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1. Introduction

Until recently, the structural bases of individdifferences have been
studied primarily in postmortem examinations orpatients with brain
lesions. However, with the advent of structural netig resonance imaging
(MRI) techniques, such as MRI volumetry or diffusiomaging, it has
become possible to investigate the macro- and wstizrctural bases of
individual differences in healthy subjects or iigats without brain lesions
as well. While initially these methods were veméiconsuming and biased
by manual, subjective drawing of the examined s$tmes, recent
developments like automated MRI volumetry, voxetdxh morphometry
(VBM) or voxelwise analysis of multi-subject difios data with tract-
based spatial statistics (TBSS) have allowed thecrosaopic and
microscopic structural variations to be probed mnobjective, automated,
time-saving manner. These refined automated methogelnow sensitive
enough to reveal meaningful structural differenegen within relatively
homogeneous groups (e.g. healthy controls).

Taking the advantage of structural MRI techniq@esegries of studies
tested inter-individual differences in brain sturet within a population or
structural differences between different populaio®Both macro- and
microstructural measures have been found to béetkla a wide range of
factors, such as age, gender, handedness, caiifééthe, body mass index,
navigation experience, cognitive abilities or laage functions. These
studies provide evidence that variations in braincture may be associated
with  various functional, behavioral, demographic, utritional,
environmental and biological indices in both clalipatient and healthy
population groups.

With the availability of more sophisticated anadysiechniques,

recently it has become popular to move beyond smgpbup comparisons
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of subjects at the extreme ends of the scale (gagient vs. normal
populations) and test for structural differenceshimi more homogenous
populations (e.g. healthy controls). Even withihealthy adult population
there are considerable differences in the bramcsire, which may carry
functional and behavioral consequences. Investigatthe structural
variations of healthy subjects may extend our ustdeding of normal
patterns, which represents an essential step beftading to search

structural abnormalities in diseased groups.

2. Objectives

The aim of this thesis was to examine macro- ardosiructural brain
variations in healthy normal volunteers using thgedt image processing
methods such as automated MRI volumetry, voxeldbas@rphometry
(VBM) or voxelwise analysis of multi-subject difios data with tract-
based spatial statistics (TBSS).

Our first experiment targeted consistent left-hasd®e examine the
relationship between white matter microstructure d adanguage
lateralization in a combined analysis of diffustemsor imaging (DTI) and
functional magnetic resonance imaging (fMRI) dat#nlike previous
studies, this experiment provides insights intortiierostructural correlates
of language lateralization at the whole-brain levelwithout any pre-
specification of regions of interest — using thevelovoxel-based TBSS
approach.

The second experiment aims to address the questfosexual
dimorphism in hippocampal volume by automated MRIumetry and
VBM using both general linear model (GLM) and prdjmn head-size
correction strategies. Previous studies on sexuahombhism in

hippocampal volume did not always vyield consistdimdings. Our



hypothesis is that one reason for the diversitgarfier results might lie in
different types of head-size correction methodsfaet that is largely

neglected, but is of great importance in morphaalgstudies.
3. Materials and methods

White-matter microstructure and language lateralization in left-handers:
A whole brain MRI analysis

Sixteen healthy, left-handed women aged 20-25 werleided in the
study. Left-handers were targeted in order to mseethe chances of
involving subjects with atypical language lateratian. Language
lateralization was determined by fMRI using a vérfhaency paradigm.
Tract-based spatial statistics analysis of DTI dates applied to test for
white matter (WM) microstructural correlates of daage lateralization
across the whole brain. Fractional anisotropy (BAj mean diffusivity

(MD) were used as indicators of WM microstructwajanization.

Are there any gender differences in the hippocampus volume after head-
size correction? A volumetric and voxel-based morphometric study
T1-weighted MR images were collected in 99 healtBgucasian,
university students (66 women and 33 men; mean2®)8:+ 2.2 and 23.5
+ 2.4, range: 19 to 31 and 20 to 30 years respdgjivSexual dimorphism
in hippocampus was investigated by automated MRImaetry and voxel-
based morphometry (VBM) using both general lineardet (GLM) and

proportion head-size correction strategies.



4. Results

White-matter microstructure and language lateralization in left-handers:
A whole brain MRI analysis

TBSS analysis showed significant relationship betwdunctional
language lateralization and white matter microstmee Right-hemispheric
language dominance was associated with reducedsiiactural integrity
(lower FA and higher MD) of the left superior lohglinal fasciculus and
left-sided parietal lobe WM.

Are there any gender differences in the hippocampus volume after head-
size correction? A volumetric and voxel-based morphometric study

Absolute hippocampal volumes were larger in mem tvamen. After
adjusting for head-size, the proportion methoddat#id larger hippocampi
in women than men, while no gender differences wetmd using the
GLM approach. Significant inverse correlation walsserved between
intracranial volume and hippocampus to intracraniadlume ratio,
demonstrating the inability of proportion methodctmpletely remove the
effect of head size. Investigating absolute hippgea volumes in 15 head-

size matched pairs of males and females indicategender differences.
5. Conclusions

White-matter microstructure and language lateralization in left-handers:
A whole brain MRI analysis

In left-handed women, we found strong support Htgpical cerebral
dominance for language is associated with variatiof white-matter
microstructure in the left superior longitudinalsé&culus and left-sided

parietal lobe white matter. The work included iistthesis contributes to



the existing literature on structural-functionalat®nships in the language
network by emphasizing the importance of individuatiations in healthy
populations. Based on our data, it can be hypathdsihat reduced white-
matter integrity in the left-sided language relatedts are closely linked to
the development of right hemispheric language damde. The dependence
of the right-sided language lateralization on thtegrity of left-hemispheric
pathways but not the right-hemispheric ones mighaluseful reference for
further investigations on how atypical language o@mnce develops. Our
results may offer new insights into language lditlemtion and structure-

function relationships in human language system.

Are there any gender differences in the hippocampus volume after head-
size correction? A volumetric and voxel-based morphometric study

Using different methodological approaches to exa&migender
differences in hippocampal volumes of normal sulsjesve found that
GLM and proportion head-size adjustment techniquetd dissimilar
results, ranging from no gender differences in bggmpi to larger
hippocampi in females. We suggest that there iseaal dimorphism in
hippocampal size and the apparent gender diffeserfoend by the
proportion method may have more to do with head-gllan sex. The
importance of the present findings about the furglaal differences
between GLM and proportion approaches is mostlated to scientific
reproducibility across MRI volumetry or VBM studiedJsing the
agreement/disagreement among proportion and GLMhaeudst as an
indication of stronger/weaker support of a hypothés dangerous, given
that they are not representing the same phenom&umresults may have
clinical importance, when adjusted hippocampal r@s are considered as

diagnostic tools of disease severity in neuroldgaca psychiatric ilinesses.
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