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Introduction

Cancer is as one of the main health problems in the USA and other 
countries worldwide [1]. Among 4 deaths in the USA, one of 
them is due to cancer [2]. Currently, cancer has been the second 

cause of mortality in the USA. Moreover, it is predicted that it will be the 
first cause of death and dominate the death from heart diseases during 
the next years [1]. Every year, 560000 cases of head and neck cancers 
are diagnosed worldwide, which 300000 ones led to death. Nasal cav-
ity, mouth, throat and larynx cancer are special types of head and neck 
cancer. Parotid neoplasm is accounted as 1-3% of malignant head and 
neck tumors. Surgery is the first way for treatment of primary malignant 
parotid tumors with small size; on the other hand, combined treatments 
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ABSTRACT
Background: Skin is a sensitive organ and should be spared in radiotherapy and 
irradiation of skin in radiotherapy can cause to acute and late skin effects such as 
erythema, desquamation, epilation, color change, or even necrosis. 
Objective: The aim of the present study is to do skin dosimetry in radiotherapy 
of parotid cancer using Gafchromic EBT3 radiochromic film. EBT3 radiochromic 
films were calibrated in 0.2-5 Gy dose range.
Material and Methods: This is an experimental study in the field of radio-
therapy physics. Treatment planning was performed on a RANDO phantom for 
treatment of parotid cancer by a clinical oncologist. Based on the treatment planning, 
the skin dose at various points in the overlapping region of right anterior-oblique and 
right posterior-oblique fields were measured using EBT3 radiochromic film. 
Results: The minimum and maximum skin doses in a fraction (with 2.0 Gy 
prescribed dose) were 0.50 Gy and 0.97 Gy, respectively. Based on these values, the 
total skin dose in 30 treatment fractions (for removed tumor) or in 35 treatment frac-
tions (for unremoved tumor) was in the range of 15-33 Gy.  
Conclusion: Based on the skin dosimetry results of parotid cancer radiotherapy 
using EBT3 films, it is predicted that there will occur mild skin reactions and these 
reactions can be neglected due to being mild.
Citation: Bahreyni Toossi MT, Ghorbani M, Khorshidi F, Mohammadi M, Mohamadian N, Akbari F, Dayani M. Skin Dosimetry with EBT3 
Radiochromic Film in Radiotherapy of Parotid Cancer. J Biomed Phys Eng. 2021;11(5):573-582. doi: 10.31661/jbpe.v0i0.1083.
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are necessary for advanced tumors, depending 
on the size of tumor and its metastasis [3].

Both radiotherapy and surgery are the main 
methods in treatment of malignant parotid tu-
mors, which have characteristics such as end 
stage, larger than 4 cm, locating at the deep 
lobe of parotid and involving lymph nodes. In 
this case, radiotherapy is normally performed 
using 6 MV photon beam of a medicallinac 
[4]. Among various treatment modalities, ra-
diotherapy is a preferred method than surgery. 
While radiotherapy may cause secondary can-
cers, it is noninvasive and has lower physi-
ologic and mental side effects for patients 
compared to surgery and pharmaceutical ap-
proaches [5].

Since the radiation is not completely focused 
on tumor in radiotherapy, toxicity is caused in 
adjacent anatomical structures [6]. In superfi-
cial regions, uncertainty of dosimetry has been 
a main worry in radiotherapy [7]. Suffering to 
erythema, desquamation and necrosis are rou-
tine effects during or following radiotherapy. 
Epidemiologic studies have reported that there 
is a relation between radiotherapy and induc-
tion of cancer in basal cell carcinoma [8]. 
These side effects on skin due to radiothera-
py are limiting factors for radiation therapy. 
Therefore, to prevent occurrence of such ef-
fects, it is useful to consider skin dose during 
treatment planning and to measure skin dose.

Skin dosimetry is more complicated for 
those parts of body located on chest, and head 
and neck [9]. As an example due to presence 
of outer ear, the form of target volume and 
dose distribution is inhomogeneous in treat-
ment of parotid cancer [4]. Due to presence of 
these curvature structures and in homogene-
ities, dose calculation is more complex using 
soft wares. Skin doses obtained from calcu-
lations should be compared with those from 
measurements. Additionally, due to presence 
of different layers in skin such as dermal and 
basal layers, and the different depth of these 
structures layers in various people, Interna-
tional Commission on Radiological Protection 

(ICRP) recommends a 0.07 mm depth (basal 
layer) for evaluation of skin dose [8].

Recently, there have been advancements in 
the use of radiochromic films in evaluation 
of dose distribution. Various studies have had 
emphasis on application of these films in the 
field of radiation dosimetry and quality control 
of radiotherapy machines [10]. Radiochromic 
films have been widely used for surface do-
simetry. Having appropriate characteristics 
such as high spatial resolution, low sensitivity 
to energy spectrum, being tissue equivalent, 
self-development and concise usage make 
these films a suitable choice for dosimetry.

Pevic et al. [9] have performed a compre-
hensive study on surface dosimetry by ra-
diochromic films. They measured percentage 
depth dose in the first millimeter depth in a 
water phantom using different radiochromic 
films and dosimeters. Alashrah et al. [11] eval-
uated surface dose in a 6 MV photon beam us-
ing HS radiochromic film, thermoluminescent 
dosimeters and Farmer ionization chamber 
in a water phantom and compared the results 
with those from surface dose obtained using 
Monte Carlo simulations. There was good 
agreement between the surface dose measured 
by radiochromic film and thermoluminescent 
dosimeter and those by their Monte Carlo 
simulations [11]. Nakano et al. [9] measured 
surface dose in radiotherapy fields of breast 
cancer using Gafchromic EBT2 and Attix par-
allel plate chamber. The measurements were 
performed on cubic and curved phantoms. It 
was reported that there is a good agreement 
between the dose measured by Gafchromic 
EBT2 and parallel plate chamber. Bilge et al. 
[12] measured surface dose in 6 MV and 18 
MV photon beams on a solid water phantom. 
They also measured surface dose using Gaf-
chromic EBT film and parallel plate chamber. 
The agreement between the measurements by 
radiochromic film and parallel plate chamber 
for 18 MV photon beam was 3.0%. The sur-
face dose results by Gafchromic EBT were 
5.0% higher than the values obtained from 
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parallel plate chamber [12]. There are also 
other studies on skin dosimetry and skin reac-
tions due to absorption of radiation dose [13-
15]. In a study carried out by Bahreyni Toossi 
et al. [16] EBT and EBT3 radiochromic films 
were compared in dosimetry in radiotherapy 
for treatment of parotid cancer.

Their experiments were performed on the 6 
MV photon beam of a Siemens Primus linac. 
Skin dose was measured at different points by 
these two types of films on a RANDO phan-
tom. There were differences between the dose 
values from calibration and on-phantom mea-
surements using these two films. EBT film, 
due to higher sensitivity, demonstrated higher 
NOD than EBT3 film.

While various studies have been performed 
on skin dosimetry in radiotherapy of different 
target regions, to the best of our knowledge, 
there is not any research on skin dose mea-
surement and skin reactions in parotid cancer 
treatment. Since the skin reactions can be lim-
iting factors in the radiotherapy process. The 
aim of the present study is to evaluate skin 
dose in radiotherapy of parotid cancer. For this 
purpose, EBT3 radiochromic film is used for 
skin dosimetry on a RANDO phantom irradi-
ated with 6 MV photon beams in treatment of 
parotid cancer fields.

Material and Methods
This is an evaluating study in the field of ra-

diotherapy physics. Skin dose was measured 
in parotid cancer radiotherapy on a RANDO 
phantom using EBT3 radiochromic film. The 
first treatment planning, for treatment of parotid 
cancer, was performed by a clinical oncologist 
on the RANDO phantom. In the overlapping 
region of the right anterior-oblique (RAO) and 
right posterior-oblique (RPO) fields, 9 points 
were determined for skin dosimetry so that the 
points cover various regions on the overlap-
ping area. The films were calibrated using 6 
MV photon beam of a Siemens Primus linac. 
Then, the films were attached on the RANDO 
phantom at the prespecified points for skin 

dose measurement in the irradiation by the 
RAO and RPO fields. The skin dose per frac-
tion from these two fields was measured.

Gafchromic EBT3 radiochromic film
Gafchromic EBT3 radiochromic film was 

commercially introduced by international spe-
ciality products on 2011. Based on the manu-
facturer, the chemical composition of various 
layers of this film is the same of that of EBT2 
radiochromic film [17]. As seen in Figure 1, 
EBT3 film is composed of a 27 µm thick ac-
tive layer, and two 125 µm thick polyester lay-
ers at the two sides [18]. The chemical compo-
sition of various layers of this film are listed in 
Table 1.

The symmetric geometry of this film is the 
main difference between this film and EBT2ra-
diochromic film. In other words, this film has 
the same thickness of polyester layers at the 
two sides. Therefore, this film can be scanned 
on its both sides with the same dosimetric re-
sponses. There are silica particles in the com-
position of this film, which prevent Newton 
fringes artifact in the scanned images of the 
film [17].

Figure 1: Structure of Gafchromic EBT3 ra-
diochromic film
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In the present study, film sheets of 07221303-
lot number were used in the calibration and 
skin dose measurement steps.

Calibration of radiochromic films
A film sheet of EBT3 radiochromic film (lot 

number 07221303) was cut to 48 pieces of 1.5 
× 2 cm2 films. To maintain a consistent orien-
tation for the film pieces, the film pieces were 
cut so that their length was along as the lon-
gitudinal direction of the film sheet. The film 
pieces were divided into 12 groups, including 
4 film pieces. An identification number was al-
located to each film piece. 

To obtain background optical density (op-
tical density before irradiation) of the film 
pieces, they were scanned using a Microtek 
1000XL Pro scanner. The films were scanned 
in transmission mode with 100 dpi resolution 
in the form of 48-bit RGB images. They were 
positioned in landscape mode on the central 
part of the scanner. The Microtek scanner uses 
Microtek Scan Wizard Pro V7.041 software to 
scan the films. The film images were saved in 
the form of TIFF (tagged image file format) 
files. To minimize the effect of noise in the 
scanning process, each film was scanned for 
three times and the average values were used. 
To stabilize and warm up the scanner, it was 
turned on at least 0.5 hour before the scanning. 

For the purpose of calibration, the Gafchro-
mic EBT3 film pieces were irradiated by a 6 
MV photon beam in the range of 0.1 Gy-5.0 
Gy doses. In each dose group, 4 pieces of 
films were irradiated with the same condi-
tions. Each dose group was located at 10 cm 
depth of a solid water phantom (PTW(RW3)) 
with dimensions of 30 cm × 30 cm × 30 cm. 
The source to surface distance (SSD) was 100 

cm and the films were irradiated in a 10 cm 
× 10 cm field using 6 MV photon beam of a 
Siemens Primus linac at Reza Radiation On-
cology Center. The films were read 36 hours 
after irradiations, as they were scanned for 
background optical density reading. To ob-
tain the background pixel value (PB) and pixel 
value of the irradiated films (PC), MATLAB 
(The Math Work, Inc., Natwick, MA version 
7.11.0.584) software was used. The films were 
scanned in the form of RGB images and the 
red color channel was extracted. Furthermore, 
those pixels on the edges of the films were ex-
cluded in the calculations. Those pixels on re-
gions of interest of 1 cm × 1 cm on the central 
parts of the films were included for averaging 
and pixel value calculations. Average pixel 
values were calculated from 3 times of film 
scanning’s of each film piece. Then, averag-
ing was performed on the 4 film pieces in each 
dose group. 

Net optical density (NOD) is calculated from 
the following equation:

NOD=ODC-ODB= -(log10(PC)-log10(PB))       (1)
ODC is the optical density after irradiation 

(calibration) and ODB is the background opti-
cal density. The curve of dose (Gy) was plot-
ted versus NOD using MATLAB software. An 
exponential function was fitted to this curve. 
The film handling and reading process was 
based on the recommendations of task group 
No. 55 (TG-55) of American Association of 
Physicists in Medicine [19].

Treatment planning on RANDO phan-
tom

Commercially available RANDO phantom 
(The Phantom Laboratory, Salem, NY) is 

Layer Density (g/cm3) H Li C O Al
Polyester base 1.35 36.4 - 45.5 18.2 -

Active layer 1.20 56.8 0.6 27.6 13.3 1.6

Table 1: Composition of EBT3 radiochromic film (atomic percentage)
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made from a skeletal structure and plastic tis-
sue equivalent material. This phantom is com-
posed of 36 slices, with numbers ranging from 
0 to 35. The thickness of 0 to 34 slices is 2.5 
cm and the thickness of the pelvic base (slice 
number 35) is about 9 cm. Most of the slices 
include holes to hold TLD chips for the pur-
pose of in-phantom dosimetry [20].

In the irradiation set-up, the RANDO phan-
tom was positioned on the couch of a Siemens 
computed tomography machine (Siemens 
Somatom, Emotion Duo) in Reza Radiation 
Oncology center (Mashhad, Iran). Computed 
tomography images with 0.5 cm slices were 
acquired from the RANDO phantom. Using 
the images, treatment planning was performed 
by a commercial Prowess Panther treatment 
planning system (Prowess Inc., Concord, CA, 
USA) with designing a right anterior-oblique 
and right posterior-oblique fields. A clinical 
oncologist in the aforementioned center per-
formed treatment planning. The characteristics 
of this treatment planning are listed in Table 2.

Skin dosimetry in parotid cancer 
radiotherapy fields

For measurement of skin dose using Gaf-
chromic EBT3 radiochromic film in radiother-

apy of parotid cancer on RANDO phantom, an 
oncologist determined the body contours us-
ing the CT images of the RANDO phantom. 
On the overlapping region of the RAO and 
RPO fields, 9 points were specified for skin 
dose measurement. The coordination’s of such 
points was determined relative to the marker, 
as seen in Figure 2. The positions (cm) of 
these points relative to the marker are listed 
in Table 3. 

An EBT3 film sheet (lot number 07221303) 

RAO field RPO field
SSD (cm) 97.3 97.5

Field size (cm2) 6.4 × 7.0 6.4 × 7.0
Collimator angle (º) 0.0 0.0

Gantry angle (º) 325 237.5
Dose to isocenter 

(cGy/field)
103.65 104.06

Dose to dmax(cGy/
field)

104.5 105.2

MU/field 104.3 105
RAO: Right Anterior Oblique, RPO: Right Posterior 
Oblique, SSD: Sourse to surface distance, MU: Monitor unit

Table 2: Characteristics of treatment plan-
ning in parotid cancer radiotherapy with 
right anterior-oblique and right posterior-
oblique photon fields.

Measurement position (x, y, z)
Marker (-6.4, 5.3, -6.4)

P0 (-6.6, -1.3, -9.0)
P1 (-6.0, -1.3, -6.0)
P2 (-7.0, -1.3, -11.2)
P3 (-7.0, 0.8, -8.9)
P4 (-6.1, 0.8, -6.0)
P5 (-7.2, 0.8, -11.0)
P6 (-5.3, -2.8, -5.2)
P7 (-6.2, -2.8, -8.9)
P8 (-6.0, -2.8, -11.9)

Table 3: Coordination (cm) of the marker and 
measurement points relative to the marker.

Figure 2: Arrangement of EBT3 radiochromic 
films on the RANDO phantom in radiothera-
py of parotid cancer. 
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from the same batch of the calibration sheet 
was cut to 1.5 cm×2 cm pieces. The film 
pieces were divided into 9 groups that each 
group included two pieces of films. Toread 
the background optical density, the film piec-
es were scanned before irradiation, with the 
same condition of reading in the calibration 
step. By supervision of the radiation oncolo-
gist, and based on the treatment planning, the 
film pieces were attached to the correspond-
ing points (P0-P8) on the RANDO phantom on 
the overlapping region of the RAO and RPO 
fields. The RAO and RPO fields were irradi-

ated by 104.5 cGy dose at the dmax (at depth 
of 2 cm from the surface) and 105.2 cGy dose 
at the dmax (at depth of 2 cm from the surface), 
respectively. The irradiations were performed 
by6 MV photon beam of a Siemens Primus 
linac at Reza Radiation Oncology Center 
(Mashhad, Iran). The irradiation set up, for the 
RAO and RPO fields, including the relative 
positions of the linac and RANDO phantom 
is illustrated in Figure 3. This irradiation was 
repeated for two times. 

As seen in Figure 2, pieces of films were at-
tached on the overlapping region of the RAO 

Figure 3: Irradiation setup of the RANDO phantom with right anterior-oblique (a) and right 
posterior-oblique (b) fields in measurement of skin dose in radiotherapy of parotid cancer. 

and RPO fields at the P0-P8 points, and irradi-
ated based on the treatment planning through 
both fields in a treatment fraction. 

Each measurement of point was repeated 
twice with two film pieces. The film pieces 
were scanned 36 hours after on-phantom ir-
radiations with the same condition of reading 
as the calibration step. Net optical density of 
various pixels on the film pieces were deter-
mined using MATLAB software, which was 
the same as that in the calibration step. Next, 
using the fitting formula, dose values were cal-
culated from the net optical density values.

Results
The net optical density values from calibra-

tion irradiation of Gafchromic EBT3 radio-
chromic film are listed in Table 4. In Figure 4, 
the calibration curve (dose versus net optical 
density) is plotted for this film type. The fitting 
was performed using MATLAB software. 

The following equation is the fitting formula 
for dose (Gy) as a function of net optical den-
sity (NOD):
D=1.612e4.553NOD-1.582e-1.708NOD                        (2)

The skin dose values (Gy) in one fraction 
in the overlapping region of right anterior-
oblique and right posterior-oblique fields in 
radiotherapy of parotid cancer are presented 
in Table 5. 

By the skin dose values in one fraction and 
considering two cases of unremoved tumor 
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and removed tumor, the total skin dose values 
were calculated. The total skin dose values are 
presented in Table 6.

Discussion
In the present study, skin dosimetry was per-

formed on RANDO phantom in radiotherapy 

by photon beams in treatment of parotid can-
cer. Based on the obtained results in Table 5, 
the maximum skin dose in one fraction is 0.97 
Gy, related to point P8. The minimum skin 
dose per fraction is 0.50 Gy, related to point 
P6. Since the P1 and P6 points are in the close 
vicinity of each other and located near to the 
fields’ boundaries, it is expected that they tol-
erate relatively the same doses and lower dos-
es compared to the other points. 

Various skin reactions following radiother-
apy in relation to the received skin dose are 
presented in Table 7 [21].

Skin dose in one fraction may not be clinical-
ly relevant; therefore, total skin dose should be 
considered during the total treatment period. 
For parotid cancer radiotherapy, two treatment 
regimens can be applied, including unremoved 
tumor and removed tumor. The dose -fraction 
regime is different for these two cases and the 
total skin dose in these two cases is discussed 
in the following. 

For the case of unremoved tumor, based on 
the consultation with an oncologist, the skin 
dose levels measured on the RANDO phan-
tom at points P0-P8 are expectable. Since the 

Given dose (Gy) Net optical density
0.1 0.0082
0.3 0.0253
0.5 0.0424
0.7 0.0602
1.0 0.0846

1.25 0.1026
1.5 0.1231

1.75 0.1375
2.0 0.1498
2.5 0.1800
3.5 0.2289
5.0 0.2875

Table 4: Net optical density in EBT3 radio-
chromic film following calibration with 6 MV 
photon beam. 

Figure 4: Calibration curve for the EBT3 ra-
diochromic film

Table 5: Skin dose measured with EBT3 ra-
diochromic film in one session of parotid 
cancer radiotherapy. The values are related 
to the summation from two fields. 

Skin dosimetry 
point

Measured dose 
(Gy)

P0 0.83
P1 0.61
P2 0.83
P3 0.84
P4 0.56
P5 0.67
P6 0.50
P7 0.88
P8 0.97
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priority in such irradiation is to deliver the 
treatment dose to the target volume, and the 
skin tolerance is not a limiting factor with this 
regard. Based on the values listed in Table 7 
and considering the treatment planning details 
in Table 2, the points P4 and P6, which have 
received dose levels about 20 Gy, will tolerate 
epilation. Additionally, for the points P0-P5, P7 
and P8 with received doses ranging from 20-40 
Gy skin, erythema is predicted. 

For the case of removed tumor, P0, P3, P7 

and P8 can be corresponded to the points with 
surgery scar from the tumor removal surgery. 
Therefore, it is expected that these points re-
ceive the prescribed dose in one fraction. 
From 2 Gy prescribed dose in one fraction (1 
Gy from each the RAO and RPO fields), P0, 
P3, P7, P8 receive 0.83 Gy, 0.84 Gy, 0.88 Gy 
and 0.97 Gy doses, respectively. These results 
indicate that these points received lower doses 
than the expected level and bolus can be used 
to compensate this effect. Considering the 

Table 6: Total skin dose following parotid cancer radiotherapy in two cases of removed tumor 
and unremoved tumor.

Table 7: Skin reactions following skin exposure in radiotherapy.

Total dose in a number of fractions (Gy) Expected effects Structural changes
~20 Epilation Hyperemia

20-40 Erythema

~45 Color change

~45 Dry desquamation
Serum leakage, healing re-
generates functional barrier

45-50
Healing moist desquamation, 

Vascular legions

>50
Moist desquamation which does not 

heal in more than 50% of cases
Loss of protective barrier

>60 Non healing necrosis Loss of protective barrier

Measurement 
position

Total skin dose (Gy) in 35 fractions 
(for unremoved tumor)

Total skin dose (Gy) in 30 fractions 
(for removed tumor)

P0 29.05 24.90
P1 21.35 18.30

P2 29.05 24.90

P3 29.40 25.20

P4 19.60 16.80

P5 23.45 20.10

P6 17.50 15.00

P7 30.80 26.40

P8 33.95 29.10
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skin dose values in Table 6 and Table 7, P1, P4, 
P5 and P6 will tolerate epilation. Furthermore, 
by considering the received dose in the points 
P0, P2, P3, P7 and P8, it is predicted that skin 
erythema will be happened at these points. 
These side effects are mild and do not result 
to important complications for the patients. To 
the best of our knowledge, there are not cor-
responding published results and therefore the 
results of the present study can not be com-
pared with other studies. 

As it was mentioned in the introduction sec-
tion, Bahreyni Toossi et al. [16] have com-
pared the results by EBT and EBT3 radiochro-
mic films in dosimetry for treatment of parotid 
cancer in radiotherapy. There are some simi-
larities (photon energy, model of linac, phan-
tom and radiation fields) between the methods 
applied in that study and the present study. 
However, the aims and results of the study 
carried out by Bahreyni Toossi et al. and the 
present study are quite different. In that study, 
the skin dose per fraction were compared by 
EBT and EBT3 radiochromic films; however, 
in the present study, the total skin dose in pa-
rotid radiotherapy was measured and the skin 
reactions was predicted based on results of the 
total skin dose. Due to some differences in the 
methods applied in these two studies, the re-
sults can not be compared accordingly.

Conclusion
According to the obtained results of skin 

dosimetry in parotid cancer radiotherapy, it 
is predicted that mild skin reactions such as 
erythema and epilation can occur. The type 
of these reactions will depend on the skin tol-
erance and skin color and have variations in 
various patients. Since the dose delivered to 
the target volume is of the priority, such mild 
reactions may not be of importance.

Acknowledgment
The authors are grateful to Mashhad Univer-

sity of Medical Sciences for financial support 
of this work. This article is based on a MSc. 

thesis of Mrs Farideh Khorshidi.

Conflict of Interest
None

References
 1. Siegel RL, Miller KD, Jemal A. Cancer statis-

tics, 2015. CA Cancer J Clin. 2015;65:5-29. doi: 
10.3322/caac.21254. PubMed PMID: 25559415.

 2. Siegel R, Ma J, Zou Z, Jemal A. Cancer statis-
tics, 2014. CA Cancer J Clin. 2014;64:9-29. doi: 
10.3322/caac.21208. PubMed PMID: 24399786.

 3. Mercante G, Marchese C, Giannarelli D, Pellini R, 
Cristalli G, Manciocco V, et al. Oncological out-
come and prognostic factors in malignant parotid 
tumours. J Craniomaxillofac Surg. 2014;42:59-65. 
doi: 10.1016/j.jcms.2013.02.003. PubMed PMID: 
23541937.

 4. Helal A, Omar A. Three dimensional conformal 
postoperative radiotherapy for unilateral parotid 
gland cancer: A comparison of three different pa-
rotid gland irradiation techniques. Alexandria Jour-
nal of Medicine. 2013;49:379-84. doi: 10.1016/j.
ajme.2013.05.001.

 5. Kobayashi K, Usami N, Porcel E, Lacombe S, 
Le Sech C. Enhancement of radiation effect by 
heavy elements. Mutat Res. 2010;704:123-31. 
doi: 10.1016/j.mrrev.2010.01.002. PubMed PMID: 
20074660.

 6. Oxenberg J, Kane 3rd JM. The role of radia-
tion therapy in melanoma. Surg Clin North Am. 
2014;94:1031-47. doi: 10.1016/j.suc.2014.07.006. 
PubMed PMID: 25245966.

 7. Shiau AC, Lai PL, Liang JA, Shueng PW, Chen 
WL, Kuan WP. Dosimetric verification of sur-
face and superficial doses for head and neck 
IMRT with different PTV shrinkage margins. Med 
Phys. 2011;38:1435-43. doi: 10.1118/1.3553406. 
PubMed PMID: 21520855.

 8. Kry SF, Smith SA, Weathers R, Stovall M. Skin 
dose during radiotherapy: a summary and gen-
eral estimation technique. J Appl Clin Med Phys. 
2012;13:3734. doi: 10.1120/jacmp.v13i3.3734. 
PubMed PMID: 22584171. PubMed PMCID: 
PMC5716567.

 9. Nakano M, Hill RF, Whitaker M, Kim JH, Kuncic 
Z. A study of surface dosimetry for breast cancer 
radiotherapy treatments using Gafchromic EBT2 
film. J Appl Clin Med Phys. 2012;13:83-97. doi: 
10.1120/jacmp.v13i3.3727.

 10. Farah N, Francis Z, Abboud M. Analysis of the EBT3 
Gafchromic film irradiated with 6 MV photons 

Skin Dosimetry-Parotid Cancer

581



J Biomed Phys Eng 2021; 11(5)

and 6 MeV electrons using reflective mode scan-
ners. Phys Med. 2014;30:708-12. doi: 10.1016/j.
ejmp.2014.04.010. PubMed PMID: 24880678.

 11. Alashrah S, Kandaiya S, Maalej N, El-Taher A. Skin 
dose measurements using radiochromic films, 
TLDS and ionisation chamber and comparison 
with Monte Carlo simulation. Radiat Prot Dosim-
etry. 2014;162:338-44. doi: 10.1093/rpd/nct315. 
PubMed PMID: 24300340.

 12. Bilge H, Cakir A, Okutan M, Acar H. Surface dose 
measurements with GafChromic EBT film for 6 and 
18MV photon beams. Phys Med. 2009;25:101-4. 
doi: 10.1016/j.ejmp.2008.05.001. PubMed PMID: 
18571964.

 13. Bahreyni Toossi MT, Baradaran SF, Gholoobi A, Na-
demi H. Evaluation of Maximum Patient Skin Dose 
Arising from Interventional Cardiology Using Ther-
moluminescence Dosimeter in Mashhad, Iran. Ira-
nian Journal of Medical Physics. 2013;10:87-94.

 14. Ghavami SM, Ghiasi H. Estimation of Secondary 
Skin Cancer Risk Due To Electron Contamination 
in 18-MV LINAC-Based Prostate Radiotherapy. Ira-
nian Journal of Medical Physics. 2016;13:236-49.

 15. Zarghani H. Local Diagnostic Reference Levels for 
Some Common Diagnostic X-Ray Examinations In-
Sabzevar County of Iran. Iranian Journal of Medi-
cal Physics. 2018;15:62-5.

 16. Bahreyni Toossi MT, Khorshidi F, Ghorbani M, Mo-
hamadian N, Davenport D. Comparison of EBT and 
EBT3 RadioChromic Film Usage in Parotid Can-

cer Radiotherapy. J Biomed Phys Eng. 2016;6:1-
12. PubMed PMID: 27026949. PubMed PMCID: 
PMC4795323.

 17. Brown TA, Hogstrom KR, Alvarez D, et al. Dose-
response curve of EBT, EBT2, and EBT3 radiochro-
mic films to synchrotron-produced monochromat-
ic x-ray beams. Med Phys. 2012;39:7412-7. doi: 
10.1118/1.4767770. PubMed PMID: 23231291.

 18. Fiorini F, Kirby D, Thompson J, Green S, Parker DJ, 
Jones B, et al. Under-response correction for EBT3 
films in the presence of proton spread out Bragg 
peaks. Phys Med. 2014;30:454-61. doi: 10.1016/j.
ejmp.2013.12.006. PubMed PMID: 24461335.

 19. Niroomand-Rad A, Blackwell CR, Coursey BM, Gall 
KP, Galvin JM, McLaughlin WL, et al. Radiochromic 
film dosimetry: recommendations of AAPM Radia-
tion Therapy Committee Task Group 55. Ameri-
can Association of Physicists in Medicine. Med 
Phys. 1998;25:2093-115. doi: 10.1118/1.598407. 
PubMed PMID: 9829234.

 20. Scalzetti EM, Huda W, Bhatt S, Ogden KM. A 
method to obtain mean organ doses in a RAN-
DO phantom. Health Phys. 2008;95:241-4. doi: 
10.1097/01.HP.0000310997.09116.e3. PubMed 
PMID: 18617806.

 21. Archambeau JO, Pezner R, Wasserman T. Patho-
physiology of irradiated skin and breast. Int J 
Radiat Oncol Biol Phys. 1995;31:1171-85. doi: 
10.1016/0360-3016(94)00423-I. PubMed PMID: 
7713781.

Mohammad Taghi Bahreyni Toossi, et al

582


