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-
Abstract

Background: The present study investigated the effect of the presence of medical masks in or near the radiotherapy (RT)
treatment field during the COVID-19 pandemic, due to the widespread use of medical masks on the faces of patients undergoing
RT.

Methods: The dose distribution was calculated in a polymethyl methacrylate (PMMA) phantom using the Monaco treatment
planning system, and then measured in a water phantom beneath the surgical medical mask (SMM) and near the mask, for
photon energies of 6,10, and 18 MV, and electron energies of 6, 8,10, 12, and 15 MeV, emitted from a Versa HD linac.

Results: According to the Monaco results, the difference in dose distribution between the area under the mask and the area
outside the mask was observed only up to a depth of 20 mm. In electron radiation, this difference was observed up to a depth of
10 mm. Based on the measurement results, we found that at the entrance plane of the phantom, the masked readings increased
by 1.2, 1.18, and 1.14 times compared to the unmasked mode for photon energies of 6, 10, and 18 MV, respectively. The masked
readings increased by 3.1%, 3.4%, 3.2%, 2.6%, and 1.3% compared to the unmasked mode for 6, 8,10, 12, and 15 MeV, respectively.

Conclusions: Medical masks altered the dose distribution of both photon and electron radiation within the main treatment
field and outside the main field, particularly at the surface. It is therefore recommended to keep patients’ medical masks out of

the radiated field.

-
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1. Background

The COVID-19 pandemic significantly impacted
various aspects of healthcare, including radiotherapy
(RT) (1, 2). Studies have shown that individuals with
active cancer are at a higher risk of death from COVID-19
compared to the general population (20% vs. 1.8 - 7.2%) (3-
6). A medical mask-wearing policy for patients
undergoing RT was implemented at the beginning of
the COVID-19 pandemic and continues for some patients
due to the emergence of new respiratory viruses caused
by mutations in coronaviruses and types of influenza
that may still be present in the environment (7-9). In
some medical centers, wearing two or more layers of

medical masks has been recommended for enhanced
protection (10). Surgical medical masks (SMMs) typically
have a tri-layered structure, including a thin metallic
strip to secure the mask over the nose. The middle layer
functions as a filter, while the inner layer absorbs
moisture, and the outer layer repels water (11).

The presence of a medical mask during RT
treatments may pose unique challenges in terms of
dosimetry. Dosimetry is a critical aspect of RT, aiming to
accurately calculate and deliver radiation doses to
cancer patients while minimizing the impact on healthy
tissues (12). Similar to patient gowns or thermoplastic
devices used in RT, the use of a face mask during
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treatment may introduce dosimetry-related issues such
as radiation attenuation, backscatter, material
heterogeneity, surface contouring, electron interaction,
and setup variations (13-15). These devices typically alter
the surface dose (16).

The metallic strip of the surgical mask, usually made
of aluminum or another malleable material, has a
higher probability of absorbing photons and electrons
compared to other substances commonly used in
surgical masks (17). Consequently, there is a potential for
increased localized radiation attenuation in the vicinity
of the metal strip, leading to discrepancies in dose
distribution.

2. Objectives

Due to the consistent use of medical masks on the
faces of patients RT treatment during the COVID-19
pandemic, and given the scarcity of published data
regarding dose attenuation caused by medical masks,
the presnet study aimed to investigate the effect of
placing SMMs inside the treatment field or near the field
in terms of changes in radiation dose distribution.

3.Methods

In this study, we investigated the changes in
radiation dose distribution caused by the presence of a
tri-layered SMM made from polypropylene, using both
calculations in the treatment planning system and
measurements in a water phantom.

Irradiation was performed using a linear accelerator,
the Versa HD™ (Elekta Oncology Systems, Crawley, UK),
which delivers three photon beams with nominal
energies of 6, 10, and 18 MV, as well as five electron
beams with nominal energies of 6, 8, 10, 12, and 15 MeV.
Calculations and measurements were carried out for all
photon and electron energies.

3.1. Medical Mask Dose Calculation for Electron and Photon
Energies

A cubic phantom made of polymethyl methacrylate
(PMMA), consisting of 23 slabs each with a thickness of
one centimeter and dimensions of 200 x 200 mm, was
used in this study. The phantom was positioned on the
table of a 16-slice computed tomography (CT) scanner
(Siemens, Germany). The CT images were acquired both
with and without the presence of three layers of the
SMM placed on the phantom (Figure 1). Images were
captured with a slice thickness of 3 mm and transferred

to the Monaco treatment planning system (Elekta,
Monaco 5.11, UK) for target volume delineation and
treatment plan design.

The dose distribution was calculated within the
phantom using a 100 x 100 mm radiation field for all
photon and electron energies. Calculations were carried
out from the surface to a depth of 230 mm under two
conditions: (A) with SMM (under the mask), and (B) 50
mm adjacent to the SMM (no mask). Dose calculations
for photon radiation were performed using the collapse
cone dose calculation algorithm, while those for
electron beams were conducted using the Monte Carlo
algorithm. In this section, the dose enhancement ratio
and transmission factor were defined at a depth of 100
mm as follows:

Calculated dose enhancement ratio (CER) = Dose at
open field close to the SMM/dose under the SMM

Calculated transmission factor (CTF) = Dose under
the SMM/dose at open field

3.2. Medical Mask Dose Measurements at Electron and
Photon Radiation

Relative and absolute dosimetry measurements were
performed using a BeamScan water phantom (PTW,
Freiburg, Germany). A portion of the phantom was
covered with a tri-layered SMM, while the remaining
part was left uncovered to serve as a control.

By positioning an ion chamber beneath the SMM, it
was possible to measure the radiation dose received in
the area specifically covered by the SMM material. By
comparing measurements taken with and without the
SMM, the surface dose enhancement factor was
evaluated under constant temperature and pressure
conditions using the following relationship:

Measured dose enhancement ratio (MER) =
Dosimeter reading with SMM/dosimeter reading
without SMM

Additionally, the transmission factor, which

represents the attenuation caused by the SMM, was
defined as:

Measured transmission factor (MTF) = Dosimeter
reading with SMM (d = 100 mm)/dosimeter reading
without SMM (d =100 mm)

3.2.1. Photon Percentage Depth Dose

To investigate the effect of the SMM on radiation dose
distribution, relative dosimetry was performed both
with and without the presence of the SMM in the
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Figure 1. Set up of surgical medical mask (SMM) on polymethyl methacrylate (PMMA) phantom for computed tomography (CT) scan

radiation field. Measurements were conducted once

under the mask and once adjacent to the main radiation
field.

For relative dosimetry, two Semiflex 3D chambers
(PTW, Freiburg, Germany), each with an active volume of
0.125 cc, were used. One chamber was placed in the air at
the corner of the field to serve as a reference dosimeter,
while the other was used as the measuring dosimeter
positioned inside the water phantom within the
radiation field. The measuring dosimeter was gradually
moved from the surface to a depth of 300 mm in the
water, and the electric charge collected for 6, 10, and 18
MV photon radiation was recorded in nanocoulombs
(nC) along the central axis of the beam using the

MEPHYSTO mc? software (PTW, Freiburg, Germany). The

] Inflamm Dis. 2024;28(4): e157414

readings were normalized to the maximum value and
presented as the percentage depth dose (PDD).

The PDD measurements were performed under the
following four conditions: (A) Open field, without SMM
(no mask); (B) within the field, under the SMM (with
mask); (C) outside the field, 50 mm adjacent to the main
radiation field, with SMM; (D) outside the field, 50 mm
adjacent to the main radiation field, without SMM. Each
measurement was compared against its corresponding
control group. The use of individual control groups
accounted for any uncertainties introduced by setup
variations and positional errors.

3.2.2. Electron Percentage Depth Dose
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Figure 2. Isodose lines of X-ray radiation in energies of 6,10 and 18 MV inside the polymethyl methacrylate (PMMA) phantom in a 10 x 10 cm field: A, with surgical medical mask

(SMM) (under the mask); B, 5 cm next to the SMM (no mask).

For electron relative dosimetry, similar to the photon
dosimetry procedure, a Semiflex 3D dosimeter was used.
A 100 x 100 mm electron applicator was employed to
measure the amount of collected charge for electron
radiation energies of 6, 8, 10, 12, and 15 MeV. The PDD
measurements were performed from the water surface
to a depth of 80 mm under two conditions: (A) Without
SMM (outside the mask), and (B) with SMM (under the
mask). Based on the data obtained from the photon
depth dose measurements, we were able to determine
the percentage difference in dose between the masked
and unmasked conditions. The difference percentage
was calculated using the following formula: Difference
percentage = (Dosimeter readindg under mask -
Dosimeter reading in open field) x 100/Dosimeter
reading in open field.

4.Results

4.1. TPS Dose Calculation Results

The dose distribution in the form of isodose curves
for 6,10, and 18 MV photon energies is shown in Figure 2
for both conditions (with and without the SMM). The
corresponding results for electron energies are
illustrated in Figure 3.

Only slight differences were observed between the
isodose distributions, which were noticeable up to a
depth of 20 mm. The CER and CTF were computed at a
depth of 100 mm inside the PMMA phantom. The results
are presented in Table 1.

The presence of the SMM in the radiation field led to
a reduction in the delivered dose as follows:
Approximately 3.5% for 6 MV, 3.1% for 10 MV, and about
0.6% for 18 MV photon energy. This reduction is
attributed to scatter caused by the mask material, which

J Inflamm Dis. 2024; 28(4): 157414
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Figure 3. Isodose lines of electron radiation in energies of 6, 8, 10, 12 and 15 MeV inside the polymethyl methacrylate (PMMA) phantom in a 10 x 10 cm field: A, with surgical

medical mask (SMM) (under the mask); B, 5 cm next to the SMM (no mask).

Table 1. Dose Enhancement Ratio and Transmission Factor Calculated from Monaco for 6,10, and 18 MV X-ray Exposure

Atd =100 mm Depth (%)

Energy (MeV) Dose Enhancement Ratio Transmission Factor
6 0.52 0.96
10 0.49 0.96
18 0.19 0.99

diminishes as photon energy increases. For electron
beams, it was observed that the density of high-
percentage isodose lines was greater in the open field
than under the mask. This indicates a measurable
attenuation effect caused by the SMM.

The impact of the metal strip on dose distribution
changes in both photon and electron radiation is
illustrated in Figures 2B and 3B, respectively. The

] Inflamm Dis. 2024;28(4): e157414

presence of the metal strip resulted in a shift of low-
energy isodose lines toward the surface of the phantom,
highlighting the influence of the strip on surface dose
enhancement.

4.2. Dose Measurements

4.2.1. Photon Percentage Depth Dose
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Figure 4. Percentage depth dose (PDD) curves, in open field and under surgical medical mask (SMM) for 6, 8,10, 12 and 15 MeV electron radiation (in field PDD).

Percentage depth dose data were obtained for both
in-field and out-of-field scenarios: Open field without
SMM (no mask), and field with SMM (with mask) for all
photon energies (6,10, and 18 MV).

A comparison between the dose distributions
measured with and without the SMM revealed
significant discrepancies in the PDD curves, particularly
from the surface to a depth of 20 mm. Based on the MER,
the maximum increase in dose was observed at the
entrance plane of the phantom. Higher doses were
recorded under the SMM compared to the unmasked
field. Specifically, the masked readings increased by: 1.2
times for 6 MV, 1.18 times for 10 MV, and 1.14 times for 18
MV photons. This observation suggests that the SMM
behaves like a bolus, increasing the surface dose — an
effect most pronounced at the lowest energy level (6
MV).

When the SMM was placed outside the field, the PDD
in the unmasked state was lower than in the masked
state. This increase can be attributed to scatter radiation
caused by the presence of the SMM. Additionally, as
photon energy increased, the difference between
masked and unmasked curves decreased. Out-of-field
measurements showed: For 6 MV photons, the dose at
depths of 100 mm and 150 mm was 8.5% higher in the
masked state compared to the unmasked state; for 10
MV photons, the dose was 6.8% and 7.1% higher at those
respective depths; for 18 MV photons, the corresponding
increases were 6.8% and 4.4%, respectively.

We also found that in terms of maximum PDD depth:
For 6 MV, there was no change compared to the
unmasked condition; for 10 MV, the depth of maximum
dose shifted approximately 1 mm closer to the surface;
and for 18 MV, this shift was about 2 mm. The influence

J Inflamm Dis. 2024; 28(4): 157414
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of the metal strip embedded in the mask was also
evident, causing a noticeable change in dose
distribution. This can be seen in the right corners of
Figures 2A and 3A, where the presence of the metal
component led to an increase in surface dose.

4.2.2. Electron Percentage Depth Dose

The PDD curves for 6, 8, 10, 12, and 15 MeV electron
energies were plotted along the central axis of the beam,
both with and without the presence of the SMM, as
shown in Figure 4.

Analysis of these graphs reveals that before the depth
of maximum dose, the PDD in the masked state is higher
than in the unmasked state, whereas after the buildup
depth, this relationship is reversed. The difference
percentage was measured up to a depth of 12 mm. As the
electron energy increased, the difference between the
masked and unmasked PDD curves decreased.
Specifically, the masked readings increased by: 3.1% for 6
MeV, 3.4% for 8 MeV, 3.2% for 10 MeV, 2.6% for 12 MeV, and
1.3% for 15 MeV, compared to the unmasked condition.
This indicates an increase in surface dose, which was
most pronounced for 8 MeV and least for 15 MeV. As
depth increased, the dose difference between masked
and unmasked conditions decreased across all energies.
For higher-energy electron beams, after a certain depth,
the trend reversed, with the masked dose becoming
lower than the unmasked dose — leading to a negative
difference percentage. These observations suggest that
the presence of the SMM on the surface acts as a water-
equivalent bolus, increasing the surface dose. However,
at higher energies, this bolus-like effect diminishes, and
beyond the depth of maximum dose, the mask
contributes to a greater attenuation of energy in depth.

With the SMM in place, the depth of maximum PDD
shifted toward the surface as follows: By approximately 1
mm for 6 and 8 MeV, 2 mm for 10 and 12 MeV, and about 3
mm for 15 MeV.

5. Discussion

We investigated the effect of face masks used during
the COVID-19 pandemic on the radiation field. A series of
dosimetric evaluations were conducted to assess the
changes in dose distribution under and around the
SMM when exposed to RT using various photon and
electron beam energies. Both absolute and relative
doses were measured within the irradiated fields and

] Inflamm Dis. 2024;28(4): e157414

outside the fields beneath the SMM for different photon
and electron energies.

The results from the dose calculations indicated that
the dose distribution under the SMM differed slightly
from that in the unmasked state. These differences were
more noticeable in electron radiation. In electron
therapy, at superficial depths within the phantom, the
dose under the SMM was higher than in the unmasked
field. However, this trend reversed with increasing
depth, particularly beyond the point of maximum dose.
Similar findings were reported by Steinman et al. and
Napier et al., who studied the effects of tri-layered cloth
on electron field dose distribution (13, 16). These results
support the conclusion that the SMM behaves like a
bolus, enhancing the superficial dose.

Few studies have focused on dose measurement
under the SMM. In a study conducted by Wang et al. in
2021 (18), the presence of a mask within the treatment
field of proton RT resulted in only minimal dose
changes. In our study, although the observed changes
were relatively small, they are not negligible and should
be considered during the treatment planning process.

Regarding photon exposure to areas surrounding the
SMM, a slight dose increase was observed in the adjacent
regions (Figure 2A). Similar out-of-field dose effects have
been reported in other studies (19), which are believed
to result from scatter radiation generated by the mask
material, thereby increasing the dose. This dose
distribution outside the main beam is clinically
relevant, particularly in the treatment of breast cancer
with supraclavicular lymph node involvement, where
parts of the radiation field may be either covered by the
patient's medical mask or located very close to it. This
proximity restricts the use of the SMM within or near
the irradiated field. Nevertheless, the observed dose
increase in these regions is very small and may be
considered clinically negligible when weighed against
the protective role of the SMM in preventing COVID-19
infection.

The effect of the metal clamp embedded in the SMM
was also evaluated within the radiation field. Our
calculations demonstrated that the presence of metal
increases the surface dose, which may lead to cutaneous
complications. These findings are consistent with other
studies that have documented the impact of metallic
components on altering the radiation dose distribution
(17). As illustrated in Figures 2 and 3, in areas where the
metal strip is located, low isodose lines are shifted
toward the surface. To mitigate such dosimetric artifacts
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while maintaining safety protocols, collaborative efforts
between medical physicists, radiation therapists, and
mask manufacturers are recommended. These efforts
could lead to the standardization of mask designs that
minimize radiation dose interference without
compromising the essential functionality of the metal
strip.

5.1. Conclusions

This study was conducted on tri-layered SMMs
commonly worn by patients during the COVID-19
pandemic. The material of these masks is similar to that
used in patient gowns. Notably, folds or pockets in
patient clothing can create an equivalent thickness to
that of the mask. For patients who decline to remove
their clothing, even within the treatment area, there is
potential for altered dose delivery to the targeted
treatment zones.

Our findings demonstrated that a thickness of
approximately 10 mm, as found in tri-layered masks, can
lead to variations in dose distribution for both photon
and electron radiation, affecting areas within the main
treatment field as well as outside the field. Based on
these results, it is strongly recommended to ensure that
patients’ medical masks, clothing, and diapers are kept
out of the irradiated field area. Where feasible, this
guidance should be extended to maintain dose accuracy
and avoid unintentional alterations in treatment
delivery.
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