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Zusammenfassung
Das Prinzip der funktionellen Asymmetrie, also defteilung der Hirnfunktionen

zwischen den Hirnhélften, stellt ein Grundprinzipmachlicher Gehirnorganisation dar.
Vor diesem Hintergrund ist es wenig Uberrascheads gich dieses Prinzip auch auf die
Enkodierung von Gedachtnismaterial Ubertragen .1dSistige Arbeiten beschéftigten
sich bisher mit der Erforschung dieser Asymmetrieittels funktioneller
Magnetresonanztomographie (fMRT) vgl. (Golby, Patikret al. 2001; Golby, Poldrack
et al. 2002; Powell, Koepp et al. 2005; Jansen|nsayer et al. 2009), ein Verfahren,
dass sich den erhtéhten Sauerstoffbedarf aktividfienareale zu Nutze macht, um
Hirnaktivierung indirekt zu detektieren. Durch desStudien wurden die
Grundvoraussetzungen fur die Annahme gelieferts dasbalisierbare Informationen
(z.B. Worte/Sprache) vor allem linkshemispherisold schwer verbalisierbare Objekte
(z.B. abstrakte Muster) vorwiegend rechtshemisghkriverarbeitet werden. Letztlich
diente die Arbeit von Jansen et al. (Jansen, Sefemet al. 2009) als Vorlauferprojekt
zu der vorliegenden Studie, in der zwei Stimulusém verwendet wurden und in der
noch nicht auf Fragen der Reliabilitit eingegangearde. Insgesamt wurden
Fragestellungen der Reliabilitéat in der bisherigarschung nur vereinzelt behandelt
vgl. (Bennett and Miller 2010), deshalb erschiemeisvendig dieses in die vorliegende
Arbeit zu integrieren.
Die vier Fragestellungen der Arbeit:

1. Die Implementierung des Paradigmas am neuen 3 ingca

2. Die Erweiterung des Paradigmas um zwei neue Stuskldssen

3. Entwicklung von weniger verbalisierbaren Stimuli

4. Reliabilitatsmessung durch Wiederholung der MessurtjVergleich der beiden

Messzeitpunkte

Das Paradigma wurde erfolgreich am neuen Scanrablieet. Durch die neuen
Stimulusklassen (Szenen und Gesichter) konnten chwisstufen im Hinblick auf
Verbalisierbarkeit zwischen den bestehenden gutbaksierbaren und nicht
verbalisierbaren Stimulusklassen (Worte und Musterstellt werden. Die neuen
weniger verbalisierbaren Stimuli zeigten gute releteralisierte Ergebnisse. Insgesamt
konnten ahnliche Ergebnisse wie bei Golby et all Jemsen et al. gezeigt werden. Die

Reproduzierbarkeit der Ergebnisse zeigte sich jedoicht konstant gegeben. Die



verwendeten Verfahren zur RealibilitAtsmessungrabtéss-correlations (ICC) und
Lateralisationsindices (LI), zeigten unterschiduficErgebnisse, wobei die Lls relativ
gute Reproduzierbarkeit zeigten und bei den ICGdinueinige selektive Cluster gute
Ergebnisse erzielt werden konnten. Dies weist ddria) dass in Zukunft deutlich mehr

Wert auf Reliabilitat bei der Planung von fMRT Strdgelegt werden sollte.



Abstract

The concept of functional asymmetry is a basicqipie of organization of human brain
function. This basic concept also applies to theodimg of memory data. A number of
studies have been conducted to explore the asymmétmemory encoding using
functional magnetic resonance imaging (fMRI), ahtéque which utilizes the high
oxygen levels in activated brain areas to indiyealketect brain activation. The
lateralization of encoding processes is determinathong other things, by the
verbalizability of the memorized material (Golbyl&ack et al. 2001; Golby, Poldrack
et al. 2002; Powell, Koepp et al. 2005). Encodihgerbal stimuli preferentially relies
on left-hemispheric brain regions, while encodiriggisual (non-verbal) material relies
on right-hemispheric areas. The study of Janseal. €dansen, Sehlmeyer et al. 2009)
was used as prototype study for this project, thoogly containing two stimulus
classes and not addressing the issue of reliali#liability has only been addressed by
a few studies (Bennett and Miller 2010), why welesed it into my study. The four

objectives of this study are:

Implementations of the task at the new 3 tesla 8renMRI scanner.
Expansion of the paradigm by two newly implemerstihulus classes

Development of stimuli with less verbalizeable pats

A

Testing the reliability of the results by comparihtp a second run of the study
The establishment of the paradigm at the new scawas successful. Through the
inclusion of two additional stimulus classes (Seeard Faces), to the existing classes
(words and shapes), two additional steps betweerexisting very well verbalizeable
and almost not verbalizeable, were established. fAéely introduced almost not
verbalizeable patterns showed, as expected, agtalized activations. Overall similar
results to those already published by Golby etatl Jansen et al could be achieved.
The reliability of the results was not entirely hagenous, since the two implemented
techniques, the intra-class-correlations (ICC) #nedlateralization indices (LI), showed
deviating results. Lls resulted in a quite goodafwlity, but ICCs showed good
reliability only for a few select activation clusse This indicates that in the planning of

future fMRI studies, reliability should be a kegus.

Vi



1 Introduction

Memory is an important part of everyday life. Wé ale dependent on it in every
waking moment. Whether we converse with each otliewe are on our own, our
memory really makes us what we are. It defineshusugh the stored information of
our experiences and things we learned. Withoutnoemories we are totally lost and
incapable of living our life and interacting withhers. There would be no reference to
refer to in conversation. Shared memories couldbeotevived. We would be living a
life that comes from nowhere and leads nowhere.

Imagining different defects in memory function s having no long-term memory,
or having no short-term memory results in a diffiédevel of disability in everyday life.
Either way the effects are devastating. Persond Vaiss of memory function are
impaired in taking part in the social life arourtein and are often isolated. A movie
produced in the year 2000 called “Memento” (htgpaiiv.imdb.com) took the viewer
into the life of someone who had lost the abiliystore new information in the long-
term memory. The story is told backwards in liglgisodes starting from the end with
each episode revealing a little more of the stdbhg protagonist, Leonard, is a former
insurance investigator, who wants to solve the mwuad his wife. The scene of his wife
lying lifeless next to him is the last new informogt he was able to store in his memory.
To substitute his broken memory, he uses Polarmtings to which he adds written
notes, to remember people and places. Importaotnv#tion concerning his search for
the murderers of his late wife, he tattoos ontodoidy. Throughout the film, it becomes
more and more evident that Leonard uses differesthads to assemble and interpret
this puzzle of information, depending upon the aitan. This leads him to suspect
different people to be the murderer he is lookimg &nd makes him subject to
manipulation by other people. He is quite awaréief“condition” as he calls it and
speaks freely about it. This leads to comic sitretilike the following one. He enters a
bar and orders a beer. The barkeeper preparesedreamd he tells her about the
memory state he is in. She puts this to a testhasdsome people sitting at the bar spit
into the beer. Leonard notices this but after israion is diverted for a little while, he
gladly accepts the presented beer. This scene lumeserhow Leonard’s memory

condition makes him subject to manipulation. Heegirely dependent on the people



around him, to lead him in the right direction @odhelp him put what he has learned
into a meaningful context. In the movie this resutt a fatal error on Leonard’s part. He
wrongfully suspects the Police investigator Teddighfi) Gammell because he has the
same first name and last name initials as therk#éle Leonard has them tattooed on his
body: “John G.”. In the end of the movie Leonartiskileddy and the viewer finds out it
was not the first “John G” Leonard has killed.

This entirely fictional movie shows in a very drdimavay the consequences of long-
term memory malfunction. And this is exactly theers@rio patients may face after
epilepsy surgery where epileptogenic foci are salty removed. Especially
undergoing a common neurosurgical interventionedahmygdalohippocampectomy
(Engel 1996). Due to the major role hippocampalcttires play in declarative memory
functions, results of surgery can be severe for argrfunction. In literature a famous
patient named H.M. is often referred to when it esnto patients suffering from severe
retrograde amnesia after undergoing epilepsy (8ecand Milner 1957). This patient
was one of the first ones on whom parts of the mlettmporal lobe in both
hemispheres have been removed to treat his epil@sy intervention reached its
primary goal, the suppression of epileptic seizuleg produced severe anterograde
amnesia. The patient was unable to transfer datahis long term memory. These
observations were a major step towards a betteergtathding of memory functions.
Nowadays, through many lesion and functional nenaging studies, the medial
temporal lobe (MTL) is known as a critical struedor declarative memory encoding.
For reviews see (Scoville and Milner 1957; Squie®2; Gabrieli 1998; Eichenbaum
2000). The lateralization of encoding processedeiermined, among other things, by
the verbalizability of the memorized material (GglPoldrack et al. 2001; Golby,
Poldrack et al. 2002). Encoding of verbal stimuliefprentially relies on left-
hemispheric brain regions, while encoding of vis(¢an-verbal) material relies on
right-hemispheric areas. In clinical diagnosticoprio neurosurgical interventions it is
crucial to gain information about the functionaldf the Hippocampus. Here different
imaging techniques such as functional magneticnasce imaging (fMRI) are used.
FMRI has made it possible to study non-invasivélg theural correlates of memory
processes. In the clinical context, the technigugsed increasingly in the pre-operative

assessment of patients with MTL epilepsy sinceatmerior MTL is the major seizure



focus in epilepsy patients (Akanuma, Koutroumangtisal. 2003). In many cases of
medically refractory epilepsy, seizures can be rodletd by neurosurgical removal of

the seizure focus (Engel 1993). One side effedi'©L resection, however, is a decline
in memory functions (Engel 1993). Thus, the benefitanterior temporal lobotomy

must be weighted against the risk of memory impaits. Measures of memory
lateralization can help to assess the competenteeatontra lateral MTL, and thus to
decide whether or not to perform a surgery. Duisthigh spatial resolution, fMRI also

provides detailed information about the functionalroanatomy of memory functions
and thus can support decisions as to how far $ect®n of one MTL can be extended.

Many research groups have therefore aimed to deval@omprehensive, clinically

applicable fMRI test to assess hemispheric-speatiiemory-related brain activation in

the MTL (Jokeit, Okujava et al. 2001). A commonfypled memory task relies on the
comparison of stimuli that are either “new”, that shown only once during the
experiment, or “old”, that is, shown several tinf€®lby, Poldrack et al. 2001; Jansen,
Sehlmeyer et al. 2009). Under the assumption Heaehcoding of known stimuli poses
less demands on the neural network underlying merrctions, the comparison of

both conditions enables to visualize brain regitiva are involved in the encoding of
information. Also called “novelty encoding”; for discussion of other memory

paradigms (Golby, Poldrack et al. 2001). The ldieaion of brain activity depends on

the verbalizability of the encoded material. Theaghing of words typically leads to

left-lateralized brain activity; the encoding of stfact patterns to right-lateralized
activation (Golby, Poldrack et al. 2001).

To be clinically applicable, a memory paradigm tbadulfill a number of demands.

First, it should be sensitive to the encoding ofvneformation. Second, it should be
applicable to patients in routine clinical settingsird, the memory-related brain

activity has to be assessable also in individudljesais, not only at a group level
(Jansen, Sehlmeyer et al. 2009; Strandberg, Elfgteal. 2011). Fourth, the brain
activation must be reliable; that is, similar résushould be obtained in repeated
measurements. In particular for clinical questiofi8lRI measures have to be
sufficiently stable across measurements to ass#fssedces in brain activity between

subjects. If fMRI is used for surgical planningadinical diagnosis, issues of reliability

must be addressed.



Previous fMRI test-retest studies have assessedl fidRability for a range of
paradigms, from basal sensory and motor tasks tce momplex cognitive tasks.
Overview in (Bennett and Miller 2010). AccordingBennett and colleagues the results
of group activation maps are often reproducibleosgrmeasurements, while single
subject activation measures are considered to bkeda reliable. Motor and sensory
tasks seem, in general, to have a greater retyalilan task involving higher cognition
such as memory (Bennett and Miller 2010). Relayelv studies, however, assessed
test-retest reliability for memory tasks (Harringtofomaszewski Farias et al. 2006;
Freyer, Valerius et al. 2009; Atri, O'Brien et 2011). These results are inconsistent.
While some studies reported relatively high tesese reliability related to memory
encoding (Atri, O'Brien et al. 2011; Putcha, O'keadt al. 2011), others showed
differing levels of reliability (Caceres, Hall et. 2009). Given the central role of
memory paradigms in the assessment of memory furgctduring the preoperative
assessment of functional neuroanatomy, in the ptestady | specifically analyzed the
test-retest reliability of fMRI brain activation latked to memory encoding, with a
specific focus on brain activity in the MTL. | usedd commonly applied novelty
encoding paradigm contrasting known and unknowmudti To be able to also assess
brain lateralization, | used three different stimwdlasses that differ in their
verbalizability (word, scenes, and fractals). Tresést reliability which of fMRI brain
activation was assessed on the one hand by trezleds-correlation coefficient (ICC),
both on a voxel-by-voxel basis and a regions-of+iesgt (ROI) basis (Caceres 2008), on
the other hand by examining the percent of subjedt® showed reproducible
activation within a given ROI (Harrington, TomaszakivFarias et al. 2006). The retest

was performed for 15 of the 20 subjects.

Objectives

This study aims to implement a paradigm to invegéghe neural correlates of memory
processes within the MTL. It is based on the alyedekcribed original study of Golby
and colleagues (Golby, Poldrack et al. 2001). Thid to establish a paradigm that
predicts individual material-dependent memory Hieation (Golby, Poldrack et al.
2001). The hypothesis of this study was that dffertypes of materials would activate
memory encoding regions asymmetrically in depenéeridheir inherent quality to be

verbalized. The prediction was verbal stimuli woalctivate left hemispheric regions



and visual (non-verbal) stimuli would activate tiglemispheric regions preferentially.
Also verbal encoding strategies have to be takém @wcount in accordance of the
amount of left-hemispheric activation (Golby, Palck et al. 2001). The paradigm was
composed of patterns, faces, scenes and words.s\Wak used as the verbal material
and the other three categories as non-verbal sismahbterial. An fMRI experiment was
used to establish relative contributions of the dfd right MTL and frontal regions to
the encoding of the stimuli described (Golby, Pabtret al. 2001). This study showed
good results in group level analysis and some te$ul chosen individuals.
Brain activations from earlier shown “old” stimuhiere compared to those resulting
from entirely new pictures. Golby and colleaguesrevable to show a stimulus-
dependent lateralization on group level and somgiragie subject level.
A previous study in our workgroup was carried oytSehimeyer (Jansen, Sehlmeyer et
al. 2009) and used only two stimulus categorieside@nd abstract patterns. Entirely
new stimuli were created. Again, good results, udeolg the expected lateralizations
were achieved on group level, but for the singlejextt level, consistent results could
not be noted.
The results of these two studies lead us to theatibps of the study at hand.

1. Implementations of the task at the new 3 t8gmens MRI scanner.

2. Expansion of the paradigm by two newly implemergtachulus classes

3. Development of stimuli with less verbalizeable patt

4. Testing the reliability of the results by comparittp a second run of the study
Layout
In the following, the structure of the thesis isdgbed.
The second chapter “Theoretical and Methodical &4sgives an introduction to the
methods used and the theoretical background needtefirst memory basics and
lateralization are described and explained. Aftet tfollows a short look into the
hippocampus and its significance for memory fun@ldy. Following theoretical basics
of magnetic resonance imaging (MRI) and fMRI aiie laut and used techniques are
shown. At last in this chapter, the statisticallgsia applied in this study is explained.
The third chapter “Methods” includes the paradigala@ed for this study, the
experiment undertaken is presented in detail, #radgigm is explained and the data

analysis implemented is presented.



The fourth chapter “Results” presents the fMRI datagroup level, plus the reliability
data is displayed.
The fifth chapter “Discussion” holds the analysighe data produced in this study, the

implications drawn from that and the outlook orufetresearch.



2 Theoretical and Methodical Basics
In the following, | give an overview about the tinetical background that is important

for the present study. | start with a short intrciitan on the classification of memory
functions (2.1), describe the important role of BhEL in the memory system (2.2), and

give an overview how MRI techniques can be usezhtdyze brain activity (2.3.-2.5).

2.1 Memory Functions
In general the human memory can be described as thfferent systems, which have

different storage times. These systems are theosengemory, the short-term memory

and the long-term memory.

2.1.1 Sensory Memory
According to Deetjen and colleagues the flow ofseey information comes from the

sensory organs to the sensory memory. The stoegugeity is rather spacious and i€ 10
in the acoustic memory and “1bit/s in the optic memory. The information is strin

the sensory memory for about 0.5 to 1 second. Aftat time information fade or are
completely lost. Storage time depends on the iitien$ the sensory stimulus. In the
sensory memory, information is compared to alreadgting in other memory parts and
valued to their global significance. This allows$estive turns of attention to potentially
dangerous stimuli. Also, are information newly eted, for example into words

(verbalization) (Deetjen, Speckmann et al. 2005).

2.1.2 Short-Term Memory
From the sensory memory the now redundancy-cledatis transmitted to the short-

term memory. The speed of this transmission is @6lpit/s. The short-term memory is
also called the primary memory. Its storage timdorsger compared to the sensory
memory and ranges from seconds to minutes. Stdiags of minutes are reached, for
example, if verbal information is repeatedly repédain thought. Memory capacity is
estimated at a couple hundred bits. This is mus$ flean the sensory memory. Only up
to seven items can be stored at one time. Thess iége called chunks. Each of these
chunks usually holds more than 7 bits consistingtérs, words, or numbers. Through
this process called chunking it is possible to edt¢he capacity of the short-term

memory (Deetjen, Speckmann et al. 2005).



2.1.3 Long-Term Memory
Since items in the working memory are lost by ovémg, repeating is necessary to

manage transfer to long-term memory. The maxinaaidier speed is 1 bit/s. Long-term
memory has a large capacity of"46 10 bit to store items for month up to decades.
Access time to data stored in a secondary memory bea quite long (Deetjen,
Speckmann et al. 2005). Data inside the long-teemary can be deleted by earlier or
later encoded data. Most likely to be deleted aeenory items which are either of low
significance, have not been accessed for a long, ttmwere encoded in a state of low
motivation.

A tertiary memory can be identified inside the ldegn memory. This tertiary memory
includes data that is used on a day to day basissamot deleted as long as the memory
Is intact (Deetjen, Speckmann et al. 2005).

Psychological studies have shown that long-term angrgualities can be differentiated
by memory content and function. Two different parée be identified as procedural
memory and declarative memory. Procedural memoryavilable even in early
childhood whereas declarative memory is not fuliydtioning until the % year of life.
Priming, which is included in the procedural or Imp memory, is a pre-conscious
memory which is used to recognize before seen sgnistormation even if they are
only slightly related. In adulthood, this is usea ¢omplete incomplete words or
pictures. Procedural memory is also available inyeehildhood. Data about learned
procedures like bicycle riding or car driving isr&d here.

The semantic memory is part of the declarative nrgnits content consists of explicit
terms and its meanings, such as the capital of @&yns Berlin. The semantic memory
also holds meanings of symbols and signs. The siggart of the declarative memory is
the episodic memory. Memories of personally-expemel episodes with defined place
and time are stored here, such as recollectioasaainderful party.

The difference between declarative and procedueahany is that declarative memory
Is stored in verbalized form. In contrast, procadlanemory is stored in non-verbalized,
non-explicit form. Procedural memory is stored meeeurely and is sustained for
decades. This leads to the conclusion that diftareamory types are stored in different
anatomical areas.

Even though data is stored in the memory, its gra not static. Changing opinions or



changing ways of thinking can change the percepéind interpretation of memory

content (Deetjen, Speckmann et al. 2005).

2.1.4 Memory Localization
Short-term memory is one of the important functiohghe prefrontal cortex but also

other cortical areas seem to contribute their sfinepel 2008). The long-term memory
is located in the cerebral cortex. Aside from theogiation cortex also the secondary
auditory cortex, the motor cortex, the optical erriand other parts of the cerebral

cortex are part of the long-term memory networlepal 2008).

Long-term Memory
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Figure 1 Memory localization adapted from (Nolte 209)

Figure 1 illustrates the memory localization. Dealeve part of long-term memory is

located in the medial temporal lobe and the mediehcephalons. This was also the
area of main focus in the present study. The natadstive (or procedural) memory is

stored in different areas depending on their guaBkills and habits are stored in the
basal ganglia, the cerebellum and the neocortextigémal associations are stored in the
amygdala and conditioned reflexes are stored ircénebellum (Nolte 2009). Since the
experiments in this thesis are to be classifiededarative memory tasks, the medial

temporal lobe, in particular the hippocampus, var@sen as regions of interest.



2.1.5 Memory: Hemispherical Dominance
Lateralization describes the asymmetry of brairkdagor most of these tasks both

hemispheres are used but one hemisphere usuallinai@s As early as 1844, Arthur
Ladbroke Wigan published a bodkNew View of Insanity: Duality of Mind which he
described the hemispheres as separate systems libtbrvaand mental activity.
According to his view, in a sane person, the domtirfemisphere was in control. In
case of a mental illness the hemispheres would ltavérary volition and mental
activities. (Wigan 1844)

As Soren Krach pointed out, in 1836, the physidiéarc Dax realized that all of his
patients with language production dysfunction haffesed from left hemispherical
strokes. Without knowledge of Dax’s work, Paul Bropublished in 1864 nine
autopsies of aphasic patients who showed onlyhleftispherical lesions. These were
the first scientific clues to functional hemispleeaisymmetry. The left hemisphere was
called the language dominant hemisphere and tih oige the non language dominant
hemisphere. Today neuroimaging techniques and dielision techniques are also used
on healthy subjects to complement studies withnbdaimaged patients. It is important
to understand that hemispheric specialization ity do be seen as hemispheric
dominance. Any given task is most likely not cadraut by a single hemisphere as was
believed before. Today it is perceived that thdedént hemispheres participate to a
certain degree in different cognitive tasks (Kr2606).

Lateralization of the brain activation is a cruqgurt of this work which | examined
throughout three different paradigms containinge¢hrdifferent stimuli classes.
According to Golby et al. as verbalization of themsili increases, lateralization of
brain activation moves increasingly to the left gghere (Golby, Poldrack et al. 2001).

2.2 Memory Functions and Hippocampus
Anatomically, memory functions are associated vétlharge-scale neuronal network.

Within this network, in particular the hippocamppigys a crucial role. According to
Nolte and colleagues, it was discovered in the $350accident that the removal of the
median parts of the medial temporal lobe resultedrni almost complete anterograde
and some retrograde amnesia. Patients were nott@ldacode new information. As
soon as their attention was lost, they lost any mé@rmation given. Some events right

before the surgery were also lost, but early memmag functioning. The patients
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remained generally at their normal intelligenceele\Only declarative amnesia was
suffered by the patients; the learning of skillsd aprocedures was intact. The
hippocampus has therefore been identified as askeycture with the function of

encoding and consolidating new memories (Nolte 2009

2.2.1 Anatomy
The hippocampus is part of the limbic system. Clingyrus, parahippocampal gyrus,

entorhinal area, amygdala and the mamillary bo@ytla@ remaining parts of the limbic
system. It has been identified as the source oftiemdn the human brain, for

visualization see figure 2 (Trepel 2008).

The hippocampus is localized in the temporal lobet o the medial wall of the side

ventricle. A paw-like part, called pes hippocanfprms one end of the hippocampus
structure. The hippocampus reaches back to theatamdl of the corpus callosum.
Cranial the fornix of the hippocampus, runs ventradler the corpus callosum. Further
ventral, the fornix arches over the third ventrigled ends in the mamillary bodies
(Trepel 2008).
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Figure 2 Adapted from (Trepel 2008)

The hippocampus has according to Trepel and calEsagTrepel 2008), numerous
afferences from the entorhinal area inside thelpppacampal gyrus. These afferences

originate in the piriform cortex, the amygdala athe neocortex. Their quality is
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sensory, visual, auditory and olfactory. Furthderinces originate in the thalamus, the
cinguli gyrus and the septum region.

Efferences of the hippocampus are almost entiaaglized in the fornix region. Some

fibers leave the fornix on their way to the septaine, amygdala and the hypothalamus.
Most of the fibers run to the mamillary body andnficthe so-called Papez circuit. This
circuit runs from the hippocampus to the mamillandies, from there to the nucleus
anterior of the thalamus and to the cinguli gyfasom there, some fibers continue to
the hippocampus. A variation of the Papez circuitth added connections to the

parahippocampal gyrus, seems to play a significaletin the transfer of data from the

short-term memory to the long-term memory (Tref¥).

2.3 Magnet Resonance Tomography (MRI)
Magnet resonance tomography (MRI) is a highly ssidated non-invasive imaging

technique that can be used to visualize the strestof the human body typically
viewed as cross-sections. The technique has beerloged in the beginning of the
1970s and is today mainly used for diagnostics hia tlinical routine. Physical
background of the MRI is the phenomenon of nuckpis resonance. Hydrogen nuclei,
which are present in the human body mainly as wh#re a so called spin, or spinning
impulse. Derived from that is a magnetic couplefmte. Through the effects of a
strong outer magnetic field these couples of foare aligned either parallel or
antiparallel to the outer field. Since the parabdéibnment is energetically favorable
most atomic nuclei assume this alignment. Thisltesn a magnetization of the body,
which lies inside the tomograph to be examined. &odVIRIs use superconducting
coils to generate the magnetic fields. Field stiietigs in the general order of 1.5 to 3.0
tesla for clinically used tomographs. The magnegzof the examined body can be
changed by applying an alternating magnetic fieldcv oscillates orthogonal to the
outer magnetic field. This alternating magnetiddfibas to be oscillating in a suitable
frequency also called Lamor’s frequency. This fiesry is depending on the strength of
the outer magnetic field. Through the effects af thdditional magnetic field the
examined body receives energy which results inaagé of his magnetization. After the
alternating magnetic field is shut down, the maigagibn of the body resumes to its
primary condition. This process is called relaxatibhrough relaxation the beforehand

acquired energy is emitted in form of radio wavele emitted radio waves can be
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detected by detection coils. The temporal dynanficthes relaxation process is
dependent amongst other things on the tissue obdldg; therefore from the detected
radio waves conclusions about the anatomy of tteaméxed body can be drawn. By
combining additional magnetic fields, overlayinge ttouter magnetic field the
consistency of the tissue of the examined bodybmmxamined in a high resolution
cross section. A showcase image can be seen belogure 3. For further information
please see “MRI made Easy” by Schering or “Magn8f@ns und Resonanzen — Eine

Einfuhrung in die Grundlagen der Magnetresonaztoapge” (2003) by Siemens.

Figure 3 Showcase MRI image (Image by Ranveig; puished under GPL)

2.4 Functional Magnet Resonance Tomography (fMRI)
Functional magnetic resonance tomography (fMRIa ispecific application of MRI.

Through this technique, physiological functionstod body, especially brain activation

during certain tasks can be examined.

2.4.1 Physical Basics of fMRI
The execution of specific tasks results in higheuron activity in designated brain

areas. Through neurovascular coupling, neuron aativ results in higher metabolism
activity in the associated brain area. Oxygen kvdecrease at first, but are
overcompensated by a higher blood flow. This resuit a higher oxygen level in
activated neural areas (Fig. 4).
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Figure 4 Curve of BOLD-Signal as registered after atimulus. Showing an initial dip in the oxygen
level with a maximum at roughly 5 seconds and a flawing undershoot. Adapted from (Jansen
2004)

In the most common case fMRI is used to compare aetivity between two task

conditions, an activation condition (e.g. movemeinthe right hand) and a controlling
condition (e.g. resting). As stated before in bobhditions the oxygen levels differ. In
the activating condition more oxygenated hemoglabito be found in the neural active
area than in the controlling condition. Oxyhemogtohnd desoxyhemoglobin show
different magnetic characteristics. Oxygenated Igtalmn is diamagnetic, not

oxygenated hemoglobin is paramagnetic. This resultglifferent relaxation times

between the two conditions, effecting in detectagmal changes of the MRI. Through
this process it is possible to monitor physiologatanges via MRI. This effect is called
blood oxygen level dependent (BOLD) effect.

The spatial resolution of a typical fMRI study isoand 3x3x3 mm, but nowadays
higher resolutions are possible. Temporal resalutibfMRI is just around 2 seconds. It
has to be taken into account that in comparisasthier electrophysiological techniques
(e.g. EEG, magnetoencephalography (MEG)) immediatelusions to the underlying

neurological response are limited because of tleetian of the blood flow response
(Knecht, Jansen et al. 2003). For more informategarding fMRI see also (Heeger and
Ress 2002)

2.4.2 Value of functional Magnetic Resonance Tomography
The BOLD signal is only an indirect measurememediral activity. Therefore, the fact

that the BOLD signal consists of the sum of martyvated neurons has to be taken into
account. The BOLD signal can result from a smaithhar of highly activated neurons
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or a large number of relatively weak activated near(Heeger and Ress 2002; Krach
2006). FMRI has a weak time-resolution because, iradicated before, the
haemodynamic response to neural activity is slaWwan the neural activity it depends
on. Other methods such as functional transcranogplzr sonography (fTCD) or EEG
have a much better timely resolutions. The lumenthef arteries and capillaries
supplying the examined region cause certain vdimyabof the BOLD signal as
suggested by Krach. (Krach 2006) Larger arteriass&aa stronger signal, but are
usually located some millimeters from the neurdivitg. The spatial resolution is

negatively influenced as a result of this effeatah 2006).

2.5 Data Analysis
In the present study, fMRI data was analyzed usiegSPM software package Version

8 (SPM 2009). Analysis consists of three stepstiapgareprocessing of the data,
statistical analysis and statistical interferertéig 6).

Spatial Preprocessing  Statistical Analysis Statistical Interference

TMRI Filter Dealgn Matris
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Figure 5: Three steps of Data Analysis. Adapted frm (Sehimeyer 2006)

2.5.1 Spatial Preprocessing
Spatial preprocessing typically consists of attléfase steps: correction for movement

artifacts (called realignment), normalizing of ttegta to a standard brain and smoothing.
Realignment: during the scanning movement of thgest is inevitable. Even minimal
movement can result in signal change which mightnoee powerful than the signal
change induced by the change of tasks. Becaudaspfas a first step a mathematical

correction has to be applied, which corrects festhmovement artifacts to the greatest
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possible extent. To achieve this all recorded imaae transformed to match the first
recorded image.

Normalizing: the second step of the preprocessintheé normalization of the data. In
this step all recorded images are transformed antw called standard Brain (“MNI-
Brain”). Through the process of normalization esplec size and form of the
individually recorded brains are changed to fitoinhe used standard brain to the
greatest possible extent. Through normalizationréeerded data of different subjects
are averaged. Only through this step it is posdibleompare activations of a group of
different subjects as well as differences betwemmums. Furthermore it is possible to
localize activations using a standardized databank.

Smoothing: the last step of preprocessing is dpati@othing of the data. This typically
results in an increase of the signal-noise-ratiee $moothing is usually processed using
a Gaussian filter. The optimum filter size is detered by the size of the underlying

activation.

2.5.2 Statistical Analysis
There are different methods of statistical analysisfunctional MRI data. These

methods can be differentiated by their aim. In otderelate cognitive, motor, or sensor
functions to anatomical structures the locatiorth&f physiological signal is analyzed.
Since this is the only method used in this the#i®oanalysis methods (for example
connectivity analysis) will not be furtherly consred.

The analysis software SPM is based on linear pararaemapping methods which are
based on the general linear model (Friston 199bltgse methods are used to find
significant associations between the experimeragabailes and the observed signal. The
data analysis approach is univariate, that is,-gnicai hypothesis is tested for every
voxel in the brain.

The experimental variables are specified at thenbpérg of the data analysis in a so
called design matrix. This matrix contains informat about the chronological
parameters of the experiment, but also influencuagiables such as movement
parameters. The recorded signal for each voxebmspared to the design matrix. The
relationship of the recorded signal and the sequ@acameters in the design matrix for

each voxel are expressed as a statistical t-v&ige §).
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Figure 6 t-map. Adapted from (Jansen 2004). Each wel recorded over the course of the functional
time course and its relationship to the design maix is expressed in a statistical t-value and then
plotted in a t-map.

2.5.3 Statistical Inference
As the third step, the statistical inference, oa iasis of the beforehand computed t-

maps it is evaluated which voxel can be assess&ttge”. For this, a threshold value
(p-value) is defined. Typically threshold valuesstdtistical tests lie at p=0.05. But it
has to be taken into account that fMRI data is ihattensional. Taking 100.000 voxels
of the brain at a threshold of p=0.05, 5000 voxetld be wrongfully considered
active. To correct for these errors adequate ctoreshave to be applied, such as using
the theory of Gaussian fields. For further inforimmtsee Worsley and colleagues.

(Worsley, Marrett et al. 1996)

2.5.4 fMRI Lateralization Index Analysis (fMRI-LI)
Lateralization of brain activation can be expresssidg a so called lateralization index

(LI). The Ll is calculated as follows:

L= (L-R) / (L+R),
where L stands for the activations of a definedae@f the left brain hemisphere and R
stands for the activation of the homologue regibtthe right hemisphere. The LI can
range from -1 to 1. A value of +1 marks exclusivieliy dominant activation and a value
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of -1 an exclusively right lateralized activation.

There are different ways to calculate the extentdfvations (for an overview see
(Specht, Willmes et al. 2003; Kloppel and BucheD20Branco, Suarez et al. 2006;
Jansen, Deppe et al. 2006). In this thesis the kthlculated by the number of activated
voxels in the chosen regions of interest. Since thumber fluctuates greatly in
dependence of the statistical threshold p all ULes are calculated for different p-

values.

2.5.6 Intra-class Correlation (ICC)
There are different ways to describe the religbit brain activity. For an overview see

(Bennett and Miller 2010). In the present thesigpplied an intra-class correlation
coefficient (ICC) which sets within-subject vari@n@yimin) in relation to between-
subject variancesfbemee). According to Shrout et al., there are many diffe ways of
calculating ICCs (Shrout and Fleiss 1979). The os®d here is to be described as an
intra-class correlation, which is calculated betwdéwo different time cluster values
(“ICC(3,1) type”). The ICC is typically computedkiag the ratio of the variance in
focus divided by the total variance (Bennett andlév)i. The formula for ICC 3.1 can be
stated as follows: ICGs2petweeh(0%etweetc?within) adapted from (Bennett and Miller
2010).

The ICC used in this study was computed as a wials analysis using the ICC
toolbox created by Alejandro Caceres (Caceres 2@G8jpointed out by Bennett et al.,

this is the strictest method of measuring religp(iBennett and Miller 2010).
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3. Methods

In this chapter the experimental methods usedigmstudy will be described in detail.

The paradigm was taken and modified from the studfeéGolby and colleagues (Golby,
Poldrack et al. 2001) and Jansen and colleaguesgdaSehimeyer et al. 2009). As
stated in these studies, the task was designedinmilate activation in the medial

temporal lobe. Non-verbal stimulus material was s&mo in accordance to its
verbalizability to explore material specific latization in MTL activation.

In the following, first the paradigm (3.1) is dabed, and then the experimental
procedure is explained (3.2) and finally how the IMRta was analyzed is described
(3.3).

3.1 Paradigm
The general idea of the paradigm aims to triggerathcoding process in each subject’s

brain, specifically the medial temporal lobe andadgister the resulting activation using
the fMRI technique. To achieve this, two differeconditions were created and
presented in an alternating two block design. Theswlitions were defined as “old”
and “new”. The condition “old” contained stimulighwere already shown ten times
each, earlier in the experiment, while the conditioew” included stimuli that had
never been shown before. The encoding load is rigtter for new stimuli than for old
ones; therefore the contrast of these two conditwas used to register the encoding
activation. As was shown by Golby and colleagueslt§sz Poldrack et al. 2001) the
contrast of these different activations in areke the prefrontal cortex or the medial
temporal lobe is associated with encoding processes

The paradigm included four different stimuli grougshese groups included words,
color photographs of faces on an even backgrounidy photographs of indoor and
outdoor scenes, and colored as well as black ante Vitactals. These groups were
chosen in accordance to their differing verbalilitsds (words>scenes>faces>fractals),
to examine activation in dependence of verbalizgbilTo focus the attention of the
subjects on the stimulus material, a dichotomic ohyntask was implemented for each
stimulus group. In the words group, for instanadyjects were asked to differentiate
nouns and verbs. Each group of stimuli was showa separate session. Prior to the

scanning, subjects were instructed to watch asefi¢he 10 stimuli of the “old” group
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each shown ten times. After a following short veritinstruction the corresponding task
appeared on the screen.
In the following, the stimulus material is descdba more detail (3.1.1) and explained

how the stimuli were presented (3.1.2).

3.1.1 Stimulus material
Four types of stimuli were presented to each stinjeseparate sessions. The first group

of stimuli contained colored and black and whitectals. These fractals were created
using Apophysis 2.02 for Linux, licensed under gahpublic license (GPL) by Peter
Sdobnov, Piotr Borys and Ronald Hordjk (http://amggis.org/index.html). All pictures
were scaled to 354x354 pixels and 50 percent waemgested to black and white using
Irfanview 4.25 for Microsoft Windows®, Copyright bylrfan Skiljan
(http://www.irfanview.de/). The task assigned tastiparadigm was to differentiate

between the colored and the black and white pistiBelow are some example images.

Figure 7 Fractals: An example of a coloured fracta
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Figure 8 Fractals: An example of a fractal held irblack and white

The second group of stimuli consisted of words.u8fed German nouns and verbs with
medium word frequency in the German language agatetl in the Celex Word
Database of the Max Planck Institute for Linguisticin  Nijmwegen
(http://www.ru.nl/cele¥ The words used had 2 syllables and were 4-@r&etbng. Half

of the words were verbs, the other half nouns. \&avdre presented in black capital
letters on grey background (Fig. 9 and 10). To emsuhigh level of attention, the
participants were instructed to indicate whethpresented word was a noun or a verb.
The words used in this paradigm were mostly takemfJansen’s study (Jansen,
Sehlmeyer et al. 2009). They had been tested alithted in that study. Additionally,

needed words were also taken from the Celex Worthlidge of the Max Planck
Institute for Linguistics in Nijmwegen. Using a gta software tool written by Dr. Jens
Sommer (Department of Psychiatry, University Mad)uithe words were converted
into images size 354x354 pixels with black cape#tiers on grey background to match

the other stimulus material.
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Figure 9 Words: An example of a noun on grey backgrund used in the words paradigm

Figure 10 Words: An example of a verb on grey backgund used in the words paradigm

The third group of stimuli consisted of photograpifisndoor and outdoor scenes. The
images used were collected from private and internurces, e.g.
http://www.hintergrundbilder-pc.de/, http://wwwdkr.com/ (see Fig. 11 and 12). The
photographs were also resized to 354x354 pixeldt dfathe photographs depicted
indoor scenes, the other half outdoor scenes. 8$ledssigned was to indicate whether

these pictures showed indoor or outdoor scenes.
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Figure 11 Scenes: An example indoor scene used hretscenes paradigm

Figure 12 Scenes: An example outdoor scene usedlie scenes paradigm

The fourth group of stimuli included color photogina of faces. These photographs
were taken from a database produced by Minear ita®4Minear and Park 2004)
showing equal numbers of men and women of diffeegy@s with neutral mimic (see
Fig. 13 and 14). Faces were shown on grey backgrand the clothing was covered by
a darker grey silhouette. The task assigned hesetovdifferentiate between males and

females. Images were resized to 354x354 pictureb iaduded into the stimulus

material.
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Figure 13 Faces: An example of the female stimulidass used in the faces paradigm

Figure 14 Faces: An example of the male stimulusads used in the faces paradigm

3.1.2 Stimulus presentation
The four types of stimuli (fractals, words, facesenes) were presented to each subject

in separate sessions. The timing of the stimulesentation was identical for each
stimulus category. The order of stimulus class gmtdion was counterbalanced across
subjects.

Each session consisted of two trials: an introdyctoal and a main trial. In the
introduction, familiarization took place by showirgn stimuli earlier described as
“old” ten times for two seconds each. The mainl &@nsisted of alternating blocks of
variable length of either “old” stimuli already sk in the introduction, and “new”
stimuli, not seen before in this experiment. Bl@ikes varied from two to six stimuli
with an average length of 5 and were pseudo-rarmEmmbeforehand. Stimuli were
presented for 2 seconds followed by a fixation €&isown for 2 seconds (see Fig. 15).

To ensure high levels of attention, subjects weverga material-specific task which
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consisted of verb/noun-decision in the verbal parad male/female-decision in the
face paradigm, indoor/outdoor-decision in the sseparadigm and colored/non-
colored-decision in the fractal paradigm. Responsese only recorded while the
picture was shown. For each paradigm 24 blocks wkosvn containing a total of 66

images.
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Figure 15 Adapted from (Sehlmeyer 2006): An exampl®f the layout of the main trial of the

following paradigms: A) fractals, B) words, C) scaes, D) faces. Stimuli are shown alternating with
fixation crosses in each block. Old and new blockalternate also. The main trial was shown after
the introductory trial as stated above

3.2 Experiment
In the following the experiment will be describedh imore detail. Subjects’

characteristics (3.2.1), the experimental proced8r2.2) and the MRI data collection
(3.2.3) will be described.

3.2.1 Subjects
Twenty healthy subjects (13 men), aged 20 — 37syéaean age = 25.6 standard

deviation = 4.0 years), participated in the stifyitten informed consent was obtained

prior to participation according to the declaratminHelsinki. The study was approved
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by the Ethics committee of Medical Faculty of thenikérsity of Marburg. All
participants were native German speakers, rightiéédraccording to the Edinburgh
handedness inventory (Oldfield 1971) and had coregléhe equivalent of a high
school degree (“Abitur”). None of the subjects hadhistory of neurological or
psychiatric illnesses, brain pathology or abnortmain morphology in T1-weighted
MR images. To investigate the test-retest relighifubjects were scanned during two
sessions separated by 35 days on average (stadelaation: 11 days; range 20-57

days). 5 participants were not available for a sdaneasurement.

3.2.2 Experimental procedure
Before entering the fMRI control room subjects werdrmed about the test. Their

personal data was taken. The written consent wesnaa. Possible contraindications
for the participation in this study were ruled ¢eig. metal implants, pregnancy).
Handedness was estimated by an abbreviated veo$itine Edinburgh Handedness
Inventory (Oldfield 1971). This test estimates sgb§’ handedness by an index
calculated by the number tasks the subjects perfatmtheir right hand out of a given
list of tasks. The tasks included: Writing, drawinlgrowing, using scissors, brushing
teeth, using a knife, using a spoon, using a brdmginting a match and opening a box.
The index ranges from -1 to +1. Results of -1 iathcan almost absolute left
handedness and +1 indicate an almost absolute hagidedness. Subjects reaching at
least +0.30 were classified as right handed ané wecepted into the study.

The subjects were instructed to watch the stimudispnted to them closely and to
answer a trivial question for each stimuli. Theyrevntently not told to memorize the
pictures. It was not disclosed to them that th& &tshand was a memory task. They
were instructed to respond with button pressesguaitive key keyboard which was
attached to their right leg during the scan.

After the MRI measurement (see 3.1 for a thoroughcdption), the subjects had to
perform a recognition memory test outside of the KE&anner, in which for each
stimulus class the same 60 new stimuli were rangqrgsented along with 60 other
distractor stimuli that were not presented befdrke subjects were instructed to
indicate via mouse click whether they had seernrttages during the fMRI scan or not.
The layout of the trials resembled the one usethénmain experiment. Stimuli were

shown for 2 seconds followed by a fixation crosstar 2 seconds. The different
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stimuli classes were retrieved in the same ordethag were shown in the main

experiment.

3.2.3 MRI data collection
MRI data was collected on a 3T Tim Trio MR scan(®emens Medical Systems,

Erlangen) at the Philipps-University Marburg. Arstard head coil was used. To lessen
movement of the head during the scan the subjbetsls were tightly cushioned with
foam wedges. Before the actual experiment, an ameab T1-weighted MR image was
taken. This image was later burned onto a CD anengito each subject after
participating in the study. A five key keypad wdtaehed to their right leg to enable the
subjects to respond to the task.

The functional images were collected with a T2* gie#ed echo planar imaging (EPI)
sequence sensitive to BOLD contrast (64x64 mai®y 230 mm, in plane resolution
3.6 mm, 36 slices, slice thickness 3.6 mm, TR=2,ZBE=30 ms, flip angle 90°). Slices
covered the whole brain and were positioned traagxparallel to the anterior—
posterior commissural line (AC—-PC). In total, 38™dtional images were collected in
each session. The initial 115 images measured glthim instruction trials in which the
“old” stimuli were repeatedly presented (see 3.@)e excluded from further analyses.
The stimuli were presented either on a LCD screemrovideo goggles using the
software package “Presentation” (NeuroBehaviourgté&ns Inc.). The LCD Screen
located behind the MRI scanner was viewable vidtla mirror placed on top of the
head coil. For subjects with impaired vision vidgmgles with adjustable acuity were

used instead, to display the stimuli sustainingdgasibility.

3.3. fMRI Data Analysis
SPM8 standard routines and templates were usedMBY data analysis. During

preprocessing, the functional images were realignedmalized (resulting voxel size 2
X 2 x 2 mm), smoothed (applying a 8 mm full-width-at-half-nraxm, FWHM,
isotropic Gaussian filter), and high-pass filterad-(f period 128 sec).

Statistical analysis was performed in a two-lewgked-effects procedure separately for
each stimulus material and each measurement. glessubject level, BOLD responses
for the encoding of new and old stimuli, respedtivevere modeled by the canonical
hemodynamic response function of SPM8 and its tidezivative. The timing
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parameters of both conditions were extracted faheaibject from their Presentation
log files using a software tool called “DataWeaq&uprecht 2009). Besides the onsets
of both conditions, the six realignment parametérsead motion were also included in
the statistical model to account for residual heexement. An example design matrix
is shown in figure 16. Contrasted parameter esénrafges (con-images), describing
brain activation differences between new and aldudt (“new > old”), were calculated
for each subject using the SPM contrast manageachieve this, the column in the
design matrix holding the “New” blocks was set tarid the one containing the “Old”
blocks was set to -1. These con-images held tloenrdtion of signal changes between
the “New” and the “Old” blocks.

At the group level, one-sample t-tests were coretliseparately for each session with
the con-images as input data to identify brainvation related to memory encoding.
Anatomical localization of brain activity was asses using the WFU-PickAtlas
(http:/ffmri.wfubmc.edu/software/PickAtlas) and the&SPM Anatomy Toolbox
(http://www.fz-juelich.de/SharedDocs/Downloads/INMM-
1/DE/Toolbox/Toolbox_18.html).
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Figure 16: Design Matrix. The figure shows an exanlp design matrix taken from the actual study
data. Task blocks are represented in the first andhe third column whilst the second and fourth
columns show the results of the time derivative calilation. Movement data generated in the
preprocessing is represented in the following sixotumns.
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3.3.1 Presentation of results
The results were assessed in two steps. First) biaivity was analyzed on the group

level separately for each paradigm. The main qoestias if it is possible to detect
brain activity in the MTL. Both a whole brain ansily and a ROI analysis of the MTL
were performed.

Brain activity in the MTL was expected for all foparadigms for the contrast “new >
old”. Analogous to the results of Golby and colleeg (Golby, Poldrack et al. 2001), we
expected left-lateralized brain activity of the MTor the verbal stimuli, right-
lateralized activity for the fractals, and bilateeativity for both faces and scenes.
Activation analysis for the whole brain was perfedrusing a grey matter mask. This
mask was created with the help of the WFU-Pickatlas
(http://fmri.wfubmc.edu/software/PickAtlas) toolboapplying a dilation factor of 2.
The MTL mask was also created using the WFU-PiakafThe MTL was defined as
hippocampus, parahippocampus, and amygdala (NOB®;2vang, Pan et al. 2012).
Again a dilation factor of 2 was chosen.

Second, we assessed test-retest reliability ofpmadigms using ICCs as described
under 2.5.6. We used the ICC(3,1)-type (Shrout Eletss 1979) computed as ICC =
(6between- O within) ! (G2betweent G2within). The variance components were calculated by the
individual contrast values (i.e. con-images) sejgdyaor each session. According to
established standards, reliability was classifisdoor” for ICC< 0.40, as “fair” for
0.40 < ICC< 0.60, as “good” for 0.60 < IC€ 0.80, and as “excellent” for ICC > 0.80.
ICCs were calculated using the matlab-based IC@bécoprovided by Caceres and
colleagues (Caceres 2008). This toolbox calculatedCC value for each voxel and
allows referencing the reliability of brain actiifexpressed by the ICC) to the strength
of brain activity (expressed by the t-value). Fpedfic regions of interest (ROI), the
ICC can then be expressed as median value of tteibdition of the ICC in the
corresponding ROI.

As it turned out (see results section), the oveedt-retest reliability of the paradigms
was below the cutoff of 0.4 and has to be therettassified as poor. One reason might
be found in the calculation procedure of the IC@4ile ICC maps calculated on a

voxel-by-voxel basis allow assessing the reliapitift a paradigm for all brain regions,

29



this approach is also prone to random noise. Ire@rel step, we therefore also
calculated ICCs for predefined ROIs; that is, wstfrcalculated some form of mean
activation value (either by the mean value fovakels in the ROI, the median value, or
the maximum value within the ROI), then calculated ICC. This procedure, also
implemented in the ICC toolbox provided by Cacexed colleagues (Caceres 2008) is
supposed to decrease the influence of random ni@€ks were calculated for the left
and for the right MTL. ROI masks created were aéatvith the WFU-Pickatlas

containing the left or right hippocampus, parahggpuopus and amygdala (dilation
factor 1). As reference reliability value, we atsculated ICC values for Broca area 44
(words paradigm) and for the fusiform gyrus (scepasadigm, fractals paradigm).
These structures were most active during the réspeparadigms and were thus

considered to potentially have the highest relighbilalues.

30



4. Results

In this chapter, | present the results of the cotetl experiment; give examples of
created imagery and tables of calculated Lls. Firstill present the group results
calculated from the first measurement of all 20jectis (4.1). Second, | will present the

results of the reliability analysis (4.2).

4.1 Group Results
In the following chapter, | present the group resof the first measurement separately

for each of the four paradigms (see 3.1). The dveivation level between the
“New”- and the “Old"-condition strongly differed bgeen the paradigms. | therefore
chose different statistical thresholds to displhg &ctivation pattern, ranging from
p<0.01 (uncorrected) to p<0.00001 (uncorrectedieradization indices were computed
for each paradigm to describe the laterality of Mdrain activity. An index of >0.2
denotes left-lateralized activity, an index of 2-@ight-lateralized activity. All indices

between 0.2 and -0.2 were considered as bilateral.

4.1.1 Fractal Paradigm
At first, | present the whole brain activation peatts for the fractal paradigm, both as

glass brain projection (Figure 17) and as 3D im@&ggure 18). To exclude white matter
artifacts a grey matter ROl mask (dilation factprioduced using the WFU Pickatlas,
and was applied. | chose a cluster size (CS) tbtdsif 20 to eradicate small clusters.

@'s

Figure 17: Activated brain regions associated withthe encoding of fractals (first run, group
analysis, contrast new > old, p<0.001 uncorrected;S =20). Activated areas are shown as through-
projections onto representations of MNI space
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Figure 18 Activated brain regions associated withhte encoding of fractals (first run, group analysis,
contrast new > old, p<001 uncorrected, CS =20). Agations are rendered on the surface of the
standard SPM8 template.

Main activation clusters were found in the visualttex, the motor cortex areas, the
bilateral MTL and the left frontal area. For an exanatomical description of the
activated clusters refer to the table below (Tdblelnterestingly the same motor-task
produces a difference in activation in the new>algalysis. The higher general
activation during a new task resulting in a top-dawodulation during the new task is
a probable reason for this.

T-Value [Cluster size |X Anatomical Location

10,15 1931 -32 -78 26|Left Middle Occipital Gyrus

8,60 2477 6 -80 10[HOC3-5, Area 17

5,61 95 2 -2 50|Area 6 (premotor cortex)

5,35 51 16 4 48|Area 6 (premotor cortex)

5,05 34 14 12 52|Right Superior Frontal Gyrus
4,95 24 -22 -14 -20|Left Hippocampus

4,77 30 2 14 4|Right Putamen

4.75 100 4 12 30 232; Inferior Frontal Gyrus, Area
4,71 110 24 -28 -8|Hippocampus (SUB)

4,70 37 10 -80 12|Left Calcarine Gyrus, Area 17/18
4.60 61 28 .48 56 Ié;efstllanl_fenor Parietal Lobule Area
4,49 50 -8 -74 -12|Left Cerebellum

4,29 25 32 26 -2|Left Inferior Frontal Gyrus
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4,22 20 2 -60 60|Left Precunius SPL

Table 1 Fractal paradigm

Group analysis (ROl GM), CS=20, first run, p<0.001luncorrected: For each anatomical location
exemplary MNI coordinates and T scores are given. ey refer to maximally activated foci as
indicated by the highest T score within an anatomil region.

In a second step, | specifically investigated bradtivation in the MTL using a ROI
mask including the hippocampus, parahippocampus amyggdala. The MTL brain
activation is presented at p<0.001, uncorrecteth ba a glass brain projection (Fig.
19) and on a coronal and sagittal slice (Fig. Bdth the left and the right MTL is

activated, but the right-sided activation is clgatironger than the left.

Figure 19 Fractal paradigm: Glass brain projection of the activation found at p<0.001 CS=0
uncorrected in the Group analysis (ROl MTL)

Figure 20 Fractal paradigm: Slice brain projection of the activation found at p<0.001 CS=0
uncorrected in the Group analysis Group analysis (Rl MTL)

To confirm this observation, lateralization indiagsre calculated for various statistical
thresholds (Table 2). This analysis supports thadrall there is a clear right-sided
lateralization with LIs ranging from 0.22 to 0.% p-values get more conservative, the

right lateralization is more distinctly expressed.
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Fractals Cluster size

P-value R L Lateralization |LI

0.001 96 26|R -0.59
0.01 717 269|R -0.45
0.05 1460 936|R -0.22

Table 2 Fractal paradigm: Lateralization indices cdculated for group analysis from right (R) and
left (L) brain clusters using a ROI (HC, PHC, AM), CS=0 at p<0.001 uncorrected

4.1.2 Words Paradigm
At first, | present the whole brain activation jatts for the words paradigm, both as

glass brain projection (Fig. 21) and as 3D imageg.(E3). To exclude white matter
artifacts, a grey matter ROl mask (dilation fa@prproduced using the WFU Pickatlas,
was applied. | chose a cluster size (CS) thresbioR) to eradicate small clusters.

Figure 21 Words paradigm: Glassbrain projection of the activation found at p<0.001 CS=20
uncorrected in the Group analysis. A grey matter (&1) ROI was applied.

The table shows the anatomical allocation of the/aied areas larger than 20 voxels.
The main activation lies inside the Broca area48¥/

MNI-
T-Value Cluster Size | Coordinates Anatomical Correlate
Left inferior Gyrus Area
5.55 509 | -46 28 20 44/45
5.14 276 |-36 22 -6 Left inferior frontal Gyrus

Table 3 Words paradigm: Clusters and anatomical caelates found at p<0.001 uncorrected, with a
CS=20 in the group analysis.

Due to the weak activation a more liberal approaels deemed necessary; therefore a

threshold of p<0.01 (uncorrected) was applied.
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Figure 22 Words paradigm: Glass brain projection atp<0.01 uncorrected and CS=20 for group
analysis.

Figure 23 Words paradigm: Render plot of activatedclusters at p<0.01 uncorrected CS=20, group
analysis.

Main activation clusters were found in mostly th@& area, smaller ones in the visual
cortex, the motor cortex areas, the bilateral Mintd amygdale. For an exact anatomical
description of the activated clusters refer totttide below (Table 3).
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MNI -
Clustersize | Coordinates Area
2608 |-4316 19 Left 44/45/6

350|-4 18 53 Left and right 6

234|3720-1 Right 45

175|-56 -51 10 Left middle temporal gyrus

127|-25-953 Left hOC3v/hOC4v/17/18

116 |-49 -62 -1 Left inferior temporal gyrus

Left Hippocampus(CA)/left

70|-26 -18 -13 Amygala/left Hippocampus(FD)
481493220 Right 45
46|10 20 48 Right superior medial gyrus
31]-28-69 43 Left HIP3/hIP1/IPC
271461 37 Right 44

Table 4 Words paradigm: Activated anatomical areast p<0.001 uncorrected CS=20

In a second step, | specifically investigated bradtivation in the MTL using a ROI
mask including the hippocampus, parahippocampus amggdala. The MTL brain
activation is presented at p<0.001, uncorrecteth ba a glass brain projection (Fig.
24) and on a coronal and sagittal slice (Fig. Bsth the left and the right MTL is

activated, but the left-sided activation is cleatyonger than the right.

Figure 24 Words paradigm: Glass brain projection of the activation found at p<0.01 CS=0
uncorrected in the Group analysis using a ROl (MTL)
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Figure 25 Words paradigm: Sliced Brain projection d the activation found at p<0.01 uncorrected
CS=0 in the Group analysis using ROl (MTL)

To confirm this observation, lateralization indicgsre calculated for various statistical
thresholds (Table 5). This analysis supports tbaerall, there is a clear left-sided
lateralization with Lls ranging from 0.56 to 1. gsvalues get more conservative the

left lateralization is more distinctly expressed.

Words Clustersize Lateralization
P-value R L LI
0.001 0 2 L 1
0.01 10 73 L 0.76
0.05 97 341 L 0.56

Table 5 Words paradigm: Lateralization indices calalated for group analysis from right (R) and
left (L) using a ROI (MTL) and CS=0.

4.1.3 Scenes Paradigm
At first, | present the whole brain activation jatts for the scenes paradigm, both as

glass brain projection (Fig. 26) and as 3D imagg &/). To exclude white matter
artifacts a grey matter ROl mask (dilation factpri@oduced using the WFU Pickatlas,

and was applied. | chose a cluster size (CS) tbtegif 20 to eradicate small clusters.

Figure 26 Scenes paradigm: Glass brain projectionfactivation found at p<0.001 uncorrected,
ROI (GM), CS=20.

37



Figure 27 Scenes paradigm
Render of Group analysis (ROl GM), CS=20, first run p<0.001 uncorrected

Main activation clusters were found in the visuaftex, the right MTL and the right
frontal area. For an exact anatomical descriptibthe activated clusters refer to the
table below (Table 6). Interestingly the same mtdsk produces a difference in
activation in the new>old analysis. The higher gehactivation during a new task

resulting in a top-down-modulation during the n@sktis a probable reason for this.
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T-Value SCiIZuester MNI-Coordinates [Probable Anatomical Location
Left Middle Occipital Gyrus

12,06 5147/-38 -88 6 Hippocampus (SUB)/(CA)/Area 17

9.65 577036 -32 -16 Right Fusiform Gyrus/ Hippocampus
(CA)

5,82 395(44 4 34 Right Inferior Frontal Gyrus Area 44/45

8,03 39|10 -12 2 No Match

4,98 65[-46 10 -14 Left Temporal Pole

4,60 73[-44 12 28 Left Inferior Frontal Gyrus Area 44

4,59 25(50 -4 -14, Right Middle Temporal Gyrus

4,55 2924 14 4 Right Putamen

4,49 59(32 34 -14 Right Inferior Frontal Gyrus
Right Superior Temporal Gyrus TE

4,38 37|54 -80 12/1.0

4,27 32(42 14 -22 Right Temporal Pole

Table 6 Scenes paradigm: For each anatomical locaition exemplary MNI coordinates and T
scores are given. They refer to maximally activatedoci as indicated by the highest T score within
an anatomical region. CS=20, p<0.001 uncorrected;

In a second step, | specifically investigated bradtivation in the MTL using a ROI
mask including the hippocampus, parahippocampus amggdala. The MTL brain
activation is presented at p<0.001, uncorrecteth ba a glass brain projection (Fig.
28) and on a coronal and sagittal slice (Fig. B®th the left and the right MTL are
almost equally activated with a tendency to thétrig plotted activations at a more

conservative threshold to differentiate the laieadion.

@“ 48

Figure 28 Scenes paradigm: Glass brain projectionfactivation found at p<0.001 uncorrected
ROI (MTL), CS=0.

.
-
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Figure 29 Scenes paradigm
Sliced image of results for group analysis ROI (MTI CS=0, first run, p<0.00001 uncorrected

e, ST e %.

Figure 30 Scenes paradigm: Glass brain projectionfaactivation found at p<0.05 FWE corrected,
ROI (MTL), CS=0.

Figure 31 Scenes paradigm: Glass brain projectionfactivation found at p<0.000001 uncorrected
ROI (MTL), CS=0.

To confirm this observation, lateralization indiagsre calculated for various statistical
thresholds (Table 7). This analysis supports tbagrall, there is a clear bilateral
lateralization with LIs ranging from -0.01 to -0.08s p-values get more conservative,
the bilateral lateralization almost stays the sardwvever, it has to be stated that at the
conservative correction of p<0.000001 the righedidTL activation is much stronger

than the left.

Scenes Clustersize

P-value R L Lateralization |LI

0.001 1676 1447|B -0.07
0.01 2309 2113|B -0.04
0.05 2640 2588|B -0.01

Table 7 Indoor-Outdoor paradigm: Lateralization indices calculated for group analysis from right
(R) and left (L) using a ROI (MTL), CS=0.
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4.1.4 Faces Paradigm
At first, | present the whole brain activation jgatts for the scenes paradigm, both as

glass brain projection (Fig. 32) and as 3D imagguife 33). To exclude white matter
artifacts, a grey matter ROI mask (dilation fa@prproduced using the WFU Pickatlas,
and was applied. | chose a cluster size (CS) tbtdgif 20 to eradicate small clusters.

Figure 32 Faces paradigm: Glass brain projection o&ctivation found at p<0.001 uncorrected ROI
(GM), CSs=20.

Figure 33 Faces paradigm
Render of group analysis activations at (ROl GM), G=20, first run, p<0.001 uncorrected

Activated clusters are found in the hippocampus,itifierior occipital gyrus and also in
the cerebellum and Broca’s area. The overall lef@lctivation is, at first sight, weaker
than in the scenes paradigm. In the table belovacihvated clusters larger than 20

voxels are shown and their probable anatomicaliarassigned.
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T-Value|Clustersize |[MNI-Coordinates (Probable Anatomical Location

6.42 137730 -44 -24 gi)?rﬁ;Cerebellum/Right Inferior Occipital
6,18 173|128 -24 -10 Right Hippocampus (SUB)

6,09 342(-36 -86 2 Left Middle Occipital Gyrus hOC5

5,91 811}-30 -80 -20 Left Cerebellum

5,86 92(-22 -24 -10 Left Hippocampus (SUB)/(CA)

5,41 30|28 -60 36 hiP3

5,27 42|22 -4 -20 Right Parahippocampal Gyrus Hipp (EC)
4,80 52(36 -18 -22 Right Parahippocampal Gyrus Hipp (CA)
4,62 35[-18 -6 -20 Left Parahippocampal Gyrus Amygdale
4,35 4348 34 20 Right Inferior Frontal Gyrus Area 45

Table 8 Faces paradigm

Activated clusters in group analysis (ROl GM), CS=8, first run, p<0.001 uncorrected

Again, visual areas are activated and on the rgjtle hippocampal, as well as

parahippocampal activation is recorded. The nestupes using the already introduced

hippocampal ROl illustrate the MTL activation.

i ‘*

Figure 34 Faces paradigm: Glass brain projection oéctivation found at p<0.001 uncorrected

ROI (MTL), CS=0.
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Figure 35 Faces paradigm

Sliced image activations at group analysis (ROl MTI, CS=0, first run, p<0.001 uncorrected
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This image illustrates right accentuated hippocasrgutivation. Activations are found
on both sides as expected. A more conservativecoon was applied and the results

showed a bilateral activation at p<0.05 FEW cogeéct

Figure 36 Faces paradigm: Glass brain projection oéctivation found at p<0.05 (FWE corrected)
ROI (MTL), CS=0.

As done for the other paradigms LIls were calculdtgdoperational purposes. The
resulting Lls ranged from 0.18 to 0.41 painting ambiguous image. At p<0.05

(uncorrected) lateralization is bilateral, but &10and 0.001 it results right lateralized.

Faces Clustersize Lateralization

P-value R L LI

0.001 321 133|R -0.414
0.01 1309 620 | R -0.357
0.05 2199 1532 (B -0.179

Table 9 Faces paradigm Lateralization indices caldated for group analysis from right (R) and left
(L) using a Group analysis (ROl MTL), CS=0.

4.2 Reliability
The reliability of brain activation was assessedl®¢s (see chapter 3.3.1). In a first

step, ICC maps were calculated voxel-by-voxel sephy for each paradight4.2.1). In
a second step, ICCs were calculated for predefiR@ts (4.2.2).

4.2.1 ICC maps calculated for each voxel
First, the ICC maps will be characterized by a rmedCC for the whole brain, for the

activated network and for the deactivated netw@taphically, | also depict the ICC
maps by showing the relative voxel frequency of IZflues as a histogram. Second,
the relationship between the ICC values and theesponding t-values is analyzed to

investigate whether, in general, brain regions gittonger activation or deactivation

! | did not measure the subjects a second time ubimfpces paradigm. Therefore | calculated rdligbi
values only for three paradigms.
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also show higher reliability. Third, | present thxeerlapping brain activation pattern of
the first and the second measurement in a 3D image.

Fractals paradigm

Median ICCs for the whole brain, for the activateetwork and for the deactivated
network are presented in Table 10. Overall, thaldity must be characterized as poor
(all median ICCs < 40). Even for the activated roky defined by those voxel that
were activated at p<0.01 uncorrected, the media@ I€ only ~12. A frequency
distribution for the ICCs in the whole brain, inetlactivated and in the deactivated

network is plotted in Figure 37

Category Median ICC (x100)
Brain -8.51
Network 11.95
Deactivated Network 0.57

Table 10 1Fractals paradigm, t=3.79, p=0.01(uncormed), Cluster size=10: Reliability of the
fractals paradigm was assessed by whole brain ICC aps. Median ICC values for the whole brain,
the activated network and the deactivated network @ presented.
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Figure 37 Fractals paradigm, t=3.79, p=0.01(uncormeted): The figure shows a plot of the relative
voxel frequency over the ICC for all voxels in thébrain, the activated and the deactivated network
(based on the first run).

Whole brain joint probability distributions showead association between t-values and
ICCs in the sense that ICCs were generally hight#hinvbrain regions showing high

brain activity (Figure 38). The ICC cloud is slightv-shaped and the apex is just
between 0 and 2. Almost all points lie betweenab@ 50 on the y-axis representing the
ICC values. As the t-score rises, the ICCs alscesses, but even single voxels in this

distribution never reach a level of above 60, nregkhe threshold to high significance.
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Figure 38 Fractals paradigm, t=3.79, p=0.01(uncormeed): Joint distribution of according voxel-
wise t-scores (first run) and associated ICCs.

Brain activity for both the first and the secondasgrement is depicted by in figure 39.
One can clearly see that the extent of brain ambiwas much higher for the first than

for the second run. Although the same network tsr@dn both runs (as can be seen
when less stringent statistical thresholds areiegpdbr the second measurement), the
strength of brain activation, that is the conttaetween both conditions, is lower in the

second run. This explains the low ICCs for thetllcparadigm.

¥ ks

= L

Figure 39 Brain activation overlay for fractals paradigm (group results, contrast new>old, p<0.01
uncorrected, CS = 10) for the first (red) and the acond (green) measurement.

Scenes paradigm
Median ICCs for the whole brain, for the activateetwork and for the deactivated

network are presented in Table 11. Overall, thialb@ity must be characterized as poor
(all median ICCs < 40). Even for the activated ey defined by those voxel that
were activated at p<0.01 uncorrected, the medid ikCbetter than the one resulting
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from the fractals paradigm, at ~34. A frequencyriistion for the ICCs in the whole
brain (red), in the activated (blue) and in theatiwated (green) network is plotted in

figure 40.
Category ICC (x100)
Brain 14.4
Network 34.66
Inactivated Network 31.69

Table 11 1st run t-test Scenes paradigm, t=3.79, P81, Cluster size =10: Reliability of the scenes
paradigm was assessed by whole brain ICC maps. Medi ICC values for the whole brain, the
activated network and the deactivated network are gesented.
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Figure 40 1st run t-test Scenes paradigm, t=3.79=p.01, Cluster size =10: The figure shows a plot
of the relative voxel frequency over the ICC for eaeh network, deactivated and whole brain
analysis.

The joint distribution plot stretches further oot the higher t-values and the slightly
higher ICCs. The higher ICCs can also be seen éengitaph of the relative voxel
frequency over ICCs, where the apex of the curveased to the right compared to the

one of the words paradigm. This reflects the hig8€rs calculated for this paradigm.
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Figure 41 1st run t-test Scenes paradigm, t=3.79=p.01, Cluster size =10: Joint distribution (first
run) of according voxel-wise t-scores and associatéCCs.

Brain activity for both the first (red) and the ead (green) measurement is depicted by
in figure 42. One can clearly see that the extétirain activation is higher for the first
than for the second run. Although the same netusrkctive in both runs (as can be
seen when less stringent statistical thresholdsyapéed for the second measurement),
the strength of brain activation, that is the casitbetween both conditions, is lower in

the second run (green). This explains the low I@Cshe scenes paradigm.

Figure 42 Brain activation overlay for scenes paragm (group results, contrast new>old, p<0.01
uncorrected, CS = 10) for the first (red) and the scond (green) measurement.

Words paradigm

Median ICCs for the whole brain, for the activatedwork and for the deactivated
network are presented in Table 12. Overall, thialéity must be characterized as poor,
similar to the fractals paradigm (all median ICC403. Even for the activated network,
defined by those voxel that were activated at pk@ufcorrected, the median ICC is
only ~15. A frequency distribution for the ICCsthre whole brain (red), in the activated
(blue) and in the deactivated (green) network astedl in Figure 43
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Category ICC (x100)
Brain 16.9
Network 14.91
Deactivated Network 15.95

Table 12 1st run t-test Words paradigm, t=2.6, p=0.1, Clustersize=10: Reliability of the words
paradigm was assessed by whole brain ICC maps. Medi ICC values for the whole brain, the
activated network and the deactivated network are gesented.
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Figure 43 1st run t-test Words paradigm, t=2.6, p=@1, Clustersize=10): The figure shows a plot of
the relative voxel frequency over the ICC for eaclmetwork, deactivated and whole brain analysis.

It is notable that the resulting curves in Fig.uf@lulate much less than those seen for

the scenes and fractals paradigms.

The plot for the joint distribution (Fig 48) showwsmore circular shaped picture with a

tail reaching towards the negative t-score regidissapex lies just below 0 on the x-

axis.
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Figure 44 1st run t-test Words paradigm, t=2.6, p=@1, Clustersize=10 Joint distribution of
according voxel-wise t-scores and associated ICCs.
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Brain activity for both the first (red) and the sad (green) measurement is depicted by
in figure 45. One can clearly see that the extérdirain activation is almost equal for
the first than for the second run. Although rougthlg same network is active in both
runs (as can be seen when less stringent staltigtresholds are applied for the second
measurement), the strength of brain activationt ieathe contrast between both
conditions, is lower in the second run (green) tredgeneral overlap is not given for all

clusters at this threshold. This explains the |I@&$ for the words paradigm.

Figure 45 Brain activation for words paradigm (group results, contrast new>old, p<0.01
uncorrected, CS = 10) for the first (red) and the acond (green) measurement.

4.2.2 ICCs for predefined ROls

The overall test-retest reliability of all paradigmvas below of 40 and has to be
therefore classified as poor. One reason mighhheICC maps, which are calculated
voxel-by-voxel, are relatively prone to random ois therefore also calculated ICCs
for predefined ROIs (see 3.3.1). For all paradigR®|-based ICCs were, on the one
hand, calculated for the left and for the right MTdn the other hand, for a reference
ROI. As reference ROI, | chose the cluster of hgghectivation. With regard to the
fractals paradigm the activated cluster in the defd right fusiform gyrus were chosen,
extracted from the resulting data and used aseréerROI1 and reference ROI2 for the
ICC calculation. This process was accordingly deitb the same result for the scenes
paradigm. The words paradigm did not show a la&ation in the fusiform gyrus,
therefore the highly-activated Broca region wassemoas reference ROI1. Only one
reference ROI was chose because of the unilatatatenof the Broca region.

For each ROI, three different activation valuesevextracted, either using the mean
activation of all voxels in the ROI, the medianie&tion or the maximum activation

value. The resulting ICC values for each paradigeniated in Table 19.
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The fractals paradigm produced negative ICCs fbthaee ROIs, showing very low
overall reliability. Also the reliability for the @ards paradigm was low, even with regard
to the brain activity in the Boca’s region. In liméh the results from the ICC maps, the
reliability of the scenes paradigm was the highlest,overall also on a relatively low
level. Only brain activity in the left fusiform gys yielded relatively stable ICC with a
value of ~0.43.

The fractals paradigm produced negative ICCs fbthaee ROIs. The results can be

seen in the following table 13.

ROls /Calculation ROI-ICC ROI-ICC ROI-ICC
Method Fractals (x100) |Scenes (x100) |Words (x100)
MTL i

Max -6.64 19.14 -04.73
Mean -53.72 -71.74 1.06
Median -53.78 19.11 -3.57
MTL re

Max -14.7 2.52 -13.6
Mean -55.56 3.81 30.93
Median -55.82 3.28 28.8
reference ROI1

Max 2.7 32.97 -16.44
Mean -13.28 42.49 -7.68
Median -10.99 44.65

reference ROI2

Max 29.07 74.95

Mean -9.68 28.32

Median -9.83 28.2

Table 13 ICCs calculated for each paradigm. Refera® ROI1 reefers to left fusiform gyrus for
scenes and fractals paradigms and to Broca area 44 for words paradigm. Reference ROI2 refers
to right fusiform gyrus.

The scenes paradigm showed higher ICCs for alemfit ROIs. Both left and right
MTL ROIs stayed below the 0.4 cutoff for weak sfg@nce, the right coming close
with ~0.38 for the mean ICC. The left fusiform R@bduced weak significant results,
stating a mean ICC of ~0.42 and a median ICC of5:0The strongest results were
observed for the max ICC of the reference ROI2 witrong ICC of ~0.75, while max

and mean ICCs stayed below the 0.4 cutoff. Tablsht®vs the exact results.
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Looking at the words paradigm, generally weak tssale observed. The left MTL ROI
and the Broca ROI show now ICC correlation. Only thean ICC of the MTL shows a
very week correlation of 0.31. All ICC results alisplayed in table 19.
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5. Discussion
The present study had four objectives: the impldatam of a memory encoding task at

the new 3T MR-scanner in Marburg, the creationwad hew stimulus classes for the
paradigm, the improvement of non-verbalizeable @is material, and the analysis of
the test-retest reliability of brain activity. Ihha following, | will discuss these four
objectives in more detail.

5.1 Implementation of the paradigm
In the present study, | intended to develop antaasemory encoding paradigm that

can be applied to investigate the neural correlatasiemory processes, in particular
within the medial temporal lobe, using fMRI. The imédea of the paradigm was to
compare brain activity elicited by “new” stimulhdt is, stimuli that were shown only
once during the experiment, and “old” stimuli, thgtstimuli that had been repeatedly
shown before the measurements. | used four versibtiss paradigm differing in the
presented stimulus material: words, fractals, fasesnes. A prototype of this paradigm
had been already used in our research group ingueweasurements at another MR-
scanner. The first objective of this study wasref@e, to implement this paradigm at
the new 3T MR-scanner in Marburg. Twenty healthlyjscts were measured with each
version of the paradigm. Brain activity was asseéssethe group level for the contrast
“new > old”. A successful implementation of the gdigm would be achieved on the
one hand by “meaningful” whole brain activation tpat, on the other hand by
detectable brain activity within the MTL.

The implementation of the paradigm at the new 3T-84Rnner at the Philipps-
University Marburg was successful. After only a #mamber of test runs, the system
was set up and the actual data collection couldnoence. For visual stimulation, both
video goggles and a LCD TV in combination with anami mounted directly over the
subjects head were successfully used. Video goggtes used in particular for subjects
with vision impairments because the goggles indude optic device capable of
compensating these viewing impairments. For aljestib with good eye vision, visual
stimuli were shown via TV screen since this metlsdasier to apply. A data analysis
algorithm was established at the scanning faglits® that future studies will be much

easier to conduct. For all four stimulus classks,whole brain activation pattern was
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“meaningful”; that is, we detected, for instanceaib activity in Broca’s area for the
word encoding task or in the visual cortex for treectal encoding task, in accordance
with the results of previous memory encoding steidi@olby, Poldrack et al. 2001;
Jansen, Sehlmeyer et al. 2009). In particular, etealed brain activity in the MTL for
all four version of the paradigm.

A potential drawback of the paradigm might be ttieg brain activation differences
between both conditions were relatively low. At thieole brain level, we had to apply
non-corrected significance thresholds, in accordawith previous studies (Jansen,
Sehlmeyer et al. 2009). In this context, the scqragadigm performed best showing
strong activated differences at an uncorrectedifgignce threshold of p<0.001 (see
Fig. 29). Especially well performed the ROI anaysit produced significant
hippocampal activation differences even at veryseovative significance thresholds of
p<0.000001 uncorrected (see Fig. 34) or p<0.05 Fanteected (see Fig. 33). Second
strongest performing paradigm was the faces pamadigaving strong activation
differences at whole brain analysis (see Fig. 383 also producing significant
hippocampal activation differences at a signifaanthreshold of p<0.05 FWE
corrected in ROI analysis. Performing a little leg®ng at whole brain analysis using a
significance threshold of p<0.001 was the fractagsadigm (see Fig. 20) whilst
activation in ROI analysis was still recorded aD®01 during ROI analysis (see Fig.
23). The words encoding paradigm produced the vetaketivation differences.
Therefore, an uncorrected significance thresholg=di.01 had to be applied to detect
activation differences in other brain areas thancBis area. Hippocampal activation
was found during ROI analysis only at a significaticreshold of p<0.01 (see Fig. 25).
A possible reason might be that the “new” words hagn known already by the
subjects before, while for instance “new” fractatsnew scenes were presented the first
time in their life. Future studies will have to inope the overall sensitivity oft the
paradigm, for instance, by using MR sequences Bpalty tailored to measure brain
activity of the MTL. Summarizing | conclude a susskil implementation of the

existing paradigm at the research facilities in ieg.

5.2 Creation of two new stimulus classes
The lateralization of brain activity during memoeyncoding depends on the type of

stimulus material. Verbal stimuli allegedly acti@apreferentially left hemispheric
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regions and non-verbal stimuli right hemispherigioas (Golby, Poldrack et al. 2001,
Jansen, Sehimeyer et al. 2009). The previous pyodf the paradigm only used two
stimulus classes, words and fractals. In the ptesteidy | therefore intended to create
two new stimulus classes with medium verbalizeabkracteristics. These stimuli were
supposed to elicit bilateral brain activity, in peular within the MTL.

| decided to choose, on the one hand, faces, ormttier hand indoor- and outdoor
scenes. | took the images for the faces paradigm Winear et al. (Minear and Park
2004), resized them and implicated a task to difieate between male and female
faces was. The stimuli for the scenes paradigmtheyad from private and internet
sources resized and attached the task of diffetamgi “indoor” from “outdoor” scenes.
Both stimuli classes performed better than the imaig two classes, producing
hippocampal FWE corrected activation differencefki@l analysis (see Results 4.1.3
and 4.1.4). The scenes paradigm showed bilateti@béion at conservative threshold.
Due to reasons of simplicity and time-effectivenessich are important points
regarding clinical implementation, | chose only teeenes paradigm, as the one
showing good bilateral activation differences, toigto the reliability test alongside the
two original stimulus classes. To summarize tHisgan conclude a successful

implementation of these new stimulus classes.

5.3 Development of stimuli with less verbalizeable patterns
My goal was to improve the performance of the harderbalize stimuli. | used abstract

fractals as stimuli material and created them usimegific software called Apophysis.
The findings on group level in the results secsbiow a strong right MTL activation
difference (see 4.1.1) which indicates visual psso®y of the material according to
Golby et al. (Golby, Poldrack et al. 2001). To @temalize the lateralization |
calculated Lls in group analysis. The results shibvight-sided activation ranging from
-0.22 to -0.59 for the first measurement and -bufjhout the second measurement.
Even though the findings differ substantially betwemeasurements, they show a
consistent right-sided MTL activation differencéig indicates that the fractals used in
this study are less verbalizeable than the pattesed in earlier studies and are
therefore are more suitable to activate the rigihtes MTL. The different levels of right

side activation may result from habituation effediscause the subjects were already
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familiar with the task at hand during the secondasmeement. This resulted in lower
overall activation but at the same time the rigded activation became more
imminent. To rule out effects of repetitive exaation of the subjects, it would be
necessary to let more time pass between the tweurgsaent points. In this study, an
average of 35 days lay between some subject’'sditdtsecond measurement. As stated
before, this may have lead to habituation effeatgeling the overall cognitive level of
excitation in the subjects. Furthermore, the loognsing times of approximately one
hour for all four paradigms combined may have dbated to this effect. Future studies
may address this by creating a higher level of ttogn activation through either
offering bonuses for good results or increasing plaee of the paradigm and the
connected choice task. To summarize this, | camclode the successful

implementation of less verbalizeable stimuli in gamson to the preliminary studies.

5.4 Testing reliability
My goal was to test reliability using ICC maps fadividual results. Many authors

published on memory encoding and hippocampal &gt{@olby, Poldrack et al. 2001;

Golby, Poldrack et al. 2002; Powell, Koepp et &0£2 Deblaere, Backes et al. 2005;
Narayan, Kimberg et al. 2005; Powell, Koepp et2805; Avila, Barros-Loscertales et
al. 2006; Branco, Suarez et al. 2006; Frings, Wiaghal. 2006; Haut and Barch 2006;
Jansen, Sehlmeyer et al. 2009; Rosazza, Minati @089; Strandberg, Elfgren et al.
2011), but only few have addressed reliability heit respective studies (Machielsen,
Rombouts et al. 2000; Wagner, Frings et al. 20@GriHgton, Tomaszewski Farias et al.
2006; Clement and Belleville 2009; Putcha, O'Keeffeal. 2011). Results have been
very inhomogeneous since many different approatiéssting reliabilities have been
taken. Looking at the overlook of published literat given by Bennett et al. (Bennett
and Miller 2010) ICC maps and overlapping of clustevere the methods most
commonly used. They also observed the followingnphgenon: “Motor and sensory
tasks seem to have greater reliability than taskslving higher cognition” (Bennett

and Miller 2010). This can be shown, for exampleéhea Bosnell et al study (Bosnell,

Wegner et al. 2008) which resulted in an ICC 0f20.8asks of higher complexity

received generally lower ICC results (HarringtommBszewski Farias et al. 2006;
Caceres, Hall et al. 2009). This brings us to magigms classified as complex ones.

The best performing scenes paradigm resulted B @rof roughly 75 in ROI analysis.
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This is the only paradigm resulting in a signifité0C above 60. All other results were
even below the weak reliability cutoff at 40. THeeavards implemented ROI-ICC also
didn’t show any significant results for the largesuster for the fractals or words
paradigm. Concluding, of all three paradigms otilg ROI analysis (right fusiform
gyrus) of the scenes paradigm showed significahahiéty as far as ICCs are
concerned.

Remembering that intra-class correlations compleeiriter-subject variability to the
intra-subjects variability, the results can be ripteted either as a lack of inter-subject
variability or a high intra-subjects variability ewthe course of the two runs. Judging
from the general results of this study, the mosibpble explanation is the latter.
Looking at the individual results, the inter-subjeariability is high. Also the intra-
subject variability between the two runs of thedgtis quite high when one looks into
the second level or first level results. This resin the too high intra-subject variability
being the most probable explanations for the resliown in this study.

In future studies, this must be the benchmark gfrafiability research. Throughout the
literature, ICC analysis has not been used vergnoih fMRI studies (Bennett and
Miller 2010), which can be seen as a weakness esults in a lack of credibility for
fMRI as a scientific method. Using ICC analysis agool of thoroughly judging
reliability might strengthen the stance of fMRIthre science world and may result in a

better introduction into the clinical context.

56



6 Conclusion and Outlook
To draw a conclusion of this study, the followingshto be taken into account. | could

only, on levels of low significance, show the expeécactivations for some individual
subjects and the group analysis. These resultsnid@sethose reported by Golby and
colleagues (Golby, Poldrack et al. 2001) and thHosad by Sehimeyer and colleagues
(Jansen, Sehlmeyer et al. 2009) in the way thatains were only found at quite low
significance levels (ranging from p<0.01 to p<0.DQ@bhcorrected). Still | do not draw
the same conclusions. Golby and colleagues wrétarddigms similar to that used in
the present study may allow preoperative assessohéme competence of each MTL in
supporting material-specific memory processes. ipaity, the present study suggests
that the encoding of patterns, relative to facesamnes, may offer a more selective
method for identifying neural systems mediating -werbal memory. Such knowledge
could aid in localizing eloquent brain areas, peedg the laterality of seizure focus and
preventing postoperative deficits” (Golby, Poldratlkal. 2001).

Taking into account the further knowledge of relih or the lack thereof, gained in
this study, paradigms similar to the ones used laeeea long distance away from
clinical implementation in preoperative diagnostitts opposition to what Golby and
colleagues suggest, much work has to be put inéo ftinther refinement of the
paradigms, to enhance the results to the signifigad reliable level needed for clinical
implementation. Similar to what was found in thell§yostudy, only the Lis are fairly
consistent over the two points of measurement corse level analysis. But this isn’t
sufficient to introduce a similar paradigm intonotal use. To achieve this, consistent
results on individual and group level would havebt proven. Therefore | see this
paradigm as a promising vehicle of exploration @mory asymmetry, which needs to
be enhanced to higher levels of significance orh bimst and second level analysis;
furthermore, reliability has to be improved.

As an outlook, | display exemplary promising fifevvel results of one subject. The
subject shows the expected left-sided activatiothénfirst run produced by the words
paradigm at p<0.01 (uncorrected) (see Fig 46). Asosecond run produces left-sided
but considerably lower activation. See figure 4heve second run results are plotted in
green over the red first run results. A much smadietivated cluster represents the

second run, which has some overlapping regions thihfirst run. These results show
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that certain areas can be reproduced in a rerutheofexperiment. The much lower
activation level in the second run could be exm@dirby habituation effects. In the

future, an experiment including two points of measwent where a higher degree of

overlapping of information is registered, coulddea reliable results.

Figure 47 Sliced brain image containing first measement activation (red) and second
measurement activation (green) on single subject atysis for the words paradigm.

In my opinion, future studies will have to be measl) especially in the crucial point of

reliability, to ensure moving fMRI memory lateraimn closer to clinical use.
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