.
thickness of slab. Subsequently, meter read-
ing was recorded for different slab thicknesses
with increase by one in slab each time. Dif-
ferent values of u were measured for various
thicknesses; next, the average of the p was ob-
tained. The value of p __ was also required,
as evident from equation (1), to determine CT
No. of the bolus materials of interest.

The experimentally measured attenuation
coefficient of water i.e. p_ = 0.065 cm™ was
used for calculating the relative electron den-
sity of the material (bolus) under investiga-
tion. This was repeated for both of the bolus
materials i.e. Gel bolus and wax bolus.

Moreover, performance of the bolus ma-
terials was assessed in clinical setup as well.
In which, bolus material in the form of sheet
was placed at the surface of water equivalent
slab (SSD= 100 cm) homogeneous phantom
of dimension 30 x 30 x 15 ¢cm’ as shown in
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Figure 1: Superflab Gel Bolus (a) Parafin wax Bolus (b) and Experimental setup
For the measurement of linear attenuation co-efficient (c)
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Figure 2.

Dosimetric Comparison of Virtual
Bolus and Physical Bolus i.e. Wax
bolus and Gel

A solid water slab phantom, of dimension
30x30x15 cm?, was scanned using the set-
tings as followed in real patient. Besides this,
the same phantom, with the Wax and Gel bo-
luses of thicknesses 1 ¢cm, 1.5 cm and 2.5 cm
maintained on to the surface of the phantom,
was scanned. Then these CT data sets were re-
trieved to Monaco treatment planning system
(V 5.10.04, IMPAC Medical Systems, Inc.,

Maryland Heights, MO) where contouring of
the phantom with and without bolus layer was
performed. Thus, a treatment plan was created
to record the dose deposited along the central
axis of 5x5 cm? photon beam (with gantry and
collimator angle 0°) for both the setups with
physical and virtual boluses of appropriate
thickness layers corresponding to energies
4 MV, 6 MV & 15 MV found in the LINAC
(ELEKTA Synergy). Dose of 200 cGy was
prescribed at D__; then, dose at depths of 1
cm, 2 cm, 3 cm, 4 cm & 5 cm along the central
axis were recorded in both the setups as shown
in Figures 2, 3 and 4.
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Figure 2: Dose recorded at different depths for 15 MV photon beam
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Figure 3: Dose recoreded at different depths for 6 MV photon beam
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Figure 4: Dose recoreded at different depths for 4 MV photon beam

Results

Measurement of Relative electron
density

First, validation of both the bolus materi-
als was confirmed. As described under meth-
odology in Eqn No. 2, electrometer response
N, was recorded without putting any wood
slabs as shown in Figure 1 (c). The average
value of N (over the five measurements) was
found to be 1.577 nC (N =1.577, 1.579, 1.576,
1.575; N; ... 1.577) with an exposure time

0 m

of 2 minutes (Table 1). The average value of
electrometer reading (with bolus i.e. N ) was
recorded to be 0.062 cm™ and 0.060 cm™ for
paraffin wax and superflab gel boluses, re-
spectively. The values of HU were -42.4 and
-76.9 for paraffin wax and superflab gel bous,
respectively. The relative electron density
of paraffin wax and gel bolus was 0.958 and
0.923 gm/cm?, respectively.

The measured HU No. of the wax and gel
boluses were - 42.3 and - 76.9 whereas the HU
values, which directly taken from the CT, was

Table 1: CMeter reading for the measurement of linear attenuation coefficient (p)

Meter reading ( nC)

M, mean (cm™)

Material Thickness 0.5cm 1cm
1.463 1.360

1.467 1.364

Paraffin Wax 1.470 1.361
1.465 1.365

1.463 1.362

1.470 1.370

1.480 1.373

Superflab Gel Bolus 1.472 1.365
1.475 1.368

1473 1.374

J Biomed Phys Eng 2019; 9(6)

1.5¢cm 2cm
1.272 1.195
1.270 1.192
1.271 1.198 0.062
1.273 1.196
1.273 1.195
1.273 1.201
1.275 1.209
1.270 1.208 0.060
1.276 1.210
1.272 1.204
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-74 & -93, respectively. Then after Relative
electron density of both the bolus materials
was calculated using the equation (1) & (2) as
shown in Table 2.

In addition to radiological properties of both

the bolus materials, their performance in the
routine clinical practices in terms of dosimet-
ric parameters was assessed. For this, dose
(cGy) along the central axis was recorded and
compared with the dose recorded for virtual

Table 2: Summary of the radiological parameters of wax and gel boluses

Mean HU Relative Measured Mean HU Relative
. recorded electron den- M (cm™)in measured in  electron den-
Bolus Materials ] . . .
from CT scan sity derived Telecobalt Telecobalt sity derived
[HU(CT)] from HU(CT) beam beam [HU(M)] from HU(M)
Paraffin wax -74 0.926 0.062 -42.3 0.958
Superflab Gel 93 0.907 0.060 -76.9 0.923

bolus. Dose values were recorded starting of
the phantom (i.e. top surface of the phantom)
at an interval of 1 cm up to depth of 5 cm.
Dose at depth of D__was only 200 cGy in
all the mediums, including Wax, super flab gel
and Virtual bolus. As for as dosimetric per-
formance of bolus with the change in energy
of incident beam, the highest dose difference
between the physical and virtual bolus, was
obtained for 4 MV photon beam as shown in
Figure 4. The highest difference was recorded
for the virtual and wax bolus combination.
There was not any fixed trend of variation be-
tween energy and dose difference. However,
on average, the deviation decreased with an
increase in energy over the range of 4 MV to
15 MV.

Based on the Table 2, paraffin wax has elec-
tron density close to water and Superflab gel
has lower electron density compared to paraf-
fin wax. As obvious from Table 2, the values
of HU No. recorded directly from their CT
image, were slightly higher compared to the
measured values. In addition, the standard HU
No. of the water used in this work was — 1000.

Discussion
In general, in routine radiotherapy practices,

physical bolus (Wax and Gel) has been used as
compensator to prevent from the skin sparing
effect or shift the dose deposition events (hap-
pening inside the medium) towards or onto the
skin surface by putting the appropriate thick-
ness of bolus material layer over the desired
area of the skin surface.

In the past, the thickness of bolus materials
was used to decide based on the quality of the
beam employed only. However, in the mod-
ern radiotherapy techniques such as 3DCRT,
IMRT and other highly conformal radiother-
apy techniques, the thickness of the bolus is
decided with the help of TPS.

The virtual bolus present in TPS has de-
fault relative electron density 1.0. In treatment
planning of modern radiotherapy, first, desired
dose coverage and dose distribution are final-
ized using the virtual bolus present in TPS,
provided patient was scanned without putting
the appropriate bolus. Therefore, it becomes
necessary to investigate and validate the dosi-
metric performance of this virtual bolus.

Alternatively, any difference in dosimetric
properties of the physical bolus and virtual
bolus may result in deviation of the delivered
dose from the planned dose.

In this study, physical bolus was investi-

634 \

J Biomed Phys Eng 2019; 9(6)



www,jbpe.ir

Validation of Boluses

gated in terms of CT No. and relative electron
density. Humphries et al. compared the dosi-
metric performance of super stuff and paraf-
fin wax bolus based on the measured dose at
various points inside the Rando phantom us-
ing the TLDs [7]. This measurement aimed to
validate the equivalence of paraffin wax and
super stuff since fabrication of paraffin wax
bolus is relatively found to be difficult and
time-consuming. Although, paraffin wax bo-
lus posses almost the same dosimetric proper-
ties as superflab Gel, it has not been used very
commonly because of its rigid structure that
may result in some air gaps. In this study, per-
formance of the bolus materials was assessed
by recording the dose at 6 points along the cen-
tral axis using three boluses such as superflab
gel bolus, paraffin wax bolus and virtual bolus
for photon beams of energy 4, 6 &15 MV. In
routine radiotherapy practice, as we decide the
radiotherapy planning parameters using the
TPS data, dose calculated with virtual bolus
is taken as reference in calculation of relative
performance of Wax and Gel bolus. As shown
in Figures 2, 3, and 4, there was not any fixed
trend of variation in dosimetric parameter of
bolus with energy of the photon beams used;
in addition, wax and gel bolus have been suit-
able for higher energy photon beams and low
energy, respectively.

In general, as evident from Table 3, wax
bolus is performing poorly compared to Gel
bolus. This table shows the sum of the dose

differences between virtual - wax and virtual -
Gel bolus, for the different photon beams and
depth dose points, of 92.9 ¢cGy and 55 cGy,
respectively. The highest difference in case of
Wax - bolus was contributed by 4 MV photon
beam. However, wax bolus has some exclu-
sive uses such as irradiation of penis prohib-
iting skin sparing effect, and irradiation of
structure(s) maintaining its state against grav-
ity.

In general, a virtual bolus is assigned a de-
fault electron density of 1. Also in the current
study, the density assigned to the virtual bolus
was 1 and this was done to reproduce the ac-
tual patient radiotherapy scenario in which ra-
diotherapy planning for the patient in the form
of CT scan data is performed using the virtual
bolus (default density 1) to achieve the desired
dose coverage and dose distribution. Malaescu
et al. did a study to investigate the possibility
of using the different commercial materials to
utilize as bolus material for 6 MeV and 9 MeV
electron beam radiotherapy [8].

In this study, bolus materials were investi-
gated using two methods. Other researchers
have also used the same methods for valida-
tion of the material as lung equivalence [9-11].
In accordance with the Table 2, wax bolus has
relative electron density closure to that of wa-
ter (density of virtual bolus) compared to Gel
bolus, though it produced higher dose differ-
ences.

Therefore, bolus should be checked before

Table 3: Sum of the differences of dose of same point between virtual bolus and physical bolus

6 MV 4 MV 15 MV
Wax Gel Wax Gel Wax Gel
Difference between 4.2 8 18.5 6.2 2.1 0.9
Physical bolus(s) -4.3 5.8 16.6 8.2 1.4 1.3
and Virtual bolus 2.9 5.3 13.2 75 9.2 34
3.8 3.4 16.9 0.4 0.6 -0.7
6.9 3 17.8 5 -3.8 4.1
Sum of differences 13.6 255 83 27.3 8.3 2.2
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clinical use to avoid any deviation between
delivered dose and planned dose.

Conclusion

Both Gel and wax bolus were validated ra-
diologically and dosimetrically. Wax bolus has
relative electron density close to that of water
compared to Gel bolus; however, dosimetric
gel bolus should be preferred. The method and
results obtained in this study can be imple-
mented in routine radiotherapy practices to
avoid any deviation in dose delivered com-
pared to the intended. Furthermore, before
using in patient treatment, the bolus materi-
als should be checked for their performance
in comparison to virtual bolus. In conclusion,
each new material used as bolus must be in-
vestigated for its dosimetric performance(s).
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