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The QUASAR MRID  geometric distortion analysis system from IBA Dosimetry enables physicists
to exploit the power of the MR-only radiotherapy workflow

Radiotherapy is a precision cancer therapy that employs personalized treatment plans to target
radiation to tumours with high accuracy. Such plans are usually created from high-resolution CT
scans of the patient. But interest is growing in an alternative approach: MR simulation, in which MR
images are used to generate the treatment plans – for delivery on conventional linac systems as well
as the increasingly prevalent MR-guided radiotherapy systems.
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Towards MR-only treatments The MRID  performs 3D distortion analysis for MR-Simulator and MR-Linac systems.
(Courtesy: iStock/simonkr)
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One site that has transitioned to this approach is the Institut Jules Bordet in Belgium, which in 2021
acquired both an Elekta Unity MR-Linac and a Siemens MAGNETOM Aera MR-Simulator. “It was a
long-term objective for our clinic to have an MR-only workflow,” says Akos Gulyban, a medical
physicist at Institut Jules Bordet. “When we moved to a new campus, we decided to purchase the
MR-Linac. Then we thought that if we are getting into the MR world for treatment adaptation, we also
need to step up in terms of simulation.”

The move to MR simulation delivers many clinical benefits, with MR images providing the detailed
anatomical information required to delineate targets and organs-at-risk with the highest precision.
But it also creates new challenges for the physicists, particularly when it comes to quality assurance
(QA) of MR-based systems. “The biggest concern is geometric distortion,” Gulyban explains. “If there
is no distortion correction, then the usability of the machine or the sequence is very limited.”

Addressing distortion

While the magnetic field gradient is theoretically linear, and MRI is indeed extremely accurate at the
imaging isocentre, moving away from the isocentre increases distortion. Images of regions 30 or 40
cm away from the isocentre – a reasonable distance for a classical linac – can differ from reality by
15 to 20 mm, says Gulyban. Thankfully, 3D correction algorithms can reduce this discrepancy down
to just a couple of millimetres. But such corrections first require an accurate way to measure the
distortion.

To address this task, the team at Institut Jules Bordet employ a
geometric distortion phantom –the QUASAR MRID  Geometric
Distortion Analysis System from IBA Dosimetry. Gulyban explains
that the MRID was chosen following discussions with
experienced users, and that key selling points included the
phantom’s automated software and its ability to efficiently store
results for long-term traceability.

“My concern was how much time we spend cross-processing,
generating reports or evaluating results,” he says. “This software is
fully automated, making it much easier to perform the evaluation

and less dependent on the operator.”

Gulyban adds that the team was looking for a vendor-independent solution. “I think it is a good
approach to use the tools provided [by the vendor] but now we have a way to measure the same
thing using a different approach. Since our new campus has a mixture of Siemens MRs and the MR-
Linac, this phantom provides a vendor-independent bridge between the two worlds.”

For quality control of the MR-Simulator, the team perform distortion measurements every three
months, as well as after system interventions such as shimming and following any problems arising
during other routine QA procedures. “We should not consider tests as individual islands in the QA
process,” says Gulyban. “For instance, the ACR image quality phantom, which is used for more

Akos Gulyban: “The biggest
concern is geometric distortion.”
(Courtesy: Bordet – Service
Communication)
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frequent evaluation, also partly assesses distortion. If we see that failing, I would directly trigger
measurements with the more appropriate geometric distortion phantom.”

A lightweight option

To perform MR simulation, the images used for treatment planning must encompass both the target
volume and the surrounding region, to ensure accurate delineation of the tumour and nearby organs-
at-risk. This requires a large field-of-view (FOV) scan – plus geometric distortion QA that covers the
same large FOV.

“You’re using this image to delineate the target and also to spare
the organs-at-risk, so the image must reflect reality,” explains
Kawtar Lakrad, medical physicist and clinical application specialist
at IBA Dosimetry. “You don’t want that image to be twisted or the
target volume to appear smaller or bigger than it actually is. You
want to make sure that all geometric qualities of the image align
with what’s real.”

Typically, geometric distortion phantoms are grid-like, with control
points spaced every 0.5 or 1 cm. The entire volume is imaged in
the MR scanner and the locations of control points seen in the
image compared with their actual positions. “If we apply this to a

large FOV phantom, which for MRI will be filled with either water or oil, it’s going to be a very large
grid and it’s going to be heavy, 40 or 50 kg,” says Lakrad.

To overcome this obstacle, IBA researchers used innovative harmonic analysis algorithms to design a
lightweight geometric distortion phantom with submillimetre accuracy and a large (35 x 30 cm) FOV:
the MRID . The phantom comprises two concentric hollow acrylic cylinders, the only liquid being a
prefilled mineral oil layer between the two shells, reducing its weight to just 21 kg.

Kawtar Lakrad: “The idea behind
the phantom was very smart.”
(Courtesy: Kawtar Lakrad)
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“The idea behind the phantom was very smart because it relies on a mathematical tool,” explains
Lakrad. “There is a Fourier transform for the linear signal, which is used for standard grids. But there
are also spherical harmonics – and this is what’s used in the MRID . The control points are all on
the cylinder surface, plus one in the isocentre, creating a virtual grid that measures 3D geometric
distortion.” She adds that the MRID  can also differentiate distortion due to the main magnetic field
from gradient non-linearity distortion.

Moving into the MR world

Gulyban and his team at Institut Jules Bordet first used MR simulation for pelvic treatments,
particularly prostate cancer, he tells Physics World. This was followed by abdominal tumours, such as
pancreatic and liver cancers (where many patients were being treated on the MR-Linac) and more
recently, cranial and head-and-neck irradiations.

Gulyban points out that the introduction of the MR-Simulator was eased by the team’s experience
with the MR-Linac, which helped them “step into the MR world”. Here also, the MRID phantom is
used to quantify geometric distortion, both for initial commissioning and continuous QA of the MR-
Linac.

“It’s like a consistency check,” he explains. “We
have certain manufacturer-defined conditions that
we need to meet for the MR-Linac – for instance,
that distortion within a 40 mm diameter should be
less than 1 mm. To ensure that these are met in a
consistent fashion, we repeat the measurements
with the manufacturer’s phantom and with the
MRID . This gives us extra peace of mind that the
machine is performing under the correct
conditions.”

For other cancer centres looking to integrate MR
into their radiotherapy clinics, Gulyban has some key points of advice. These include starting with
MR-guided radiotherapy and then adding MR simulation, identifying a suitable pathology to treat first
and gain familiarity, and attending relevant courses or congresses for inspiration.

“The biggest change is actually a change in culture because you have an active MRI in the
radiotherapy department,” he notes. “We are used to the radioprotection aspects of radiotherapy,
wearing a dosimeter and observing radiation protection principles. MRI is even less forgiving – every
possible thing that could go wrong you have to eliminate. Closing all the doors and emptying your
pockets must become a reflex habit. You have to prepare mentally for that.”

Lightweight and accurate The MRID  geometric distortion phantom in use on the treatment couch. (Courtesy: IBA
Dosimetry)
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Screen shot B  distortion mapping with MRID .
(Courtesy: IBA Dosimetry)
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“When you’re used to CT-based machines, moving to an MR workflow can be a little bit new,” adds
Lakrad. “Most physicists are already familiar with the MR concept, but when it comes to the QA
process, that’s the most challenging part. Some people would just repeat what’s done in radiology –
but the use case is different. In radiotherapy, you have to delineate the target and surrounding
volumes exactly. You’re going to be delivering dose, which means the tolerance between diagnostic
and radiation therapy is different. That’s the biggest challenge.”
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