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Abstract

Objective: Most contemporary treatment planning systems (TPS) exclude the couch during treatment planning. The present investigation
aimed to evaluate the impact of couches and accessories on radiation therapy planning by quantifying the degree of attenuation for two-
photon beam energies, 6 MV and 10 MV, at two different field sizes, 5 cm x 5 cmand 10 cm x 10 cm.

Methods: An x-ray radiation beam at two energies (6 MV and 10 MV) generated by a linear accelerator (Elekta Synergy). The output dose
was measured using a digital parallel plate ionization chamber of the IBA cc13 type (IBA Dosimetry, Germany), and the readings were
recorded with a 2944 Farmer Type chamber. Different commercially available couch tops and accessories evaluated in this study.

Results: The results show that the highest attenuation values were observed at 130° gantry angles for both energies and field sizes. The
lowest attenuation values were recorded at 100° gantry angles with 6 MV energy for 5 cm x 5 cm and 10 cm x 10 ¢cm field sizes. The breast
board with D level demonstrated the highest attenuation of 6.27% and 5.51% for 6 MV and 10 MV energies, respectively.

Condlusion: the findings indicate that the degree of attenuation is not uniform across all angles and may exceed tolerable limits, indicating
the need for careful consideration during treatment planning to ensure optimal treatment outcomes.
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Introduction

Carbon fibers are utilized in the manufacture of linear acceler-
ator couches in accordance with established guidelines, owing
to their radiotranslucent properties." These materials are pre-
ferred due to their favorable properties, including high spe-
cific strength, low specific density, physical durability, and
excellent beam transmission. However, the dosimetric effects
of external devices on patients are multifaceted and may
include increased skin dose, decreased tumor dose, and altered
dose distribution, as first described by de Mooy.” The carbon
fiber couch is an essential component of radiotherapy treat-
ment, as it immobilizes and stabilizes the patient during
therapy administration, thereby reducing motion artifacts and
enhancing the accuracy and precision of radiation delivery.’

Posterior and posterior oblique beam orientations in radi-
otherapy treatments may give rise to two potential concerns.
Firstly, the presence of the couch insert may lead to attenua-
tion of high-energy photon beams, resulting in a dose to the
treatment volume that is lower than the intended dose. Sec-
ondly, the skin-sparing effect of the build-up region may be
diminished. The former is particularly important as it may
directly impact the therapeutic outcome and necessitate cor-
rective measures to ensure optimal dose delivery to the
intended treatment volume. The latter concern may also have
significant implications for patient comfort and satisfaction.
Therefore, carefully considering and evaluating these factors
are essential when devising and administering radiotherapy
treatments.*

Numerous studies used a gantry angle of 180° and there-
fore offer little information on the amount of attenuation
during oblique treatments for esophageal cancer and posterior
lung lesions.” In another study by Vieira et al,° a 15%
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attenuation was found when head and neck IMRT treatments
using six MV posterior oblique photon beams were repeated
and evaluated using electronic portal imaging device (EPID)
dosimetry. The amount of the observed beam attenuation may
be ascribed to attenuation caused by the treatment couch and
immobilization devices rather than by the carbon fiber insert
alone.

Higgins and colleagues’ conducted a study to evaluate the
effect of carbon fiber couch inserts on surface dosage with dif-
ferent beam sizes. Their study revealed that incorporating a
carbon fiber insert panel did not cause significant attenuation
of the primary radiation; however, it significantly reduced the
skin-sparing effect, particularly for smaller beam sizes. When
carbon was added, the surface dose was approximately four
times higher for a 10 cm x 10 cm beam and almost twice as
high for a 40 cm x 40 cm beam.

The CT simulation couch top is utilized in patient imaging
but has not been a part of CT-based planning until recently
due to technical difficulties. Before 2008, it was not incorpo-
rated into the Treatment Planning System (TPS) for dose cal-
culations. The recently released TPS software does not provide
an option to replace the CT couch top with the treatment
couch. Nevertheless, the TomoTherapy planning software
(Accuray, Sunnyvale, CA) has incorporated this feature.*'

Several Treatment Planning Systems (TPSs) have pro-
vided options to account for the modified CT datasets, and
some have allowed for the inclusion of the treatment couch
top in the planning CT. It is crucial to measure the impact of
intervening devices on photon beams and include them in
TPS dose calculations to determine whether the skin receives
a safe dose. However, correcting the couch attenuation by
increasing the monitoring units (MU) can increase the
absolute skin dose. Additionally, patient support and
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immobilization devices also attenuate the photon beam, and
therefore, their effects on dose delivery should also be
considered." "

This study aimed to quantify the amount of radiation
beam attenuation caused by the couch inserts and their associ-
ated accessories, as well as to develop a correction factor for
the delivered dose to the patient.

Materials and Method

The present study was conducted at the Baghdad Radiotherapy
and Nuclear Medicine Center in Baghdad Medical City. This
study aimed to evaluate the beam attenuation of various com-
mercially available couch tops and accessories and to correct
the administered radiation dose to the patient. To achieve this,
measurements were taken for the X-ray radiation beam at two
energies (6 MV and 10 MV) generated by a linear accelerator
(Elekta Synergy). The output dose was measured using a dig-
ital parallel plate ionization chamber of the IBA cc13 type
(IBA Dosimetry, Germany), and the readings were recorded
with a 2944 Farmer Type chamber.

Measurements were taken at a reference dose for gantry
angles ranging from 0° to 180° at a fixed source-to-surface dis-
tance (SSD) of 100 cm and for two field sizes (5 cm x 5 cm and
10 cm x 10 cm) by keeping the SSD constant for the couch top,
and only at 0° for the other accessories. All measurements
were taken at a dose rate of 100 MU. The isocenter of the treat-
ment table was set with the center of the chamber and phantom
and was placed on the surface of either the tabletop or the table
combi board combination. The entrance window of the chamber
was directed toward the radiation source Figures 2-5.

The attenuation of the main couch top was measured at
a gantry angle of 0° (and for every 10° at the beam gantry
angles between 0° and 180°). The attenuation of the insert
couches was measured at a gantry angle of 0° with and
without the insert at 5 cm depth and for a field size of
10 cm x 10 cm only. The measurement point was taken from
the area with the large grid.

The commercially available couch tops and accessories
evaluated in this study included 1) System Breast STEP Conv
(Beast STEP, Schwabmu iichen, Germany) with four levels A,
B, C, and D, 2) Beam evo couch top Ep (Schwabmu fichen,
Germany), 3) Qfix PortraitTM Intracranial. Head and Neck
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Fig. 1 The measurement of the attenuation couch insert setup.
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(USA), 4) System HS iBeam evo, Head STEP (Schwabmu
ichen, Germany), 5) Mask, 6) Vac. Lock, 7) Polystyrene foam,
and 8) Belly Board (Schwabmu iichen, Germany). The settings
used in this study are illustrated in Figure 1.

The dose delivered by the linear accelerator (linac) is
measured relatively with respect to air density and correction
factor using a chamber with a sensitivity of 11.75 nC/Gy, a
background radiation of 0.01 mGy/s, and a bias voltage of
+299 V. However, to obtain the absolute dose, it is necessary
to correct this measured dose using the equation provided by
the manufacturer. This correction ensures that the delivered
dose is accurate and can be used for safe and effective patient
treatment. It is essential to follow the manufacturer’s instruc-
tions and procedures to obtain reliable and precise dose
measurements:

Output Dose = KQ x KTP xR - (1)

The value of the quality constant (KQ) of radiation
depends on the type of radiation (i.e., electron or photon) and
the energy level. For instance, the KQ for 6 MV is 0.99, while
for 10 MV, it is 0.98. Another constant that affects the meas-
urement of radiation dose is the constant of temperature and
pressure (KTP). This value can be obtained using the following
equation:

(273 + T)P°

KTP= 5 t7op @)

The absolute dose measurement of each output dose is
corrected by considering the constant of temperature and
pressure (KTP) and the quality constant of radiation (KQ).
The KTP accounts for the differences in room temperature
and pressure between the commissioning and study times.
Specifically, it is calculated using the equation provided, where
T° and P° are the temperature and pressure of the linac room
at the time of commissioning, respectively, and T and P are the
corresponding values at the time of the study. This study’s
values of T°, T, P°, and P were 20°C, 21.3°C, 1000 Pa, and 1004
Pa, respectively. The KQ, on the other hand, is the quality con-
stant of the radiation, which depends on the type of radiation
and its energy. In this study, the KQ values for 6 MV and
10 MV were 0.99 and 0.98, respectively. By taking into account
these correction factors, each output dose is converted into an
absolute dose measurement.

Results

The measurements of couch maximum attenuation from var-
ious angles were conducted, and the results are presented in
Table 1. The highest attenuation values were observed at 130°
gantry angles for both energies and field sizes. On the other
hand, the lowest attenuation values were recorded at 100° gantry
angles with 6 MV energy for 5 cm x 5 cm and 10 cm x10 cm
field sizes, which were 0.02% and 0.41%, respectively. Addi-
tionally, the measurements showed that the attenuation was
0.39% at 180° gantry angle and 0.11% at 80° gantry angles for a
10 cm x 10 cm field size.

The other couch inserts were adjusted to the field size of
10 cm x 10 cm for 6 MV and 10 MV energies with a slab thick-
ness of 5 cm. The attenuation measurements were performed
at a reference angle of 180° and the reference distance of
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Fig.2 The attenuation percentage of the couch top using 6 MV
x-ray photon beams at different angles for 5 cm x 5 cm.
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Fig. 3 The attenuation percentage of the couch top using 6 MV
x-ray photon beams at different angles for 10 cm x 10 cm.
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Fig.4 The attenuation percentage of the couch top using 10 MV
x-ray photon beams at different angles for 5 cm x 5 cm.

10 MV
10x 10

[ )
S
X

15%
10%
5%
0%

0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 180
-5%

Percentage of Attenuation

Angle of Incidint Radiation

Fig.5 The attenuation percentage of the couch top using 10 MV
x-ray photon beams at different angles for 10 cm x 10 cm.
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SSD =95, SAD = 100, and MU = 100. The attenuation values
for other couch inserts and their accessories are summarized
in Table 1. Among the inserts, the breast board with D level
demonstrated the highest attenuation of 6.27% and 5.51% for
6 MV and 10 MV energies, respectively. On the other hand,
the foam insert showed a minimum attenuation of 0.75% and
0.80% for 6 MV and 10 MV energies, respectively.

Discussion

Our study findings indicate that carbon fiber material situated
in the path of posterior oblique beams can considerably atten-
uate the radiation beam. Specifically, as the angle of incidence
becomes increasingly oblique, the distance that the radiation
beam must traverse through the carbon fiber insert increases,
thereby exacerbating the attenuation effect. This finding
underscores the importance of carefully accounting for carbon
fiber couches and other supporting materials in treatment
planning for external-beam radiotherapy, particularly when
using posterior oblique beams. Failure to accurately account
for attenuation effects could result in inadequate dosing of the
target tissue, potentially compromising the treatment’s effi-
cacy and the patient’s health outcomes.

In accordance with the principles of radiation physics, the
attenuation of carbon fiber can be explained as follows: As the
radiation beam passes through the thickness (f) of the carbon
fiber insert, the distance that it must traverse increases propor-
tionally with the angle, following a factor of 1/cos0, assuming
that all other factors remain constant. This attenuation effect
can be further understood in the context of the intensity atten-
uation law of radiation, which describes the decrease in inten-
sity of a radiation beam as it passes through an absorbing
medium such as carbon fiber. The precise magnitude of this
attenuation effect can vary depending on a range of factors,
including the energy of the radiation beam, the thickness of the
carbon fiber insert, and the angle of incidence. Our study
aimed to investigate the impact of these factors on the attenua-
tion of radiation in carbon fiber couches and patient supports,
intending to inform more accurate and effective treatment
planning strategies for external-beam radiotherapy:>'*

I — Ioe—/l(t/chSO) (3)

In the context of our investigation, we utilized the param-
eters I, [, and A to represent the intensity of the radiation dose,
the original intensity radiation dose without the couch, and
the attenuation coefficient, respectively. These values were
normalized at the incident angle of 0°, making At a constant.
Theoretically, the correction factor of attenuation (A) was cal-
culated for each angle using the following equation:

A= <IL) _ o(coso) (4)

0

The methodological approach described above appears to
oversimplify the connection between the angle of incidence
and the absorbed dosage observed empirically. Our findings
indicate that the attenuation of the radiation beam is higher
than expected when the angle of incidence increases. This
phenomenon was initially attributed to the non-homogeneous
composition of the panel, which features a sandwich-like
structure consisting of a polystyrene core surrounded by a
layer of carbon fiber.
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Table 1. The attenuation of couch inserts and accessories for
two types of energies, 6 MV and 10 MV, at 10 cm x 10 ¢m field
size

Material 6 MV 10 MV
Back A 2.66% 2.40%
Back B 3.12% 2.84%
Head STEP 3.51% 3.15%
Cpad 1.23% 1.19%
Belly STEP 3.95% 3.51%
Vac. Lock 2.54% 2.27%
Vac. Lock + Foam 2.82% 2.53%
Foam 0.76% 0.80%
Breast Board 0 level 5.57% 4.87%
Breast Board D level 6.27% 5.51%
Breast Board C Level 6.04% 5.35%
Breast Board B Level 5.95% 531%
Breast Board A Level 5.87% 5.19%
New Board 2.00% 1.95%
Head Mask 1.09% 1.01%
Belly Board 2.11% 1.88%

Our study highlights the need to incorporate the effect of
attenuation observed in this investigation, which resulted in a
6.27% difference in the absorbed dose at the breast board level
with 6MV energy, into the MU calculations. By doing so, the
dose attenuated by the carbon fiber can be effectively elimi-
nated, particularly when dealing with posterior oblique beams
during treatment planning. Calibration may also be applied to
the MU calculations to refine the accuracy of the predicted
treatment outcomes.

The importance of patient support in external-beam radi-
otherapy cannot be understated. Therefore, incorporating new
materials into this field necessitates thoroughly investigating
their effects on significant beam characteristics. This is espe-
cially relevant when such materials are positioned between the
radiation source and the patient, as seen in the evaluation of
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carbon fiber-based couches and patient supports in this
research. It is crucial to consider the potential impact of these
novel materials on radiation dose distribution and patient out-
comes and evaluate their safety and efficacy in clinical set-
tings. Therefore, it is important to conduct comprehensive
studies on the effects of these materials on the radiation beam
and patient treatment.

Muhtarom et al.’ conducted a study to investigate the
effects of using three different carbon fiber plates on the prop-
erties of Cobalt 60, 6- and 23-MV beams at various field sizes.
The authors aimed to demonstrate how these plates impact the
surface dose and the magnitude of this effect. Similarly, Popple
et al.” conducted a study where they found up to a 5.8%
underdose at the isocenter for rapidArc treatment plans when
the couch was not considered in the planning process. These
studies highlight the importance of considering the effects of
couch inserts and the treatment couch in dose calculations
and planning to ensure accurate and safe treatment delivery.

Our research suggests that the displacement of the atten-
uating and scattering carbon fiber mass away from the
phantom surface as the angle of incidence rises from 0° to 180°
could potentially explain the observed differences. As the air
gap increases, the contribution of scatter from the carbon fiber
layer becomes less discernible near the isocenter, resulting in
lower electrometer readings and, therefore, a perceived more
significant attenuation. Further research is needed to develop
a more precise theoretical model that accurately predicts the
radiation beam’s attenuation at oblique gantry angles.

Conclusion

In conclusion, our study suggests that the carbon fiber mate-
rial employed in this investigation is not suitable for use as a
supporting material during radiation therapy delivery, despite
being well-suited for imaging purposes. As such, it is recom-
mended that the attenuation differences resulting from using
carbon fiber couches and supports be accounted for in the MU
calculation during treatment planning. Alternatively, incorpo-
rating the supporting couches in the planning process may be
a viable option to ensure optimal treatment outcomes. Further
research may be required to explore the suitability of alterna-
tive materials for use as supportive couches, and patient sup-
ports during radiation therapy. [l
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