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Magnetic resonance imaging (MRI) is an indispensable diagnostic tool with proven
sensitivity to numerous pathologies as well as to processes such as development and
aging. As a powerful characterization tool, magnetic resonance (MR) techniques are
also employed for determining the microstructure of porous materials, which is critical
for inferring their physical characteristics. For these reasons, MR has been employed by
several industries in need of reliable characterization tools. The goal of this project was
overcoming the resolution limitation of MRI by exploiting the sensitivity of the MR sig-
nal to translational diffusion of spin-bearing particles. The latter provides information
on the microstructure of the specimen being examined.

During the course of the project, we made a number of contributions, fundamen-
tal [3, 6, 14, 22] as well as application-oriented. We studied the restriction-induced
effects which are naturally occurring for multi-compartment environments like tissues
and integrated such effects into frameworks developed to characterize tissue heterogene-
ity [4, 19, 23, 30]. We studied the disentanglement of anisotropy from microstructure
information obtained via orientational averaging of the diffusion MR signal [17, 23,
28]. Perhaps most importantly, we incorporated recent developments in applied op-
timization for strictly enforcing necessary physical and mathematical constraints into
our estimation routines in various diffusion MRI methods [21, 26, 32]. Doing so proved
particularly beneficial, making the data acquisition feasible within clinically-acceptable
times [25]. We disseminated a software package to the research community [29]. Our
techniques were also integrated into the Dipy (Diffusion Imaging in Python) software
package.

One PhD student (Deneb Boito), one postdoctoral researcher (Cem Yolcu), and two
faculty members (Magnus Herberthson and Evren Özarslan) at Linköping University
were partially supported by the CENIIT funding. Deneb Boito successfully defended
his PhD dissertation in 2024. Evren Özarslan obtained docentship in biomedical engi-
neering sciences in 2018 and was promoted to senior associate professor in 2023.

The project leader served as the examiner for the following three master’s thesis
projects:

◦ Shan Cai: Thesis titled “Diffusion-based MR methods for measuring water ex-
change,” completed in Spring 2022.

◦ Alfredo Miguel Ordinola Santisteban: Thesis titled “MRI based measurement of
diffusion and water exchange — Study with a benchtop MR scanner,” completed
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in Spring 2021.

◦ Iulian Emil Tampu: Thesis titled “Morphological characterization of neural tis-
sue microstructure using the orientationally-averaged diffusion MRI signal,” com-
pleted in Spring 2019.

All three students are currently pursuing PhD studies at Linköping University.
Evren Özarslan also co-supervised the following PhD dissertations:

◦ Xuan Gu: Thesis titled “Advanced analysis of diffusion MRI data,” completed in
2019.

◦ Jens Sjölund: Thesis titled “Algorithms for magnetic resonance imaging in radio-
therapy,” completed in 2018.

During the CENIIT project, the project team collaborated with other researchers at
LiU including Hans Knutsson, Carl-Fredrik Westin, and Anders Eklund who leads the
CENIIT project titled “Bayesian methods for fMRI informed brain tumour treatment
planning”. Anders Eklund is a co-supervisor of Deneb Boito while I have co-supervised
David Abramian. Both of these PhD students played crucial roles in the respective
CENIIT projects.

The project team was involved in various collaborative projects with the Swedish
companies: CR Development, Elekta, Inovia, Synthetic MR, Eigenvision, Raysearch
Laboratories, Scaleout Systems and Spectronic. Other projects that made the industrial
collaborations possible were funded by ITEA/VINNOVA. These projects are: IMPACT
(Intelligence Based Improvement of Personalized Treatment and Clinical Workflow Sup-
port) and ASSIST (Automation, Surgery Support and Intuitive 3D visualization to
optimize workflow in IGT SysTems, 2021-01954).

The CENIIT project provided a steady support for the research group at the De-
partment of Biomedical Engineering led by Evren Özarslan and was extremely helpful
in raising additional funding. The projects IMPACT and ASSIST mentioned above
provided 8,1 MSEK to the research group. In addition, a project supported by Ana-
lytic Imaging Diagnostics Arena (AIDA) facilitated a collaboration with clinicians at
Region Östergötland. Another ongoing project supported by The Swedish Foundation
for International Cooperation in Research and Higher Education (STINT) facilitates
international exchange and mobility. Evren Özarslan was also granted support by the
Swedish Research Council for a four year project. He has been co-applicant on a num-
ber of other grants. He leads a well-connected group and is actively collaborating with
scientists in USA, China, and UK. He is currently the main supervisor of two PhD stu-
dents, and co-supervisor of three PhD students. He is the examiner and responsible for
the TBMT02 Medical Imaging course and has teaching roles in two other undergraduate
courses. Evren Özarslan has also designed two PhD courses.
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