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A METHODOLOGY FOR ANALYZING THE NOISE TEXTURE AND 
UNIFORMITY IN MAGNETIC RESONANCE IMAGING (MRI) BASED 
ON NOISE POWER SPECTRUM (NPS) MEASUREMENTS USING ACR 
MRI PHANTOM
Dr Mohamad M. Alabdoaburas1, Dr Anne Belly Poisignon1, Dr 

Clement Chevillard1, Dr Pascal Cherel2, Dr Ludovic De Marzi3,4, Dr 

Rezart Belshi1

1Medical physics department, Institut Curie, 92210, Saint Cloud, 

France, 2Imaging department, Institut Curie, 92210 Saint Cloud, 

France, 3Institut Curie, PSL Research University, University Paris 

Saclay, Inserm LITO, 91898 Orsay, France, 4Institut Curie, PSL Research 

University, Radiation Oncology Department, Proton Therapy Centre, 

Centre Universitaire, 91898 Orsay, France

Purpose: Due to increasing involvement of MRI modality in 

advanced diagnostic and radiotherapy workflows, quality assurance 

of MRI facility has become a high concern. The purpose of this work 

is to propose a new methodology to characterize more accurately 

the noise and uniformity of MRI images based on noise power 

spectrum (NPS) measurements.

Material and methods: The large American College of Radiology 

(ACR) MRI phantom was used as an object test for the measurements. 

Acquisitions were carried out on MRI facility (Optima MR450w 1.5T 

GE Healthcare), with a head coil, using weighted T1 and weighted 

T2 acquisitions according to ACR accreditation program. 2D-NPS 

measurements were performed in both non-signal background and 

signal homogeneous image. Variance was calculated from integral 

of the 1D-radial NPS, then structured and white noises were 

separated. White noise values were compared to noise estimated 

by other methods reported in literature. Relative Structured Noise 

Index (RSNI) was used to assess the image uniformity, which 

represents the ratio of the structured noise to total noise, measured 

from signal homogeneous image. The results were compared to the 

uniformity calculated from NEMA method. Impacts of acquisition 

parameters (Matrix, Field-of-view, Band Width and filters) on the 

NPS curves are studied. To show the reproducibility and reliability 

of this method, the measurements were weekly performed over 15 

months, then statistical analysis were performed by providing chart 

controls over time. All analyses were automatically processed with 

an in-house program (MATLAB software).

Results: NPS curves calculated from signal homogeneous image 

showed white and non-correlated noise over spatial frequencies. 

However, NPS calculated from non-signal background, showed 

decrease of noise magnitude by a factor of 0.66±0.01 (agreement 

to theoretical calculation) and the noise amplitude decreased 

with spatial frequencies, showing more correlated noise. Noise 

measured using NPS method showed a good agreement compared 

to NEMA calculation methods. Considerable changes were observed 

in both shape and amplitude of NPS with acquisition parameters 

or sequence type. RSNI was more sensitive to any uniformity drift 

and showed a stronger correlation to human observer than NEMA 

method used for uniformity assessment.

Conclusion: NPS measurements estimate the noise directly from 

signal homogeneous images without being affected by any ghosting 

or drift artefacts. RSNI could be a powerful metric to assess image 

uniformity in MRI. Our methodology could be useful for evaluating 

clinical sequences and can easily be implemented in routine quality 

control.
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DEVELOPMENT AND EVALUATION OF A POST-PROCESSING 
PIPELINE TO ENHANCE 0.35 T PELVIC MR IMAGE QUALITY
Miss Marica Vagni1, Miss Elena Huong Tran1, Dr Angela Romano1, 

Dr Giuditta Chiloiro1, Dr Luca Boldrini1, Mr Luca Indovina1, Prof 

Vincenzo Valentini1, Mr Lorenzo Placidi1, Mr Davide Cusumano1

1Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Largo 

Agostino Gemelli 8, Roma, Italy

Purpose: MR-LINAC systems offer high soft-tissue contrast volumes 

thanks to the on-board MR-scanner. However, low frequency 

intensity inhomogeneity artifacts can occur, resulting in signal losses 

that may affect the image quality (IQ). Various correction strategies 

have been proposed to reduce such artifacts on high-field MRIs and 

very limited cases are focused on 0.35T ones. This study aims to 

outline and assess an image processing pipeline able to enhance the 

IQ, offering a better visualization of targets and organs-at-risk, and 

to obtain reliable intensity distributions for the subsequent digital 

processing, such as auto-segmentation.

Material and methods: The study was carried out on clinical 0.35T 

MRIs (ORIG) from 20 prostate cancer patients treated with MR-

LINAC. The N4-bias-field-correction (N4ITK), alone or in conjunction 

with an Adaptive Histogram Equalization filter (N4ITK_AHE), was 

applied to the images. Two experienced radiation oncologists 

(O1,O2) blindly scored overall IQ and prostate’s boundaries visibility 

of the ORIG, N4ITK and N4ITK_AHE images, using a visual grading 

(VG). The Friedman Test was used to determine the statistical 

significance difference in applying the two correction pipelines. The 

IQ improvement was also quantitatively evaluated by computing 

the ratio between the pixels’ intensities standard deviation (_ratio) 

post- and pre-filters application, and the ratio between the Shannon 

Entropy (SE_ratio) post- and pre-filters application, inside the body.

Results: Concerning the VG analysis, the N4ITK application 

improved the IQ in 15% and 20% of cases, while the N4ITK_AHE 

resulted in better IQ in 25% and 5%, for O1 and O2 respectively. 

Moreover, the prostate boundaries’ visualization increased in 15% 

and 24% of observations after N4ITK application and in 35% and 

18% after N4ITK_AHE implementation, for O1 and O2 respectively. 

The Friedman test showed that there was no statistical difference 

across the modalities for either O1 (p=0.236) and O2 (p=0.325) IQ 

scores. For the prostate delineation, a significant improvement was 

observed in applying the filters (p=0.034) for O1. From a quantitative 

perspective, _ratio and SE_ratio were both less or equal to 1 for all 

patients, with a mean value equal to 0.72 and 0.93 in the N4ITK/

ORIG comparison, and 0.93 and 1.01 in the N4ITK_AHE/N4ITK 

comparison, respectively.

Conclusions: Based on this preliminary work, the N4ITK and N4ITK_

AHE application on 0.35T MRIs results in either an improvement or 

no change of both overall IQ and prostate visualization in clinical 

practice. Results are also supported by quantitative metrics, showing 

a decrease in signal dispersion. Ongoing multidisciplinary work will 

allow further evaluation.
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T2 RELAXATION TIME AS TEMPERATURE MEASUREMENT TOOL
Mr Vasileios Gkasios1,2, Proffesor Thomas Maris1, Mrs Vasiliki 

Giannakaki1

1Medical Physics, University Of Crete, Heraklion, Greece, 2Physics 

Department, University of Crete, Heraklion, Greece

Purpose: The purpose of this work was to quantify the T2 relaxation 

time as a function of temperature in mild hyperthermia, in order to 
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control the T2 index as a way of measuring temperature changes 

during the hyperthermia process.

The T2 parameter was measured for three samples. They had 

electrical properties (conductivity) that resembled various tissues 

at 37°C. The first solution had conductivity which was resembling 

fat, the second grey matter, and the third cerebrospinal fluid.

Material and methods: The three solutions were placed in tubes 

of 10mL

each, and then in a Polytetrafluoroethylene base. Teflon has dielectric 

properties that remain stable with frequency and temperature.

Each tube’s ending had a special recess so that the 3 fluoroptic 

channels could be placed inside the solutions in order to perform 

temperature measurements.

This tap was a three-way stop tap with a lure lock which provided 

stability of fluoroptic thermometers during the experimental 

process.

The base with the three solutions was placed on the calibration 

plate and inside the MRI head coil.

The tube used as a waveguide was made of aluminum and stainless 

steel with a diameter of 18cm.

As a Hyperthermia system, a Microwave Diathermy device named 

Fisiowave was used. The diathermy antenna was placed in the recess 

of the waveguide and sent microwave pulses of 2.45GHz.

The diathermy machine was operating in continuous wave mode, 

sending a total of 100−200watt, in order to increase the temperature 

of solutions until to achieve microwave hyperthermia temperatures.

Using HASTE Sequence, images were obtained after each process of 

heating. The temperature of the solutions was monitored in real-

time utilizing TrueTemp software.

After the heating process, the conductivity of the solutions was 

measured using HI-2030 Edge from 45−20°C with natural cooling 

procedures.

Results: Linear regression for the resembling solutions’ relationship 

between T2-T:

Fat: T2(T)=(19.35±0.89)·T+(1584±35)

GM: T2(T)=(37.78±1.50)·T+(1292±48)

CsF: T2(T)=(38.35±0.90)·T+(1369±32)

Conclusions: From the T2 versus Temperature plots, r (index)=1, 

throughout every analysis.

This suggests that the relaxation time T2 can be a great indicator 

that can sensitively measure temperature changes during the 

hyperthermia process.

For solution which resembled Fat, the T2-T plot gives r=1, P<0.001 

for six measurements (n=6).

For the solution resembling Grey Matter, r=1, with P<0.001 for n=6, 

as well.

For the solution resembling CsF, r=1 with P<0.001 and n=6.
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TWO IAEA E-LEARNING COURSES IN MEDICAL PHYSICS: 
MONITORING PROGRESSION AND PROFESSIONAL PROFILE
Giorgia Loreti1, Elisabeth Weiss1, Debbie van der Merwe1

1IAEA, Vienna, Austria

Purpose: The IAEA supports its Member States through building 

capacity in all specialties of medical physics, by providing 

guidance, promoting the recognition of medical physicists as health 

professionals, and disseminating best practices and guidelines 

through specialized training, including e-learning. In 2021, the 

IAEA released two self-paced e-learning courses in diagnostic 

radiology medical physics. Such courses are designed to provide 

access to continuous professional development (CPD) activities 

to an audience of clinically qualified medical physicists (CQMPs). 

The e-learning courses are organized in sequential modules that 

are accessible to the user subject to the successful completion of 

self-assessment tests at the end of each module. At the end of the 

e-learning course, the users may download a proof of completion, 

detailing the content and duration of the course, which can be 

used for obtaining CPD points in their local system. The e-learning 

courses are freely accessible but require registration.

Material and methods: The e-learning courses are hosted on the 

IAEA CLP4NET learning management system, based on Moodle. 

Regular quantitative monitoring of progress is conducted and 

linked to anonymized registration details. Information on the 

course enrolment and completion rates, for instance, are extracted 

from the analysis of the intra-module self-assessments. The trends 

delineated from the two diagnostic radiology courses (one on 

digital radiology and one on mammography) have been extracted, 

described and compared. Additionally, qualitative feedback is 

obtained from a course evaluation form.

Results: The monitoring of the e-learning modules has demonstrated 

an interest in access to CPD material in the area of diagnostic 

radiology medical physics. The e-learning course audience is 

consistently representative of the target professional group and 

the progress through the courses is in line with the course design 

strategy.

Conclusions: The identification of specific indicators and their 

cyclical monitoring over time, provides quality assurance and 

useful information on target audience outreach and course design 

structure.
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NETWORKING MEDICAL PHYSICS WITHIN EUROPE AND IN THE 
WORLD: THE CASE OF THE ADVANCED MASTER IN TRIESTE
Ms Katrīna Čaikovska1,4, Msr Dmitri Šutov1,2, Ms Volha Hertsyk1,5, 

Ms Kätlin Tiigi1,3, Ms Melisa Nurcovic1,8, Ms Nino Esvanjia1,6, Msr 

Revaz Turmanidze1,7, Mss Renata Longo1,9

1The Abdus Salam International Centre for Theoretical Physics, Trieste, 

Italy, 2Tartu University Hospital, Tartu, Estonia, 3 North Estonia 

Medical Centre, Tallin, Estonia, 4Riga East university hospital, Riga, 

Latvia, 5Humanitas Research Hospital, Humanitas Gavazzeni unit, 

Bergamo, Italy, 6Todua Clinic, Tbilisi, Georgia, 7Eristavi National Center 

of Surgery, Tbilisi, Georgia, 8Clinical Center of Montenegro, Podgorica, 

Montenegro, 9Department of Physics, University of Trieste, Trieste, 

Italy

Purpose: The Master of Advanced Studies in Medical Physics (MMP) 

run jointly by the University of Trieste and the International Center 

for Theoretical Physics (ICTP) is an international 2-year “master after 

the master” that has graduated more than 100 medical physicists 

from all continents. Ten of them are from Europe. This is a survey 

of the effect of this program on European medical physics, in terms 

of improving networking inside each country, within Europe, and 

outside.

Methods: The online survey of MMP graduates from European 

countries was performed concerning their professional activities 

and roles at national and international levels.

To evaluate the role of the MMP program on improving networking 

and status of medical physicists, the online survey included 

questions regarding professional activities prior to joining the 

MMP program and after graduation. There were 7 MMP graduates 

included in this study from the following European countries: 

Belarus, Estonia, Georgia, Latvia, and Montenegro.

Results: The online survey demonstrated that the Master of Advanced 

Studies in Medical Physics has improved the network of European 
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