
https://globalmedicalphysics.org/ 

AJMP 2021, Volume 3, Number 2          35  

 

FAMPO 
Federation of African 

Medical Physics 

organizations 

 

 

 

Research Paper 

AAffrriiccaann  JJoouurrnnaall  ooff  MMeeddiiccaall  PPhhyyssiiccss 

2021; 3(2): 35-39. doi: 10. 

 

Validation of Machine Performance Check’s Rotation-

Induced Couch Shift on Two TrueBeam Linear 

Accelerators  
Kukiriza Grace 1,, Valenti Marco 2, Parisotto Marco 2  

1. University of Trieste/The Abdus Salam International Centre for Theoretical Physics, Trieste, 34100 Italy. 

2. University Hospital of Torrette, Ancona, 60126 Italy.  
 

 Corresponding author: Dr.  Kukiriza Grace, University of Trieste/The Abdus Salam International Centre for Theoretical Physics, Trieste, 34100 Italy. Tel: +256 
782592815; E-mail: gracemelrr@gmail.com  

 
© AJMP is the official journal of the Federation of African Medical Physics Organizations (FAMPO). This is registered under Nigerian company number (CAC/IT/No 54182). 
See http://fampo-africa.org/ 
ISSN 2643-5977 

 

Received: 2021.04.04; Accepted: 2021.04.23; Published: 2021.05.15 

 
Abstract 

 
 

Daily quality assurance (QA) is an essential requirement of modern radiotherapy. Validation of the 

performed QA tests is equally fundamental. Machine Performance Check (MPC) measurements were 

performed on VARIAN’s TrueBeam (TB) STX LINAC, equipped with a PerfectPitch Couch with 6 

degrees of freedom (DoF), and TB with 4 DoF couch commissioned in August 2018 and February 2019 

respectively. TB STX was routinely used for stereotactic treatments in the department. The MPC’s 
rotation-induced couch shift results acquired on TB STX and TB, using an IsoCal phantom, was 

compared with independent QA tests performed using EBT3 Gafchromic Film placed on the couch at 

SSD 100 cm with 2 cm of RW3 phantom slices as build-up material. The digitized Film was analysed with 

a home-made MATLAB script. The independent QA tests were performed on five (05) days spread over 

a month.  The mean difference in the rotation-induced couch shift measured with MPC and the Film was 

computed and graphs plotted. The observed mean difference and standard deviation in the rotation-

induced couch shift measured with MPC and the Film was 0.02 mm ±0.02 and 0.04 mm ±0.04 on TB 

STX and TB respectively. The uncertainty of the Film method resulted to 0.02 mm, and precision was 

within 0.01mm. The good agreement between rotation-induced couch shifts measured with MPC and 

the Film validates MPC as a good tool for daily QA tests. The department decided to use EBT3 

Gafchromic Film for long term verification of MPC’s rotation-induced couch shift.  
 

 

Keywords: Machine Performance Check (MPC), Linear Accelerator (LINAC), Geometrical Accuracy, Rotation-induced Couch 
Shift.  

 

Introduction 

Daily quality assurance (QA) is an essential 
requirement of modern radiotherapy [1]. Machine 
Performance Check (MPC) is an integrated QA self-
check tool used to verify if the critical functions of 
TrueBeam systems are operating within specifications 
[2]. MPC tests, categorized into dosimetric and 
geometric checks, are automatically scheduled each 
day when MPC is started at the linear accelerator 
(LINAC) control console. Unlike beam constancy 
checks, where results for all the photon energies are 

given, MPC provides geometric check results for only 
the 6MV photon energy [2, 7]. The geometric tests 
utilize a series of kV and 6MV images of the IsoCal 
phantom to assess the mechanical characteristics of the 
TrueBeam LINAC by evaluating the radiation isocenter 
size, coincidence of MV (treatment) and kV (imaging) 
isocenters, accuracy of collimator and gantry angles, 
accuracy of jaw and MLC leaf positions, collimator 
rotation offset, accuracy of couch position (linear and 
rotational at different patient support angles) including 
rotation-induced couch shift [3, 5]. MPC measures the 
couch positioning accuracy of the linear and rotational 
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axes with respect to a reference position. The rotation-
induced couch shift is the offset of the center of 
rotation of the couch from the treatment isocenter [2]. 
The center of rotation of the couch is, however, 
determined through a motion on all available 
rotational axes including pitch and roll (evaluated 
only when using a Varian’s PerfectPitch couch top) 
and differs from the location of the treatment 
isocenter. The geometric accuracy of the couch 
rotation axis is a fundamental parameter for 
stereotactic treatments especially for brain lesion, 
where a non-coplanar arc geometry is frequently used   
[2, 4]. It is essential that the couch rotation axis for 
each couch position does not deviate significantly 
from the position of the treatment isocenter. The 
MPC’s "rotation-induced couch shift" parameter 
defines the deviation of the couch rotation axis from 
the treatment isocenter for couch rotations -90 °, -45 °, 
-6 °, + 6 °, + 45 °, +90 ° (with the Extended couch MPC 
mode). Extended couch MPC is performed only on TB 
STX because this is the LINAC clinically used for 
radiosurgery and stereotactic treatment in the 
University hospital of Torrete, Ancona.  

The treatment isocenter is determined in MPC using 
the IsoCal geometric phantom, which is located in the 
beam during the check. The isocenter is defined as the 
ideal intersection point of the beam's central axis over 
a full gantry rotation. The central beam axis in MPC is 
defined by the center of rotation of the highest priority 
collimating device, the MLC. Varian defines the size 
of the treatment isocenter as the maximum distance of 
a beam's central axis under gantry rotation from the 
idealized isocenter [2].  

Performing MPC geometric checks requires the 
Isocenter Calibration (IsoCal) phantom to be firmly 
mounted on the couch top using a dedicated MPC 
phantom holder (Figure 1). 

The IsoCal phantom is a hollow cylinder 23 cm in 
diameter and length containing 16 tungsten-carbide 
ball bearings (each 4mm in diameter). Once it is fixed 
in its holder and the MPC procedure initiated at the 
TrueBeam’s control console, MPC automatically 
acquires a series of MV and kV images, capturing 
beam properties as well as mechanical characteristics 
for different collimator and gantry rotations, couch 
settings and collimating devices. The acquired series 
of images are immediately processed and the results 
displayed to the user for quick evaluation [2]. 

There is no published data on the verification of 
MPC’s rotation-induced couch shift on TrueBeam 
LINACs. Barnes et al. (2017) compared the MPC 
geometric checks that were relevant to the OBI/ CBCT 
system against standard QA tests in order to evaluate 
MPC as an image-guided radiation therapy (IGRT) 
geometrical QA device. The assessment of MPC 

stability and sensitivity to drift of the linac systems 
being tested were performed over a 4-month duration. 
The study indicated that for accurate IGRT, the 
radiation isocenter size, coincidence of the radiation 
isocenter with imaging isocenter and accuracy of couch 
shifts must all be accurately quantified [3]. AAPM TG 
142 also stresses that the verification of the coincidence 
of the imaging and radiation isocenter, the verification 
of the software based-alignment, and the verification of 
correct couch shifts are all integral to modern IGRT 
quality assurance [1].  The Gafchromic Film method, in 
the current study, was intended to independently 
evaluate the rotation-induced couch shift value 
provided by the MPC tool. The MPC tool which is 
based on MV/kV images of the Isocal phantom 
evaluates the amount of shift induced by couch rotation. 
In order to validate this shift, an EBT3 Gafchromic Film 
was exposed at five couch rotation angles and three 
collimator rotations. 

 

 
Figure 1. IsoCal Phantom firmly mounted on LINAC couch used for MPC 

acquisition. 

 

The practice of stereotactic body radiation therapy 
(SBRT) requires a high level of confidence in the 
accuracy of the entire treatment delivery process [4]. 
According to Benedict et al (2010), confidence in this 
accuracy is accomplished by the integration of modern 
imaging, simulation, treatment planning, and delivery 
technologies into all phases of the treatment process; 
from treatment simulation and planning, and 
continuing throughout beam delivery. For SBRT, the 
imperative need for accuracy requires special 
consideration when designing acceptance, 
commissioning, and quality assurance tests. For 
instance, it is paramount to verify that the radiation 
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isocenter coincides with the mechanical isocenter, 
including couch rotation, and that the lasers are 
aligned to the radiation isocenter. Based on these 
recommendations therefore, the department decided 
to independently assess the MPC’s rotation-induced 
couch shift on the two newly acquired TrueBeam 
LINACs. 

Bhatt CP et al. (2017) tested the long-term consistency 
and efficiency of the MPC application as an 
automated daily QA application in a clinical 
environment. As for the validation of the MPC 
measured values, this preliminary work was limited 
to a few parameters only [8]. In this study, MPC’s 
rotation-induced couch shift was independently 
assessed and validated using EBT3 Gafchromic Film 
on two TrueBeam LINACs in the department. 

 

Materials and Methods 

Measurements were conducted on two LINACs: a TB 
STX, equipped with PerfectPitch Couch with six (6) 
degrees of freedom (DoF), and a TB with a four (4) 
DoF couch. A Gafchromic EBT3 Film was placed on 
the couch at SSD 100 cm with 2 cm of buildup 
material of RW3 phantom slices (see Figure 2), and 
irradiated using an asymmetrical field collimated by 
jaws with X1=-0.5, X2=0.5, Y1=-6, Y2=7 cm, with five 
(5) couch rotations 270°, 315°, 0°, 45° and 90° around 
the Y-axis (IEC 61217) and collimator angles of 240°, 0° 
and 120°. 

 
(a) 

 
(b) 

 
Figure 2. (a) Set-up of the RW3 phantom slabs (b) the 15 ROIs on Film 

after exposure. 
(a) 

 
(b) 

 
Figure 3. (a) Scanned image of the exposed Film and (b) Center of rotation of 

the collimator for two corners of the couch rotated by 45 °. 

 

After exposures, the Film showed fifteen (15) dark not-
overlapping regions of about 1x1 cm2, visually arranged 
in a circle with radius of 6.5 cm (Figure 2b). 

An Epson 10000XL scanner was used to obtain a 
digitized image of the Film (see Figure 3a) with a 
resolution of 150 dots per inch (DPI), corresponding to a 
pixel spacing of 0.17 mm. A home-made software 
(MATLAB, The MathWorks Inc.) was used to apply a 
threshold to the Film image and it identified the fifteen 
(15) regions of interest (ROIs); the beam central axis 
position at the Film plane, which was automatically 
calculated as the barycenter of the ROIs irradiated with 
the same couch rotation as shown in Figure 3b. The 
mean distance between the beam central axis positions 
and couch rotation axis, determined through two 
complementary couch angles (90° and 270°), was 
assumed as metric to quantify the amount of the 
induced shift (Figure 4). 
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The displacement of the axis of the rotation of the 
collimator induced by the rotation of the couch is 
shown in Figure 5. 

 

 
Figure 4. Apparent movement of the radiation isocenter on the Film due 

to couch rotation (R= Couch rotation axis, M = Radiation axis Mean 

position). 

 

 
Figure 5. Displacement of the collimator rotation axis induced by couch 

rotation. 

 

The EBT3 Gafchromic Film results were compared to 
the MPC data, performed with the Enhanced Couch 
option activated. In this configuration, MPC 
determines the center of rotation through a motion on 
all available couch rotational axes. The rotation-
induced couch shift measured with MPC is the offset 
of the center of rotation and the radiation isocenter. 

The uncertainty of the Film-based method that was 
analysed using the home-made MATLAB script was 
determined by processing a Film having the same ROI 
pattern attained by irradiating the EBT3 Gafchromic 
Film with the LINACs placed at a fixed couch angle of 
0°and 15 collimator rotations with angles 330°, 315°, 
285°, 270°, 240°, 210°, 195°, 150°, 135º, 120°, 90°, 75°, 45°, 
30° and 0°. The precision was evaluated by processing 
three consecutive scans of the same Film. The 
independent EBT3 Gafchromic Film measurements 
were performed on five (05) different days spread over 
a month. The tolerance of this test was set at 0.75 mm by 
Varian manufacturer. 

 

Results and Discussion 

The home-made MATLAB script provided the 
maximum and the mean positions of the radiation 
isocenter due to couch rotation as shown in Tables 1 and 
2 on TB STX and TB LINACS respectively. The offsets 
measured with the EBT3 Gafchromic Film and MPC, 
performed on the same day are also indicated. 

The uncertainty of the Film method analyzed with the 
home-made MATLAB script was 0.02 mm achieved by 
exposing a Film with the LINAC placed at a fixed couch 
angle of 0° but with fifteen (15) collimator rotations. The 
precision of the Film method was within 0.01 mm. 

Results of Tables 1-2 showed that the mean induced 
couch shifts measured with MPC and EBT3 Gafchromic 
Film were within acceptable tolerance of ± 0.75mm and 
a good agreement between MPC and the Film existed. 
The observed mean difference in the rotation-induced 
couch shift with MPC and the EBT3 Gafchromic Film 
was 0.02mm ±0.02 and 0.04mm ±0.04 on TB STX and TB 
respectively. The uncertainty of the EBT3 Gafchromic 
Film method resulted to 0.02mm, and the precision was 
within 0.01mm. The graphical trends shown in Figures 6 
and 7 on TB STX and TB respectively were within 
tolerance. 
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Table 1. Variation of rotation-induced couch shift on TrueBeam STX 

Linac: TB STX Distance from R on the Film Difference (mm) 

Day MPC (mm) Dmax (mm) 

 
 

Dmean (mm) MPC -Dmean 
Rel. % 

 (MPC-Dmean) 

1 0.31 0.35 0.29 0.02 6.45 

2 0.29 0.34 0.29 0.00 0.00 

3 0.28 0.38 0.27 0.01 3.57 

4 0.28 0.35 0.27 0.01 3.57 

5 0.30 0.35 0.26 0.04 13.33 

Mean 0.29 0.35 0.28 0.02 5.39 

Std. Dev 0.01 0.02 0.01 0.02 5.00 

Rel.%Std.Dev 3.45 5.71 3.57 
  

R: couch rotation axis, Dmax & Dmean are Maximum and Mean positions respectively 

 

Table 2. Variation of rotation-induced couch shift on TrueBeam 

Linac: TB Distance from R on the Film 
Difference (mm) 

  

Day 
MPC (mm) Dmax (mm) Dmean (mm) 

MPC-Dmean 
Rel. %  

   (MPC-Dmean) 

1 0.28 0.39 0.31 -0.03 -10.71 

2 0.32 0.38 0.3 0.02 6.25 

3 0.36 0.37 0.3 0.06 16.67 

4 0.28 0.33 0.23 0.05 17.86 

5 0.33 0.31 0.25 0.08 24.24 

Mean 0.31 0.36 0.28 0.04 10.86 

Std. Dev 0.03 0.03 0.04 0.04 13.67 

Rel. % Std. Dev 9.68 8.33 14.29   

 

 
Figure 6. Rotation-induced couch shift variations on TrueBeam STX.  
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Figure 7. Rotation-induced couch shift variations on TrueBeam. 

 

Conclusions 

The validity of the MPC tool for evaluating rotation-
induced couch shift using an independent method 
based on the EBT3 Gafchromic Films was assessed. 
The good agreement between rotation-induced couch 
shifts measured with MPC and the EBT3 Gafchromic 
Film validates MPC as a good tool for daily quality 
assurance tests. The EBT3 Gafchromic Film method is 
user-dependent, and therefore, it can work in any 
institution. The final decision in the department was 
to use the EBT3 Gafchromic Film for the long-term 
verification of the MPC tool. Since the overall MPC 
procedure is less cumbersome than Film handling, it 
represents an ideal tool for daily quality assurance, 
especially when high accuracy in the LINAC 
geometric setup is mandatory. 
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