
  
   
 

 

 
  

 

 

 

 

Modern neuroimaging methods of investigation  

of the human brain in health and disease 

 

The following contains a summary of the content of the neuroimaging module on the 

post-graduate course in Modern neuroimaging of investigation of the human brain in 

health and disease: 

Module 1: Modern neuroimaging methods (6 x 4h) 

Topic 1: Introductory Science and Methods  

Topic 2: MR physics, MR imaging modalities  

Topic 3: Structural brain imaging  

Topic 4: Functional brain imaging  

Topic 5: Brain connectivity  

Topic 6: Data mining & Big Data analysis  

 

Topic N1 Introductory Science and Methods 

Content Summary 

Principles of Image Formation (PIF) Image reconstruction; Image quality & quality correction 

Matlab (ML) Basic use of Matlab 

Introductory Statistics (IS) Study design; Estimation & Hypothesis testing; Continuous & 

Categorical Data; Correlation & Regression 
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Learning Outcomes 

Principles of Image Formation (PIF) 

At the end of this topic the students will be able to describe the basic principles of image formation 

relevant to modern neuroimaging, the basic concepts of image interpretation and representation, 

digital images and basic digital image transformations. 

Matlab (ML) 

The students will be able to understand, design and code programs in the Matlab programming 

environment. 

Introductory Statistics (IS) 

Students will be able to demonstrate understanding of the basic univariate statistical methods 

required to carry out independent research in the field of neuroimaging. 
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Topic N2: MR Physics and MR imaging Modalities  

Content Summary 

 

Introductory MR Physics (MP) General description of MR physics including origin of the MR signal, 

imaging hardware, image formation and MR safety. 

Magnetic Resonance Imaging (MRI) Imaging pulse sequences and image contrast; MRI 

acquisition techniques for the study of brain structure, function and connectivity. 

Advanced MR Methods (AMR) Relaxometry; Magnetisation transfer imaging; Advanced diffusion-

MRI applications. 

 

Learning Outcomes 

 

Magnetic Resonance Imaging (MRI) Principles 

At the end of this topic the students will have a general understanding of MR image acquisition 

beneficial for their real-life data acquisition (e.g. safety). They will be able to describe the relationship 

between acquisition parameters and image contrast, which will help them optimize data acquisitions 

for their own purpose. They will be able to demonstrate a good understanding of the relationship 

between MR images and tissue property which will help with the clinical interpretation of MRI data.  

MRI acquisition techniques 

The students will be able to give a complete picture of the MRI acquisition techniques available to study 

the brain. Their understanding of the principles behind each technique will enable to select the 

appropriate technique depending on their scientific question. They will also be able to describe the 

limitations of each technique and explain their impact on their data. Their understanding of MRI data 

will allow them to conduct optimal data analysis and to achieve the right level of interpretation of their 

results.  

Advanced MR Methods (QMR) 
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At the end of this course, the students will be able to describe MRI acquisition methods commonly used 

for clinical neuroimaging research. They will also be familiar with the most recent acquisition 

techniques, be able to explain their advantages compared to standard methods and their added value 

for clinical research. 

Safety aspects of MR imaging 

For each of the above modalities, students will be able to describe the safety regulatory framework 

and governance relevant to research neuroimaging. 
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Topic N3: Structural brain imaging 

Content Summary 

 

Morphometry & Volumetry (MV) Concepts; Global vs local measures; Atlas based region-of-

interest approaches; Volumetry; Voxel-based methods. 

Structural MR data processing (DP) Automated tissue classification; Spatial registration; 

diffeomorphic registration, Spatial smoothing. 

Voxel-based analysis (VBA) Statistical analysis; Voxel-, tensor-, deformation-based morphometry, 

Voxel-based analysis of MR parameter data. 

Automated lesion detection (ALD) Basic principles of MR data processing in stroke patients; 

Statistical analysis  

 

Learning Outcomes 

Morphology & Volumetry (MV) 

At the end of this topic, the students will be able to describe the aims of, and methods used to 

characterize and measure brain shape, and to determine brain volumes based on MRI data. The 

students will be able to describe some applications from the neuroscience literature. 

Structural MR data processing (DP) 

After this lecture the students will be able to describe the basic principles of automated brain tissue 

classification based on anatomical 3D MR data. Additionally, they will learn about available methods 

for linear and non-linear spatial registration of brain data into standardised space. 

Voxel-based analysis (VBA) 

At the end of this topic, the students will be able to describe brain morphometry and voxel-based 

analysis in the framework of Statistical Parametric Mapping. 

Automated lesion detection (ALD) 
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At the end of this course, the students will be able to describe principal methods for automated lesion 

detection based on anatomical MR data (T1- and Diffusion-weighted images). Practical aspects and 

interpretational issues of lesion data analysis will be discussed. 
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Topic N4: Functional brain imaging 

Content Summary 

 

Functional MRI (fMRI) fMRI contrast mechanisms – BOLD effect; Data processing  

Experimental Design (ED) Experimental design & paradigms 

Statistical Framework (SF) Single subject and group data analysis and statistics; Applications  

 

Learning Outcomes 

Functional MRI (fMRI) 

At the end of this topic, students will be able to describe the basic principles of fMRI contrast 

mechanisms with main emphasis on the Blood Oxygen Level Dependent – BOLD contrast and the 

concept of neuro-vascular coupling. Students will also have an understanding of fMRI data processing 

steps including motion correction, B0 distortion correction, spatial registration and spatial smoothing,  

Experimental Design (ED) 

After this lecture students will be able to answer questions about design efficiency; different types of 

experimental design will be investigated in relation to different types of hypothesis testing. 

Statistical Framework (SF) 

At the end of this topic, students will be able to describe hemodynamic modeling, General Linear Model 

(GLM) analysis, contrasts and hypothesis testing; Random-, Fixed-, and Mixed-Effects group analyses 

in the framework of Statistical Parametric Mapping. The students will be able to design a valid fMRI 

experiment and analyze the resulting data. 
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Topic N5: Brain Connectivity 

Content Summary 

 

Diffusion-weighted Imaging (DWI) MR physics of water diffusion; Deterministic and probabilistic 

tractography  

Structural Covariance (SC) Definition of seeds; structural covariance analysis of multi-modal data 

Functional and Effective Connectivity (FEC) Distinction between functional and effective 

connectivity; 

 

Learning Outcomes 

Diffusion weighted Imaging (DWI) 

At the end of this topic students will have an acquired knowledge of isotropic and anisotropic diffusion 

in the brain, of the apparent diffusion coefficient (ADC) and fractional anisotropy (FA). They will have an 

understanding of the b value and how the appearance of grey and white matter and pathological 

processes are influenced by the choice of b value. They will also be familiar with common artefacts on 

diffusion weighted images. They will understand the principles of diffusion tensor imaging and 

tractography. 

 

Structural Covariance (SC) 

Students will grasp the concept of anatomical brain connectivity estimated using structural covariance. 

They will appreciate the power of this analysis particularly when using multi-modal data – both in 

healthy brains and in studies on neurodegeneration.  

 

Functional and Effective Connectivity (FEC) 
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At the end of this course the students will have learned the distinction between effective and functional 

connectivity in the context of neuroimaging. Through a wide range of applications in imaging 

neuroscience the students will acquire knowledge in the specific role of these connectivity measures to 

investigate the functional organisation of the human brain. 
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Topic N6: Data mining & Big Data Analysis 

Content Summary 

 

Pattern Recognition methods (PR) Machine-learning principles, Support-vector machines; 

Classification  

Multi-variate statistics (MV) Gaussian mixture models; Inter-subject variability 

Challenges of large-scale data analysis Data basing; Distributed networks; Data protection 

 

Learning Outcomes 

Pattern recognition methods (PR) 

Students will be able to demonstrate understanding of the basic machine-learning methods required 

to carry out pattern recognition analysis in the field of neuroimaging. 

Multi-variate statistics (MV) 

At the end of the topic students will have acquired knowledge of basic methods for multivariate analysis 

(e.g. Principle Component Analysis, Gaussian Mixture Models) in the field of neuroimaging. 

Challenges of large-scale data analysis  

On the example of large-scale data analysis in ageing the students will get first-hand experience of 

concepts and challenges when dealing with large amount of missing, heterogeneous and noisy data.       

 

 

 


