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The process of magnetic resonance (MR) imaging is very complex and is influenced
by a large number of factors. Preparation and positioning of the patient, setting up the
imaging sequence and the analytical methods used are the basic steps of the whole chain of
tasks that are necessary for quality imaging and subsequent interpretation of the output. The
present thesis is a compilation of ten scientific articles in which the author deals with the
optimization of the cervical spinal cord examination protocol and analytical methods of
advanced cervical spinal cord and brain imaging.

MR imaging of the cervical spinal cord is a great challenge. Due to its small size,
proximity to bone and artifacts from breathing, swallowing and cerebrospinal fluid flow, it is
not an easy task. The author was an active member of an international team that optimized
and analysed the examination protocol for quantitative analysis of the cervical spinal cord by
different sequences (anatomical, diffusion-weighted, and magnetization transfer), including
appropriate patient positioning and scheduling of the examination by the technician. The
author has proposed and validated several analytical approaches for the preparation and
evaluation of anatomical and diffusion-weighted images of the cervical spinal cord of healthy
volunteers, patients with clinically isolated syndrome and multiple sclerosis. One method
semi-automatically detects the cervical spinal cord and subsequently distinguishes grey and
white matter voxels for which it creates binary masks that can be used for subsequent
analyses. Another method uses voxel-based analysis to statistically compare diffusion-
weighted images of the cervical spinal cord of two cohorts of subjects (typically healthy
versus diseased). Both methods have been used in the analysis of longitudinal data from
patients with clinically isolated syndrome in an attempt to find predictors for conversion to
definite multiple sclerosis. Such a predictor was found, and its sensitivity and specificity
reached high values (93% and 72%, respectively), which are higher than when using the
standard McDonald criteria (80% and 53%, respectively). However, there is a need to
validate this method in a larger group.

The segmentation of brain structures, whether a coarse division into grey and white
matter or a finer division into individual cortical and subcortical structures, is an important and
necessary step in many analyses. Also, the detection of pathologies and their segmentation
(e.g., necrotic component, enhancing part after contrast agent application, or oedematous
part) is crucial especially for modern machine learning methods where large amounts of
information need to be processed. Therefore, in addition to the cervical spinal cord
segmentation method, the author is also working on machine learning for brain tumour
detection and segmentation, where he is currently a member of a grant team working on this
problem. The author has contributed to an international publication that uses federated
learning methods to perform multicentric learning without the need to transfer image
information from health care facility. This approach simplifies the legislative framework of the
matter, where it is easier to comply with GDPR and cybersecurity requirements for large
multicentric studies.

For a successful study, it is necessary to have optimally acquired data and to use
appropriate analytical methods that are least burdened by subjective errors. Although there
are major advances in this area, the development of artificial intelligence presents us with
new opportunities and challenges in all aspects of radiology, from the patient positioning,
image formation, data analysis, to interpretation of results and diagnosis.
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