Johan Martensson, Fil. Dr.
IKVL, Lunds universitet

Johan.martensson@med.lu.se



mailto:johan.martensson@med.lu.se

Bakgrund




Nervsystemets kapacitet till fdrandring

» Plasticitetsfdltet star | kontrast till
en statisk syn pa den vuxna
hjarnan. Barn utvecklas drastiskt,
men aven vuxna I Vviss
utstrackning.

- Hjarnans plasticrtet kan
observeras pa flera olika nivaer,
fran individuella neuron till
forandringar pa macroniva som
v kan se in vivo med t.ex. MR,
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Nar uppstar forandringar | hjarnan?

Plasticitet uppkommer nar det finns en diskrepans mellan
férmaga och krav.

Om alla krav ledde till neural f6randring sa vore det troligtvis
maladaptivt.

Det bor saledes finnas troskelvarden | form av dos och
intensitet som leder till mer bestandiga férandringar.
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Hade det varit bra om hjirnan férindrades valdigt late?

Dos och intensitet

Vem far ut mest av trining?

AN = Den viltrinade Eller jag?
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Dynamic Prolonged Dynamic
Equilibrium Mismatch Equilibrium

Maximum Function

Manifestation
of plasticity

Flexibility: Functional
supply supports a
range of functioning
butis optimized (black
line) to a level of
demand that is inte-
grated over some
unknown time period.

Negative Mismatch:

Functional Supply

Demand on (use of)
functional supply

>

Lovdén, Backman, Lindenberger, Schafer, & Schmiedek 2010, Psychological Bulletin

Time
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Vad hander nar det uppstar forandringar?

,P\ Axon berminal
Dendritic spine / f
: ';‘ y
: J. '

)

*  Minnen dr associerade med forandringar som sker pa synaps niva.

*  Hos tex. Aplysia sker det forandringar | synapserna vid sensitisering och habrtuering.
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Vad hander nar det uppstar forandringar?

forts.

» Chang & Greenough (1982)

-

* Rattor berodvades input
fran ett 6ga | form av en
ogonlapp.

« Rattorna tranades | en
labyrinth.

* Visuella cortex pa den
tranade hemisfaren hade
mer dendriter;
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Vad hander nar det uppstar forandringar?

forts.

Question: Does the leaming of a fine motor skill alter the cortical motor map?
Procedures

Difficult task

One group of monkeys
was trained to retrieve
food from a small well.

Simple task

Another group of monkeys
was trained to retrieve
food from a large well.

Both groups were allowed 12,000 finger flexions. The small-
well task was more difficult and required the learning of a fine
motor skill in order to match performance of the simpler task.

1 1 i | I | I |

0 2 46 810121416
Day of training

(svart att mata in vivo..)

/N”T

I | I | | I | I | | L

0 2 46 810121416
Day of training

The motor representation of digit, wrist, and
arm was mapped.

KEY

M Digit W Wrist/forearm Digit, wrist, and forearm

The digit representation in the brain of the animal with the more
difficult task is larger, corresponding to the neuronal changes
necessary for the acquired skill.
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Det finns flera mgjliga mekanismer for plasticitet
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Figure 3 Cand date cel ular mechznisme. [a) Ce lular events ir gray
matter “ezians urderlying chargss detected by MR during leaming inzlide
awon sprout ng, dencritic arenching ard synactcganesis, neuroenssis,
charges n gla/ numbzar ard marphalogy, end engiogenes s. (bl Changes ir
while maller -wgicns include alleralions in fioer vigar izalion, which could
nclude axon branch ng, sprouting, cac4ing dansity, axon ciemezer, ticer
rrassing and *he number of axens; myelinaticn of unmyelinaced axors;
changas in myelin th ckness and morphology; changes in astrocyts
marpholkgy or numoer; 2nd angingees's

Fracionzl an sowrapy increasa
<4

Gray materincrese

WhiL2 rate” voMe inerease
<4

Marna Caral

Robert ) Zatorre™, R Douglas Ficlds™ & Heidi Johanscn-Berg™® NATURE NEUROSCIENCE VCLUME 15 NUMBER 4 | APRIL 2072

Och vi kan observera en del av dem via t.ex. MR
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Kortikala forandringar vid djurstudier

Dendrite
length

Astrocyte
processes

En stor del beror pa vaskularisering
Vascular

volume

Synapses/
neurons

0 10 20 30 40
Percent increase
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Men nya fynd pekar pa andra mekanismer vid snabb plasticitet.
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Figure 2. Structural Remcdeling of Brain Tissue, Measured by DTl as Changes in MD atter 2 hr of Training on a Spatial Leaming and Memory
Iask

Yaniv Sagi,'? Ido Tavor,"© Shir Hofstetter,! Shimrit Tzur-Moryosef,! Tamar Blumenfeld-Katzir,' and Yaniv Assaf'+"
'Department of Neurcblology, Gacrge S. Wisa Faculty of Lifa Sclences, Tel Avv Universty, Tel Aviv 9978, Israel

These authars contributed equal’y to this wark

*Correspondence: assafyan@post.tav.ac.il

DOI 10.1016/).neurcn 2012.01.025
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Men nya fynd pekar pa andra mekanismer vid snabb plasticitet.

Astrocyter svaller Synapser bildas Dendriter; angio och ne

urogenes
7 ,,/ ; Vg

7

Seconds Minutes

Figure 1. Possible Tissue Changes that Could Cause a Decrease in Water Diffusivity

A decrease in waler diffusivily could reflect a number of different tissue changes, but not all could occur on the timescale observed in Sagi et al. (2012). Some
candidate changes are illustrated here. Neurcns are in purple, vasculature in red, and astrccytes in orange.

(A and B) (A) Illustrates the baseline state. (B) shows the swelling of astrocytes in the presance of increased actvity—a process that can occur over a course of
seconds to minutes.

(C) Synapses (black circles) and their associated dendritic spines can be formed or modified over a period of minutes to hours.

(D) More elaborate structural change such as dendritic sprouting, neurcgenesis, and angiogeresis occurs over a period of days to weeks.

Johansen-Berg et al., 2012
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Hur miter vi hjarnférindringar?

MRI. Men daven tex. PET eller
matt pa funktionell plasticitet.

140000 ganger jordens gravitation
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(Grasubstans
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Vitsubstans

Mits med t.ex. DTI
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Ditfusion Tensor Imaging (DTI)

Lite som ett glas vatten
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Ditfusion Tensor Imaging (DTI)

Men mellan trakter
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Ditfusion Tensor Imaging (DTI)

Och formen ger oss en ledtrad
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Vi téljer banorna
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Eller grenarna..
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Studier




Study Intervention Analysis technique
Draganski Juggling VBM
et al., 2004
Colcombe Aerobics VBM
et al., 2006
Draganski Studying for ~ VBM
et al., 2006 an exam
Boyke et Juggling VBM
al., 2008
Driemeyer Juggling VBM
et al., 2008
Ilg et al., Reading VBM
2008 mirrored

words
Teutsch et Pain VBM
al., 2008 stimulation
Ceccarelli Cognitive TBM
et al., 2009 learning
Haier et al.,  Tetris CIVET
2009
Scholz et Juggling VBM
al., 2009
Thomas et Visuo-motor VBM
al., 2009
Engvig et Mnemonic FreeSurfer
al., 2010 training cortical
Granert et Motor VBM
al., 2010
Kim et al., Early VBM
2010 postpartum
Schmidt- Deciphering VBM
Wilcke et morse code
al., 2010
Steinetal.,  Language VBM
2010 training
Tangetal.,,  Meditation VBM
2010
Taubert et Balancing VBM
al., 2010
Erickson et  Aerobics FSL-FIRST
al., 2011
Hamzei et Motor task VBM
al., 2011 Oversikt:
Holzel et Meditation
al., 2011
Kwok etal., Learning VBM
2011 color names
Landietal., Visuo-motor VBM
2011

Takeuchi et

Workine

VBM Lovdén, M., Wenger, E., Mirtensson, J., Lindenberger, U., & Bickman, L. (2013). Structural brain plasticity in
adult learning and development. Neuroscience and Biobehavioral Reviews. doi: 10.1016/j.neubiorev.2013.02.014

VBM

Det finns en rik Iitteratur kring vuxen plasticitet idag

Navigation-related structural change in the
hippocampi of taxi drivers

Eleanor A. Maguire**, David G. Gadian*, Ingrid S. Johnsrude®, Catriona D. Good", John Ashburner?,
Richard S. J. Frackowiak®, and Christopher D. Frith?

"Wellcome Department of Cognitive Neurology, Institute of Neurology, University College London, Queen Square, London WC1N 3BG, United Kingdom;
and *Radiology and Physics Unit, Institute of Child Health, University College London, London WC1N 1EH, United Kingdom

Communicated by Brenda Milner, McGill University, Montreal, Canada, January 28, 2000 (received for review November 10, 1999)

Temporal and Spatial Dynamics of Brain Structure Changes
during Extensive Learning

Bogdan Draganski,' Christian Gaser,” Gerd Kempermann,® H. Georg Kuhn,* Jiirgen Winkler,' Christian Biichel,” and
Arne May'»
Department of Neurology, University of Regensburg, 93053 Regensburg, Germany?Department of Psychiatry, University of Jena, 07743 Jena, Germany,

Gothenburg, Sweden, and *Department of Systems Neuroscience, University of Hamburg, 20246 Hamburg, Germany
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T.ex. Sprak

R Lovden (2012)
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Kortikala férindringar

Left Posterior Inferior

Frontal Gyrus (IFG)

Left Dorsal Middle Frontal
Gyrus (MFG)

Left Mid Posterior Superior
Temporal Gyrus (STG)

johan.martensson@med.lu.se

K = 100, p < .001

Image shows selective
increases in cortical thickness
with no decreases over time
for interpreters.
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Kortikala férandringar
forts.

a Via higher order frontzl netwerks

Input from Left Dorsal Middle Frontal Gyrus
= <— other sensory (MFG)
modalities

Spectrotemporal analysis Phonological network
Dorsal STG — Mid-post STS e
{bilateral) Dilateral) e o
Combinatorial network | veniral sirzam Lexical interface
aMTG, alTs - = pMTS, pITS E
(left dorminant?) wezk |2M1 hemisphere bias]

Left Posterior Inferior Frontal ol T _
Gyrus (IFG) eft Mid Posterior Superior

Temporal Gyrus (STG)

Hickok, G. & Poeppel, D. (2007). The cortical organization of speech processing. Nature reviews, neuroscience.
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Subkortikala forandringar

o Interpreters © Controls

Left Hippocampus (LHC) Right Hippocampus (RHC)
4700 4700 f
7S | |
4600 I 4600 T
).

S 4500 S 4500 7s
L ns S s

440 ]‘ g 4400

4300 _J...________Y___________L 4300 :

Pre Post Pre 75 Post

7S

F(1,29) =.90, p = .35
* denotes p < .05
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Relation till beteende

Vi lar oss olika,
mojligen med olika neurala system

7Y Struggle1 B Proficiency ’

0,7
> . » "
X . 1 Teacher rating: "Bedém hur stor
0,5 anstringning som krivts av varje elev for
0.4 att uppna Tolkskolans mal for att fa vara
) . . . )
kvar vid utbildningen
0,2
| -
00 ME -
‘ - Test Score on their mid year exam. This
~0.2 exam is especially important, if they fail
)
they have to leave the academy.
-0,4
-0,5 Left MFG Left IFG Left HC Strategy?
Left STG Right HC

Language ability?
* denotes p < .05
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Sprak, forts.

Vill du lara dig italienska?

Delta i var studie av sprakinlarning och hjarnan. Vi star vi for kursavgiften och litteratur!

Som deltagare i studien medverkar du vid 10 undervisningstillfallen i italienska for
nyborjare vid Medborgarskolan i Stockholm. Du kommer lara dig en stor mangd glosor 0 B
varje vecka. Matningar av minnesférmaga och hjarnstruktur genomfors i en VO ca
magnetkamera pa Karolinska Universitetssjukhuset. Du som vill delta ska vara 18-30 ar
och ha svenska som modersmal och ej kunna nagot latinskt sprak.

Utover gratis sprakundervisning vid medborgarskolan far varje deltagare 500kr per
mattillfalle (tva). Ytterliggare prestationsbaserad ersattning kan tillkomma

NI

KA Iy
. . SRS
Intresserad? Maila namn och telefonnummer till N e :
ntr . . : . Se-¢ (-2 Karolinska
italienskaforhjarnan@gmail.com sa kontaktar vi dig. MC@ Y o .
2227 7 Institutet
Ansvarig forskare: Martin Lévdén, Docent, Karolinska Institutet '7/\/[\,0 1

* About

Josef Granqvist

Wisse et al., 2014; Muller 2007

Johan.martensson@med.lu.se
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Tillbringad tid ar den primara faktorn (1 denna studien)
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Bellander, M., Berggren, R., Martensson, J., Brehmer, Y., Wenger, E., Li, T-Q., Bodammer, N-C.,, Shing, Y-L., Werkle-Bergner, M.,
& Lovdén, M. (2015). Behavioral correlates of changes in hippocampal grey matter structure during acquisition of foreign
vocabulary. Neuroimage
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Tillbringad tid dar den primara faktorn
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~620 words over 10 weeks; range 86-1150; SD = 324 (!)
Average score on an ltalian vocabulary test (max = 100) was 27 (range
6-65; SD = 13; skewness = 0.74; kurtosis = 0.61)




Eller KBT
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Fig. 3. Gray matter volume Time x Group interaction effectin the left amyzdala is displéved on multiple slices (fromy= ~-5toy = 1) showing reduced vo ume (from pre- to
1-year follow-up) in long-term responcers, relative to non-responders. Peak voxels inthe left amygdala xvz|-16,-3,-17)] and right amyadala xy2[18,-3,-15]. s lb-: :"‘ ‘:"‘:":;'
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Structural but not functional neuroplasticity one year after effective e e e AR ﬁw’“ﬂ’f\ ¢
cognitive behaviour therapy for social anxiety disorder | P RS

Kristoffer N.T. Mansson*":*, Alireza Salami““, Per Carlbring®, C.-J. Boraxbekk "2,
Gerhard Andersson®”, Tomas Furmark"
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Eller arbetsminne

Training group > passive control group

Training group > active control group

6| wm—Pretest Tiina Salminen **', Johan Martensson ®**!, Torsten Schubert ® Simone Kiihn ¢

=3 Posttest * Department of Psychology, Humboldt University of Berlin, Rudower Chaussee 18, 12489 Berlin, Germany

T 5 * Department of Psychology, Lund University, Lund, Sweden
> | © Center for Lifespan Psychology, Max Planck Irstitute for Human Developmendt, Lentzeallee 94, 14195 Berlin, Germany
2  Clinic and Policlinic for Psychiatry and Psychotherapy, University Clinic Hamburg-Eppendorf, Martinistrafe 52, 20246 Hamburg Germany
S 4
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-
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fralning Active control Passive control
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Menstruationscykeln Motortraning

5 Structural Changes in Motor Cortex
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42104 Wenger, E.,*, Kiihn, S., Verrel, J., Martensson, J., Bodammer, N-C,, Lindenberger, U., &
EFP LFP ovP MLP Lovdén, M. (2015). The non-linear time course of human gray matter changes in r
Cycle Phase motor training. Cerebral cortex.

Lisofsky, N., Martensson, J., Eckert, A., Lindenberger, U., Gallinat, J. & Kiihn, S.
(2015). Hippocampal volume and functional connectivity changes during the
female menstrual cycle. Neuroimage.
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Plasticitet ar inte nddvandigtvis linjar

2. Gray matter volume changes

3. Neurogenesis Proliferation of Survival, differentiation,
neuronal migration and death
cae progenitor cells 9 ) .)"
3 Y Ll } GCL
2. &
Apoplolic cells “ AR
4. Synaptic changes ' N A0 W, Stabilization
Axon sme:’l'rg _/Léi/ (7 :\ of synapmq/
N \ Ak YOS
h -., . _,*‘_ = = —
7 7Y 6L HY AN =T '
Dendritic branching Neural rewiring ~ Surplus elimination
5. Glial changes V Resling micmglia Resting microglia
x%l: L LY 4 kﬁ’:
Granular % AL S
cell layer (GCL) " Resting astrocytes Resting astrocytes

E.g.
Lovdén, M., Wenger, E., Mirtensson, J., Lindenberger, U., & Bickman, L. (2013). Structural brain plasticity in
adult learning and development. Neuroscience and Biobehavioral Reviews. doi: 10.1016/j.neubiorev.2013.02.014

» Tillvaxt tor att
skapa diversitet,
folit av selektion,
gallring och
stabilisering.

* Vi ser liknande
monster |
neurogenes,
synaptogenes, glia,
kortikal plasticrtet
och utveckling



Och variabilitet 1 hjarnsignal och struktur kan vara hog

Day2day: Investigating daily variability of magnetic resonance imaging measures

over half a year

Nina Lisofsky'**, Elisa Filevich'™, Maxi Becker', Qisin Butler', Martyna Lochstet', Johan

Martensson’, Elisabeth Wenger', Uiman Lindenberger', Simone Kuhn'Z,

Intra-individual variability
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Predispositions and Plasticity in
Music and Speech Learning: Neural
Correlates and Implications

Robert ]. Zatorre*

Kommer till Lund

Speech and music are remarkable aspects of human cognition and sensory-motar processing. Cognitive

neuroscience has focused on them to understand how brain function and structure are modified by

learning. Recent evidence indicates that individual differences in anatomical and functional properties
of the neural architecture also affect learning and performance in these domains. Here, neuroimaging

findings are reviewed that reiterate evidence of experience-dependent brain plasticity, but also point

to the predictive validity of such data in relation to new learning in speech and music domains. Indices

of neural sensitivity to certain stimulus features have been shown to predict individual rates of

learning; individual network properties of brain activity are especially relevant in this regard, as they
may reflect anatomical connectivity. Similarly, numerous studies have shown that anatomical features

of auditory cortex and other structures, and their anatomical connectivity, are predictive of new

sensory-mator leamning ahility. Implications of this growing body of literature are discussed.

B e,
g2 ) R v A -
- f. -,
A S~ y
Gy ’) ‘.";)‘l‘ = £!~ L
f s ?‘J-. A *!"-7 ot -
it TR \ 'V, -" ~
1 Aae s
3 e MY —“{ >
" | { Iy
LH 5G4 RH
e Dp: 05
ok i Ty isosurface
SS9
‘A - o2 3
4 | 3! ‘
SN
R s
A5

Schlegel, Rudelson and Tse
(2012)

10,0
O O
o ©
8,4
- o o
o)
5 °f 9
1= o °
5,2
S o
»
3,6
0
2,0
0,070 0,073 0,076 0,079 0,082

Mean Diffusivity

0,085

Predispositioner spelar roll




Sammanfattning

Plasticitet kan beskrivas som nervsystemets kapacrtet till férandring

Dessa forandringar kan observeras pa micro- och macro-niva med
modern hjarnavbildning

Forandringarna bestar av olika effekter, t.ex. vaskularisering,

dendritisering, glia celler som svaller

En rad olika studier visar att plasticitet ar mojligt | vuxen alder; och
att den vuxna hjarnan ar hogst dynamisk



Fragor?
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