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Concluions

Neuroimaging can be Brain plasticity is
a double-edged limited and is not
sword for clinical driven by input loss

development

.

Representational
similarity analysis can
help us find novel
representations

Some brain plasticity
can be induced by
meaningful input




Phantom limb pain




Phantom limb pain is difficult to treat




“This magic box of neurological trickeries”




Brain reorganisation in primary somatosensory cortex
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Brain reorganisation in primary somatosensory cortex
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Brain reorganisation in primary somatosensory cortex
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The paradox of brain reorganisation

Sensory deprivation » reoﬁggﬁiigg'lcio o » phantom pain
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From phantoms to supernumerary robotic fingers

Phantom hands




The paradox of brain reorganisation

Sensory deprivation » reoﬁggﬁiigg'lcio o » phantom pain




Phantoms in the Brain




Preserved Representation of the Phantom Hand in Amputees

Makin et al., 2013, Nat. Comm.




Phantom Finger Maps in Amputees
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Does losing a hand impact its brain representation?

3 days Pre-Amputation 2 days Pre-Amputation
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Representational similarity analysis of finger representation
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Representational similarity analysis of phantom hands

T,
a /
ol

Daan Wesselink

Intact controls (n=11)

2 3 4
Qb‘ 1 >
0.05 | /& AR

0.05
Acquired amputees (n=17) Congenital one-handers (n=13)
?‘
0.05 > 0.05 I
0.05 0.05

Wesselink et al., eLife, 2019



The paradox of brain reorganisation

Sensory deprivation > reoﬁggﬁlics:g'lcion

map phantom pain

Original results Replication study
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Interim conclusions: neural correlates of phantom pain

Textbook: maladaptive reorganisation




What about reorganisation?




Replicating the remapping effect using local anaesthesia

Daan Wesselink

Wesselink et al., Science Advances, 2022



Replicating the remapping effect using local anaesthesia
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Should we give up on reorganisation?
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Toe maps in artist’s foot area

Lateral
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Toe maps in artist’s foot area
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Should we give up on the adults brain?
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Operating the Third Thumb with the toes
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First time experience using the Third Thumb (578 participants)
Thumb-hand collaboration




(Almost) everyone (99%) can learn to use the Third Thumb within a minute
Thumb individuation task
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Study design
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Training works..

Collaboration
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Hand-robot Coordination Improves with Training
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Changed Finger Synergies with Third Thumb
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M1 Results: Post training
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MRI

Elena Amoruso

MRI compatible set-up

3D printed plastic flexible Third Thumb

x2 Square Force-Sensitive Resistors
Positioned under each big toe

Adjustable foot rest

Approved wire + resistors

Wall
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Control Room
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‘Air hose’ tubing with fishing line running inside




What’s in a thumb?

Third Thumb = Toe + Auto

Third Thum

’ 3



What’s in a thumb?

Third Thumb = Toe + Auto

Third Thumb

D1+Toe = Toe + D1



What’s in a thumb? M1 Hand area
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Z-STAT
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What about amputees?




Artificial limbs activate hand-selective (visual) brain areas
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Brain decoding of artificial limbs
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Brain decoding of artificial limbs

One-handers

Controls
——
U ‘"; 4
- .
. \
Cosmetic ~ Functional  Tools Hands

Prostheses Prostheses

Maimon-Mor et al., PLOS Biology, 2020

Functional
Prostheses

Tools Cosmetic
Prostheses



Concluions

Neuroimaging can be Brain plasticity is
a double-edged limited and is not
sword for clinical driven by input loss

development

.

Representational
similarity analysis can
help us find novel
representations

Some brain plasticity
can be induced by
meaningful input




plasticity-lab.com

> UNIVERSITY OF

YL e
AIA

> CAMBRIDGE

soseesess: i o
:.:..... '.:.. O.o. 1 ‘:A 3
(X ) ‘ [
o0 ® ‘ 4
® .. 5 | .
000 %% ‘! h

TR & .

)
3

EPSRC

Engineering and Physical Sciences
Research Council

i: @dani_clode
w: daniclode.com




