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standalone device during patient treatments, the Discover 
can measure the MLC positions, gantry- and collimator-
angle and compare these measurements to the planned 
values. Combined with the Delta4 Phantom+ (DP+) for pre-
treatment plan validation, the subsequent Discover-only 
measurements during patient treatment can then be used 
to calculate the dose distribution for each treatment on 
the DP+. A gamma analysis can be used to evaluate the 
delivered treatment fractions the same way the pre-
treatment delivery was evaluated.  
Patient plans were developed according to our clinical 
protocol with two VMAT arcs. The attenuation of the 
Discover was determined for each photon beam energy 
during its commissioning and was accounted for in the 
patient plans. Each patient was localized and tracked 
using the Clarity US IG (Elekta). Tracking margins ensured 
that the PTV will be within 3 mm (maximum displacement) 
during beam-on time.  
We present five SBRT patients, with five fractions for each 
patient that were all delivered with the Discover in place. 
Additionally, the Discover and DP+ were used for all pre-
treatment IMRT validations. We accumulated the five 
dose-fractions into the planning CT data set and compared 
the Discover measured results that were converted to the 
total dose outcome with the actual plan.Results 
To compensate for Discover attenuation, plan monitor 
units (MU) were increased by 1.3% for 6X flattened beams, 
1.5% for 6X flattening filter free (FFF) beams and similarly 
for 10X for 1.0% and 10X FFF-beams for 1.2%. Figure 1 
shows an example of the Discover gamma analysis with a 
criteria of 2%/2mm for the first fraction for one patient. 
As an example of our results, we found that the Discover 
device measured different gamma for each delivered 
fraction as shown in figure 2. The variation of gamma 
trended in line with the daily output difference.  
 

 
 

 
 
Conclusion 
Using US IG tracking, we assure that our patients have less 
than 3 mm motion of the prostate during their whole 
treatment course. Similarly as the US IG tracking assures 
treatment delivery in the correct position, the Discover 
device assures the delivery of the radiation plan is as 
intended. The combination of these techniques gives 
much greater confidence to the clinician that the dose 
seen in the treatment plan is the dose that is being 
delivered to the patient.  

EP-1712  Determination of photon output factors: 
implementation of the IAEA/AAPM TRS-483 Code of 
Practice 
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1GenesisCare Madrid - Hospital San Francisco de Asís, 
Medical Physics Department, Madrid, Spain ; 
2GenesisCare Madrid, Medical Physics Department, 
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Purpose or Objective 
The aim of this work is to determine the output factors 
(OFs) measured with six different detectors for an Elekta 
Versa HD linear accelerator equipped with the Agility 
head. The measured output factors were subsequently 
corrected by applying the factors proposed in the Code of 
Practice International Atomic Energy Agency 483 
(IAEA/AAPM TRS-483).  
Material and Methods 
The OFs for field sizes ranging from 1.0 x 1.0 cm2 to 10 x 
10 cm2 at a depth of 10 cm and at 100 cm source to 
detector distance were measured for 6 MV and 6 MV 
Flattening Filter Free (FFF). Several types of detectors, all 
from PTW-Freiburg, were used for comparison: 
microDiamond, diode-P shielded, diode-E unshielded, 
diode SRS - unshielded, PinPoint 3D ionization chamber 
and 0.125 cm3 Semiflex ionization chamber. Off-axis dose 
profiles (in-plane and cross-plane) measurements were 
performed with the PTW BeamScan water phantom to 
ensure detector alignment and determine the effective 
field size. Output correction factors from IAEA/AAPM TRS-
483 were applied for all the detectors. In this study, the 
minimum field size analysed was 1.4 x 1.4 cm2 for diode-
p and 2 x 2 cm2 for the chamber 0.125 cm3 Semiflex.  A 
daisy chaining approach was also utilised for the small OFs 
choosing the 4 x 4 cm2 measurement as reference. 
Results 
For both energies, 6 MV and 6 MV FFF, the OFs measured 
for each detector as shown in Figure 1 and Figure 2. For 
the smaller field size of 1 x 1 cm2 the maximum OF 
difference measured was 7.5% for 6 MV and 7.1% for 6 MV 
FFF, which, once corrected, lead to a maximum deviation 
respectively of 1.8% for 6 MV and 1.7% for 6 MV FFF. All 
detector response agree within 0.6 % except for the 
microDiamond where de OF measured were 1% higher than 
for other detectors. For field sizes greater than 2 x 2 cm2, 
the deviations of the corrected OFs were within 1% for 
both beams. The disparity between the direct and daisy–
chain approach of OFs corrections was less than 0.3% for 6 
MV and less than 0.5% for 6 MV FFF. 
 

 
 

 
 
Conclusion 
The results indicated that the diode-P overestimated OFs 
for fields smaller than 4 x 4 cm2. The microDiamond 
overestimated OFs for fields size smaller than 3 x 3 cm2, 
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but to a lesser extent than for the diode-P, while 
ionization chambers underestimated the OFs. The 
unshielded diodes for field sizes larger than 1.5 x 1.5 cm2 
underestimated OFs and for fields smaller than 1.5 x 1.5 
cm2 overestimated the OFs, this overestimation is likely 
due to density disturbance. The results of this study may 
assist in the selection of the appropriate method and type 
of detector to be utilised for small field dosimetry to 
ascertain the output factor. The variation observed in the 
output factors, with different detectors in fields size 
smaller than 2 x 2 cm2, requires further investigation 
which will be an ongoing project at our institution. 
 
EP-1713  The implementation of 3D chemical 
dosimetry within a clinical radiotherapy department 
J. Poxon1, M. Miquel1, N. MacDougall1 
1Barts Health NHS Trust, Clinical Physics, London, United 
Kingdom  
 
Purpose or Objective 
A high-resolution 3D detector is recommended for the 
measurement of complex radiotherapy dose distributions, 
particularly during the commissioning of new techniques. 
3D chemical dosimetry has been proposed but has not yet 
fully realised its potential within clinical radiotherapy 
departments. 
We have developed an in-house method for Fricke gel 
dosimetry with MR readout and carried out a thorough 
dosimetric characterisation of this detector. This Fricke 
detector is energy, dose rate and volume independent and 
demonstrates adequate precision for a 3-20Gy dose range. 
When scanned between 10 and 90 minutes, the results are 
not influenced by chemical instability or diffusion.  
The aim of this study was to evaluate how the Fricke gel 
performed when applied to VMAT plans. 
Material and Methods 
Batches of Fricke gel detectors were manufactured in a 
basic laboratory situated within a clinical radiotherapy 
department. The T2 quantification of irradiated detectors 
was carried out using a 3T clinical MR scanner for multiple 
coronal, sagittal and transverse planes. T2 maps were 
created and converted to dose maps within OsiriX, an open 
source image processing application, by irradiating 
calibration samples to known doses. Measured dose maps 
were compared with TPS calculated doses in terms of dose 
profiles and gamma tests using relevant tolerances for 
dose difference and distance to agreement.  
The Fricke gel detector was used to measure two high dose 
VMAT plans delivered with a Varian TrueBeam Linac; for a 
brain metastasis and spine plan. Results were also 
compared with measurements carried out using a PinPoint 
ion chamber and GafchromicTM EBT3 film.  
Results 
There was excellent agreement between measured and 
TPS dose distributions for coronal and transverse planes of 
the brain plan (figure 1), demonstrated by high gamma 
test pass rates (table 1). There was also good agreement 
in the high dose, steep gradient region of the spine plan. 
Small deviations between measured and calculated doses 
were seen in the low dose region for this plan, reflected 
in the gamma test results for the sagittal and coronal 
planes (table 1). Results also compared well with doses 
measured with the PinPoint ion chamber and radiochromic 
film. 
Figure 1: Dose map analysis for the central transverse 
plane of the brain plan  
 

 
 
 
Table 1: Gamma pass rates (%) for the brain and spine 
VMAT plans  
 

 
 
Conclusion 
The Fricke gel detector was demonstrated to be suitable 
for the 3D measurement of complex dose distributions. 
Excellent agreement was seen between measured and TPS 
calculated dose distributions. This method offers a simple 
option for 3D dosimetry within a clinical radiotherapy 
department. 
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Purpose or Objective 
The supreme soft-tissue contrast given by the MR scanner 
has motivated a strong interest in using MR images for 
planning and guidance of radiation therapy (RT). With 
clinical introduction of MR linacs it is possible to adapt the 
plan to the anatomy at each treatment fraction using MR 
images.   
MR imaging has several significant challenges. Among the 
most important for MR guided RT is the geometrical 
distortion that potentially could lead to mistreatments. In 
this study geometrical distortions are quantified for a 
standard clinical MR scanner as well as a high-field MR 
linac.  
Material and Methods 
An MR geometrical distortion phantom (Magphan RT, The 
Phantom Laboratory) in 35x27x21 cm configuration 
containing several hundreds of 1-cm spherical fiducials 
was used. The MR measured fiducial locations was used to 
generate a 3D distortion map (figure 1).  The distortion 
magnitude was quantified within a radius of 100 mm and 
175 mm from the iso-center, respectively. Also, the mean 
distortion of the 10 % most deviating points within 100 mm 
and 175 mm radius were evaluated.  
A diagnostic 1.5 T MR-sim scanner (Ingenia, Philips 
Healthcare) was used as reference to evaluate the 
magnitude of distortion of a 1.5 T MR linac (Unity, Elekta 
Instrument AB).  
Reference Ingenia sequence (MR-sim):   
1.      T1w 3D FFE (5 min, 34 sec), rBW 228.3 Hz/pix, WFS 
0.951 pix, 1.1x1.1x2 mm, 2 averages. 
Clinical MR linac sequences for pelvic imaging:  
2.       T2w 3D TSE (1 min 34 sec), rBW 786.2 Hz/pix, WFS 
0.276 pix, 1.5x1.5x2.0 mm.  
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3.       T1w 3D FFE (1 min 31 sec), rBW 433.5 Hz/pix, WFS 
0.501 pix, 1.5x1.5x2 mm.  
4.       T2w 3D TSE (5 min 59 sec), rBW 752.3 Hz/pix, WFS 
0.289 pix, 1.2x1.2x1.2 mm, 2 averages. 
5.       T1w 3D FFE (3 min 47 sec), rBW 431.9 Hz/pix, WFS 
0.356 pix, 1.2x1.2x2 mm, 2 averages.  
 

 
 
Figure 1 Distortions magnitude plot, Series Description 
[sequence 3]: T1w 3D FFE, high-field MR-linac 
Results 
For the evaluated sequences the maximum distortions 
were in the range of 0.39-0.56 mm within a radius of 100 
mm from iso-center. The MR linac performed slightly 
better than the MR-sim for most sequences. Likewise, the 
MR linac showed a maximum distortion of 0.96-1.28 mm 
within a radius of 175 mm, which is less than the MR-sim 
with a maximum distortion of 1.42 mm. Top 10 % most 
diverting points were analyzed and the mean distortions 
are listed in table 1, the MR linac shows respectively for 
100 mm and 175 mm radius a distortion in the range of 
0.28-0.35 mm and 0.68-0.70 mm. In comparison the MR-
sim showed slightly more distortion (0.39 mm and 0.99 
mm, respectively).   
 

 
 
Table 1 
Conclusion 
The geometrical distortion on the MR linac was found to 
be less or similar to the distortions of a diagnostic MR 
scanner of same field strength. Distortions were of the 
magnitude of 0.5 mm which is needed to make precise 
dose delivery with the high-field MR linac. Patient induced 
susceptibility effects may add additional distortion and 
should be evaluated separately. 
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und Wirtschaft, Htwsaar, Saarbrücken, Germany ; 
3Heidelberg Institute for Radiation OncologyHIRO, 
National Center for Radiation Research in 
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Purpose or Objective 
In this work, we present the development of a 
reproducible anthropomorphic half-brain phantom for 
MRI, obtained with 3D printing techniques. We modelled 
the geometry, the shape and the size of the phantom on 
patient MRI data. The shape of the phantom aimed to 
reproduce as accurately as possible the shape of the 
patient brain. We adopted a T1 weighted sequence to 
obtain a good T1 contrast. We aimed to achieve in the 
phantom an equivalent contrast. This required the 
investigation of the concentration of the contrast agents. 
These are also required to reproduce a T1 relaxation time 
similar to the one in brain matter. The brain phantom is 
also foreseen to be used as training data for an automatic 
segmentation software. The different contrasts in the 
brain, that lead to the definition of the regions, could be 
exploited in the automatic segmentation. Moreover, this 
opens the possibility to compute the volume of the 
different regions in the brain. These values could be used 
in hospitals by the doctors to identify brain diseases, e.g. 
brain mass loss in Alzheimer patients. 
Material and Methods 
In first place, we cut the brain exactly at the center in the 
sagittal plane of the image. The model included a 1 mm 
external wall and two independent separated cavities. We 
produced the phantom with the Ultimaker3 FDM 3D-
printer. Once printed, we put the phantom in an alchol 
bath in order to make it watertight. In the following step, 
we filled the brain phantom with solutions made of water 
and the contrast agent Gadoteridol (0.5mmol/ml). The 
solutions have been prepared with precise mixing ratios to 
achieve different contrasts in the T1 weighted MRI. The 
objective of this experiment was to obtain an artificial 
contrast as close as possible to the literature values for 
grey (1124±50) and white (884±50) matter at MRI room 
temperaure. We tested concentrations of 195 vs. 130 
µmol/ml and 135 vs. 100 µmol/ml. To obtain the desired 
concentrations to insert in the phantom, we diluted the 
original solution of 200 µmol/ml.Finally, we performed 
MRI scans of the phantom with the support of the software 
Gel_Evaluation and we computed the T1 times. 
Results 
The two different substances were recognizable in the MRI 
images, as shown in Figure 1. We obtained a clear contrast 
between the white and the grey matter. In agreement 
with the expectations, the T1-signal that we recorded 
showed the typical exponential decay. 
 

 
 
Conclusion 
Moreover, we compared the different concentration tests. 
We observed that the best contrast was obtained in the 
195 vs. 130 µmol/ml case. In table 1 we restricted the 
investigation to the concentrations 135 vs. 100 µmol/ml, 
which have the closest T1 time to the grey and white brain 
matter. In our experiment, we observed a T1 relaxation 
time for the grey matter of (1190.1±8.3) ms for 100 
µmol/ml, which differs of 5.87% from the literature value. 
On the other hand, the T1 relaxation time for the white 
matter was (985.2±84.6) ms, which differs by 11.43% from 
the literature. 




