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1. Introduction 

Until recently, the structural bases of individual differences have been 

studied primarily in postmortem examinations or in patients with brain 

lesions. However, with the advent of structural magnetic resonance imaging 

(MRI) techniques, such as MRI volumetry or diffusion imaging, it has 

become possible to investigate the macro- and microstructural bases of 

individual differences in healthy subjects or in patients without brain lesions 

as well. While initially these methods were very time-consuming and biased 

by manual, subjective drawing of the examined structures, recent 

developments like automated MRI volumetry, voxel-based morphometry 

(VBM) or voxelwise analysis of multi-subject diffusion data with tract-

based spatial statistics (TBSS) have allowed the macroscopic and 

microscopic structural variations to be probed in an objective, automated, 

time-saving manner. These refined automated methods are now sensitive 

enough to reveal meaningful structural differences even within relatively 

homogeneous groups (e.g. healthy controls). 

Taking the advantage of structural MRI techniques, a series of studies 

tested inter-individual differences in brain structure within a population or 

structural differences between different populations. Both macro- and 

microstructural measures have been found to be related to a wide range of 

factors, such as age, gender, handedness, caffeine intake, body mass index, 

navigation experience, cognitive abilities or language functions. These 

studies provide evidence that variations in brain structure may be associated 

with various functional, behavioral, demographic, nutritional, 

environmental and biological indices in both clinical patient and healthy 

population groups. 

With the availability of more sophisticated analysis techniques, 

recently it has become popular to move beyond simple group comparisons 
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of subjects at the extreme ends of the scale (e.g. patient vs. normal 

populations) and test for structural differences within more homogenous 

populations (e.g. healthy controls). Even within a healthy adult population 

there are considerable differences in the brain structure, which may carry 

functional and behavioral consequences. Investigating the structural 

variations of healthy subjects may extend our understanding of normal 

patterns, which represents an essential step before starting to search 

structural abnormalities in diseased groups. 

2. Objectives 

The aim of this thesis was to examine macro- and microstructural brain 

variations in healthy normal volunteers using the latest image processing 

methods such as automated MRI volumetry, voxel-based morphometry 

(VBM) or voxelwise analysis of multi-subject diffusion data with tract-

based spatial statistics (TBSS). 

Our first experiment targeted consistent left-handers to examine the 

relationship between white matter microstructure and language 

lateralization in a combined analysis of diffusion tensor imaging (DTI) and 

functional magnetic resonance imaging (fMRI) data. Unlike previous 

studies, this experiment provides insights into the microstructural correlates 

of language lateralization at the whole-brain level – without any pre-

specification of regions of interest – using the novel voxel-based TBSS 

approach. 

The second experiment aims to address the question of sexual 

dimorphism in hippocampal volume by automated MRI volumetry and 

VBM using both general linear model (GLM) and proportion head-size 

correction strategies. Previous studies on sexual dimorphism in 

hippocampal volume did not always yield consistent findings. Our 
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hypothesis is that one reason for the diversity of earlier results might lie in 

different types of head-size correction methods, a fact that is largely 

neglected, but is of great importance in morphological studies. 

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 were included in the 

study. Left-handers were targeted in order to increase the chances of 

involving subjects with atypical language lateralization. Language 

lateralization was determined by fMRI using a verbal fluency paradigm. 

Tract-based spatial statistics analysis of DTI data was applied to test for 

white matter (WM) microstructural correlates of language lateralization 

across the whole brain. Fractional anisotropy (FA) and mean diffusivity 

(MD) were used as indicators of WM microstructural organization. 

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 healthy, Caucasian, 

university students (66 women and 33 men; mean age: 22.9 ± 2.2 and 23.5 

± 2.4, range: 19 to 31 and 20 to 30 years respectively). Sexual dimorphism 

in hippocampus was investigated by automated MRI volumetry and voxel-

based morphometry (VBM) using both general linear model (GLM) and 

proportion head-size correction strategies. 
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4. Results 

White-matter microstructure and language lateralization in left-handers: 

A whole brain MRI analysis 

TBSS analysis showed significant relationship between functional 

language lateralization and white matter microstructure. Right-hemispheric 

language dominance was associated with reduced microstructural integrity 

(lower FA and higher MD) of the left superior longitudinal 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 men than women. After 

adjusting for head-size, the proportion method indicated larger hippocampi 

in women than men, while no gender differences were found using the 

GLM approach. Significant inverse correlation was observed between 

intracranial volume and hippocampus to intracranial volume ratio, 

demonstrating the inability of proportion method to completely remove the 

effect of head size. Investigating absolute hippocampal volumes in 15 head-

size matched pairs of males and females indicated no gender 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 that atypical cerebral 

dominance for language is associated with variations of white-matter 

microstructure in the left superior longitudinal fasciculus and left-sided 

parietal lobe white matter. The work included in this thesis contributes to 
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the existing literature on structural-functional relationships in the language 

network by emphasizing the importance of individual variations in healthy 

populations. Based on our data, it can be hypothesized that reduced white-

matter integrity in the left-sided language related tracts are closely linked to 

the development of right hemispheric language dominance. The dependence 

of the right-sided language lateralization on the integrity of left-hemispheric 

pathways but not the right-hemispheric ones might be a useful reference for 

further investigations on how atypical language dominance develops. Our 

results may offer new insights into language lateralization 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 examine gender 

differences in hippocampal volumes of normal subjects, we found that 

GLM and proportion head-size adjustment techniques yield dissimilar 

results, ranging from no gender differences in hippocampi to larger 

hippocampi in females. We suggest that there is no sexual dimorphism in 

hippocampal size and the apparent gender differences found by the 

proportion method may have more to do with head-size than sex. The 

importance of the present findings about the fundamental differences 

between GLM and proportion approaches is mostly related to scientific 

reproducibility across MRI volumetry or VBM studies. Using the 

agreement/disagreement among proportion and GLM methods as an 

indication of stronger/weaker support of a hypothesis is dangerous, given 

that they are not representing the same phenomenon. Our results may have 

clinical importance, when adjusted hippocampal volumes are considered as 

diagnostic tools of disease severity in neurological and psychiatric illnesses. 
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