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= Abstract =

Purpose: To evaluate the effect on surface dose due to Aquaplast used for immo-
bilizing the patients with head and neck cancers in photon beam radiotherapy

Materials and Methods: To assess surface and buildup region dose for 6MV X-ray
from linear accelerator(Siemens Mevatron 6740), we measured percent ionization
value with the Markus chamber medel 30-329 manufactured by PTW Frieburg and
Capintec electrometer, model WK92. For measurement of surface ionization value,
the chamber was embedded in 25 x25 x3cm® acrylic phantom and set on 25x25X%
5cm’® polystyrene phantom to allow adequate scattering. The measurements of per-
cent depth ionization were made by placing the polystyrene layers of appropriate
thickness over the chamber. The measurements were taken at 100cm SSD for 5x
5cm?, 10x10cm? and 15x 16cm’ field sizes, respectively. Placing the layer of
Aquaplast over the chamber, the same procedures were repeated. We evaluated
two types of Aquaplast: 1.6mm layer of original Aquaplast(manufactured by WFR
Aquaplast Corp.) and transformed Aquaplast similar to moulded one for immobilizing
the patients practically. We also measured surface ionization values with blocking
tray in presence or absence of transformed Aquaplast. In calculating percent depth
dose, we used the formula suggested by Gerbi and Khan to correct overresponse of
the Markus chamber.

Results: The surface doses for open fields of 5x5cm? 10x 10cm? and 15 x 15cm?
were 7.9%, 13.6%, and 18.7%, respectively. The original Aquaplast increased the
surface doses upto 38.4%, 43.6%, and 47.4%, respectively. For transformed
Aquaplast, they were 31.2%, 36.1%, and 40.5%, respectively. There were little dif-
ferences in percent depth dose values beyond the depth of Dmax. Increasing field
size, the blocking tray caused increase of the surface dose by 0.2%, 1.7%, 3.0%
without Aquaplast, 0.2%, 1.9%. 3.7% with transformed Aquaplast, respectively.

Conclusion: The original and transformed Aquaplast increased the surface dose
moderately. The percent depth doses beyond Dmax, however, were not affected by
Aquaplast. In conclusion, although the use of Aquaplast in practice may cause some
increase of skin and buildup region dose, reductioin of skin-sparing effect will not be
so significant clinically.
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INTRODUCTION

Immobilization of patients during radiotheray is
very important to improve reproducibility and ac-
curacy of daily treatment. Plastic masks are
commonly used to immobilize the patients with
head and neck cancers. But these plastic masks
are likely to increase skin dose due to effect as a
buildup bolus. Recently, some investigators sug-
gested that they were responsible for partial re-
duction of skin-sparing effect of megavoltage
photon beams'?.

We performed this study to evaluate the ef-
fect of Aquaplast on surface and buildup region
dose for 6MV X-ray.

MATERIALS AND METHODS

To assess surface and buildup region dose for
6MV  X-ray from linear accelerator(Siemens
Mevatron 6740), we measured percent ioniza-
tion value with the Victoreen/Nuclear Associ-
ates model 30-329 ion chamber manufactured
by PTW Frieburg(the Markus chamber). The
chamber was embedded in 25 x 25 X 3cm? acrylic
phantom and set on 25x25Xx5cm?® polystyrene
phantom to allow adequate scattering. The
measurements of percent depth ionization was
made by placing the polystyrene layers of appro-
priate thickness over the chamber. The ionization
values were recorded using Capintec electrome-
ter, model WK92, with a digital readout. The ioni-
zation values of surface and entire build—up re-
gion were measured for field sizes of 5x5cm?,
10% 10cm?, and 15 x 15¢m?, typical of head and
neck radiotherapy, at 100cm SSD. Simply placing
the layer of Aguaplast over the chamber, the
same procedures were repeated. We evaluated
two types of Aquaplast: 1.6mm layer of original
Aquaplast(manufactured by WFR Aquaplast
Corp.) and transformed Agquaplast similar to
mouided one for immobilizing the patients practi-
cally. Also we measured the surface ionization
values with acrylic tray(6mm thickness) at 43cm

of tray—to—surface distance in presence or
absence of transformed Aquaplast.

All ionization values were normalized to the
maximum depth ionization value. It has been
noted that, when megavoltage photon beams are
used, relative ionization measurements in buildup
region are approximately equal to relative dose
measurements®. The Markus chamber, one of the
parallel plate ion chambers, however, overre-
sponds to some degree in the buildup region and
appropriate correction of readings of those is re-
quired*™.

Recently, Gerbi and Khan® proposed a fomula
for correcting the readings of several parallel
plate ion chambers in the buildup region by com-
paring the results obtained by using an extrapola-
tion chamber.

This formula is:

P'(d.E)=P(d.E}£(0.E)exp[-a(d/dmax)] (%),
where: P'(d.E) is the corrected reading and P(d,E)
is the uncorrected reading at the depth d, ex-
pressed as percentage of the dose at dmax; &(0,
E) is the overresponse, in percent, of the cham-
ber at the surface of the phantom(for Markus
chamber and 6 MV X-ray, {(0E)=10.6%)"; o is
the constant of proportionality equal to the frac-
tional change in the overresponse, in percent, of
the chamber per unit change in d/dmax(We used
the value of =5.5 because that value produced
the minimum mean error between P'(d,E) and the
percent depth dose obtained using the extrapola-
tion chamber)®; dmax is the depth at which we
find the maximum ionization value; d is the depth
of the measurement(for d<dmax). The point of
measurement was considered at a depth d equal
to the sum of the depth in the phantom and the
thickness of the Aquaplast.

RESULTS

The percent depth dose curves for 5x5cm?,
10x10cm?, and 15 x 16cm? fields with or with-
out Aquaplast at SSD=100cm are shown in Fig.
1. The surface dose and buildup region dose
were moderately increased by Aquaplast but
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percent depth doses beyond Dmax were not af-
fected significantly.

The surface doses as a function of field size
are illustrated in Table 1 and Fig. 2. For open
fields of bxbcm? 10x10cm? and 15X 15¢cm?,
surface doses were 7.9%, 13.6%, and 18.7%,
respectively. The original Agquaplast caused the
increase of the surface doses. which were 38.4

100cm.

%, 43.6%, and 47.4%, respectively. With trans-
formed Aquaplast, they were 31.2%, 36.1%, and
40.5% for each field size.

Increasing field size, the blocking tray incr-
eased the surface dose by 0.2%, 1.7%. and 3.0
% without Aquaplast and 0.2%, 1.9%, and 3.7%
with transformed Aquaplast(Table 1).
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Table 1. Surface doses as a Function of Field Size at SSD=100cm

Surface dose(%)

5x5cm? 10 % 10cm?® 15 x 15¢m?
Open 7.9 13.6 18.7
With tray 8.1 15.3 21.7
With transformed AQ” 31.2 36.1 40.5
With transformed AgQ® and tray 31.4 38.0 44.2
With original Ag” 38.4 43.6 47.4
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Fig. 2. Surface doses as a function of field
size at SSD=100cm{open, with tray,
and with or without Aquaplast).

DISCUSSION

The phenomenon of dose buildup gives rise to
what is clinically known as the skin—sparing ef-
fect, which is the one of the most desirable fea-
tures of megavoltage photon beams. Skin dose is
the result of electron contamination of the inci-
dent photon beam as well as the backscattered
radiation from the medium. These electrons arise
from photon interactions in the air, in the collima-
tor, and in any other scattering material in the

path of the beam®. If the beam is contaminated
with secondary electrons by various sources,
the skin sparing effect may be reduced signifi-
cantly. Also it is well recognized that the skin
dose and dose distribution of buildup region de-
pend on beam energy, field size, and geometrical
parameters including SSD. and skin to fray dis-
tance®™ V.

As can be seen in Fig. 1, the increase of sur-
face buildup region dose by Aquaplast was mod-
erate. But the shift of point of maximum dose
toward surface was not remarkable and percent
depth doses beyond Dmax were not significantly
affected by the presence of the Aquaplast. In
consistent with this study, Fiorino et al”’ revealed
that the increase of surface and buildup region
dose by several plastic masks was evident. The
degree of increasing effect was related to the
thickness of layers. But the values at Dmax were
practically independent of the plastic layers(dif-
ferences lower than 0.5%) and also for depth
dose values beyond the buildup, for all the plas-
tic masks.

In the buildup region for megavoltage photon
peam, percent depth dose increases rapidly
within the first few millimeters and then gradual-
ly achieves its maximum value. Thus, any materi-
al placed directly on surface, although its thick-
ness is substantially less the depth of maximum
dose, is likely to increase surface and buildup re-
gion dose significantly.

The surface doses of 6MV X-ray from
Mevatron 6740, in this study, were comparable
to those of several linear accelerator models; for
10 % 10cm? field size, 13% for AECL Therac 6,



12.1% for Siemens Mevatron 67, and 12.5%
for Varian Clinac 6/100”. Aguaplast and trans-
formed Aquaplast caused moderate increase of
surface doses. This effect was essentially inde-
pendent of field size(Fig. 2). Recently, Fiorino et
al” suggested skin—sparing reduction effect of
various commercially available thermoplastics.
They reported that for 10x 10cm? field at 100cm
SSD with 6MV X-ray, surface doses were 41.4
% and 60.0% with unmoulded layers of 2mm and
3.2mm Orfit; surface dose without plastic mate-
rialls was 14.6%. The increasing effect of
Aquaplast, in this study, was less than thermo-
plastics evaluated by Fiorino. Furthermore, the
surface doses with transformed Aquaplast were
consistently less than those with original
Aquaplast by 7-8% for various field sizes. This
finding might be resulted from the difference in
thickness and perforation of thermoplastics,
which were obviously important with respect to
surface dose. Fiorino et a® also reported that
the skin doses for moulded masks were some-
what lower than those for unmoulded masks.

The blocking tray caused a slight increase of
surface dose for open field, which was consist-
ently true for fields with transformed Aquaplast.
The effect of blocking tray increased as the field
size increased(Fig. 2). It is well known that with
blocking tray, the depth dose of buildup region
increases and point of Dmax shifts toward to
surface®®. This effect is predominantly caused
by secondary electrons and greatly dependent
upon SSD and tray-to-surface distance. This
phenomenon may be due to the limited range of
the electrons scattered from the tray®. There-
fore, the increase of surface dose by tray may
not be significant if the tray-to-surface distance
and SSD are long enough as in this study(tray—to
—surface distance was 43cm and SSD was
100cm).

In conclusion, although the use of Aquaplast in
practice may cause some increase of skin and
buildup region dose, reduction of skin-sparing ef-
fect will not be so significant clinically in typical
conditions for head and neck irradiation.
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