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Abstract

Aim: To evaluate the Klarity® Mask with respect to skin doses and toxicity secondary to head and neck cancer
radiation treatment.

Materials and methods: This prospective study included five nasopharyngeal cancer patients who underwent
intensity-modulated radiation therapy and monitored for skin toxicity. An anatomical Perspex head and neck
phantom was designed and used. All patients’ treatment plans were separately transferred to the phantom.
Dosimetric measurements were performed using chip-shaped thermoluminescent dosimeters (LiF:Mg,Ti
TLDs) which were distributed at certain target points on the phantom. Phantom was irradiated twicely with
and without a Klarity® Mask. Three fractions for each patient plan were obtained and compared with
treatment planning system (TPS) doses as guided by computed tomography.

Results: The Klarity mask used for patient immobilisation increased the surface dose by 10·83% more than
that without the mask. The average variations between skin dose measurements with and without the Klarity
mask for all patients’ plans ranged from 10·26 to 11·83%. TPS overestimated the surface dose by 19·13%
when compared with thermoluminescent dosimeters that measured the direct skin dose.

Conclusions: Klarity immobilisation mask increases skin doses, as a consequence, surface dose measurements
should be monitored and must be taken into account.
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INTRODUCTION

Treatment of head and neck tumours using
radiotherapy requires highly accurate procedures,1 as
missing the treatment targets due to patient

movements or lack of accuracy in positioning
may lead to increased doses to some organs at
risks (OAR) such as skin, spinal cord and the
eyes.1,2 Consequently, special thermoplastic head
and neck immobilisation devices are used to
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reproducibly position the patient on the table for
safe delivery of radiation.3 Typically masks made
of polyvinyl chloride (plastic) (PVC) or thermo-
plastic material such as Orfit masks (Orfit Indus-
tries America, Wijnegem, Belgium) are used as
immobilisation systems for head fixation.

Intensity-modulated radiation therapy (IMRT)
has proved to be effective for the treatment of
nasopharyngeal cancers (NPC), with superior
tumour coverage in comparison with all conven-
tional techniques.4 However, skin toxicity fol-
lowing IMRT treatment remains substantial due
to the use of multiple tangential beams, conse-
quently, skin dose measurements and skin-sparing
techniques are highly recommended for head and
neck treatments using IMRT.4 It was found that
IMRT increases skin doses by 19 and 27% with
and without an immobilisation Klarity mask,
respectively, when compared with conventional
therapy.5 previous studies found that the surface
dose increased by thermoplastic immobilisation
masks during IMRT.6–9 Moreover, using some
immobilisation devices may lead to increase skin
surface dose between 16 and 27%.6 Other
researchers found that using thermoplastic masks
material (Klarity Medical & Equipment Co.,
Guangzhou, China) increased the surface dose
from 10 to 42% for 6MV and from 5 to 28%
for 15MV X-ray,9 while it increased the surface
dose at anterior upper and lower neck for head
and neck patient by 30% measured by film on
anthropomorphic rando phantom.7 Another
study concluded that head and neck mask
increased surface dose by a factor of 3 using 18MV
and by a factor of 4 using 6MV, and increasing in
surface dose depends on the type of the mask, the
size of the opening and the amount of stretching
performed during the mask preparation.10

Therefore, increased skin doses using thermo-
bilisation devices should be concern, as a bolus
effect and contributing to skin toxicity.2,11

Treatment planning system (TPS) may not
give accurate doses for skin mainly due to
excluding skin when considering OARs, during
treatment planning.4,12–16 Inconsistencies
between the calculated and measured doses,
using IMRT, are the main motivation for the
researchers to use skin dose measurements using
dosimeters.16 Therefore, it is necessary to

measure the skin doses using dosimeter detectors
such the metal–oxide–semiconductor field-effect
transistor or thermoluminescence. Thermo-
luminescent dosimeters (TLDs) are widely used
for in vivo dosimetry.17–22 The purpose of this
work is to quantitatively evaluate the effect of
thermoplastic Klarity Mask (Orfit Industries
America, Wijnegem, Belgium) on patient skin
dose during IMRT treatment.

MATERIALS AND METHODS

In total, 99 chip-shaped LiF:Mg,Ti TLDs (Bicron
NE, Waltham, MA, USA) were used after
annealing and calibration cycles on the surface
of a solid-water phantom and against a cylindrical
ion chamber. Doses ranging from 0·05 to 1Gy
were delivered. The sensitivity and reproducibility
of TLDs were selected within ±5% for calibration
and measurement on the surface.4,20–22 An
anthropomorphic head and neck phantom was
designed from 39 movable slices on which clinical
organs were delineated (Figure 1).21,22 In addition,
a cubic Perspex and a standard phantoms
(Scanditronix Wellhőver) were used in this study
(Figure 2). Phantoms were imaged by SIEMENS
CT Scanner (SOMATOM Sensation Open,
Medser-Heusenstamm, Germany), planned and
irradiated using IMRT technique for 33 fractions,
with 2·12Gy per fraction. TLDs were readout
and compared with the calculated doses obtained

Figure 1. Fabricated anthropomorphic Perspex head and neck
phantom for dosimetric verification of treatment delivery.

Evaluation of thermoplastic Klarity mask

172

https://doi.org/10.1017/S1460396917000632 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396917000632


from TPS (Oncentra Maher plan V3.3). The
correction factor was calculated for the anatomical
Perspex phantom.20

Five NPC patients’ IMRT treatment plans
were transferred consecutively with centre-
points adjustment using computed tomography
(CT) phantom images in a way that the OAR
and planning target volume (PTV) for all plans
were correctly matched (Figure 3). The anthro-
pomorphic Perspex head and neck phantom was
irradiated using the previous five plans with and

without an immobilisation Klarity mask covering
the head, neck and shoulder (Figure 4).

IMRT technique of 6MV was used with a
gross tumour volume receiving 70Gy and clin-
ical target volume receiving 60Gy (the pre-
scription goal was 95% of the PTV receives at
least 70Gy).23–25 In total, eight TLDs were fixed
on each target: right and left eyes, right and left
buccal cavity, and right and left neck. An
extreme caution was taken to maintain the

Figure 2. Head cube phantom (Scanditronix Wellhőver) and
Perspex cube phantom.

Figure 3. Intensity-modulated radiation therapy treatment planning for Perspex phantom delivered nine beams with 2.12Gy per
fraction.

Figure 4. Immobilisation Klarity mask cover the phantom for
head, neck and shoulder.
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detectors at the same locations for each patient
plan. For each patient’s plan, three consecutive
fractions were delivered with and without
immobilisation Klarity mask and the average
doses were considered.

RESULTS

The reproducibility of the TLDs was checked and
excellent consistency was obtained for repetitive
measurements for each inter-fraction. The TLDs
measurements displayed a linear dose response at
the surface from 25 to 400 cGy. However, some
measurements were performed outside the main
field where the scattered photons had lower
energy than the main beam energy.

Although designing the head and neck Perspex
phantom, attention was given to the effect of
phantom material (Perspex) on TLD readings.
Three CT reference points and iso-centre were

determined to match the points of standard and
Perspex cubic phantoms. The measured doses of
three IMRT fractions at different surface points of
cubic and Perspex phantom are illustrated in
Table 1. It was observed that the TPS overestimates
the skin dose by 20·6% when compared with
standard phantom and 22·1% as compared with
Perspex phantom (Table 1). The deviation of inter-
fraction of TLDs measurements was within the
expected range of 18·36–19·67%. The variation
between IMRT measured doses using standard
phantom and Perspex phantom was within 4%.

In total, 300 TLD measurements were used to
estimate the skin doses at the six different refer-
ence points of head and neck patients with and
without Klarity mask. The average variations
between skin dose measurement without and
with Klarity mask were 11·83, 11·23% at the left
and right eyes, 10·26, 10·71% at the left and right
buccal, and 9·36, 11·59% at the left and right
neck, respectively (Table 2).

Table 1. Comparison point doses between the average (AV.) of three intensity-modulated radiation therapy inter-fractions measured doses using
standard and Perspex cube phantoms on the surfaces

TPS over estimation compare
with measured dose on phantoms

Point of
interest

Patient plan on
standard phantom
AV. dose (cGy)

Patient plan on
Perspex phantom
AV. dose (cGy)

Calculated dose by TPS
using patient plan
AV. dose (cGy) Compare with

standard
phantom

Compare with
Perspex
phantom

% Variation between
measured dose on
phantoms

Perspex dose/
standard dose

1 185 187 223 19·3 20·5 1·08 1·01
2 187 190 220 15·8 17·6 1·60 1·02
3 185 183 218 19·1 17·8 − 1·08 0·99
4 199 195 230 17·9 15·6 − 2·01 0·98
5 152 148 185 25·0 21·7 − 2·63 0·97
6 190 187 228 21·9 20·0 − 1·58 0·98
7 187 190 226 18·9 20·9 1·60 1·02
8 197 200 238 19·0 20·8 1·52 1·02
9 43 46 89 93·5 25·6 6·98 1·07
10 47 48 60 25·0 27·7 2·13 1·02
Mean 157 159 191·7 20·6 22·1 0·76 1·01

Abbreviation: TPS, treatment planning system.

Table 2. Comparison point between average variation of measured skin dose for five patients plan at six regions between using a mask and
without a mask

Variations
plan number

% Variation at
left eye

% Variation at
right eye

% Variation at
left buccal

% Variation at
right buccal

% Variation at
left neck

% Variation at
right neck

1 11·02 10·72 11·21 10·57 11·96 10·59
2 11·92 10·10 10·29 10·78 7·56 10·37
3 8·687 12·36 9·93 11·44 7·61 13·00
4 11·69 10·10 8·54 10·00 12·12 11·70
5 15·85 12·88 11·31 10·75 7·56 12·27
Mean 11·83 11·23 10·26 10·71 9·36 11·59
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WhenTLDs doses at the phantom’s surface were
compared with calculated dose, the TPS over-
estimates the skin doses with an average of 19·13%
(Table 3). At eye regions, Klarity mask increased
the doses by 10·1–12·9% at right eyes and
8·7–15·9% on the left eyes (Figures 5 and 6). In
contrast, the calculated doses by TPS were higher
than those measured by TLDs with Klarity mask by
17·7–20·25%. This study also showed that Klarity
mask increased the dose at buccal region by
8·5–11·4% (Figures 7 and 8). These results are
consistent with the results at the neck with
10·3–13·0% increase at right area and 7·5–11·9%
at left area (Figures 9 and 10). TPS also overestimate
the dose at neck regions by 17·7–22·1%.

DISCUSSION

The phantom material can be a source of error
during dosimetry measurements, therefore, a
Correction Factor (K correction) for Perspex
material was considered. In previous literature, the
correction factor at 6MV was found to be about
1·068 using TLDs and 1·063 using Monte Carlo
simulation,26 it was calculated in this study and
was 1·0500± 0·003. This correction replaces all
errors resulting from a variation in sensitivity,
phantom material, field size and fading. By mul-
tiplying the absorbed dose measured by TLDs in

Table 3. In vivo average (av.) of three fractions skin dose measurements
and intensity-modulated radiation therapy treatment plan dose values for
five patients transfer plans on the phantom at different head and neck
surface regions

Position TLD measured
av. dose on the
skin (Gy)

TPS calculated av.
dose (Gy) (%)

% of TPS over
estimation

Left eye 05·67± 2·1 7·04± 3·2 19·46
Right eye 06·07± 1·9 7·45± 3·1 18·53
Left buccal 14·85± 3·1 18·19± 2.8 18·36
Right buccal 28·18± 2·8 35·03± 3·3 19·55
Left neck 06·35± 2·2 7·86± 2·5 19·21
Right neck 06·41± 3·9 7·98± 3·5 19·67
Average 19·13

Abbreviations: TLD, thermoluminescent dosimeters; TPS, treatment
planning system.
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Figure 5. In vivo dose measurements at left eye regions and
intensity-modulated radiation therapy treatment plan dose values
for five patients. TPS, treatment planning system.
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Figure 6. In vivo dose measurements at right eye regions and
intensity-modulated radiation therapy treatment plan dose values
for five patients. TPS, treatment planning system.
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Figure 7. In vivo dose measurements at right buccal regions and
intensity-modulated radiation therapy treatment plan dose values
for five patients. TPS, treatment planning system.
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the Perspex phantom with the dose correction
factor, the absorbed dose in the water phantom at
the calibration depth can be obtained. However,
the energy response of TLD-100 to a photon
energy higher than 1MV remained constant with
negligible energy dependence.13,15

After TLDs were irradiated for six times, the
TLDs reproducibility ranged between 1 and
3·5% and with sensitivity <8% were used in this
study. In agreement with another study, the

standard deviations of TLD-100 reproducibility
response were 3–5% of delivered doses ranging
from 1 to 5Gy.27 There is a linear relationship
(R2= 0·998) between TLDs doses and measured
doses at doses ranging from 0·5 to 4Gy when
measured at the surface. No energy correction
factors were used as the reproducibility of TLDs
had a SD <3·5%.

TPS overestimates the skin dose by 20·6%
when compared with standard phantom and
22·1% as compared with Perspex phantom
(Table 1). These results were in agreement with
previous literatures where TPS overestimated
prescribed doses by 25%.12,13,15,16,28 The main
causes of this variation between in vivo mea-
surements and TPS doses may be due to high
dose gradients, set up error, the positioning of the
patient and region of labelling dosimeters.29 To
avoid these errors, an extreme caution was taken
to keep the same location of the detectors for
each patients’ plan before treatment.

The study was planned so that 95% should be
delivered at PTV, and other OARs were avoi-
ded. Fractionation of the total plan dose for
multiple sessions can reduce skin erythema,
however, the effect of radiation tends to be
accumulative.30 The severity of skin erythema is
obviously related to the total accumulative dose
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Figure 8. In vivo dose measurements at left buccal regions and
intensity-modulated radiation therapy treatment plan dose values
for five patients. TPS, treatment planning system.
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Figure 9. In vivo dose measurements at right neck regions and
intensity-modulated radiation therapy treatment plan dose values
for five patients. TPS, treatment planning system.

0

1

2

3

4

5

6

7

8

9

10

1 2 3 4 5

D
os

e 
in

 G
y

Patient Number

Left Neck

without mask
with mask
TPS

Figure 10. In vivo dose measurements at left neck regions and
intensity-modulated radiation therapy treatment plan dose values
for five patients. TPS, treatment planning system.
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and it becomes serious after exceeding the
threshold dose.4,5 After conducting all fractions
of treatments, all patients have skin toxicity
especially in the neck area, ranging fromminor to
major. Skin burn was obvious at the neck region
and become severe after accumulative doses of
9% of the total 70Gy (6·3Gy) which is consistent
with previous literature which found that the
erythema occurred at skin dose after a dose of
6–8Gy.31 A high correlation was found between
the accumulative skin dose and skin toxicity.3

Furthermore, such skin dose could be increased
up to 57·1–88% in case of using a thermoplastic
mask.8 The results of this study are consistent with
this previous study and showed that skin dose
increased when using thermoplastic masks mate-
rial by 10–42% for 6MV and by 5–28% for
15MV photons using an ionisation chamber.9

The results of this study are consistent with this
previous study and showed that head and neck
Klarity mask increases skin dose by an average of
10·83% and the percentage depends on materials
used (Table 2). In conclusion, Klarity mask is still
acceptable immobilisation device when compared
with other masks that increase the skin doses by
about 14·8% (11·4–58·4%)7 and 16–27% for other
immobilisation devices.32

CONCLUSION

In vivo dosimetry is a useful tool with IMRT
techniques for areas where a high skin doses is
expected, as the TPS may not give accurate dose
values at the surface. Multiple factors may con-
tribute to causing acute skin reaction for head and
neck cancer patients, such as immobilisation
contouring plane and IMRT technique. Klarity
mask, used for patient immobilisation, increase
surface dose by 10·83% more than that without
the mask. However, the skin reaction and the
surface dose measurements should be monitored,
and must be taken into account.

LIMITATIONS

The researchers tried to keep TLDs at the same
positions for all patients, however there may be
slight deviation from the correct position.
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