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Resume

Magnetic Resonance Imaging (MRI) is a popular medical diagnostic
method. It is based on the fundamental principles of physics. Nowadays, MRI
methods used in the hospitals and clinics are qualitative and hence, subjective.
Furthermore, the scientific and clinical MR research data are getting tremendous
in number and require systematization, objective comparison and evaluation. So
that, the results acquired, and conclusions made could be reliable and
reproducible. Considering all the requirements, a new field of quantitative
magnetic resonance imaging has developed at the beginning of the 21 century.

Relaxometry and voxel-based morphometry constitute the major parts of
the quantitative MRI. The later gives information about the shape and the volume
of the measured tissue. The main biophysical parameters of both qualitative and
quantitative magnetic resonance imaging are the relaxations times: T1, T2, T2* and
MR visible free water content, which depicts the concentration of the free proton
nuclei. Each tissue of the human body has its own characteristic values of those
parameters, based on their composition and structure. Hence, giving the possibility
to evaluate and investigate them quantitatively. Quantitative analyses increase the
accuracy of the method and allow the differentiation among the healthy tissue
types, as well as detecting the pathological processes with high sensitivity and
specificity.

Even though, quantitative magnetic resonance imaging is superior to its
qualitative counterpart, it is still used only in the scientific and clinical research.
Long post-processing time, the very specific and careful selection of the sequences
and their parameters, demanding MR hardware (for instance, strong gradient coils)
are among the reasons, why quantitative MRI is not used in the clinical medicine
yet. Development and refinement of the MR physics is necessary in order to
accelerate this process.

The aim of the study is to get a deep insight into the already existing
quantitative magnetic resonance imaging techniques and then use those methods
to investigate different pathologies of the brain, in particular traumatic brain
injury, and characterize them with the MR biophysical parameters.

The study can be effectively divided into two parts: theoretical and
practical. Quantitative magnetic resonance imaging methods, in particular
relaxometry and voxel-based morphometry, utilised sequences, their pros and cons
have been reviewed in the frame of the first part. Additionally, existing clinical
research using these methods has been analysed. The second practical part was
dedicated to the actual measurement of the phantoms and healthy volunteers with
quantitative MRI protocols. Furthermore, one of the most common brain
pathologies, traumatic brain injury was investigated via voxel-based morphometry.
In particular, we evaluated the influence of the craniotomy on the cortical
thickness.
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The major aspects of the voxel-based morphometry, T1, T2, T2*, and the
water content with the sequences required and their physical parameters are
discussed in the theoretical part. The results of quantitative analyses from the
practical part are in a good agreement with the values reported by different
researchers. The phantom measurements also yield the values similar to the
ground truth, which confirms the accuracy of the method. Furthermore, the
quantitative parameters of the human brain tissue measured in this study are: grey
matter: T1 = 1522 + 128 millisecond (ms), T2* = 58 + 17 ms; H20 = 80 + 0.4 ms.
White matter: T1 = 1100 + 80 ms, T2* =50 + 9 ms; H20 =70 + 0.3 ms.

Voxel-based morphometry revealed the decreased cortical thickness in
the craniotomy cohort of the traumatic brain injury compared to their
counterparts without craniotomy. The major atrophied regions were the
precuneus in the right parietal lobe and the lingual gyrus in the left occipital lobe.
These regions of the brain are involved in the episodic memory retrieval and visual
memory, hence explaining partly the cognitive disturbances in this cohort.

In conclusion, the state of the art quantitative magnetic resonance
imaging techniques was studied in this thesis. The topic is quite important and hot
topic not only in the engineering and medical physics, but for neuroscience and
medicine as well. The measurements were conducted in order to assess the
accuracy of the method. Healthy volunteers were investigated to obtain the
normal brain tissue MR parameters. The results are in a good agreement with the
literature. Furthermore, interesting and hard-to-obtain brain trauma cohort has
been investigated and the reported results unravel the cognitive aspect of this
pathology, which again speaks for the superiority of the quantitative imaging and
opens the new perspectives with regard to implementation in the clinical
medicine.

26



