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Influence of Air Gap under Bolus in the Dosimetry of a Clinical
6 MV Photon Beam
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Aim: In some situations of radiotherapy treatments requiring application of tissue-equivalent bolus material (e.g., gel bolus), due to material’s
rigid/semi-rigid nature, undesirable air gaps may occur beneath it because of irregularity of body surface. The purpose of this study was to
evaluate the dosimetric parameters such as surface dose (D,), depth of dose maximum (d ), and depth dose along central axis derived from the
percentage depth dose (PDD) curve ofa 6 MV clinical photon beam in the presence of air gaps between the gel bolus and the treatment surface.
Materials and Methods: A bolus holder was designed to hold the gel bolus sheet to create an air gap between the bolus and the radiation field
analyzer’s (RFA-300) water surface. PDD curves were taken for field sizes of 5 cm x 5 cm, 10 cm x 10 cm, 15 cm x 15 cm, 20 cm X 20 cm,
and 25 cm x 25 cm, with different thicknesses of gel bolus (0.5, 1.0, and 1.5 cm) and air gap (from 0.0 to 3.0 cm), using a compact ionization
chamber (CC13) with RFA-300 keeping 100 cm source-to-surface (water) distance. The dosimetric parameters, for example, “D_,” “d__ > and
difference of PDD (maximum air gap vs. nil air gap), were analyzed from the obtained PDD curves. Results: Compared to ideal conditions of
full contact of bolus with water surface, it has been found that there is a reduction in “D_” ranging from 14.8% to 3.2%, 14.9% to 1.1%, and
12.6% to 0.7% with the increase of field size for 0.5, 1.0, and 1.5 cm thickness of gel boluses, respectively, for maximum air gap. The “d__”
shows a trend of moving away from the treatment surface, and the maximum shift was observed for smaller field size with thicker bolus and
greater air gap. The effect of air gap on PDD is minimal (<1%) beyond 0.4 cm depth for all bolus thicknesses and field sizes except for 5 cm
x 5 cm with 1.5 cm bolus thickness. Conclusions: The measured data can be used to predict the probable effect on therapeutic outcome due
to the presence of inevitable air gaps between the bolus and the treatment surface.
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gaps may alter the “D ” value, adversely affecting the treatment
outcome. The D_due to bolus-emitted electrons depends on the
energy of the photon, presence and dimensions of air gaps, field
sizes, and bolus thickness.["'!I Effect of bolus without air gaps

INTRODUCTION

In some clinical radiation oncology treatments involving
megavoltage (MV) photon beam, it is important to use tissue-
equivalent material (bolus) on treatment surface to enhance the

surface dose (D) if the tumor or fungating lymph node extends
upto the skin.!'l Precise measurement of “D_” will provide
useful information for clinical use, to prevent superficial and
near-surface recurrences (e.g., subcutaneous recurrence of
tumor and flap recurrences in postoperative head-and-neck
cancer patients) while reducing extreme skin toxicity at the
same time.">3) Because of the rigid/semi-rigid nature of the
bolus and irregularity of body surface of the patient in the
treatment region (especially in head-and-neck or chest wall
irradiation), inadequate uniform contact with the skin surface
may occur during bolus application, which may create small
air gaps of the order of a few millimeters below it."*! Such air
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ona D_is well documented in high-energy photon beams.!">"*!

Apipunyasopon et al.’ investigated the central axis percentage
depth dose (PDD) of 6 MV photon beam in the buildup region
and “D_” using four different detectors (CC13 ionization
chamber, P-type photon semiconductor dosimeter, Markus
chamber, and thermoluminescence dosimeter) in Blue Phantom
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radiation field analyzer (RFA) and compared their results with
Monte Carlo simulations.

Khan et al.!7 investigated the influence of air gaps
(0f'0.0-5.0 cm) on “D_” and depth of dose maximum (d__ ) in
a solid water phantom using Gafchromic® EBT films under
6 MV photon beam for different field sizes using 1.0 cm
thickness bolus. Chung et al.[! used the Markus chamber,
metal-oxide—semiconductor field-effect transistor (MOSFET)
to analyze the D_effects in the presence of air gaps (0.2, 0.5, and
1.0 cm thickness) below the bolus (0.5 and 1.0 cm thickness),
and detector in oblique photon beam incidence. The dose
variations were demonstrated for different field sizes of 6 MV
and 15 MV photon beams at 100 cm source-to-surface distance
(SSD). Sroka et al.™ studied the influence of the bolus—surface
distance on the dose distribution in the buildup region using
Markus chamber with 1.5 cm and 2.5 cm thickness of bolus
for 6 MV and 15 MV photon beams, respectively. Sharma
and Johnson,' investigated the influence of air gap (up to
3.0 cm thickness) under the bolus of thickness 0.5 and 1.0 cm
on dose perturbation at skin surface, for different energies of
electron beam with various field sizes. Kong and Holloway, '
investigated the effect on the central axis dose distribution of
electron beams with semi-infinite air gap between the gel bolus
and the water surface, using a locally fabricated bolus holder
that was fitted to the RFA.

As can be inferred from literature survey, not all authors have
addressed the issues of field sizes, bolus thickness, and air gaps
in a systematic ascending or descending order; in some of these
studies, the dimensions of several of these parameters which
are of significant practical clinical relevance have not been
taken into account at all. Hence, there is a need to examine the
effect of air gap under bolus on clinical photon beam dosimetric
parameters, under which the data collected can be useful in
determining the impact of unavoidable air gaps between bolus
and patient, influencing the radiotherapy treatment outcome.
Our study aims at seeking a consolidated answer to all these
cumulative shortcomings and comes up with a data set that
shall be relevant for nearly all common clinical scenarios. The
aim of this study is, therefore, to investigate the influence of
central axis dosimetric parameters of 6 MV photon beam such
as D, depth of d , and PDD in the presence of air gaps that
occurred between the bolus and the treatment surface.

MAaTeriALS AND METHODS
Subjects of study

To assess the effect on central axis dose parameters by
varying air gap between bolus and treatment surface, a
series of experimental steps were undertaken in this study.
Measurements were performed using two calibrated ionization
chambers (Model CC13, from IBA Dosimetry, Germany)
as reference and field detectors in RFA (Model RFA-300,
IBA Dosimetry GmbH, Schwarzenbruck, Germany) and
software (OmniPro-Accept v7, IBA Dosimetry GmbH,
Schwarzenbruck, Germany), under 6 MV medical linear

accelerator (Model: Compact, Elekta Ltd., Crawley, UK),
maintaining source-to-water surface distance as 100 cm. The
machine was calibrated to deliver 1 cGy/MU for a field size
of 10 cm x 10 cm with a dose rate of 350 MU/min using
the calibration conditions stated in the International Atomic
Energy Agency dosimetry code of practice (TRS-398).1%
Commercially available Superflab bolus (a flexible tissue-
equivalent material made from proprietary synthetic
gel, p = 1.03 g/cc) sheets of thickness 0.5, 1.0, and 1.5 cm
(size 30 cm % 30 cm) were used. An in-house bolus holder with
height-adjustable mechanism was designed and fabricated to
facilitate measurements with different air gap sizes between
the bolus and the water phantom surface which can be fitted
on top of the RFA-300. Figure 1 shows the schematic diagram
of experimental measurement setup.

Design and fabrication of bolus holder with height
adjustable mechanism

The bolus holder consisted of four major components that
included an acrylic plate, acrylic spacers, threaded rods, and
wooden bars. The acrylic plate is 0.2 cm thick, with dimension
of 35 cm X 35 cm with a cutout of size 25 cm x 25 c¢cm at its
center, and is held with the help of 4 threaded rods attached to
the wooden frame. A thin transparent Mylar sheet (polyester
film or plastic sheet about 100-micron thickness) is fitted
around the middle open portion of acrylic sheet to provide
stiff support when bolus sheet is placed on top of it. Figure 2
shows the schematic diagram (design) showing the wooden
frame assembly. The bolus holder’s wooden bars fastened to
the water tank ends are to be mounted on top of the RFA-300,
holding the acrylic plate with gel bolus. The panel can be
raised from the water phantom surface with the help of acrylic
spacers placed on top of wooden bars along rods [Figure 2],
so that an air gap could be created between the bolus and the
water phantom surface. A summary of materials employed in
this study are mentioned in Table 1.

Depth dose measurements with bolus and air gap
Field and reference detectors (CC13) were placed inside RFA-
300 with the fabricated bolus holder assembly fixed on top of

6 MV Linac
Head

cm SSD

Ionization Chamber
(Reference detector)
Bolus holder —p ——

Bolus.

Air gap

Water Phantom Tonization Chamber
Surface [T (Field detector)

Central axis

RFA-300 [
Controller box

‘Water Phantom —»

RFA-300

OmoniPro Software

Figure 1: Schematic diagram of the measurement setup
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Figure 2: Schematic diagram showing perspective view of wooden frame
(with dimensions), to be mounted on top of RFA-300, carrying the acrylic
plate (having middle opening) held with threaded rods. Acrylic spacers (of
thickness 1.0/2.0/3.0 cm) on top of wooden frame fixed along length of
rod provided air gap between the gel bolus and the water surface when
gel bolus sheet (of thickness 0.5/1.0/1.5 cm) was placed on top of plate

Table 1: A summary of materials employed in this study

Linear accelerator Elekta compact (# 20177)
Photon energy 6 MV
Radiation field analyzer RFA-300

Detectors CCI13 (Field and Reference)
Software OmniPro v. 7
Gel bolus (Superflab) 0.5, 1.0, and 1.5 cm;p=1.03gm/cc

thicknesses; density
5x%5,10%10, 15 x 15,20 x 20, and 25 x 25 cm?
1.0, 2.0 and 3.0 cm.

Field sizes
Air gap thicknesses

it, as shown in Figure 3a. With this setup, central axis depth
dose measurements were carried out, using OmniPro-Accept
software, at a 0.25 cm step increment from the depth of 20 cm
to the surface of water phantom for field sizes of 5 cm x 5 cm,
10cm*x 10cm, 15ecm X 15 cm, 20 cm x 20 cm, and 25 cm x 25
cm, with no bolus, 0.5, 1.0, and 1.5 cm thicknesses of gel bolus
sheets providing an air gap (of thickness 0, 1.0, 2.0, and 3.0
cm) between bolus and water surface. The experimental setup
under 6 MV linac (RFA-300 having bolus holder assembly and
detectors) is shown in Figure 3b.

Depth dose curves were normalized to its maximum readings.
Parameters such as D, depth of maximum dose (d__ ), and
dose values till 10 cm depth from the PDD curves were noted.
As the measurements were performed with CC13 ionization
chamber, to correct for overestimation of D_(for without bolus
condition), a detector correction factor (C,) is multiplied to the
obtained “D_” values, as suggested by Apipunyasopon et al.*
The correction factor “C, (L)” is calculated using the empirical
relation (Equation 1).

Figure 3: (a) Wooden frame with acrylic plate holding gel bolus sheet fitted
on top of RFA-300 with CC13 (field and reference) detectors fixed inside.
(b) Experimental setup with RFA-300 having wooden frame under 6 MV
linac to determine the influence on dosimetric parameters along the central
axis in the presence of air gap between the bolus and the water surface

C(L)y=a (L}+b (L)+d, (1)

where C, (L) is the correction (labeled by an index “i”)
which is a function of the length of square field’s side (L)
and a, b, and d, are arbitrary constants which depend on
the type of detector. For CC13 ionization chamber, these
constants were a, = —0.0002, b, = 0.0198, and d, = 0.1091,
and the obtained “C.” values for the field sizes 5 cm x 5 cm,
10cm x 10 cm, 15 cm x 15 ¢cm, 20 cm % 20 cm, and 25 cm
x 25 cm were 0.2031, 0.2871, 0.3611, 0.4251, and 0.4791,
respectively.

ResuLts

Effect on surface dose for different air gaps, bolus
thicknesses, and field sizes

Figure 4 shows the measured PDD curves of 6 MV photon
beam for field size (a) 5 cm x 5 cm and (b) 25 cm x 25 cm
obtained under no bolus condition and with 0.5 cm, 1.0 cm,
and 1.5 cm gel bolus sheets without (0.0 cm) and maximum
(3.0 cm) air gap below bolus and water surface of RFA-300.

Table 2 illustrates the percentage D, values without and with
the presence of air gaps between different thicknesses of gel
bolus and water surface of RFA-300, obtained from central axis
PDD curves for different field sizes of 6 MV photon beam. The
corrected “D_” values (for no bolus and with 0 cm air gap) for
field sizes 5cm x 5 cm, 10 cm x 10 cm, 15 cm X 15 c¢cm, 20
cm % 20 cm, and 25 cm x 25 ¢cm were 9.9%, 15.6%, 21.6%,
27.2%, and 32.4%, respectively.

For a specific field size, the reduction in “D” (i.e., the
difference of “D_” value without and with air gap) was observed
with the increase of air gap from 0 to 3.0 cm irrespective of
bolus thickness. This reduction for maximum air gap of 3.0 cm
for 0.5, 1.0, and 1.5 cm thick gel boluses was 14.8%, 14.9%,
and 12.6% (for 5 cm x 5 cm); 6.6%, 4.9%, and 3.4% (for 10 cm
% 10 cm); 4.4%, 2.5%, and 1.3% (for 15 cm % 15 cm); 3.7%,
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Figure 4: Percentage depth dose curves of 6 MV photon beam for field
size (a) 5cm x 5 cmand (b) 25 cm x 25 cm obtained under no bolus
condition and with 0.5 cm, 1.0 cm, and 1.5 cm gel bolus sheets without
(0.0 cm) and maximum (3.0 cm) air gap below bolus and water surface
of RFA-300

1.6%, and 1.2% (for 20 cm % 20 cm); and 3.2%, 1.1%, and
0.7% (for field size 25 cm x 25 cm), respectively.

From these values, the maximum reduction in the “D” was
observed with smaller field size and was minimal for larger
field sizes irrespective of bolus thickness and air gap.

Depth of dose maximum in the presence of air gap
Table 3 shows thed  values (in cm) in the presence of air gaps
between different thicknesses of gel bolus and water surface of
RFA-300, obtained from central axis PDD curve for different
field sizes. It is observed that d___ was shifting away from
surface with increase of air gap under specific thickness of
bolus and field size. This shift (i.e., the difference of d __value
without and with maximum air gap) for 0.5, 1.0, and 1.5 cm
thick gel boluses was 0.1, 0.4, and 0.6 (for 5 cm % 5 cm); 0.1,
0.2, and 0.4 (for 10 cm x 10 cm); 0.1, 0.4, and 0.3 (for 15 cm
x 15 cm); 0.1, 0.4, and 0.3 (for 20 cm % 20 cm); and 0.2, 0.3,
and 0.3 (for field size 25 cm x 25 cm), respectively. From these
values, the maximum shiftin thed _was observed for smaller
field size with thicker bolus and greater air gap. However, with
increase of field size, the d  _was moving toward the surface
irrespective of bolus thicknesses and air gap.

Effect of air gap on percentage depth dose
The influence of air gap on PDD up to 10 cm depth was
noted for varied bolus thicknesses and field sizes. Figure 5a-c

Table 2: Surface dose (D ) values (%) in the presence
of air gaps under different thicknesses of gel bolus and
water surface of radiation field analyzer-300, obtained
from central axis depth dose curve of 6 MV clinical
photon beam for different field sizes

Bolus
thickness (cm)

Field size Air gap (cm) Reduction

©m) 90 10 20 30 MDD
No bolus 5x5 48.7 9.9* - - - -
10 x 10 54.2 15.6* - - - -
15x15 599 21.6* - - - -
20x20 64.1 27.2* - - - -
25 x25 67.7 324* - - - -
0.5 5x5 92.0 87.0 83.6 77.2 14.8
10 x 10 93.9 90.0 88.9 87.3 6.6
15 x 15 95.3 92.1 91.5 90.9 4.4
20 x 20 96.6 94.0 934 929 3.7
25 %25 97.4 95.1 945 942 32
1.0 5x5 99.4 97.3 924 84.5 14.9
10 x 10 99.8 98.2 974 949 4.9
15 x 15 99.9 99.2 984 974 2.5
20 x 20 99.9 99.4 99.0 98.3 1.6
25 x 25 99.9 99.8 99.3 98.8 1.1

1.5 5x5 99.8 99.1 952 872 12.6
10 x 10 99.9 99.5 952 96.5 3.4
15 %15 99.8 99.7 99.2 98.5 1.3
20 x 20 100.0 99.9 994 98.8 1.2

25 x 25 99.9 100.0 99.5 99.2 0.7

*Value after application of correction factor (C, [L]),* **Value obtained
by subtracting the D_ value without (0.0 cm) and with 3.0 cm air gap

represents the graphical representation of the difference of
PDD (with 0.0 cm and 3.0 cm air gap) below the 0.5, 1.0, and
1.5 cm of gel bolus, respectively. These graphs represent the
reduction in PDD for maximum air gap of 3.0 cm under gel
bolus for different field sizes. The maximum reduction was
observed in the first few millimeters for all field sizes and is
predominant for smaller field size. As seen from these graphs,
for the field size 5 cm x 5 c¢m, the difference of PDD values
was 15%—1.1% up to the depth of 0.6 cm, 14.9%—2.3% up to
the depth of 0.4 cm, and 12.5%—1.9% up to the depth of 10.0
cm with 0.5, 1.0, and 1.5 cm gel bolus, respectively.

Furthermore, as observed, the effect of air gap on PDD is
minimal (<1%) beyond 0.4 cm depth for all bolus thickness
and field sizes except for 5 cm x 5 cm with 1.5 cm bolus
thickness [Figure 5c].

Discussion

In this study, the influence of air gap between bolus and surface
on central axis dosimetric parameters, for example, D , depth
of d_ , and dose at shallow depth (up to 10 cm), for varied
thickness of bolus and field size of 6 MV clinical photon beam
was investigated. Bilge et al.!'" and Akbas et al."" recorded D,
measurements with parallel-plate chamber using 6 MV photon
beam at 100 cm SSD under normal incidence condition and
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Table 3: Depth of dose maximum (d_) values (cm) in the
presence of air gaps between different thicknesses of gel
bolus and water surface of radiation field analyzer- (RFA-
300), obtained from central axis depth dose curve of 6 MV
clinical photon beam for different field sizes

Bolus Field size Air gap (cm) Shift of
thickness (cm) (cm?) 0 10 20 30 “D,..*
No bolus 5%x5 1.4 - - -

10 x 10 1.4 - - -

15x 15 1.4 - - -

20 x 20 1.2 - - -

25 %25 1.2 - - - -
0.5 5%5 12 12 12 13 0.1

10 x 10 1.2 1.2 1.3 1.3 0.1
15 x 15 1.1 1.1 1.2 1.2 0.1
20 x 20 1.0 1.0 1.1 1.1 0.1
25 x 25 0.8 09 0.9 1.0 0.2
1.0 5x5 04 04 0.6 0.8 0.4
10 x 10 04 04 0.4 0.6 0.2
15 %15 00 04 0.4 0.4 0.4
20 x 20 00 02 0.4 0.4 0.4
25 x 25 00 02 0.2 0.3 0.3
1.5 5x5 00 02 0.4 0.6 0.6
10 x 10 00 02 0.4 0.4 0.4
15 %15 00 02 0.2 0.3 0.3
20 x 20 00 02 0.2 0.3 0.3
25 x 25 00 02 0.3 0.3 0.3

*Shift of d___value obtained by subtracting the value of d__without (0.0
cm) and with (3.0 cm) air gap

the values were 10%, 15%, and 23% and 10.8%, 16.6%, and
28.1% for field sizes of 5 cm x 5 ¢m, 10 cm x 10 cm, and 20
cm x 20 cm, respectively. Apipunyasopon et al.™ studied depth
doses near the surface by Monte Carlo simulated techniques
for 6 MV photon beam and the values were 10.3%, 16.5%,
and 22.2% for field size of 5 cm x 5 cm, 10 cm % 10 ¢cm, and
15 cm % 15 ¢m, respectively. The comparison of D, values for
different field sizes obtained from this study with the published
literature is mentioned in Table 4 which is well in agreement.
Atthis juncture, it is highlighted that CC13 cylindrical compact
chamber with necessary corrections done in this study was
well in agreement with the Markus chamber measurements.

The percentage increment of D_ observed in this study with
the application of 0.5 cm and 1.0 cm gel bolus was 47.1%,
42.3%, and 37.1% and 51.0%, 45.7%, and 40.0% and the
corresponding values observed by Chung ez al.'*! were 54.2%,
52.0%, and 49.9% and 63.4%, 60.6%, and 57.9%, respectively,
for the field sizes 5 cm x 5 cm, 10 cm X 10 cm, and 15 cm X
15 cm.

On measuring D_with air gap of 1.0 cm under bolus of thickness
1.0 cm using parallel plate ionization chamber, Butson et a/.*"
observed a reduction of 6% and 2% in D_ for 8 cm x 8 cm
and 10 cm x20 cm (equivalent square field size @ 13.14 cm?)
field sizes, respectively. In the current study, with similar air
gap and bolus thickness [Table 2], a 2.1% (difference of values
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Figure 5: Difference in percentage depth dose (up to 10 cm depth) with
and without air gap of 3.0 cm below (2) 0.5 cm, (b) 1.0 cm, and (c)
1.5 cm gel bolus for different field sizes

in the third and fourth columns, i.e., 99.4-97.3 = 2.1%) and
1.6% (difference of values in the third and fourth columns, i.e.,
99.8-98.2 = 1.6%) reduction of D_ was observed, respectively,
for 5cm % 5 ecmand 10 cm x 10 cm field sizes. It is clear from
Table 2 that the reduction in D_ predominates for smaller field
sizes and bolus thickness as opposed to larger field sizes and
bolus thickness in the presence of air gaps.

Table 5 represents the percentage reduction of D_ values
published in literature under 1.0 cm bolus application for
different field sizes and air gap thicknesses. It is observed that
the trend of maximum reduction of D_ was predominant for
smaller field sizes having larger air gap in all these studies.

Referring Table 3, the shift of d_ away from the surface
with the increment of air gap for different thicknesses of
boluses for a particular field size is observed in which the
similar observations were made by Khan ef al.,l"! Shaw,/?
and Sroka et al.™¥

The physics behind the observations/findings of this study can
be explained by the interaction of photons with bolus atoms.
When the bolus is introduced in the path of the photon beam,
the low-energy secondary electrons generated by the photon
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Table 4: Comparison of surface dose (D ) values (%) of 6 MV photon beam for various field sizes cited in the literature

with the present study

Study Field size (cm?)
5x5 8x8 10 x 10 10 x 20 15 x 15 20 x 20 25 x 25

Bilge et al.l'® 10.0 * 15.0 * * 23.0 *
Akbas ef al '? 10.8 * 16.6 * * 28.1 *
Devic et al 81 10.5 * 16.0 * 21.7 * *
Sigamani et al.l"" 12.0 * 18.0 * 22.0 27.0 31.5
Butson et al.?:® * 14.0 * 21.0 * * *
Ishmael Parsai et al.?' 10.5 * 16.0 * 21.5 * 31.5
Ishmael Parsai et al.*' 10.3 * 16.1 * 21.9 * 322
Apipunyasopon et al.’* 10.3 * 16.5 * 22.2 * 30.9
Present study’ 9.9 * 15.6 * 21.6 27.2 324

*Not quoted/measured. Measurements were done with following instruments/methods. *Markus parallel plate chamber, "Radiochromic film, “Extrapolation
chamber, “Parallel plate chamber (readings applied with correction factor), “Monte Carlo simulation techniques, ‘Cylindrical (CC13) chamber after applying

the correction factor (“Ci [L]”)

Table 5: Trends of percentage reduction of surface dose
under 1.0 cm gel bolus for different field sizes and air

gaps
Field size (cm?) 5x5 10 x 10 15 x 15
Air gap (cm) 1 2 3 1 2 3 1 2 3

Shaw!*k * * * 10 50 9.0 * * *
Shaw!?2P° * * * 30 80 150 * * *
Shaw!?2k 15.0 31.0 470 50 11.0 200 50 9.0 12.0

Khan et al.U'® 8.0 18.0 260 2.0 40 80 20 21 22
Chung et al.l*”? * * * 42 % * * * *
Chung et al.l'3* * * * 45 % * * ® ®

Present study’ 27 76 155 18 26 51 08 1.6 26
*Not quoted. “Markus chamber, "Radiochromic film, “Monte Carlo
simulation techniques, “Parallel plate chamber (readings applied with
correction factor), ‘MOSFET, ‘Cylindrical (CC13) chamber

interactions, which have a limited range, are added on to the
photon beam. These electrons affect the dose only close to
the phantom surface and up to d__ .1 With the increase in
the thickness of the bolus and the field size, the generation of
this electron fluence from the bolus increases. Hence, a higher
dose is deposited on the phantom surface when the bolus is
in contact with the phantom surface. When the bolus moves
progressively away from the phantom surface, i.c., in the
presence of an increasing air gap between the bolus and the
phantom surface, influence of the electron stream formed in the
bolus on the absorbed dose on the phantom surface decreases
due to the partial attenuation of these particles within the air
gap.?221 When the thickness of bolus and build-up region for
a relevant photon energy are equal and, at the same time, the
bolus lies directly on the surface of the phantom, the buildup
region does not appear and the depth of maximum dose moves
to the surface of the phantom (d = 0.0 cm). If the bolus
is now moved progressively away from the surface of the
phantom, the maximum dose reaches a greater depth in the
phantom (i.e.,d_ moves away from the phantom surface) until
this value reaches the same as that of the open beam for the
collative bolus—surface distance.! This is due to very few of

the secondary electrons reaching the phantom surface and the
predominant dose being delivered by the incident photon beam.

Care needs to be taken while treating the superficial tumors by
fully utilizing the need of bolus to get adequate dose. Thus, it
is suggested, while in clinical radiotherapy planning process,
the use of bolus (if required for specific treatment) during
computed tomography simulation process is encouraged and
the use of virtual bolus should be avoided in treatment planning
system as it fails to account for the possible air gap that occurs
during actual treatment which might result in the variation in
planned and delivered dose. As the field sizes employed for
clinical radiotherapy will be usually broad, our results show
confidence that, in most of the clinical circumstances, patients
are not underdosed because air gaps of 1.0 cm and above may
not be encountered in treatment setups.

CoNCLUSIONS

Radiotherapy has undergone significant improvement in
terms of dose administration precision and monitoring and the
sophistication of delivery methods. Bolus use in radiotherapy
has a long tradition, and the general concept of changing the
maximum dose point by adding bolus to the treatment surface
has not changed. The re-examination of time-tested approaches
in light of new methods is, therefore, a significant challenge.

Although this study basically analyzed the effect of air gaps
present between the bolus and the treatment surface on
dosimetric parameters along central axis PDD of a 6 MV
photon beam with different thicknesses of gel bolus and
field sizes under normal incidence condition, in reality, the
radiotherapy treatment planning involves beam incidence with
varied gantry angles. Thus, the effect of air gap occurred under
the bolus and curved surface with different gantry angles needs
to be investigated.

As the linac used in this study has no electron beam mode but
only 6 MV photon beam, the authors did not have the facility
of parallel plate chamber in their institutional setup. Hence,
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the measurements carried out in this study used miniature
ionization chamber (CC13). This issue warrants further
investigation, and these experiments/methods can be repeated
with different beam qualities and are intended to promote
further analysis of the effects of bolus in modern radiotherapy,
discussing in particular the presence of air gaps between the
bolus applications and the skin of a patient to obtain more
comprehensive data. We hope that this study will inspire further
research into bolus and its effects on effective dose delivery
control in radiotherapy. The measured data in this study can be
used to determine the probable degree of impact on therapy due
to inevitable air gaps occurring between bolus and treatment
surface. As a general rule, air gaps between bolus and treatment
surface should be avoided to the extent practically possible.
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