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Appendix A
Valorisation
According to the regulation governing the attainment of doctoral degrees at Maastricht
University, an addendum about valorisation must be added to each doctoral thesis.
This is the purpose of this appendix.

A.1

Introduction

As described in Chapter 1, the number of longitudinal neuroimaging studies has been
increasing in recent years. This is not surprising as this kind of studies can help
to study longitudinal changes occurring in the brain while this is not possible with
cross-sectional studies. In particular, for the past few years, this type of studies
has been increasingly used to study dementia, which affects an increasing number of
people that is currently estimated at 44 million worldwide (Prince et al., 2014a) and
around 850,000 in the United Kingdom (Prince et al., 2014b), and has an important
cost on society which is currently estimated at US $604 billion a year worldwide
(Prince et al., 2014a) and at £26 billion a year in the United Kingdom (Prince et al.,
2014b). Unless some actions are taken, all these alarming figures are even set to
rise in the next years due to the population ageing (Prince et al., 2014a,b). That is
why, in recent years, several initiatives have been conducted with the goal to lessen
the impact of dementia on individuals and society. One of such initiatives is the
Alzheimer’s Disease Neuroimaging Initiative (Mueller et al., 2005) which has collected
a large amount of longitudinal neuroimaging data (see, e.g., the dataset described
in Section 2.6). In order to be effective, it is however essential to analyse the data
obtained from these initiatives as accurately as possible. This was notably pointed
out by the “World Alzheimer Report 2014” (Prince et al., 2014b, pages 93 & 94) that
highlighted the importance of enhancing the quality and relevance of evidence from
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observational studies. This thesis completely enters into this philosophy as its main
goal is to improve the quality of the analysis of longitudinal neuroimaging data. In the
remainder of this appendix, we summarise the actual impacts of this thesis to achieve
this goal and discuss the potential impacts that this thesis may have on other type of
studies as well as the importance of further research on this topic.

A.2

Thesis impact

The impact of this thesis on the enhancement of the quality of the analysis of longitudinal neuroimaging data can be divided into four main points that are described
below.

A.2.1

Raising awareness about the limitations of current popular analysis methods

The first impact of this thesis has been to raise awareness about the limitations of
popular analysis methods that are currently used to analyse longitudinal neuroimaging
data. This has been achieved in Chapters 2 and 3 by discussing and evaluating them.
This is important because many users of these methods are unfortunately unaware
about their limitations and may use them when it is not appropriate. The latter can
be very problematic as this may lead to very misleading conclusions that can, in turn,
yield negative socio-economic impacts.

A.2.2

Proposition of alternative methods

The second impact of this thesis has been the proposition and evaluation of promising
alternative methods. In particular, the Sandwich Estimator method investigated in
Chapter 3 appeared to be accurate in much more scenarios than alternative methods, indicating that it might be a better choice to analyse longitudinal neuroimaging
data. Also, the non-parametric Wild Bootstrap methodology investigated in Chapter
4 seemed to be a promising way to non-parametrically control for the Family-Wise
Error Rate with longitudinal neuroimaging data.

A.2.3

Dissemination

A third impact of this thesis work regards the dissemination of the research results.
Indeed, throughout this doctoral work, an important amount of time and effort has
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been dedicated to communicate the results obtained for this thesis through the use of
many poster presentations (e.g., at OHBM 2012, 2013 and 2014), many oral presentations (e.g., at OHBM 2012 and at the Reading Emotions Workshop 2014: Capturing
Brain Changes Across the Lifespan) as well as a publication in NeuroImage (Guillaume
et al., 2014).

A.2.4

Software

Finally, an important contribution of this doctoral work has been the implementation
of the Sandwich Estimator method (see Chapter 3) into an SPM toolbox that has
been made freely available at http://warwick.ac.uk/tenichols/SwE (see Figure A.1
for an overview of the toolbox user interface). An important effort has been made
to make it easy to use by mimicking as much as possible a typical analysis made
with the SPM software package. Additional features for the toolbox are currently
under implementation and are expected to be available soon (e.g., the Wild Bootstrap
methodology proposed and studied in Chapter 4).

A.3

Further perspectives

While, in this thesis, we have specifically focused on the analysis of longitudinal neuroimaging data, the results obtained could also be useful for the analysis of other type
of neuroimaging data like repeated-measures data, family data or cross-sectional data
where the subject variances cannot be assumed homogeneous. Furthermore, the results could also be useful for the analysis of such kind of data, but not obtained from
neuroimaging. This means that the potential socio-economic impact of this thesis can
be wider than it could appear at first thought.
To finish this valorisation appendix, it seems important to note that much more
research could be done to improve further the quality of the analysis of longitudinal
neuroimaging data. For example, there is an obvious lack of diagnostic tools that are
able to check the validity of the model used to analyse the data. While this kind of
tools exists for other type of data and their use are considered as a mandatory step in
the analysis process, this seems lacking in neuroimaging, particularly for longitudinal
data. We can therefore imagine the importance that future research on this thesis topic
may have to enhance further the quality of the analysis of longitudinal neuroimaging
data.
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Fig. A.1 User interface of the SwE toolbox. Bottom right: the main interface window,
top right: the batch system used to specify the model, middle and left: interface
windows for the analysis of results.

