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Background: The calculation and measurement on the surface of the skin presents a signifi-

cant dosimetric problem because of numerous factors which have an influence on the dose

distribution in this region.

Aim: The overall aim of this study was to check the agreement between doses measured with

thermoluminescent detectors (TLD) during tomotherapy photon beam irradiation of the

skin  area of a solid water cylindrical phantom with doses calculated with Hi-Art treatment

planning system (TPS).

Material and Method: The measurements of the dose were made with the use of a solid

water cylindrical phantom - Cheese Phantom. Two bolus phantoms were used: 5 mm  and

10  mm Six different planning treatments were generated. The doses were measured using

TL  detectors.

Results: In the case of a tumor located near the surface of the skin, the mean dose for 0.5 cm

bolus was - 1.94 Gy, and for 1 cm bolus - 2.03 Gy. For the tumor located inside the phantom

and organ at risk on the same side that TL detectors, for a 0.5 cm bolus, mean dose was

0.658 Gy, and for a 1 cm bolus, 0.62 Gy.

Conclusion: The analysis of results showed that the relative percentage difference between
measured and planned dose in the field of irradiation was less than 10%, while the largest

differences were on the board of the field of radiation and outside of the field of irradiation,

where the dose was 0.08 Gy to 1 Gy.
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1.  Introduction
Radiotherapy is an oncological treatment that uses spe-
cific properties of ionizing radiation to interact with living
cells. This method is used for both radical treatment, which
is intended to completely cure the patient, and palliative
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treatment, which aims to inhibit the disease process and
reduce the discomfort in the case of disseminated tumor
lesions, as well as symptomatic treatment.

Radiotherapy for the delivery of a dose to the tumor is
divided into:

Teleradiotherapy – where the radiation source is a linear
accelerator or radioactive isotope located at a certain distance
from the patient,

Brachytherapy – where the source of radiation is a radioac-
tive isotope located in direct contact with the tumor.1

The continuous development of radiotherapy meth-
ods increasingly demands the use of therapeutic medical
equipment. Modern technologies, starting with particle
accelerators, intensive dose modulation techniques (IMRT),
imaging techniques (IGRT), or tomotherapy, allow more  con-
formational tumor dose distribution. The consequence of the
conformation of doses in a tumor volume is dose reduction in
critical organs. Tomotherapy is a spiral irradiation technique,
so it is difficult to achieve a homogeneous dose distribution in
the skin. On the basis of literature, it can be demonstrated that
there is no documented methodology or any reliable results
for measuring and verifying dose in the surface layers of the
skin. It is, therefore, necessary to undertake a study to make
it possible to specify a method of measuring doses in the skin,
which is difficult due to many  factors. There are a few publi-
cations on this subject. Martin J. Buton, Tsang Cheung, Peter
Yu and Peter Netcalfe in their paper entitled “Effects on skin
dose from unwanted air gaps under bolus in photon beam
radiotherapy” attempted to assess the effect of airspots under-
neath the bolus during patient irradiation on a classical Linear
accelerator.2 The article entitled “Skin dose study of chest wall
treatment with Tomotherapy” attempted to assess the dose
distribution on the skin during thoracic irradiation on a classic
accelerator and Tomotherapy. Tangential technology is often a
challenge in achieving uniformity of dosage in irradiated vol-
ume.  Tissue-like bolus is often used to provide the right dose.
Tomotherapy is a technique of irradiation that allows a homo-
geneous dose distribution in PTV. Authors in this experiment
hypothesized that getting the right dose on the skin while
irradiating the chest wall on Tomotherapy will not require a
bolus. The study compared the doses to the skin during irra-
diation on a tomotherapeutic device and on a classic linear
accelerator.3 Kim et al. in their study described the dose dis-
tribution near the surface during irradiation on Tomotherpay.
In the article “Superficial Dosimetry for Helical Tomotherapy”,
we investigated the effect of radiation delivery during spiral
tomotherapy on the skin.4

2.  Aim

The general aim of the work was to do dosimetric verifica-
tion of the calculation algorithm of doses in surface layers of
a tissue-like phantom during irradiation of tumor lesions with
spiral Tomotherapy.
The most important specific objective was to define the
radiographic parameters of the spiral Tomotherapy acceler-
ator – Cheese phantom to obtain a desired dose distribution.
A very strong emphasis was put in this study to develop a
iotherapy 2 4 ( 2 0 1 9 ) 251–262

method of calibration of thermoluminescent detectors using
spiral Tomotherapy.

One of the main points was the measurement and analysis
of doses in surface layers of a tissue-like phantom corre-
sponding to the surface layers of the skin by means of
thermoluminescent detectors and the comparison of mea-
sured doses in surface layers of a Cheese phantom with dose
distribution calculated in the treatment planning system for
spiral tomotherapy.

3.  Material

3.1.  Cheese  phantom

A phantom is a material either solid or liquid of a certain
density that is close to the density of water or human tissue,
which makes it possible to estimate the dose distribution in a
biological medium without involving the patient. Due  to the
specificity of measurements, it is important to choose the right
phantom shape and dimensions.

The Cheese Phantom was used to measure the dose in
the surface layers of a phantom like phantom reflecting sur-
face layers of the skin. The Cheese Phantom has a cylindrical
shape with a diameter of 30 cm,  height of 18 cm and is made
up of two identical halves. Between these two  components, it
is possible to place an X-ray film. On one wall of the phantom,
there are openings of 0.5 cm for the placement of ionization
chambers, and the other wall has densities imitating different
densities that allow the quality of images obtained using the
MVCT detector to be evaluated. The average phantom density
is 1.018 g/cm3. Fig. 1 shows the Cheese Phantom in two views:
front and rear.

3.2.  Thermoluminescence  detectors

Harshaw TL100 thermocoluminescence detectors from Har-
shaw are used in this work which are solid lithium fluoride
(LiF) measuring 3.0 × 3.0 × 0.9 mm.  Lithium Fluoride stores
electrons by trapping some of the energy absorbed while pass-
ing through the ionizing radiation. As a result of the sample
heating, electrons are transferred from electron traps to higher
levels where they then return to the basal level emitting
energy in the form of light. The amount of energy absorbed
by the detector that is emitted in the form of light is propor-
tional to the number of electrons in the electron traps, which
corresponds to the energy absorbed during irradiation. The
absorbed charge reading is carried out in the reader of the
thermoluminescent detectors which consists of a heater; pho-
tomultiplier processing a small amount of light per current
pulse; counting system and microprocessor for pulse process-
ing. After reading, the detector is thermally treated to prepare

it for the next exposure. The sensitivity of the thermolumi-
nescent detector is not constant and it is, therefore, necessary
to perform calibration under appropriate conditions, which
allows the calibration factor to be determined.

https://doi.org/10.1016/j.rpor.2018.11.006
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Fig. 1 – Cheese Phantom used for measuring dose on the surface of the skin using a tomotherapeutic apparatus. (A) shows
a mber, while (B) shows a rear view with density peaks and the
s
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Table 1 – Conditions for calibration of
thermoluminescent detectors on tomotherapy unit.

Photon energy 6 MV
Wide of the field 5.0 cm
Pitch 0.287
 front view with locations for measuring the ionization cha
pace for the ionization chamber.

.3.  Phantom  for  calibration  thermoluminescent
etectors

or the calibration of thermoluminescent detectors, a cylin-
rical shape phantom made of plastic such as Plexiglas is
sed, the main component of which is polymer - poly (methyl
ethacrylate). Phantom shape and density are similar those

f the Cheese Phantom. Phantom is 30 cm in diameter and
0 cm in height. In the central part, there is a square plate
ade of Plexiglas just like the rest of the phantom, which
ade it possible to place the detectors in the central part of the

hantom. The plate has dimensions of 11.8 cm × 11.8 cm and
hickness of 2.4 cm.  The phantom volume was 5645.25 cc, and
he phantom mass was about 5700 g. The average phantom
ensity was calculated to be 1.010 g/cc.

.4.  Ionization  chamber

n A1SL ionization chamber was used to measure the dose
n water, air and other phantoms. It is a sensitive method of

easuring dose at a point. The A1SL Thimble Chamber is a
hin-walled version of the A1. It has the same internal dimen-
ions and volume as the A1 model, the entire chamber has a
xed diameter of 6.4 mm (0.250′′) which is ideal for small phan-
oms. Small dosimetric measurements of 6 mm × 8 mm size

aterproof construction allows the use of a phantom dosing
hamber in a water phantom. The chamber is located in a duct
hat surrounds a triaxial cable that provides a balance of pres-
ure inside the chamber with the environment. Symmetrical
onstruction of the ionization chamber makes it possible to
niformly collect the signal.5

.  Methods

.1.  Calibration  of  TLD  detectors

he thermoluminescent detectors used for the tests show
ome differences. In response, it is therefore necessary to
etermine the calibration factor for each detector used. Cali-

ration of the detectors consists in determining the response
f a single detector to a given dose (in this case 2 Gy). The ratio
f the set dose to the detector reading is called the Element
orrection Coefficient (ECC). This factor is used to calculate
Planned modulation factor (actual) 2500 (2501)
Dose 2 Gy
Table speed 0.029 m/s

the dose in the area of interest by multiplying the load reading
from a single detector by that factor.

The detector calibration was performed using a 6 MV  MV
photon radiation on a Tomotherapy unit. Tomotherapy calcu-
lated the time of irradiation with the help of the treatment
planning system to give a dose of 2 Gy (5 fractions of 2 Gy).
Table 1 describes the conditions under which detectors were
calibrated.

Phantoms prepared for calibration on tomotherapy were
used for the calibration of thermoluminescent detectors.
Phantom shape and density is similar to those of the Cheese
Phantom. Phantom dimensions are: diameter 30 cm and
height 30 cm.

In the central part, there is a square plate for placing the
detectors. Fig. 2 shows the measurement system used for the
calibration of thermoluminescent detectors.

Fig. 2 shows the dose distribution in the phantom used to
calibrate the thermoluminescent detectors.

The central part of the phantom was a plate made of Plex-
iglas with the same density as the phantom, which contained
70 calibration detectors. The location of the detectors was
a target where a homogeneous 2 Gy dose distribution was
obtained.

The reading of the signal that was converted to dose was
carried out in a Harshaw 3500 TLD Reader. The reading was
made for a baking curve with a maximum temperature of
300 ◦C. Each time after reading the doses, the detectors were
subjected to the final heating in a PTW-TLD oven at 400 ◦C
for one hour followed by four hours at 100 ◦C. The calibration
procedure was repeated five times, resulting in 37 out of 70
particle detectors on the skin surface.
4.2.  Calculation  of  dose  distributions

The first step was to perform a Cheese Phantom scan on
a computerized tomography using a bolus of two  different

https://doi.org/10.1016/j.rpor.2018.11.006


254  reports of practical oncology and radiotherapy 2 4 ( 2 0 1 9 ) 251–262

 pha
Fig. 2 – Calculated dose distribution in

thicknesses. Bolus was located on the surface of the phantom.
The phantom was scanned twice, first a 0.5 cm bolus was used;
then, a bolus of 1 cm in thickness. In order to obtain accurate
reconstruction of the image  that is necessary for the execution
of the treatment plans, the distance between the individual
scans was determined at 3 mm.

After receiving the reconstructed images, three different
tumor lesions and critical organs were identified in the phan-
tom. In all six cases, the dose was 10 Gy in 5 fractions of 2 Gy.
The field width was 2.5 cm for all cases, and the pitch was the
same and amounted to 0.287. The planned modulation factor
in all six cases considered was 2500. However, the actual coef-
ficient was different for each of them. Table speed, duration of
administration, and time of administration of fractions in MU
varied depending on the clinical case.

4.3.  Six  clinical  cases  of  different  tumor  sites  were
considered

1) Clinical case 1: 0.5 cm displacement at the skin surface with
0.5 cm of tissue-like bolus: the average skin surface dose
was 1.38 Gy per fraction, the minimum dose was 0.12 Gy,
The maximum dose was 1.94 Gy.

2) Clinical case 2: tumor of approx. 0.5 cm at the skin surface
with 1 cm of tissue-like bolus: the average skin surface dose
was 1.5 Gy per fraction, the minimum dose was 0.12 Gy, the
maximum dose was 2.03 Gy.

3) Clinical case 3: a tumor located within the tissue-like phan-
tom, where the critical organ was on the same side as
the thermoluminescent detectors using a 0.5-cm tissue-
like bolus: minimum dose 0.07 Gy, the maximum dose was
0.75 Gy.

4) Clinical case 4: a tumor located within the tissue-like phan-
tom, where the critical organ was on the same side as the
thermoluminescent detectors with 1 cm tissue-like bolus:
the average skin surface dose was 0.555 Gy per fraction,
the minimum dose was 0.073 Gy, the maximum dose was
0.790 Gy.

5) Clinical case 5: a tumor located within a tissue-like phan-

tom, where the critical organ was on the opposite side of
the thermoluminescent detector using a 0.5-cm tissue-like
bolus: the average skin dose was 0.38 Gy per fraction, the
maximum dose was 0.66 Gy.
ntom for calibration of TLD detectors.

6) Clinical case 6: tumor localized within the tissue-like phan-
tom, where the critical organ was on the opposite side of
the thermoluminescent detector with 1 cm of tissue-like
bolus: the average skin surface dose was 0.43 Gy per frac-
tion, the minimum dose was 0.33 Gy, the maximum dose
was 0.62 Gy.

4.4.  Dose  measurements

Cheese phantom, whose density is close to the density of
human tissues, was used to measure the doses in the skin lay-
ers. The phantom was irradiated with a photon beam of 6 MV
energy on a tomotherapy unit. The centering point was in the
mid-axis of the long phantom and half the height of the phan-
tom. Points were placed on the surface of the phantom where
thermoluminescent detectors were placed during appropriate
measurements. Phantom scans were made every 3 mm,  which
was determined by the size of the phantom markers which
were thermoluminescent detectors. The use of the markers
and scanning every 3 mm made it possible to calculate the
dose at a point for 37 thermoluminescent detectors by the
treatment planning system. Six clinical cases were described.
Each of them used 37 thermoluminescent detectors based on
the coefficient of variation out of 70 used for calibration. Detec-
tors for each clinical case were located at the same measuring
points.

5.  Results

5.1.  Results  of  calibration  of  TLD  detectors

70 thermoluminescent detectors were calibrated as a result of
a five-fold calibration procedure. Based on the results obtained
from the 5 measurements for each detector, the calibration
factor was determined. Determining the calibration factor is
necessary to calculate the dose obtained during proper mea-
surements on the Cheese Phantom. The calibration factor is

defined as the dose ratio (2 Gy) and the mean calibration mea-
surement. As a result of the calibration, 37 detectors were
selected, with a variation factor of less than 3% (except for
one detector with a variation factor of 3.38%).

https://doi.org/10.1016/j.rpor.2018.11.006
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Fig. 3 – Calculated dose distribution for clinical case 1 tumor located at the skin surface using a 0.5 cm bolus.

Fig. 4 – Dose volume histogram of dose distribution calculated for clinical case 1: tumor located at the skin surface with
0.5 cm bolus. Numbers 1, 2, 3, 14, 24, 35, 36, 37 indicate detectors outside the irradiation field; Numbers 15 and 23 denote
d
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high dose area, but also in the area of the irradiation field, on
the border and off the irradiated field.
etectors at the boundary of the dose gradients.

.2.  Dose  distributions  of  calculated  doses

alculated dose schedules and dose histograms for individ-
al thermoluminescent detectors were calculated by the Hi
rt treatment planning system. This system, unlike classi-
al therapeutic treatment systems, differs in that it calculates
he dose distribution not only in the patient’s body but also
n the air, so it is possible to compare the dose measured at
he skin surface with the dose calculated at the location of
he treatment planning system. Figs. 3 and 4 show an isodose
ose distribution and a histogram for clinical case 1: a tumor

ocated just below the skin surface using a 0.5 cm bolus. The
ose absorbed through the skin comes from both primary and
econdary radiation. For clinical case 1, a more  homogeneous
istribution was obtained than for clinical cases 3 to 6, due to
he shape and location of the tumor just above the skin sur-
ace. For Clinical Case # 1, which used a 0.5-cm-thick bolus,

 lower dose was obtained for the 1 cm bolus. For a 0.5 cm
olus, the dose distribution is less homogeneous due to the

mbalance of electron radiation. Thermoluminescent detec-
ors in this case are located not only in the high dose area, i.e.

n the irradiation field, but also at the border and outside the
rradiation field.
5.3.  The  histogram  shows  the  dose  distribution  of  a
single  detector  and  dose

In the tumor as well as in the critical structure called OAR
(Organ At Risk). The curves located at the origin of the coor-
dinate system show a significant deviation from the curves
located in the second part of the graph, which is the distri-
bution of the dose points located on the phantom surface in
the irradiation field. The dose in the irradiation field is more
homogeneous and the average is about 2 Gy. Two curves far
out of the others are curves showing the dose distribution of
detectors at the target boundary, where large dose gradients
occur. The blue curve shows the distribution of the dose in the
critical organ.

Figs. 5 and 6 show isodoses as well as a histogram for clin-
ical case 2: lesion located just below the skin surface using a
1 cm bolus. The dose distribution on the skin in this case is
more homogeneous than in the tumor lesion located within
the patient’s body. The detectors are located not only in the
For clinical case 2 for 10 points, the dose distribution dif-
fers significantly from the curves in the second part of the

https://doi.org/10.1016/j.rpor.2018.11.006


256  reports of practical oncology and radiotherapy 2 4 ( 2 0 1 9 ) 251–262

Fig. 5 – Calculated dose distribution for clinical case 2: tumor located at the skin surface with a 1 cm bolus.

Fig. 6 – Dose volume histogram of dose distribution calculated for case 2: tumor located at the skin surface using a 1 cm
bolus. Numbers 1, 2, 3, 14, 24, 35, 36, 37 indicate detectors outside the irradiation field; Numbers 15 and 23 denote detectors

at the boundary of the dose gradients.

graph. The curves for points 15 and 23 illustrate the dose dis-
tribution for the target and critical target detectors where large
dose gradients occur. The points in the irradiation field show
a homogeneous dose distribution that is 2 Gy, on average.

Figs. 7 and 8 show isodose distribution and a histogram
for clinical case 3: a tumor located within a tissue-like phan-
tom using a 0.5 cm bolus. Detectors in this case were clinically
located on the OAR side and were, therefore, outside the radi-
ation field in the low dose region.

On the histogram, the resulting dose distribution is uni-
form over the tumor location just below the surface of the skin
because the detectors were not outside the radiation field in
the low dose region. A wider range of doses were obtained in
the range of 1 to 7 Gy.

Figs. 9 and 10 show isodose distribution and a histogram
for clinical case 4: tumor located within a tissue-like phantom
using a 1 cm bolus. In the case of this clinical situation, as in
the case of the 0.5 cm bolus, TLD detectors were located in

similar dose distribution areas.

The histogram for clinical case 4 is very similar to the
histogram for clinical case 3 because of the same location
of the tumor and the critical organ. The critical organ was
oriented toward the tumor, while the position of the detec-
tors was similar to that of the previous clinical cases. The
same detector distribution allows comparison of the dose
at the same point for different clinical situations. The use
of different bolus thickness results in a more  homogeneous
distribution of dose, with no curves significantly different
from the 5 Gy dose. A dose of 4 to 7 Gy was obtained. For
8 detectors, the dose was calculated to be higher than 5 Gy.
The dose was calculated for 10 therapeutic fractions of the
patient.

Figs. 11 and 12 show isodose distribution and histogram for
clinical case 5: a tumor located within a tissue-like phantom
using a 0.5 cm bolus. In this case, the different location of the
critical organ that was under the tumor was considered. In
this case, the clinical points were located on the lesion side
rather than the OAR side. There were high dose gradients in
the low dose area near the skin surface.

In clinical case 5 for four measurement points, the dose
was lower than for the other points because they were located
on the OAR side.
Figs. 13 and 14 show isodose distribution and histogram for
clinical case 6: a tumor located within a tissue-like phantom

https://doi.org/10.1016/j.rpor.2018.11.006
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Fig. 7 – Calculated dose distribution for clinical case 3: tumor located within a 0.5 cm bolus.

Fig. 8 – Dose volume histogram of dose distribution calculated for clinical case 3: tumor located with a0.5 cm bolus.
Numbers 1, 2, 3 indicate detectors outside the irradiation field; Detectors 35, 36, 37 were  located out of the range of dose
distribution isodoses and 22, 23, 24, 27 in the high dose gradients.
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Fig. 9 – Calculated dose distribution for clin

sing a 1 cm bolus. In this case, like clinical case. 5, large dose
radients appeared in the low dose region at the skin surface.

The histogram for clinical case 6 is analogous to case 5,
here 5 measurement points receive a dose of less than 5 Gy.
hese points are located outside the radiation area.
.  Discussion

omotherapy is a spiral irradiation technique, so it is difficult
o achieve a homogeneous dose distribution in the skin. On
case 4: tumor localized within 1 cm bolus.

the basis of literature, it can be demonstrated that there is no
documented methodology or any reliable results for measur-
ing and verifying the dose in the surface layers of the skin. It is,
therefore, necessary to undertake a study to make it possible
to specify a method of measuring the dose in the skin, which
is difficult due to many  factors.

The parameters that affect the accuracy of the dose mea-

surement in the skin include the TLD coefficient of variation
and the lack of precise bolus dose optimization due to the
presence of airspace between the bolus and the surface
of the phantom. The five-way calibration of the detectors

https://doi.org/10.1016/j.rpor.2018.11.006
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Fig. 10 – Histogram of dose distribution calculated for clinical case 4 tumor located within a 1 cm bolus. Numbers 12, 13, 21,
22, 23, 24, 29, 30 indicate detectors located at the border and outside the irradiation field.

Fig. 11 – Dose distribution calculated for clinical case 5: tumor located within a 0.5 cm bolus.

Fig. 12 – Dose volume histogram of dose distribution calculated for clinical case 5: tumor located within a 0.5 cm bolus.
Numbers 1, 2, 3 indicate detectors in the high dose gradient region, while detectors 35, 36, 37 are located outside the

radiation field.

was designed to demonstrate the repeatability and stability

of individual detectors. During calibration, the temperature,
pressure and phantom geometry were similar. Based on 5
measurements, one can determine the dispersion of results
measured by standard deviation. Stability of the detectors is

measured by the dispersion measure: the smaller the variabil-
ity, the greater the stability of the detectors. The accuracy of
the detector means the possibility of obtaining a result which

https://doi.org/10.1016/j.rpor.2018.11.006
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Fig. 13 – Calculated dose distribution for clinical case 6: tumor located within a 1 cm bolus.

Fig. 14 – Dose volume histogram of dose distribution calculated for internal location using a 1 cm bolus. Numbers 1, 2, 3
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ndicate detectors in the high dose gradient region, while de

oes not differ from the measured value. The smaller the
ifference between these two values, the more  accurate the
esult.

When comparing doses measured with the planned one, it
hould be taken into account that the distribution of airspace
s different during each therapeutic session, but also with
espect to the CT scanned tomography system to form a radi-
tion plan. Figs. 15 and 16 show the location of airspace
uring phantom irradiation. There are two different situa-
ions, depending on the thickness of the bolus used. Bolus is
ot strictly close to the surface of the phantom, in addition
o each fracture, the geometry of the airspace is different for
olus construction.

Another parameter that can significantly influence the
omparative study of planned and measured doses is the
mall size of detectors that cannot be accurately traced in
he treatment planning system to calculate the dose in a par-
icular detector. Incorrect tracing of detectors may result in
naccurate dot dosing optimization in the thermolumines-

ent detector. Due to the dimensions of the detector: 3.0 mm

 3.0 mm × 0.9 mm,  a higher resolution system would be
eeded. Using the current system for contouring structures,
rs 34, 35 are located outside the radiation field.

it is not possible to precisely contour objects of such small
dimensions.

The “plus” or “minus” sign at the percentage difference in
dose indicates whether the dose measured by the thermolu-
minescent detectors was higher or lower than the calculated
dose. Differences less than 10% were bolded. Depending on
the clinical situation analyzed, this was from 15 to 27 mea-
surement points. The highest compliance, 17 points had a
difference of less than 10%, for clinical case 4 where the tumor
was located inside the phantom while the critical organ was
located on the same side as the detectors. Data analysis shows
that the greatest differences occur in points located at the edge
of the phantom, where the dose is from 0.08 Gy to 0.3 Gy. Even
minor differences in standard deviation in this dose range
induce large percentage differences between the planned and
measured dose. Also in the area of large dose gradients, i.e.
on the OAR-target border, we  noticed significant differences
between the planned and measured dose.

In order to verify the correctness of the treatment plan,

dose measurement in the foresight and low dose region was
performed with the A1SL Sn: XW081145 and Sn: XW081146
ionization chamber. Measurement of the chamber showed

https://doi.org/10.1016/j.rpor.2018.11.006
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Fig. 15 – Distribution of airspace between a 0.5-cm-thick bolus and the phantom surface.

Fig. 16 – Distribution of airspace between a 1-cm-thick bolus and the phantom surface.

Table 2 – Values measured by the ionization chambers for six clinical cases in the low dose region and target.
Measurement of the ionization chamber 45 was performed for the target, while the ionization chamber 46, for the low
dose region.

Clinical cause Number of Ionization chamber Dcalculated [Gy] Dmeasure [Gy]

nr 1. 45 2.0 1.95
46 0.14 0.14

nr 2. 45 2.0 1.97
46 0.14 0.14

nr 3. 45 2.0 1.97
46 0.4 0.36

nr 4. 45 2.0 1.98
46 0.4 0.4

nr 5. 45 2.0 1.96

46 

nr 6. 45 

46 

the compliance of the planned and measured dose, which
proves the correct implementation of the treatment plan on
the therapeutic apparatus. Table 2 shows the results of dose
measurements for six clinical cases.

The coefficients of variation of TL detectors calculated on
the basis of standard deviation and arithmetic mean were
from 0.60 to 4.96%. 70 TL detectors were used for calibration,
after detector analysis, detectors with a variation coefficient of
more  than 5% were discarded. The standard deviation for indi-

vidual detectors was 0.1–0.6 Gy/C. Detectors with a coefficient
of variation greater than 3% could induce a larger measure-
ment error, which is extremely important when measuring
such low doses. In the case of a tumor located within the
0.4 0.39
2.0 1.98
0.4 0.41

phantom, where the OAR was on the same side as the ther-
moluminescent detectors at 27 points for a bolus of 1 cm in
thickness the difference in dose was 10% lower than in the
case with the 0.5 cmbolus. As a result of the analysis in the
tissue-like phantom, the average skin-to-skin tumor dose was
1.94 Gy with a 0.5 cm bolus versus 2.03 Gy with a 1 cm bolus. In
the case of a tumor located within the phantom and a critical
structure located on the same side with the 0.5 cm bolus, the
mean dose was 0.66 Gy and for the 1 cm bolus, it was 0.62 Gy.

Conversely, when the tumor was located inside the phantom,
and the critical structure was located on the opposite side to
the detectors. The dose on the skin was 0.75 Gy for the 0.5 cm
bolus, and 0.79 Gy for the 1 cm bolus.

https://doi.org/10.1016/j.rpor.2018.11.006
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Factors contributing to the large difference between the
easured and planned dose also included the location of the
easurement points in the dose gradient region and the radi-

tion field boundary. In these areas, the verification of the
lanned does with the measured dose is difficult because a
mall numerical difference can cause a large percentage dif-
erence in the dose, which decreases with the square of the
istance. Detectors located at the boundary of dose gradi-
nts and at the border of the irradiation field measured low
oses, which contributed to the large differences between the
lanned and measured dose. Buton et al. in their paper enti-
led “Effects on skin dose from unwanted air gaps under bolus
n photon beam radiotherapy” attempted to assess the effect
f airspots underneath the bolus during patient irradiation
n a classical Linear accelerator. It was attempted to assess
hat happens to radiation during bolus traction, as well as

n the air crevices that form between the patient’s bolus and
he body or a tissue-like phantom during radiotherapy. The
ose in a small air gap under the 1 cm bolus was measured
sing a ATTIX flat-beam ionization chamber and radiochromic
lms. During 6 MV  energy irradiation using a 1 cm bolus, it was
oted that for air crevices up to 2 mm,  the dose on the skin
id not decrease as demonstrated by the ionization chamber
easurements. Four millimeter slots can reduce the dose on

he skin by about 0 ± 4% depending on the size of the field,
ncidence and other patient-specific parameters. A 1 cm air
ap, or bolus thickness, can cause a downward pressure on
he skin up to 10% for small irradiation fields and 60◦ gantry
ngle. These parameters reduced the dose from 100% Dmax
o 90% Dmax. Results from angular measurements showed
hat with increasing the angle of incidence the dose reduc-
ion is increasing, i.e. doses are observed to be lower than
lanned. Radiochromic film measurements showed the com-
liance with 2% dose drop measurement for 4 mm slit and
% for 10 mm slit gap. Clinical studies confirmed that a small
ir gap between the bolus and the skin of the patient can
educe the dose on the skin, yet 90% of the maximum dose
s still delivered to the skin. Only slots above 1 cm can induce

 different dose distribution than planned.2

The article entitled “Skin dose study of chest wall treatment
ith tomotherapy” attempted to assess the dose distribution
n the skin during thoracic irradiation on a classic accelerator
nd tomotherapy. Tissue-like bolus is often used to provide
he right dose. Tomotherapy is a technique of irradiation that
llows a homogeneous dose distribution in PTV. Authors in
his experiment hypothesized that getting the right dose on
he skin while irradiating the chest wall on tomotherapy will
ot require a bolus. The study compared the dose on the skin
uring irradiation on a tomotherapeutic device with that on a
lassic linear accelerator. Plans for irradiation on tomotherapy
ere performed with and without a bolus and compared with

he results on a conventional accelerator. Plans were also gen-
rated on phantoms for primary measurements, doses were
easured using MOSFET detectors. The Monte Carlo algo-

ithm was used to optimize the plans. The results showed
hat higher doses were delivered during tomotherapy than

ith conventional accelerator irradiation. The dose on the skin

ncreases as the angle of incidence increases.3

Kim et al. in his study described dose distribution near
he surface durng irradiation on Tomotherapy. In the article
therapy 2 4 ( 2 0 1 9 ) 251–262 261

“Superficial Dosimetry for Helical Tomotherapy”, we  investi-
gated the effect of radiation delivery on the skin during spiral
Tomotherapy. More precisely, attempts were made to inves-
tigate the accuracy of the dose calculation algorithm on the
surface of the skin, where the radiation is distributed in an
arc rather than perpendicularly. Two types of treatment plans
were developed on the Cheese phantom. In the first case, a 2 Gy
dose was at the depth of 1 cm of below the surface of the skin.
In the other case, the extra dose was 0.5 cm above the phantom
surface. The inside of the phantom was completely blocked.
EDR2 dosimetry films and TLD detectors were used for dose
measurement. From dose distribution measured by dosimet-
ric films, it appears that the skin surface dose was 118.7 cGy in
the first case and 130.9 cGy in the other case. Dose measure-
ment with TLD detectors indicated higher scores than those
measured with EDR2 due to the thickness of the detectors. In
the first case, 95% of the recommended dose was reached at
the depth of 2.1 cm.  This dose was obtained at the depth of
2.2 cm.  The maximum dose was about 110% of the planned
dose. As the depth increased, the dose dropped sharply with
the above 2 cm depth, 20% of the planned dose was obtained.
From the obtained results, it can be concluded that for the
depth of 2 cm the system of treatment planning on tomother-
apy imprecisely overestimates the dose.4

7.  Conclusion

Based on the analysis of the obtained results, it was shown
that the relative difference between the dose measured and
planned in the irradiation field was less than 10%, while the
largest differences were observed at the radiation field bound-
ary and off the field where the dose ranged from 0.08 Gy to
1 Gy.

The average dosage in the skin for individual clinical cases
was:

) In the case where the tumor was located on the skin sur-
face, the mean skin dose was 1.94 Gy for a bolus of 0.5 cm
in thickness; For a bolus with a thickness of 1 cm,  2.03 Gy.

B) In the case of a tumor located within the phantom and the
critical structure on the same side as the thermolumines-
cent detectors, the average bolus dose in the skin for the
bolus was 0.69 Gy and for the bolus 1 cm - 0.62 Gy.

C) When the tumor was inside the phantom and the critical
structure was located on the opposite side to the detector,
the dose in the skin was 0.75 Gy for the bolus of 0.5 cm,  and
0.79 Gy for the bolus of 1 cm.

The coefficient of variation of the thermoluminescent
detectors used was less than 3% which made it possible to use
them for dose measurement on a tomotherapeutic device.

Air spaces of 1 mm to 4 mm between the bolus and the
phantom surface and changing their location during each frac-
tion of irradiation have an influence on the dose distribution
in the skin.
Conflict  of  interest

None declared.

https://doi.org/10.1016/j.rpor.2018.11.006


d rad

r

1

1

1

1

1

1

1

1

1

1

2
2

2

2

2

2

2

2

Radiotherapy, Volume 14, Issue 4, Pages 133-145.
262  reports of practical oncology an

Financial  disclosure

We  would like to recognize that the Greater Poland Cancer
Centre for providing funding grant ref. 19/2016(134).

Uncited  references

.6–28

 e  f  e  r  e  n  c  e  s

1. Łobodziec W.  Dozymetria promieniowania jonizującego w
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