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Figure 1. The fMRI paradigm and assessment of environmental encoding
(A) Left: the fMRI paradigm involved free exploration of the environment from a first-person perspective using a joystick to move around (environmental

exploration), followed by a post-exploration encoding period while fixating on a cross, and, subsequently, an odd-even judgment task (baseline). Right: the

individual movement of all participants (differently colored lines for each participant) in one of the environments.

(B) After 5 environments had been presented, the participant’s recall was evaluated. Left: in the allocentric positions test, the participant viewed the environment

from a 2D overview and was asked to drag and drop the objects into their correct locations using the joystick. Right: an actual response from one of the par-

ticipants, with colors indicating object identity.

(C) Assessment of participant responses: Top row, left: pattern accuracy reflects the degree towhich the relative positions of the objects (their positional pattern)were

correctly recalled, when object identity is disregarded and the pattern has been translated, rotated, and scaled relative to the correct positional pattern. Center:

environmental geometry reflects the degree to which the positional pattern, as recalled by the participant, had to be rotated, translated, and scaled to perfectly align

with the outer wall (independent of pattern accuracy). Right: Euclideanmap reflects the degree towhich the participant’s response displayed a high degree of pattern

accuracy as well as high environmental geometry (see Method details). Bottom row, left: object identity reflects how many objects were recalled in their correct

positionswithin thepositionalpattern (independentofpatternaccuracy).Right: examplesofhigh (‘‘fine’’),medium (‘‘medium’’), and low (‘‘coarse’’) accuracy responses.

See also Figure S1.
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Ulik lokalisasjon av hjerneaktivering for korrekt
innkoding av objektene og posisjonsmønstereret

Multivoxel representational similarity analysis (RSA)
Permutation-based cluster mass corrected thresholds of p < 0.05 

et al., 2014; Walther et al., 2016), including a multivariate noise
normalization that corrects for noise-related co-variance across
voxels (Walther et al., 2016), such as a set of voxels being sup-
plied by the same artery. For each voxel in the MTL, a 4-mm-
radius sphere (‘‘searchlight’’) was defined, with the target voxel
as the center. An initial univariate general linear model (GLM)
analysis was used to extract the univariate activation for every
voxel within the sphere for each of the three levels of accuracy
(coarse, medium, and fine). Thus, for each level of accuracy,
there was an associated activation pattern—distribution of uni-
variate activations (betas from the GLM)—within the sphere.
The RSA analysis tested whether the activation patterns became
more or less similar with increasing allocentric accuracy (Figures
2A and S2A) and revealed that activation pattern dissimilarity
throughout the MTL was consistently modulated by the
increasing level of pattern accuracy (from coarse to medium to
fine) (Figures 2B and S2B; Tables S1 and S2). These findings

Figure 2. Allocentric accuracy and object
identity encoded in separate neural popula-
tions
(A) Left column: the measured allocentric vari-

ables, Euclidean map (green), pattern accuracy

(blue), environmental geometry (yellow), and

object identity (i.e., number of objects correctly

placed within positional pattern [red]). Right

column: the statistical model used to test for

allocentric accuracy. Of note, the model predicts

a consistent modulation of activation pattern

dissimilarity with increasing encoding accuracy.

(B) Medial temporal lobe voxels that showed

consistent modulation of activation pattern

dissimilarity as allocentric encoding became

more accurate (from coarse via medium to

fine) (green, blue, and yellow) or as more ob-

jects were correctly placed (red). Subsequent

analyses revealed that allocentric accuracy

was associated with increasingly unique brain

activation (see Results). Results are shown for

environmental exploration (top row) and post-

exploration (bottom row). Permutation-based

cluster mass corrected thresholds of p < 0.05

were used, taking into account both the size of the

clusters and the size of the voxel-wise activations

within the clusters. The ‘‘x =’’ in the lower left

corner of each brain image indicates the sagittal

position in MNI space.

See Figure S2, Table S1, and Table S2 for

more details on activation locations, and Table

S4 for activation pattern dissimilarity-based classi-

fication.

are consistent with multiple MTL regions
being specialized for allocentric repre-
sentation. Similar results were obtained
for the Euclidean map. For environmental
geometry, only the anterior hippocampus
showed a consistent modulation with
increased accuracy, and the effect was
only observed in the post-exploration
period. There were no effects for models

in which medium accuracy was compared to fine and coarse,
and we found no relationship between the correlation effects
(i.e., activation pattern dissimilarities, from coarse to medium
to fine), and average success rate across subjects. For object
identity, activation pattern dissimilarity was consistently modu-
lated by the increasing level of accuracy (from 0–1 to 2 to 3–5 ob-
jects recalled), in the same set of subregions as for pattern accu-
racy and Euclidean map. The only exception to this was the
amygdala (Figures 2 and S2B; Tables S1 and S2). Finally, the po-
sitional pattern representation for allocentric representations
was located to the posterior medial entorhinal cortex and medial
perirhinal cortex, while object identity was primarily located in
the anterior lateral entorhinal cortex and lateral perirhinal cortex.
The divisions of the entorhinal and perirhinal cortices into ante-
rior/posterior and lateral/medial regions were made by an expe-
rienced neuroanatomist and based on finding the central Mon-
treal Neurological Institute (MNI) coordinates along the
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100 participants, which might have contributed to the 
lack of a group difference, even if the HIIT group in the 
MRI sample consistently exercised at a higher intensity 
level that the MICT and control groups. Furthermore, 
VO2peak at baseline did not predict change in WMH 
volume over five years. This was at odds with findings 
for cortical volumes in the same cohort, where VO2peak 
at baseline was positively associated with cortical 

volume at five years [37]. Different brain tissues may 
hence be differentially sensitive to the effect of 
exercising and cardiorespiratory fitness levels. Since the 
mean VO2peak level in our sample was similar to that in 
people of the same age in a large Norwegian general 
population study [39], our results should be 
generalizable to older cognitively intact community-
dwelling adults. The absence of an association between 

 

 
 
Figure 3. White matter hyperintensities (WMHs) depicted as white, well‐defined lesions or confluent areas in white matter 
on fluid‐attenuated inversion recovery (FLAIR) scans in three participants during the 5‐year intervention period. The yellow 
arrows point  to areas with growing WMH  lesions  (Subject 1) or a new  lesion  (Subject 2). The  lower row shows  the manually delineated 
WMHs (red outline) across 4 out of 176 slices in one participant. 

Diffusjon & perfusjon

Metabolittter

Molekylæravbildning (PET) 



fMRI

Article

Allocentric representation in the human amygdala
and ventral visual stream

Graphical Abstract

Highlights
d The allocentric medial temporal lobe network is globally

efficient, with no main hub

d Ventral visual stream plays a particularly central role in the

allocentric network

d Allocentric representations are in distinct but neighboring

neural populations

d The human brain encodes both scaled and true Euclidean

representations

Authors

Hallvard Røe Evensmoen, Lars M. Rimol,

Anderson M. Winkler, Richard Betzel,

Tor Ivar Hansen, Hamed Nili, Asta Håberg

Correspondence
hjernemannen@gmail.com

In Brief
Evensmoen et al. demonstrate that the

human brain encodes scaled and true

Euclidean representations of allocentric

space within an extensively connected

medial temporal lobe network with no

main connector hub. The network

includes the parahippocampal cortex,

fusiform cortex, hippocampus,

amygdala, perirhinal cortex, and

entorhinal cortex.

Evensmoen et al., 2021, Cell Reports 34, 108658
January 19, 2021 ª 2021 The Authors.
https://doi.org/10.1016/j.celrep.2020.108658 ll



Overordet forskningsmål

Forstå hvordan hjerneutvikling og hjernealdring påvirker 
hjernefunksjon og hva som påvirker dette forholdet 

Ny kunnskap om diagnostikk, oppfølging, prognosesetting for 
sykdom i hjernen basert på hjerneavbildning
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Unge voksne født for tidlig har et annet
aktiveringsmønster enn kontrollene født samtidig

Olsen et al., 2018

controls (Burgess and Braver, 2010). This difference may account for the
lack of finding such an association within the healthy controls in this
study.

Two clusters of STM hypo-activation were evident in the VLBW
group; one encompassed regions bilaterally in the frontal pole and the

anterior cingulate gyrus, and the other included the posterior cingulate
gyrus and precuneus (Fig. 3). The two regions of STM hypo-activation
overlap to a large degree with regions exhibiting decreased BOLD acti-
vation associated with attention allocation in young adults born preterm
(Lawrence et al., 2009), and with increasing working memory/cognitive
control load in extremely preterm born children (Griffiths et al., 2013).
Moreover, lower activation in brain regions encompassing the anterior
cingulate cortex has been found in children with attention-deficit hyper
activity disorder (Liotti et al., 2005) and autism spectrum disorders
(Agam et al., 2010), which are prevalent conditions in preterm in-
dividuals. ATC activation in VLBW individuals was increased in posterior
brain regions (Fig. 3). Prior studies have shown increases in BOLD acti-
vation in young adults born preterm in posterior brain regions in asso-
ciation with motor response inhibition (Lawrence et al., 2009; Nosarti
et al., 2006). Increased posterior brain activation may both indicate a
sign of immature brain development, as well as a compensatory mech-
anism. Children rely more on posterior brain regions during response
inhibition than adults (Booth et al., 2003), and there is also evidence that
posterior brain regions may play a more general compensatory role,
when other more task specific brain regions are not fully matured
(Durston and Casey, 2006). However, the existing evidence for
compensatory BOLD activations in individuals born preterm is not
straightforward, with some studies demonstrating potential functionally
compensatory activations (Brittain et al., 2014; Froudist-Walsh et al.,
2015), and others not (Daamen et al., 2015). Despite the high level of

Fig. 4. FA and MD group differences between VLBW adults and controls. Diffusion tensor imaging (DTI) data were analyzed using Automated Multi-Atlas Tract Extraction (AutoMATE,
see Jin et al., 2012; Jin et al. 2013, 2014 for details) focusing on the cingulum (CGC) and anterior thalamic radiation (ATR). Results shown are from amultiple linear regression analysis testing
for element-wise group differences in FA and MD, co-varying for age and sex. Results were corrected for multiple comparisons using FDR (q< 0.05). Above is a thresholded p-map, with blue
areas representing areas at or above the FDR threshold, and not significantly different between groups. Areas that are green-red are those with increasingly significant p-values, as indicated in
the color bar, where the VLBW group had lower FA and higher MD than controls. The color bar indicates the -log10(p-value). See Supplementary Video 2 for a more detailed presentation of
these results.

Table 5
Within-group associations between tract average FA/MD and clinical and behavioral
measures.

Analyses Tract FA t-stat (p-value) MD t-stat (p-value)

Within-group associations VLBW group
Birth weight* L CGC 4.0 (0.00048) ns
Performance-based CC L CGC 3.5 (0.0015) ns

R CGC 4.0 (0.00038) ns
Self-reported CC L CGC ns !3.3 (0.0026)
Fluid Intelligence L CGC 3.2 (0.0038) ns

R CGC 2.3 (0.028) ns
Within-group associations control group

ns ns ns

Multiple linear regression testing for within-group effects of birth weight (BW)*, Gesta-
tional Age (GA)*, and other clinical and behavioral measures. Age and sex were included in
the models as covariates of no interest. Only tracts with effects p < 0.05, with an FDR
correction for multiple comparisons (q < 0.05) is shown. FA ¼ fractional anisotropy.
MD ¼ mean diffusivity. ATR ¼ anterior thalamic radiation. CGC ¼ cingulum. L ¼ left.
R ¼ right. VLBW ¼ Very Low Birth Weight (#1500 g). * ¼ Associations with GA and BW
were tested separately, by adjusting for the other. ns ¼ non-significant. CC ¼ Cognitive
Control. For performance-based and self-reported CC, raw scores were inverted to allow for
more intuitive interpretation (higher score ¼ better function).

A. Olsen et al. NeuroImage 167 (2018) 419–429
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Hjernebark, tykkelse

Rimol et al., NeuroImage, 2019; Sripada et al., SciRep 2018

Hjernebarken; for tidlig fødsel

Født etter 2005 
5-8 år ved MR 

Født 1986-88
26-28 år ved MR 

Prematurt fødte  har en egen kortikal morfometri som ikke er endret 
til tross for bedre behandlig



Hjernebark tykkelse

Rimol et al., 2019

Dårlig myelinisering, færre og/eller tynnere/mer rotete aksoner i uncinate fasiculus, forceps 
minor og major er årsak til tykker hjernebark i premature

Hjernebarken; for tidlig fødsel

(see Limitations), we cannot rule out similar FA reductions there.
The usual progression of cortical development after childhood is to-

ward cortical thinning due to elimination of synapses (“pruning”). Se-
lective elimination of cortical synapses is a crucial biological process that
begins around 7–10 years (Jeon et al., 2015), or with the onset of puberty
(Goldman-Rakic et al., 1997), and likely serves to increase efficiency in
cognition and behavior (Giedd, 2004). Dendritic elimination is regulated

by several neurotrophic factors (Callaway and Borrell, 2011; McAllister
et al., 1996) that are believed to act preferentially on active neurons
(McAllister et al., 1996). It is possible that dysregulation of trophic fac-
tors could affect activity dependent elimination processes, perhaps
adversely affected by damage to cortico-cortical connections, leading to
arrested pruning and thicker cortex.

Although it may seem unlikely at age 26, we cannot rule out the
possibility that pruning is simply delayed in the frontal lobe in our VLBW
participants. Despite the widely accepted view that pruning is completed
by the end of adolescence (Huttenlocher, 1979), it has recently been
demonstrated that elimination of dendritic spines on pyramidal neurons
in the dorsolateral prefrontal cortex goes on well into the third decade of
life (Petanjek et al., 2011). If this is the case, the observed cortical
thickness differences may still to some extent be reversible. Finally, an
alternative hypothesis is that damage to long association fibers (as are
found in forceps minor) could result in axotomized pyramidal cells being
“transformed from long-projective neurons into local-circuit in-
terneurons with an intracortical distribution of their axons” (Mar-
in-Padilla, 1997). This may in turn lead to local neuronal hypertrophy
and increased neuropil, contributing to an actual increase in cortical
thickness in VLBW. It is unlikely that this can fully explain the mediation
effects observed here, but it could be a contributing factor.

4.2. Lack of mediation findings in the occipital lobe

Why did FA act as a statistical mediator for increased cortical thick-
ness in the frontal lobe and not in the occipital lobe? Group differences in
cortical thickness were observed in the medial occipital lobes, with
increased thickness in the VLBW group, but these were smaller and less
extensive than in the frontal lobes. The cortical regions displaying a
substantial increase in thickness comprised a smaller proportion of the
entire endpoint region for forceps major than was the case for forceps
minor, which may explain the lack of statistical mediation effects for
forceps major. It is of course also possible that as frontal regions mature
later (Oishi et al., 2011), they may be more susceptible to peri- and
postnatal insults, including white matter injury, than posterior sensory
regions.

4.3. Decreased FA in forceps minor and uncinate fasciculus

We found FA reductions in the VLBW group in the left and right un-
cinate fascicles and forceps minor, as well as trend-level reductions in
forceps major. In general, a decrease in white matter FA may occur
because diffusivity parallel to the tract (AD) decreases, diffusivity
perpendicular to the tract (RD) increases, or both. The precise cause of

Fig. 2. Pointwise analysis of FA data.
The figure shows significance tests of group dif-
ferences in FA along left and right uncinate
fasciculus (A), forceps minor (B), and forceps
major (C). The tracts were divided into 2.5 mm
long segments in each subject's native space, and
a weighted FA average was obtained from each
segment. The p-values are derived from general
linear models fitted for each segment along the
tract, with FA as dependent variable, group
(term-born controls, VLBW) and sex as categori-
cal predictors, and co-varying for age at scan and
the total motion index. The false positive rate was
controlled by only including findings that show a
significant group difference (p< .05) over a
contiguous segment of at least 1 cm in length.
Yellow segments represent significantly reduced
FA in VLBW relative to term-born controls.

Fig. 3. Cortical endpoint regions.
The figure displays the cortical endpoint regions for left uncinate fasciculus
(upper panel), forceps minor and forceps major (bottom panel). The endpoint
regions were localized in each subject's native space, and cortical thickness data
were extracted from the region. In order to visualize the locations of endpoint
regions across subjects, the regions were registered to a common space (fsa-
verage from FreeSurfer). The maps show in what percentage of subjects a given
location (vertex) was included in the cortical endpoint region. Thus, red loca-
tions were represented in around 40% of endpoint regions, yellow locations in
(at least) 80% of endpoint regions.

L.M. Rimol et al. NeuroImage 188 (2019) 217–227
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100 participants, which might have contributed to the 
lack of a group difference, even if the HIIT group in the 
MRI sample consistently exercised at a higher intensity 
level that the MICT and control groups. Furthermore, 
VO2peak at baseline did not predict change in WMH 
volume over five years. This was at odds with findings 
for cortical volumes in the same cohort, where VO2peak 
at baseline was positively associated with cortical 

volume at five years [37]. Different brain tissues may 
hence be differentially sensitive to the effect of 
exercising and cardiorespiratory fitness levels. Since the 
mean VO2peak level in our sample was similar to that in 
people of the same age in a large Norwegian general 
population study [39], our results should be 
generalizable to older cognitively intact community-
dwelling adults. The absence of an association between 

 

 
 
Figure 3. White matter hyperintensities (WMHs) depicted as white, well‐defined lesions or confluent areas in white matter 
on fluid‐attenuated inversion recovery (FLAIR) scans in three participants during the 5‐year intervention period. The yellow 
arrows point  to areas with growing WMH  lesions  (Subject 1) or a new  lesion  (Subject 2). The  lower row shows  the manually delineated 
WMHs (red outline) across 4 out of 176 slices in one participant. 

Arild A et al., 2022
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Results corrected for sex and age, p(fwe) < 0.05 Vangberg T et al., 2019
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Hvem avbilder vi?



Normdata
– trenger vi normer basert på

den norske forhold og
befolkningen? 



Radiologiske normdata

Basert på HUNT4



Radiologiske normdata

Tromsø undersøkelsen 1864 deltakere, 
40-86 år



Hindenes LE et al. 2020



47 varianter:

22 varianter 
utgjør 97% av 
typene

25 variantene 
utgjør 3% av 
typene
(svært 
sjeldene) 

11.9%



Multimodal multiparametrisk avbildningsmetode som gir molekylære, 
fysiologiske og anatomiske bilder i en og samme undersøkelse
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PET/MR



18F-FACBC PET/MR - Gliom

Karlberg et al, EJNMMI, 2023
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Figure 2. PET/MR
images from all
patients sorted by
grade and type.
Patient ID (from 01
to 36) is shown
above each image
and TBRpeak below
each image. PET
color scale:
SUVbg to SUVmax for
PET-positive tumors
and from SUVbg to
SUV=2 for PET-
negative tumors.
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enhancement and central necrosis were defined by both read-
ers with a strong inter-rater agreement (κ = 0.816, p < 0.001). 
T2/FLAIR mismatch had a moderate inter-rater agreement 
(κ =  − 0.719, p < 0.001). Other imaging features like pre-
dominantly cortical based and patchy contrast enhancement 
varied more and resulted in a weak inter-rater agreement 
(κ = 0.500 and κ = 0.588, respectively, p < 0.001). A mini-
mal inter-rater agreement was found for increased rCBV 
(κ = 0.393, p = 0.003). Indirect signs of calcification had 
no inter-rater agreement (κ =  − 0.038, p = 0.806). A mod-
erate inter-rater correlation was found for ADC values 
(ICC = 0.668, p < 0.001).

The potential diagnostic accuracy for adding anti-3-[18F]
FACBC PET to MRI were estimated from the established 
threshold values for different glioma grades, types, and IDH 
status (Table 1). Adding anti-3-[18F]FACBC PET to rou-
tine MRI sequences improved the proportion of correctly 
predicted glioma diagnoses, grades, types, and IDH status 
(Table 2). The diagnostic accuracy improved by 13.9 and 
16.7 percentage points for the two readers, respectively.

Discussion

The key finding in this study was that anti-3-[18F]FACBC 
PET improved the proportion of correctly predicted glioma 
grades, types, and IDH status, as well as the overall diagno-
ses compared to MRI only.

A more trustworthy pretreatment diagnosis can be use-
ful in clinical decision making. For example, asymptomatic 
grade 1 gliomas may not necessarily need treatment, but may 
still undergo treatment if mistaken for a higher-grade lesion, 
like in the current study where two grade 1 gliomas were 
included since they were scheduled for treatment based on 
suspicion of being diffuse gliomas (grade 2–4). Furthermore, 
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Fig. 3  Peak tumor-to-background ratios  (TBRpeak) for all patients cat-
egorized by tumor type and grade (G). Black dots indicate PET posi-
tive and hollow dots PET negative gliomas. Cut-off value for tumor 
detection was  TBRpeak ≥ 1.4

Fig. 4  Peak tumor-to-
background ratio  (TBRpeak) 
variations for different glioma 
grades. a There was a signifi-
cant difference between grade 
2 and 4 gliomas, and between 
grade 3 and 4 gliomas, but not 
between grade 2 and 3 gliomas. 
b A significant difference was 
also observed between grade 2 
and grade 3–4 gliomas
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Tracis modul til tracer produksjon 
18F-MK6240 – Tau tracer

the available tau tracers. It is worth noting the differences in
the chemical structures of the first-generation tracers. With
the aim of developing tracers with better specificity, as
discussed below, some of the second-generation tracers
were based on the structures of existing tracers (i.e., [18F]
RO-948, [18F]PI-2620), but others have relatively different
structures (i.e., [18F]MK-6240, [18F]JNJ311).

In vitro studies: the what and where of tracer binding

Extensive in vitro characterization of first-generation tau
tracers, using autoradiography on both frozen and paraffin
sections of AD brains in comparison with immunostaining
of tau deposits and other hallmarks, was carried out to
determine their binding properties. THK5117, THK5351,

Fig. 2 Chemical structures and representative uptake images in
amyloid-β-positive Alzheimer’s disease (AD) patients using selected
first- (upper portion of the figure) and second- (lower portion of the
figure) generation tau PET tracers. The characteristics in terms of
clinical research diagnosis, age and mini mental-state examination
(MMSE) scores are presented for each patient above the respective
image. For the creation of parametric images for all tracers, areas of the
cerebellar cortex were used as reference. The [18F]THK5317, [11C]
THK5351 and [11C]PBB3 images derive from studies performed at
Karolinska Institutet, Center for Alzheimer Research [35, 153]. The
[18F]AV1451 image is courtesy of the Alzheimer’s disease neuroima-
ging initiative (ADNI). The [18F]RO-948 image is courtesy of Ruben
Smith and Oskar Hansson (Lund University, Lund, Sweden). The [18F]

MK-6240 and the [18F]PI-2620 images are courtesy of Vincent
Doré, Christopher Rowe and Victor Villemagne (University of Mel-
bourne, Victoria, Australia) and Andrew Stephens and Mathias Berndt
(Piramal Imaging GmbH, Berlin, Germany), respectively. Different
scales were used to better illustrate the regional distribution pattern of
binding for each tracer, due to between-patient differences as well as
due to the different PET acquisition parameters and quantification
methods that were applied for each tracer. Though direct comparison is
complicated by these differences, one can observe the preferential
binding of the first- and second-generation tracers in AD-relevant areas
of the temporal lobes, and the broader dynamic range among second-
generation tracers. DVR distribution volume ratio, SUVR standardized
uptake value ratio

1114 A. Leuzy et al.



18F-FDG 18F-MK6240

Litt reduksjon av FDG  – men ikke 
vanlig mønster – vanskelig å bedømme 
fra disse bildene om pasient har 
Alzheimers sykdom

Mye opptak – kan tyde på at pasient 
vil utvikle Alzheimers sykdom i 
motsetning til MR og FDG bildene.

MRI

Normal MR

Mild kognitiv svikt



Planer
1. Hjerneendringer (lesjoner, morfometri, hjerneaktivitet) igjenom livsløpet vha 

longitudinelle studier (også I  samarbeide med andre i Norge 
(Tromsøundersøkelsen, MoBa/Oslo) for ny kunnskap om optimal hjernehelse

2. PET-MR videreutvikle
- nytte av tau-PET ved andre sykdommer (hodeskader, tauopatier)
- hjelpe geriaterne ved å gi dem muligheter til å delta i legemiddelutprøvinger

3. Samarbeide med kolleger ved adnre avdelinger (Hodeskadeprosjektet, 
Sammensatte lidelser, MCI prosjektet 180N, Nevrologen (ExPlas), Barneklinikken)

4. Gliomer, utredning, prekirplanlegging og behandlig (theranostikk) (LiveI

5. Utvikle persontilpassede metoder for å øke kognitive ferdigheter



Hvilke type agenter foretrekker man å spille mot 
og hvilken mestrer (vinner) man mest over ?


