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energy 6MV to reduce the skin surface dosage.

The beam profile dose was determined using OCTAVIUS detector
1500 with OCTAVIUS 4D modular phantom and Elekta's Monaco 5.11.03
Treatment Planning System (TPS) using three calculating algorithms:
Collapsed Cone (CC), Monte Carlo (MC), and pencil beam (PB).

As the radiation treatment beam traverses through the treatment

CONNEXION central opening couch, the radiation treatment beam passes
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through the central aperture couch to deliver the treatment. There are
differences between the measured and calculated (using CC and MC)
isodose profiles of about 8 % at angle 130° and these errors decrease with
increasing gantry angle until the couch effect disappears at angle 150° on the
left side and similarly on the right side. There are no doses calculated in the

couch effect zone using the PB algorithm.

INTRODUCTION

Radiation therapy couches support the patient and assist with positioning, in
addition, modern radiation has seen an increase in the use of treatment modalities such as
intensity-modulated radiotherapy (IMRT) [1-3]. An essential tool for delivering these
treatments is a carbon-fiber couch [4,5]. Couches must provide the least amount of beam
attenuation possible for high-energy photon beams in posterior and oblique irradiation
fields.

Carbon fiber couches for radiotherapy are made in a variety of ways to generate
distinct qualities to meet certain treatment requirements. Even at high energies, couches
still have an impact on X-ray properties despite being designed to be relatively X-ray
translucent. [6-8]. Carbon-fiber insert couches were more suitable as couches than
Polymethyl methacrylate (PMMA) and wooden hardboards [5]; Alternatively, the
dosimetric effects of this couch include increased skin dose, reduced tumor dose, and
altered dose profile. Besides, there is reduced distortion in dose distribution within the

target volume [9].

The main function of medical linear accelerators is to provide homogeneous
photon beams to various irradiation field sizes and shapes using a collimation system
[10,11]. The dose profile is determined by the size of the irradiation field and the distance
from the axis [12]. Different depths are needed for a good study of dosimetry with off-
axis distance x from the central beam axis to the beam edge. For good interpretation of

experimentation measurements, dose profiles are obtained by using Octavius®-4D

phantom with high technical and clinical conditions of experiments.
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The type investigated in this study is the CONNEXION central opening with couch
insert. This couch design is intended to allow beam incident directly on the patient at
normal incident gantry (0°, and 180°) and to reduce the loss of the delivered dose to the
patient when posterior oblique beams are used. One of the major parameters affecting the
dose distribution is the amount of material placed in the beam path which increases
photon scatter. Varying the beam angle of incidence will inevitably change the beam

profile dose delivered through the couch material.

Many researchers investigated various types of carbon fiber couches. Butson MJ
[13] investigated the skin dose delivered through the Varian Exact™ couch at normal
incidence and found significant variations in the dose distribution. He also investigated
the skin dose delivered through the same carbon fiber couch top and its variability with

an angle of beam incidence [14].

The treatment couch has been recommended by several researchers because it may
increase the skin dose in the TPS [15]. Taking support structures into account reduced the
difference between planned and delivered doses significantly, according to Munjal et al.
[16]. The differences between planned and measured doses can be reduced to less than
2% by including the couch in the TPS, according to Myint et al. [17] and Mihaylov et al.
[18].

Several different methods have been used to investigate the inclusion of a
treatment couch in a TPS by Spezi et al. [19, 20] and Mihaylov et al. [18]. With the couch
included in the plan, both researchers find that the planned and measured doses are in
good agreement. According to Spezi et al. [21], adding the couch dramatically and in an
unanticipated way alters the IMRT beam characteristics. Because of its great
homogeneity, the Varian IGRT couch's precise location was determined to be irrelevant
in this instance; nonetheless, by including the couch in the TPS, clinically significant
dosimetric differences were prevented [22]. Numerous other papers have demonstrated
couch-affected surface dose and depth-dose curves by beam intensity [23-25]. However,
there appears to be no evidence in the literature of the effect of the CONNEXION Central

Opening Module on the isodose curve.
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Therefore, it is crucial to thoroughly investigate the impact of a CONNEXION
central carbon fiber treatment couch on dose distribution in practical practice.
Consequently, the current study aims to evaluate and improve the calculated dose
distribution for the under-couch fields to reduce the skin surface dose .This work utilizes
the difference between measured and computed isodose curves obtained with an
ionization chamber and the treatment planning system (TPS) algorithm. Using three
different algorithms, the pencil-beam algorithm (PB), the collapsed cone algorithm (CC),
and the Monte Carlo algorithm (MC). We measured the isodose curve caused by the
CONNEXION carbon fiber couch and then computed the treatment planning system
(TPS). By assessing the impact of carbon fiber couches on dose distribution, we were
able to improve the calculations of the couches using TPS to provide patients with better
therapeutic dose distribution.

MATERIALS AND METHODS

To determine the effect of the CONNEXION Central Opening couch on the dose
distribution and dose profile measurements were performed for 6MV produced by Elekta
Synergy Platform Linear accelerator, at South Egypt Cancer Institute on Assiut
University to the procedure illustrated in Fig. 1. Elekta Oncology Systems, Crawley, UK,
has unveiled the Elekta Synergy Platform Linear Accelerator.

In our institute CONNEXION central opening model is available in Fig.2. Which
is a Carbon fiber sandwich with a foam core, 7.2 kg (15.9 Ib) Weight, 52 mm thickness at
the treatment/imaging field (Carbon fiber outer shell top: 1.2 mm, Carbon fiber outer
shell bottom: 3.2 mm, and Foam core: 47.6 mm), 200 cm length and has CF 1.2 g/cm®
and Foam density is 0.02 g/cm® electron density. CF thickness increases to 0.45 cm
toward the edges of the couch.
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Fig. 1: Experimental setup for off-axis dose measurements. 2D array inserted inside the
Octavius phantom for different gantry angles, photon energies, field size, and SSD 100

cm.

Fig. 2: Connexion Central Opening couch model

All dose calculations with a TPS, and all IMRT plans in this study were calculated
using MONACO Treatment Planning System TPS (version 5.11 .03). Elekta AB
(Sweden) provides the Monaco option for treatment planning [26]. The beam model in
Monaco is based on the virtual flounce model for photons that Fippel created, and it uses
the Sikora and Alber [27] technique for electron contamination. Monaco currently uses
the voxel-based MC algorithm (VMC) for electron beams and has a clinical MC engine
for photons dubbed XVVMC [28].

Monaco TPS is a computing program based on a mathematical calculation

algorithm. It uses Modals to calculate the absolute dose and iso-dose distribution on a
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patient's CT, the available three algorithms are Collapsed Cone (CC) and Monte Carlo
algorithm (MC) models (model-based) for photon and electron beam data [29], and
Pencil Beam (PB)model (correction- based) for photon energies only.

MEPHISTO mc? software (version 3.4) was used for therapy data acquisition and
data analysis with the TBA therapy beam analyzer. An Octavius Detector 4D -1500
(PTW, Freiburg, Germany) was used for the IMRT Quality Assurance (QA) plan. The
2D-Array together with Octavius®-4D is widely described in the literature [30, 31].

In this experiment, we performed a series of measurements to determine the beam
profile dosage. The experiment's dosimetric setup is depicted in Fig. 1. An Octavius
Detector 4D -1500 was utilized to evaluate the impact of a carbon fiber couch on the dose
distribution. With fields sizes of 5 x 5, 10 x 10, 15 x 15, and 20 x 20 cm? and photon
beam energy of 6MV, the detector was exposed to gantry angles of 0°, 180°, 130°, 140°,
150°, and 160°. For IMRT verification, the source-to-phantom surface distance (SSD)
was configured by our normal setup configuration, which is 100 cm. On the center axis,
beam profiles are normalized at a depth of 10 cm. Following the sets of CT images were
transferred to the TPS. After that, 3D-CT datasets were rebuilt, and dosimetry's intended
spots were identified. Following the TPS calculation of the absorbed dosage, the
outcomes were compared to the experimental dosimetry results using the following

formula:

Dy — D¢

':H::-DE =

x 100 (1)
M

DE is the difference dos, DM is the measured dose, and DC is the calculated dose.

RESULTS

In Fig. 3, the agreement between measurement and computation beam profile doses
becomes better with increasing field size. At which the difference beam profile dose for 5
x 5 cm?, 10 x10 cm?, 15 x 15 cm?, and 20 x 20 cm? was +38.54 %, +26.35 %, +20.99 %,
and +8.40 % respectively with 6MV photon beam, and gantry angle 130° by using the

collapsed cone as algorithm calculation with couch insert.
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Fig. 3: Calculated and experimental dose profiles (WC) with 6MV photon beam, gantry
angle 130° by using the collapsed cone as algorithm calculation with field sizes 5 x 5
cm?, 10 x10 cm?, 15 x 15 cm? and 20 x 20 cm®,

The calculations difference beam profile dose with and without CONNEXION
central opening couch with treatment planning system (TPS) algorithm from various
angles (160°, 150°, 140° and 130°), the field sizes 20 x 20 cm® and 6M energy were
conducted, and the results are presented in Table 1. The highest difference beam profile
dose values were observed at 130° gantry angle with Monte Carlo algorithm which were
1+8.06%. On the other hand, the lowest difference beam profile values were recorded at

160° gantry angle with Collapsed cone algorithm, which were +0.19%.
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Fig. 4: beam profile dose by Monaco treatment planning system (TPS) under two
algorithms, Monte Carlo (MC), and collapsed cone algorithm (CC), with and without
CONNEXION central opening couch as a function of off-axis distance for field size
20x20 cm? at depth of 10 cm, SSD of 100 cm, 6MV photon energy and gantry angles
130°, 140°, 150°, and 160°.
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Table 1: Percentage Difference beam profile dose for TPS (Monte Carlo, and

Collapsed Cone algorithms) with and without CONNEXION central opening couch
with 6MV photon beam, gantry angles 130°, 140°, 150°, and 160° with 20 x 20 cm?

field size.

Gantry Angle  TPS Algorithm  Relative Dose%  difference%o
MC xg 7627'919 +8.06

130 wC 68.52
CcC : 7.8

WO 74.33
we W 1217 e

140 wC 71.97
CcC : +2.41

WO 73.77
we W 65.55 e

150 wC 67.08
CcC : +7.24

WO 72.32
we W 1232 036

160 WC 73.81
cC : +0.19

WO 73.62

Table 2: Percentage Difference between TPS (Monte Carlo, Collapsed Cone, and

Pencil Beam algorithm) and experimental dose profiles with CONNEXION couch
insert for 6MV photon beam, gantry angles, 130°, 140°, 150°, and 160° with 20 x 20

cm? field size.

Gantry Angle

Measured
Dose (WC)

Algorithm

Calculated Dose

Difference

130°

63.71

140°

69.81
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cC 73.77 +3.0
MC 70.72 +1.81
0
4.
150 64.38 cC 72.05 +4.1
MC 72.41 +2.9
160° 74.55
cC 73.62 +0.99

Furthermore, the Percentage Difference between TPS (Monte Carlo, Collapsed
Cone, and Pencil Beam algorithm) and experimental dose profiles with CONNEXION
couch insert for 6MV photon beam, gantry angles, 130°, 140°, 150°, and 160° with 20 x
20 cm? field size were conducted, and the results are presented in Table 3. At 160°, we
observed good agreement between the measured and planned doses when the plan takes

into account the CONNEXION central opening couch.
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Fig. 5: Percentage Difference beam profile dose by Monaco treatment planning system (TPS) by
Pencil Beam algorithm (PB), with and without CONNEXION central opening couch as a function
of off axis distance for field size 20x20 cm? at depth of 10 cm, SSD of 100 cm, 6MV photon
energy and gantry angles 130°, and140°

In Fig. 5 the blue dots refer to Pencil Beam computed beam profile with couch insert,
and the orange dots refer to Pencil Beam computed beam profile without CONNEXION
couch insert, as a function of Off-axis distance for field size 20x20 cm? at a depth of 10
cm, SSD of 100 cm, 6MV photon energy and gantry angles 130°, and 140°. With
inserting the couch into the plan the pencil beam algorithm failed to calculate at 130°, and

140° gantry angles.
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DISCUSSION

Based on our study findings, CONNEXION central opening carbon fiber substance
positioned in the posterior oblique rays' path attenuates radiation beams by a significant
amount, which lead to deviation in beam profile dose. In particular, with an increasing
angle of incidence, radiation beams must travel a greater distance through a carbon fiber
insert, which increases attenuation consequently increase of the difference between the
prescript and deliver dose. As a result of this finding, CONNEXION central opening
carbon fiber couches should be carefully considered when planning external-beam
radiotherapy, particularly when posterior oblique beams are used. If attenuation effects
are not accurately accounted for, the dosage of the target tissue could be inadequate,
potentially compromising the treatment's efficacy and the patient's health.

Several factors can affect the magnitude of this attenuation, which alteration the
beam profile dose, for instance, the radiation beam field size, and the angle of incidence.
To develop more accurate and effective treatment planning strategies for external-beam
radiotherapy, we investigated how these factors impact radiation attenuation in
CONNEXION central opening carbon fiber couches. Our goal was to better understand
how these variables affected the radiation attenuation in carbon fiber couches to develop

more precise and efficient treatment planning techniques for external beam radiation.

In Fig. 3 It is evident that as field sizes increased, so did the relative dose, the peak
values also increased, and backscattering effects caused the increasing relative dose for
large field sizes to increase with field sizes. We measured the backscattering effects in
our investigation, and for a 20x20 cm? field size, the increasing relative dosage is 4.5. As
a result, compared to the backscattering of 10x10 cm?, the backscattering for the field
size of 20x20 cm? was more the 4.5. and this is in agreement with other experimental
results [32]. The incrassating in relative dose was produced by flattening filter design and
geometry [33-35]. On the other hand, the agreement between measurement and
computation beam profile doses becomes better with increasing field size. At which the
2

difference beam profile dose for 5 x 5 cm?, 10 x10 cm?, 15 x 15 cm?, and 20 x 20 cm
was +38.54 %, +26.35 %, +20.99 %, and +8.40 % respectively with 6MV photon beam,
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and gantry angle 130° by using the collapsed cone as algorithm calculation with couch
insert. As a result, the agreement between measurement and computation beam profile

doses becomes better with increasing field size for all gantry angles, and all energies.

Fig. 4 and Table 1, show the calculations of the difference beam profile dose with
and without CONNEXION central opening couch by Monaco treatment planning system
(MC, and CC) algorithms from angles (160°, 150°, 140°, and 130°) for the field size 20 x
20 cm® and 6MV energy, where this difference was the highest at 130° at which the
couch angle caused a percentage difference in the 6MV photon beam with the (MC) by
+8.06 %, and it was +1.99 %, +6.71 %, and +0.88 % at 140°, 150°, and 160° respectively
as well as for (MC), where the percentage difference beam profile dose was +7.8%, +2.41
%, +7.24 %, and +0.19 % at 130°, 140° 150° and 160° respectively. As a result, the
couch angle has a significant effect on the percentage difference, especially at 130°, 140°,
150° gantry angles.

The results at 130°, 150° gantry angles were inconsistent with the International
Commission on Radiation Units and Measurements (ICRU), criteria for the dose

calculation accuracy must be within +/-5 %. Mihaylov et al. [18] hypothesized that the

couch's impact in multiple beam layouts is probably not clinically significant.
Considering that standard IMRT methods employ seven or nine beams, this is not out of

the ordinary.

Using a variety of techniques, Spezi et al. [19, 20] and Mihaylov et al. [18] have
examined the incorporation of the treatment couch in a TPS. When the coach is part of
the plan, both discover that there is good agreement between the measured and intended
doses. According to Spezi et al. [21], adding the couch dramatically and in an

unanticipated way alters the IMRT beam characteristics.

The above results agreed with our measured beam profile values for different field
sizes and different photon beam energies as the CONNEXION central opening inclusion
within TPS leading to good agreement between planned and measured doses.
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In Fig. 5, the Pencil Beam failed to be calculated because its component of the
model is used for stage 1 optimization only. It is not designed to achieve the accuracy
necessary for stage 2 final dose calculation and QA plan dose calculation. Plans
calculated with the Pencil Beam algorithm cannot be exported as DICOM plan objects

from Monaco.

CONCLUSION

Radiation treatment beams traversing through the treatment CONNEXION central
opening couch experience varying degrees of perturbation and thus can cause non-
negligible beam difference dose with posterior oblique gantry angles. It was found that
the highest difference between the calculated and measured dose was at gantry angles
from 130° to 150°, so avoid using these angles and their corresponding angles (from 210°
to 230% in the plan. Clinically non-negligible dose and volume coverage losses could
occur if the treatment couch is not considered. According to this study, the beam profile
difference is largest when the beam traverses more material by going through the outer
border of the couch. The CONNEXION couch will be necessary if posterior oblique
beams are utilized in a treatment plan; therefore, care must be taken to avoid the couch's
margins where a partial obstruction of the beam may not be precisely adjusted.
Comparisons of the dosage data acquired in this study reveal that the CC algorithm
calculations are closer to the measured dose, and the difference between the CC and MC
algorithms was non-significant. The major difference due to dose calculation techniques
by TPSs was observed with PB, Despite the owner company’s recommendation not to
use PB in the final calculations for patients, it nevertheless used it in calculating the first
stage of IMRT and VMAT techniques, causing fundamental differences between the first
calculation stage that uses PB and the final calculation stage that uses MC, which forces
us to modify the restrictions based on Results of the second stage calculations and

recalculating the case again.
Recommendation

Dosimetric perturbations caused by the CONNEXION central opening couch

should be included whenever possible in dose calculations. Additionally, it is important
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to choose the right treatment angle and steer radiation away from regions with high dose
attenuation. It is essential to ensure dose accuracy by reducing the impact of the treatment
couch on the planned dose. Comparisons of the dosage data acquired in this study reveal
that the CC algorithm calculations are closer to the measured dose than the MC algorithm
calculations. Elekta, the company that owns the MONACO program, must reconsider the
PB algorithm, completely cancel it from the program, or at least remove it from 3D

calculations, to avoid using it incorrectly in calculations, which leads to harm to patients.

REFERENCES

[1] L. Bogner, J. Scherer, M. Treutwein, M. Hartmann, F. Gum and A. Amediek,
“Verifikation der IMRT: Techniken und Probleme. Strahlentherapie und Onkologie.”
Vol. 180, pp. 340-350.2004.

[2] T. Wiezorek, N. Banz, M. Schwedas, M. Scheithauer, H. Salz, D. Georg and T.G.
Wendt,  “Dosimetric Quality Assurance for Intensity—Modulated Radiotherapy.
Strahlentherapie und Onkologie.” vol. 181(7), pp. 468-474.2005.

[3] A.Van Esch, J. Bohsung, P. Sorvari, M. Tenhunen, M. Paiusco, M. lori and D.P.
Huyskens, “Acceptance tests and quality control (QC) procedures for the clinical
implementation of intensity modulated radiotherapy (IMRT) using inverse planning and
the sliding window technique: experience from five radiotherapy departments”
Radiotherapy and oncology, vol 65(1), pp 53-70.2002.

[4] S. Gillis, S. Bral, C. De Wagter, C. Derie, L. Paelinck, K. Van Vaerenbergh and
W. De Neve, “Evaluation of the Sinmed Mastercouch® as replacement for a standard
couch. Radiotherapy and oncology.”’vol. 75(2), pp.227-236.2005.

[5] J. Meyer, J. A. Mills, O. C. Haas, K.J. Burnham and E.M. Parvin, “Accommodation
of couch constraints for coplanar intensity modulated radiation therapy. Radiotherapy and
Oncology.”vol. 61(1), pp.23-32.2001.

[6] B. Poppe, N. Chofor, A. Riihmann, W. Kunth, A. Djouguela, R.Kollhoff and K.
C.Willborn,” The effect of a carbon-fiber couch on the depth-dose curves and



Measuring and Assessing the Effect of a Carbon Fiber Couch 252

transmission properties for megav oltage photon beams.” Strahlentherapie und
Onkologie, vol.183(1), pp.43.2007.

[7] S. McCormack, J. Diffey and A. Morgan, (2005). “The effect of gantry angle on
megavoltage photon beam attenuation by a carbon fiber couch insert.” Medical
physics,vol 32(2),pp. 483-487.2005.

[8] D. M. Higgins, P. Whitehurst and A. M. Morgan, (2001). “The effect of carbon
fiber couch insert s on surface dose with beam size variation.” Medical Dosimetry,vol.
26(3), pp. 251-254.2001.

[9] M. Adjeiwaah, M. Bylund, J. A. Lundman, K.Sdderstrom, B. Zackrisson, J.H.
Jonsson, annd T. Nyholm, “ Dosimetric impact of MRI distortions: a study on head and
neck cancers.” International Journal of Radiation Oncology* Biology* Physics, VOL.
103(4), PP. 994-1003.2019.

[10] D.R.Zwahlen, S. Lang, J. Hrbacek, C. Glanzmann, S. Kloeck, Y. Najafi, and U.
M. Luetolf, “The use of photon beams of a flattening filter-free linear accelerator for
hypofractionated volumetric modulated arc therapy in localized prostate cancer.”
International Journal of Radiation Oncology* Biology* Physics, vol. 83(5), pp. 1655-
1660.2012.

[11] E. Li. S. Fourkal, M. Ding, T. Tajima, and C. M. Ma, ‘“Particle selection for
laser- accelerated proton therapy feasibility study.” Medical physics, vol. 30(7), pp.1660-
1670.2003.

[12]  P. B Greer, “Correction of pixel sensitivity variation and off- axis response for
amorphous silicon EPID dosimetry.” Medical physics, vol 32(12), pp.3558-3568.2005.

[13] M.J. Butson, T. Cheung, K. N. Peter, and B. Webb, (2001). “Variations in skin
dose associated with linac bed material at 6 MV Xx-ray energy.” Physics in Medicine &
Biology,vol. 47(1), N25.2001.

[14] M. J. Butson, T. Cheung, K. N. Peter, and B. Webb, “Megavoltage x-ray skin
dose variation with an angle using grid carbon fiber couch tops.” Physics in Medicine &
Biology. Vol. 52(20):N485.2007.

[15] E. Spezi, and A. Ferri, “Dosimetric characteristics of the Siemens IGRT carbon
fiber tabletop.” Medical Dosimetry, vol. 32(4), pp. 295-298.2007.



253 Mostafa A. Hashem et al

[16] R. K. Munjal, P. S. Negi, A. G. Babu, S. N. Sinha, A. K. Anand, and T. Kataria,
“mpact of 6MV photon beam attenuation by carbon fiber couch and immobilization
devices in IMRT planning and dose delivery.” Journal of Medical Physics/Association of
Medical Physicists of India, vol. 31(2), 67.2006.

[17] W. K. Myint, M. Niedbala, D. Wilkins, and L. H. Gerig, “Investigating treatment
dose error due to beam attenuation by a carbon fiber tabletop.” Journal of applied clinical
medical physics, 7(3), 21-27.2006.

[18] I. B. Mihaylov, P. Corry, Y. Yan, V. Ratanatharathorn and E. G. Moros,
“Modeling of carbon fiber couch attenuation properties with a commercial treatment
planning system.” Medical physics, vol. 35(11), pp.4982-4988.2008.

[19] E. Spezi and A. Ferri, “Dosimetric characteristics of the Siemens IGRT carbon
fiber tabletop.” Medical Dosimetry, vol. 32(4),pp. 295-298.2007.

[20] E. Spezi, A. L. Angelini, and A. Ferri, “ Monte Carlo simulation of the
SIEMENS IGRT carbon fibre tabletop.” In Journal of Physics: Conference Series (Vol.
74, No. 1, p. 021017). IOP Publishing.2007.

[21] E. Spezi, A. L. Angelini, F. Romani, A. Guido, F. Bunkheila, M. Ntreta, and
A. Ferri, “Evaluating the influence of the Siemens IGRT carbon fibre tabletop in head
and neck IMRT.” Radiotherapy and Oncology, Vol. 89(1), pp.114-122.2008.

[22] E. Vanetti, G. Nicolini, A. Clivio, A. Fogliata and L. Cozzi “The impact of
treatment couch modelling on RapidArc.” Physics in Medicine & Biology, 54(9),
N157.20009.

[23] B. De Ost, J. Vanregemorter, B. Schaeken, and D. Van den Weyngaert, “The
effect of carbon fibre inserts on the build-up and attenuation of high energy photon
beams.” 1997.

[24] T. P. Meydanci, G. TKemikler, “Effect of a carbon fiber tabletop on the surface
dose and attenuation for high-energy photon beams.” Radiation medicine, 26, 539-
544.2008.

[25] B.Poppe, N.Chofor, A. Rihmann, W. Kunth, A. Djouguela, R. Kollhoff, and
K. C.Willborn, “ The effect of a carbon-fiber couch on the depth-dose curves and

transmission properties for megavoltage photon beams.” Strahlentherapie und Onkologie,
183(1), 43.2007.



Measuring and Assessing the Effect of a Carbon Fiber Couch 254

[26] D. Winkel, G. H. Bol, G. H.,P. S. Kroon, B. van Asselen, S. S. Hackett, A. M.
Werensteijn-Honingh and B. W. Raaymakers, “Adaptive radiotherapy: the Elekta Unity
MR-linac concept.” Clinical and translational radiation oncology, vol.18, pp. 54-59.2019.

[27] D. Winkel, G. H. Bol, P. S. Kroon, B. van Asselen, S. S. Hackett, A. M.
Werensteijn-Honingh and B. W. Raaymakers, BAdaptive radiotherapy: the Elekta Unity
MR-linac concept. Clinical and translati onal radiation oncology, 18, 54-59.2019.

[28] I. Kawrakow, M. Fippel and K. Friedrich “3D electron dose calculation using a
Voxel based Monte Carlo algorithm (VMC)”. Medical physics, vol. 23(4),pp. 445-
457.1996.

[29] D. Winkel, G. H. Bol, P. Kroon, B. van Asselen, S. S. Hackett, A. M.
Werensteijn-Honingh and B. W. Raaymakers, B. W. (2019). Adaptive radiotherapy: the
Elekta Unity MR-linac concept. Clinical and translational radiation oncology, vol. 18,
pp. 54-59.20109.

[30] B. Allgaier, E. Schiile and J. Wiirfel, “Dose reconstruction in the OCTAVIUS
4D phantom and in t he patient without using dose information from the TPS.” PTW
White Pap,vol 913, pp. 0-7.2013.

[31] S. Stathakis, P. Myers, C. Esquivel, P. Mavroidis, and N. Papanikolaou,
“Characterization of a novel 2D array dosimeter for patient- specific quality assurance
with volumetric arc therapy.” Medical physics, 40(7), 071731.2013.

[ 32] G.Yadav, R. S. Yadav, and A. Kumar, “ Effect of various physical parameters
on surface and build-up  dose for 15-MV X-rays.”  Journal of Medical
Physics/Association of Medical Physicists of India, 35(4), 202.2010.

[33] E. B. Podgorsak, “Radiation oncology physics.” 2005.

[34] Y. J. Kim, K. R. Dong, W. K. Chung, C. S. Lim, C. S Jeong, and Y. J. Seo, “A
study on the effect of using a flattening filter in a medical linear accelerator on the dose
distribution.” Journal of the Korean Physical Society, 64, 917-922.2014.

[35] S.Yani, I.G. E. Dirgayussa, M. F. Rhani, R. C. Soh, F. Haryanto and I. Arif,
“Monte Carlo study on electron contamination and output factors of small field dosimetry
in 6 MV photon beam.” Smart Science, 4(2), 87-94.2016.



