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(c ‘)\ AS SH Surgeryof the Hand
Founded in 1946

Bunnell believed that surgery of
the hand was a “composite

of the various specialties-
orthopaedics, plastic and
neurologic surgery.

Norman T Kirk

US Surgeon General Sterling BUNNELL
CREEEEERE 1882-1957

Left to right: Darrel T. Shaw, Joseph H.
Boyes, Lot D. Howard, S. Benjamin Fowler,
Sterling Bunnell, Arthur Barsky, Donald D.
Slocum, Walter C. Graham, J. William Littler,
William Metcalf, Richard H. Mellen, Gilbert
Hyroop, Donald R. Pratt, William F.
Frackelton, Robert L. Payne, Jr. Not
pictured: Harvey S. Allen, Hugh Auchincloss,
Julian M. Brunner, Condict W. Cutler, Homer
D. Dudley, Alfred W. Farmer, Gerald Gill, Edward Hamlin, Deryl Hart, Sumner L. Koch, William M. Krigsten, Clarence A.
Luckey, Henry C. Marble, Michael L. Mason, Joseph I. McDonald, James T. Mills, George S. Phalen, William H. Requarth,
Thomas W. Stevenson, George V. Webster

https://www.assh.org/s/about-assh 2022.6.29
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Vascularized
Free tissue
Transfer
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4undation for Medical Education and Research https://www.orthobullets.com/hand/6065/tendon—transfer—principles 2022.6.29
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https://www.pennmedicine.org/for—health—care—professionals/for—physicians/physician—education—and—-resources/clinical-briefings /2021 /june/gracilis—functionaI—free—muscle—transfer—for—ubper—body—trauma 2022.6.29
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https://clinicalgate.com/brachial-plexus—injury—types/ 2022.7.11
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Nerve Injury and Repair

Scaffolds
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CHURCHILL LVINGSTONE
S UAGHELONTION ML M1l B8 AR NE YOATK 1608

Biological factors

Journal of ISAKOS

Goran Lundborg

https://blog.unifr.ch/e-NewsSomatosensoryRehabilitation/wp—content/uploads/e—News—33.pdf

HEHFETOHIL 2012.9.29



Theodor Schwann Augustus Waller

"Nerve injury and repair”, Géran Lundborg, Churchill Livingstone, 1988



ODC activity (pmol/mg protein/30min)
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Short Report = (3 Full Access

Injection port
Role of ornithine decarboxylase in proliferation of schwann
cells during wallerian degeneration and its enhancement by
nerve expansion

H. Hirata MD, H. Hibasami PhD, T. Hineno MD, D. Shi MD, A. Morita MD, H. Inada MD, K. Fujisawa MD,

PhD, K. Nakashima MD, PhD, Y. Ogihara MD, PhD Sciatic'nerve

Figure 1. The sciatic nerve was transected posterior to the major
trochanter. A rubber tissue expander was placed beneath the distal
stump of the nerve.
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Original Article = (& Full Access

Nerve growth factor signaling of p75 induces differentiation
and ceramide-mediated apoptosis in Schwann cells cultured
from degenerating nerves

Hitoshi Hirata =4, Hiroshige Hibasami, Toshimichi Yoshida, Masaru Ogawa, Mamoru Matsumoto,
Akimasa Morita, Atsumasa Uchida

First published: 09 October 2001 | https://doi.org/10.1002/glia.1113 | Citations: 60
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REVIEW ARTICLE = 3 Full Access

Repair Schwann cell update: Adaptive reprogramming, EMT,
and stemness in regenerating nerves

Kristjan R Jessen, Peter Arthur-Farraj =4
First published: 11 January 2019 | https://doi.org/10.1002/glia.23532 | Citations: 91

Funding information The work from the authors laboratory discussed in this article was supported by
the Wellcome Trust (Programme Grant 074665 to K.R.J. and R.M. and a Clinical Research Career
Development Fellowship 206634 to P.A-F), the Medical Research Council (Project Grant G0600967 to
K.RJ. and R.M.), and the European Community (Grant HEALTH-F2-2008-201535 from FP7/2007-3013).
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Wade et al. Systematic Reviews (2018) 7:76 delivery-shoulder-dystocia
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Neurons on the tip
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cultivation of human iPS cells

Human iPS cell B (embryoid body) MN (Motor neuron)
& = - ) — —>
Culture
Embryoid Bodies are floating
spherical colonies of iPS cells.
passage

Transplantation into peripheral
nerve
in mice/rats/common marmosets
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Fig. 45. Appareil perfectionné,

He is counted as one of the developers of electro-physiology and electrotherapeutics.
(Wikipedia)



https://en.wikipedia.org/wiki/Electro-therapeutics

HERY NT—OADTT A
electroceuticals/neuromodulation

https://www.metropain.com.au/best-practices—for-dorsal-root-ganglion—stimulation/ 2022.7.12

Dorsal ganglion stimulation

Arshad Majid

"r

£

Vaaus nerve stimulation

ectroceutlcal

Motor arc (blue)

b Deep brain

Advances in stlmulatl n.
Bectrostimuiation <

DO

From Tracey, Scientific American 2015

“Electroceuticals Advances in Electrostimulation Therapies”, Arshad Majid, Springer, 2017 https://mediglobus.com/deep-brain-stimulation/ 2022.7.12
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Current Opinicn n Biomedical Enginearing

2018, 6 :130-137 “Toward advanced neural interfaces for the peripheral nervous system (PNS) and their future applications”, Shanghoon Lee and Chengkuo Lee
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Kurimoto S, et al. J Tissue Eng Regem:ied. 2016
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Red : 04 (Oligodendrocytes)
White : B Il Tubulin (Neuron)
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Asano K, et al. J Tissue Eng Regen Med. 2021
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Neuromodulation Devices
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Cochlear™
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ek I 3 % https://www.cochlear.com/us/en/home/products-and-accessories/cochlear- https://kyodonewsprwire.jp/release/201403048753 (£482021-11-19)
-] I nucleus-system/nucleus-implants (£482021-11-19)
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SYSTEM

Inflammatory Reflex

CAP: Cholinergic anti-inflammatory pathway
NTS: nucleus tractus solitarius
DMN: dorsal motor nucleus of the vagus

HEMZERIZ (VNS) DS tR1: A&

approved for epilepsy by FDA in 1997 (HATI3201 O IC%E?)

https://acrabstracts.org/abstract/a—first-in-man-bioelectronic—therapy—for-biologic-refractory-rheumatoid—arthritis

B 97 F P JEIEHaJi%IJT?%VNSﬁ‘E W/%,MWNSM,;%\
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. :B\M%E%
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- {ER%
- Fiigis
- RMERE
- BESMS
. (F4R: BRANER)

Illustrated by Debbie Maizels, Springer Nature, for Pavlov and Tracey[11]

BRHIEH. SELREBRH®S (IDEHE : KERHE > IVEIRH)
—ING R =Y —DEHHDBEREDBEIEH---Limitation
Bradycardia, bradypnea/apnea, hoarseness, nausea, headache, etc

Adams F., Front Neurosci. 2021
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l\' frontiers
1N Neuroscience

Selective Neuromodulation of the Vagus Nerve
Fitchett A et al

REVIEW
published: 24 May 2021
doi: 10.3389/fnins.2021.685872

The development of sVNS techniques focused on optimizing the shape of the
stimulation pulse, the geometry of the electrode array and the stimulation
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Fisher344 rats
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Electrodes
inserted into
vein leading
to heart

Single lead
pacemaker

Double lead

pacemaker Electrode
in right ventricle

https://openwetware.org/wiki/File:Pacemakerinjpeg 2022.7.22

https://alsworldwide.org/care—and-support/article/neurrx—diaphragm—pacing-system 2022.7.25
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Gonzalez-Bermejo J, et al. Lancet Neurol. 2016
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expanding—diaphragm-respiratory—pacing 2022.7.25

Asami Y. in preparation
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Clinical
notransplantation

Pathways and Progress
in the Transplantation
of Organs and Tissues
Between Species

David K. C. Cooper
Guerard Byrne
Editors

‘a Springer

- -
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%

Neuronal cells Heart

Pancreatic islets

(Diabetes Mellitus) (?a’ki"s°“ and Huntington (bridge to allotransplantation, Kidney
diseases) terminal cardiac disease) (terminal kidney disease)

Liver S N \ /

——— . \

(source for allotransplants, o N
terminal liver disease)

\

Lungs

(source for allotransplants,
terminal lung disease)
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Small bowel A
(source for allotransplants, /
intestinal failure; eg, 7
short bowel syndrome)
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Decellularized heart valve
(heart valve replacement)

Decellularized porcine tissue
(ligaments, skin, bone, cartilage)

Clinical Xenotransplantation : Pathways and Progress in the Transplantation of Organs and Tissues Between Species, Edited by David K. C. Cooper, Gerard Byrne, Springer, 2020

1

/ ; s (corneal blindness)

\ S
\, . a g /
\} Mesenchyal stem cells
N\ (cytotherapy)

(multiple organ failure)

Cir Esp. 2017;95:62-72
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Surgeons at the University of Maryland Medical Center transplanted a genetically altered pig heart into David Bennett.

FIRSTPIG-T0-HUMAN
ovew o THEARTTRANSPLANT: WHAT
Figure 2. Reported maximum survivals of nonhuman primates with life-supporting pig CANSCIENTISTS lEARN?

kidney grafts, 1989-2017. Details can be found in Lambrigts et al.,'¥ and Cooper etal”*In
some years, no results were reported.

Researchers hope a person who has lived for more thana week witha
genetically modified pig heart will advance the field of xenotransplantation.

Cooper DKC,JASN,2020
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Muscle SynergU

Kurimoto S, et al. J Tissue Eng Regen Med. 2016
Oyama S, et al. Front Neurorobot. 2016
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Brain Computer Interface(BCI) Ic & 2 EShHi{i

BCI

Neural/brain
interface

\ FES

Feature
extraction
and
decoding
algorithms

Simulation
algorithms
and control

o /

Stimulation
electrodes

/
P 4
" Bouton CE, et al. Handb Clin Neurol 168, 303-309 (2020)

LDA component 2

Electronic Neural Bypass

Foot strike

Foot off

LDA component 1

Probabilities
of motor states

WMM A"LJ“’
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Leg kinematics

Capogrosso M, et al. Nature 539, 284-288 (2016)
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Ajiboye AB, et al. Lancet 2017
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Sports and the human brain: an evolutionary perspective

Handbook of Clinical Neurology, Vol. 158 (3rd series)
Sports Neurology

B. Hainline and R.A. Stern, Editors
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Regional scattering of primate subplate

Zoltan Molnar®' and Anna Hoerder-Suabedissen?

Free PMC article9676-9678 | PNAS | August 30, 2016 | vol. 113 | no. 35
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Hebbian learnig : Donald Hebb

https://www.sciencedirect.com/science/article/pii/S0896627307007775 2022.7.25
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https://www.youtube.com/watch?v=S8L3_1FuOwU



Phantom Limbs, _;_:;_;_;__f___:f_f’r e
Neuroprosthetics, and the W“ﬁﬁtﬁfiﬁﬁfﬁ
Developmental Origins of o ——
—mbodiment SJL‘;fjjjj;j;jjjjjjj;jjjjjj:‘?jjjjiiii:iig;i;iiiii

Mark S. Blumberg'#®** and James C. Dooley'®

Trends in Neurosciences, October 2017, Vol. 40, No. 10

EREDODHEMESIC L D KMEEDE i)JE’ZE.‘FE L

- BIRMICIEKRREDEFEEIHIZFEAERSNT, YTTL—b
[C&SENFEHIEHIE > TWS
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NEURODEVELOPMENT

Transient cortical circuits match spontaneous and
sensory-driven activity during development

Zoltan Molnar*, Heiko J. Luhmann¥*, Patrick O. Kanold*

H77L—bDnetworkZRkiE— 21 —OYOBEHREHICEDFEESZHh. RE
k. RERRER. RERARY N7—JERO7L—L7—9 &85,

BI77L— kD SKBRENDBITICRKIEDO SOREANDBHE

9 months (at birth)

Gestation (weeks) BIRTH Infancy

(free text)

The first 5 years: Starting early
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Hebbian learnifiy : Donald Hebb

Neurons fire together wire together

At Birth 6 Years Old

Georgina Nutton,
The First 5 Years: Starting Early.

on the Northern Territory Early childhood plan.

Topical paper commissioned for the public consultat ions
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"File:Somatic Nervous System Image.svg" by Isa.tomanelli is licensed under CC BY-SA 4.0



https://commons.wikimedia.org/w/index.php?curid=40535419
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https://creativecommons.org/licenses/by-sa/4.0?ref=ccsearch&atype=rich
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"Healthy adult human brain viewed from behind,
tractography" is licensed under CC BY 4.0

"Neurological connections" by National Institutes of Health
(NIH) is licensed under CC BY-NC 2.0

Youtube creative commons: Functional Brain Networks Mediated by Oscillatory Neural Coupling
https://www.youtube.com/watch?v=0CpYdSN_kts&t=199s


https://wellcomecollection.org/works/rdsavdpk
https://wellcomecollection.org/works/rdsavdpk
http://creativecommons.org/licenses/by/4.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/132318516@N08/33187445962
https://www.flickr.com/photos/132318516@N08
https://www.flickr.com/photos/132318516@N08
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich

eye-hand coordination
(sensory motor coupling)

"Eye-Hand Coordination in "Buddha Nightmare" by randomwire is licensed under CC
Action" by jeff.snodgrassis licensed under CC  BY-NC-SA 2.0
BY-NC 2.0



https://www.flickr.com/photos/13928569@N00/2055920279
https://www.flickr.com/photos/13928569@N00/2055920279
https://www.flickr.com/photos/13928569@N00
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/61683005@N00/5597482767
https://www.flickr.com/photos/61683005@N00
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich

eye-hand coordinationiCI3t&E TILEE L REED BEb S

LGN: Later s periculate
Nucleus
Vi: Primasy Visad Cormex

The Intersection between Ocular and Manual Motor Control: Eye-Hand

Free PMC articlecoordination in Acquired Brain Injury.
Rizzo JR, Hosseini M, Wong EA, Mackey WE, Fung JK, Ahdoot E, Rucker JC, Raghavan P, Landy MS,

Hudson TE.
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Functional
Neuroanatomy
for Posture and
Gait Control
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Slow movement:

E M DHRRICHEITEIRER - BHENIFHROIGE - NIRMFRHEIC
it UTERESNDEE

Fast movement:
%g  EHINERDIGE - WIBFHRE D SRHMICHET S

20—=XRI—70RBREEBEIRS Tldfast
movementic A TELRL

Fuzzy neuronal model of motor control inspired by cerebellar pathways to
online and gradually learn inverse biomechanical functions in the presence
of delay.

Salimi-Badr A, et al. Biol Cybern. 2017 Dec;111(5-6):421-438.
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Oddball paradigm for mismatch negativity evaluation

)
Boom
The Mismatch Negativity (MMN)
Responses Subtraction wave
Deviant MMN
MMN P/ Standard / (l))‘
27 pVv 27UV
‘ 400 ms 00 ms *))
Llena
2 2

Source: adapted from Kujala & Néatanen, Neuroscience and
Biobehavioural Reviews, 2001

=)

Potential (uV)

0 160 2(I)0 300 460 5(I)0
Time after stimulus (ms)
N100. P300 mEWL2HhD
ERP B5 &R IEF DA


https://ja.wikipedia.org/wiki/%E8%A7%A6%E8%A6%9A
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https://ja.wikipedia.org/wiki/%E5%97%85%E8%A6%9A
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https://aboutgiantsquid.wordpress.com/2011/09/26/sperm-whale-vs—giant—squid/ 2022.7.25
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Peripersonal space & body schema

https://www.youtube.com/watch?v=iFeVnqgz5Jw
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Spatial Reference Frames
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Allocentric " Egocentric

jolycon.co.uk (http://www.jolyon.co.uk/illustrations/consciousness-a-very-short-introduction-2/ 2022.7.29) https://www.frontiersin.org/articles/10.3389/fpsyg.2016.00064/full 2022.7.29




Peri-personal space network
BABDRREBRDIRBEEIIIVITBIIVATLER >TWS
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a) ® (c) = (d)

NERVAR. WAV . Egocentric PPS
M- o | « Allocentric PPS

fore tool-use After tool-use

Frontiers in ICT doi: 10.3389/fict.2017.00031 A0
Trends in Cognitive Science DOl:https://doi.org/10.1016/].tics.2003.1:



https://doi.org/10.1016/j.tics.2003.12.008

dorsal Stream: ESlZI§

R XA

optic—ataxia—neurology—physicalexam—ophthalmology—original.mp4
video—physicalexam—clinical—-optic—ataxia—original.mp4

Wikipedia: two stream hypothesis
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Hermann von Helmholtz A ZDFEIR )
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31 August 1821 - 8 September 1894
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Bipolar Electrode

A parietal-premotor network for
movement intention and motor
awareness

Michel Desmurget™? and Angela Sirigu'?

= = =~ -
@ ‘(b) @ @
|
Lookatthe cocks hand  Nots clock's a Press Buton
he tmo o co on

the time of conscious ntention

Box 3. Forward models and motor awareness

Forward modeli3#i& S N-BRREIBERICED T ZICHIST 2 B4
BEEFTET S, CholIERREFH, SR TDfeedbackfliE, IREEHE
ER EDEFHFIEHICH T2 EAMBOERICEELTHEATH S,

“A parietal-premotor network for movement intention and motor awareness”, M. Desmurget, A. Sirgu, Trends in Cognitive Sciences, Volume 13. Issue 10, October 2009, Pages 411-419


https://www.sciencedirect.com/journal/trends-in-cognitive-sciences/vol/13/issue/10

Autonomic responses to exercise: Where is central command?
Autonomic Neuroscience: Basic and Clinical 188 (2015) 3-4

J.W. Williamson *

Insular cortex inputs 3rd Ventricle Insular cortex outputs

\ N Infralimbic corte
7 VAR Y e o
s 9 S\
= m —\ Insular cortex

?C

anticipatory input

‘ 2 \ /7 Basolateral amygdaloid
» 7 nucleus
1 feedforward
09, Qo O d:) | o amos corte - ‘ cortex
{ 1 - Central Command )= Perception of
s I8 v W
"2 A Y Effort/Exertion
locomotor cardiovascular
drive drive I feedback
: A
g -
thalamic sensory input
. 4
hpr:eralgmlc (e.9. heart, muscle, lung)
g midbrain
spinal intearation
cord i N
hedonisitic input -
& (e.9. discomfort, pain)
Parasympathetic
nerve activity T medullary
I integration psychobiological input |_|
1 (e.g. depression)
heart, lung, neurocognitive input |
skeletal muscle vasculature, (2.0 experience, ability)
baroreflexes

@G{ \ i il

Central command=an ‘effort induced modulation of autonomic function’

DMAHEDRELG EDERMEHHG“EHER"ICEL D
feedforward #l#1Z=FTWS,




NIV URY b
tﬂ%7u—ﬁﬂ$ﬁfﬁ4$&?47(meﬂmﬂ
RNYIvIY YRy b (Benjamin Libet, 1916548 12H - 2007E€7H23H) . AV 7 A ZPXKEY V7SV A AR DOERE

. Efl. AHOEM. EDDbITEHESOREEI DML D ZHKD. BRNGEHEEIDRICEAS NS ERES (readiness potential) I
DVWTDHARDEREELE UTHISND, 2003FICiE. 77— Y7 MKED HRE/ —RNILDEBEZE, 2%H,

neuroscience BIEFRER] (BEXEHRIR)

VOLUME 11 [ NUMBER 5 [ MAY 2008 “EERCIECmEHOMICESNTWVWS
Unconscious determinants of free

MHEZINEIILERTHER

decisions In the human brain O Re s R R

! GEB)AEGRBAL) — RSB
2 THHE51EERT HERME

Chun Siong Soon'?, Marcel Brass'®>, Hans-Jochen Heinze* &

John-Dylan Haynes!-? R
11&2&Y%
o | 0.35%
There has been a long controversy as to whether subjectively i B!
‘free’ decisions are determined by brain activity ahead of i BILAE

time. We found that the outcome of a decision can be encoded R (1983) (ZWED)

in brain activity of prefrontal and parietal cortex up to 10 s
before it enters awareness. This delay presumably reflects
the operation of a network of high-level control areas that
begin to prepare an upcoming decision long before it
enters awareness.
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Bottom-Up Processing

£ Karl Friston
Predictive coding model (PCM)
Dynamic causal model (DCM)

FAREDISHHDA D= ZLDBEEFILICEDHBAINTETWVS
PCMIc & D S F S FLMRDMBERFR), ERFHFEEHATES

(ex) hierarchical development of cortical areas, recurrent architectures

associative plasticity, spike timing dependent plasticity,
repetitive suppression, mismatch negativity, event related potential

Frontal cortex function derives from hierarchical predictive coding”, W. Alexander, Joshua W. Brown, 21 September 2016, bioRxiv
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tacit knowledge (BEEA%N)

Explicit knowledge:

. Data, information

e
»
)

Micheal Polyanyi
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"Getting balance" by lan@NZFlickr is licensed "thursday: piano lessons" by woodleywonderworksis

underCC BY-NC 2.0 licensed under CC BY 2.0



https://www.flickr.com/photos/73645804@N00/5373898501
https://www.flickr.com/photos/73645804@N00
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/8500742@N03/7188642779
https://www.flickr.com/photos/8500742@N03
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich

Tacit Learning (IERFY) (L& 3EEFH

NYT12IDRDIHBULBREFEZTBH5RTOWOORICHRICHTITS

"Baseball at Dodgers Stadium" by Rafael Amado Deras is
licensed under CCBY 2.0



https://www.flickr.com/photos/28050552@N03/2695161620
https://www.flickr.com/photos/28050552@N03
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
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Glenohumeral Abduction Contracture in Children
with Unresolved Neonatal Brachial Plexus Palsy

Emily A. Eismann, MS, Kevin J. Little, MD, Tal Laor, MD, and Roger Cornwall, MD

Investigation performed at the Division of Orthopaedic Surgery and Department of Radiology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio

Putti’s sign

The presence of Putti's sign is
suggestive of paradoxical contracture,

a contracture on the side of paralyzed

24 of 28 patients with persistent
shoulder weakness following BPBP
develops glenohumeral abduction
contrature.

96



Shoulder Dysfunction Associated with Brachial Plexus Birth Palsy (BPBP)

Natural history

« 65b% of cases with BPBP with imcomplete recovery
develops shoulder dysfunction
(Pondeag W. et al. Dev. Med. Child Neurol. 2004)
« Patients with ultimately full neurological recovery still

have a 30% incidence of shoulder joint contracture.
J
(Hoeksma AF. et al. J Bone Joint Surg. 2003)
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Al: Tacit Learning, WEEAHM %zt I 5 AT HIGEE

Shingo Shimoda, et al: "Bio-mimetic Approach to
Tacit Learning based on Compound Control”

IEEE Transactions on Systems, Man, and
Cybernetics-Part B, Vol. 40, No. 1, pp.77-90 (2010)

MR RTEE



H5$HTEFEIdSCEhTED Ea—V/IROKRY b

] B\ Ty — -
- '. 5 ’

\ o
-

S il RN
_ ‘\‘ y ‘ l.. -
. i |

e e —— et i | S ————— e O - -

e\

J p.

-

00000

N

-
ol Yol
= Start learnir

¥
-
—

o —




Tacit learning ICEDHIHS NS EHHEERF O

EIFEE:
EESICSIEEHN
R BRIl GiE:
tacit learningic & 3 ER

176 il 10

1’ frontiers |
1N Neurorobotics

Front Neurorobot. 2016; 10: 19. PMCID: PMC5126704
Published online 2016 Nov 29. doi: 10.3389/fnbot.2016.00019

Biomechanical Reconstruction Using the Tacit Learning
System: Intuitive Control of Prosthetic Hand Rotation

Shintaro Oyama,1'* Shingo Shimoda,2 Fady S. K. AInaiiar,2 Katsuyuki Iwatsuki,1 Minoru
Hoshiyama,3 Hirotaka Tanaka,4 and Hitoshi Hirata'
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BESENER(6 1), KB (0 2), BRIEPMAE(0 3) & 5HAIT 5 7
ST =F A — 5 — LB L ERAEET / F 2T — & —%

N T 5/ FE—X XYL 5, FiBERERAEIZ 61~ 0 3DEEH
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’V . : Opening and closing the drawer

g& : Intending to grasp the different handle

" . : Opening and closing the door

> \ . : Rotating the indicator
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Molecular and microstructural biomarkers of neuroplasticity in neurodegenerative disorders through
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Though the dominant hemisphere
was removed, with its language

centre, the child is fully bilingual in
Turkish and Dutch

View Large Image | Figure Viewer | Download (PPT)

This 7-year-old girl and a hemispherectomy at the age of 3 for Rasmussen syndrome (chronic focal encephalitis). Intractable
epilepsy had already led to right-sided hemiplegia and severe regression of language skills. Though the dominant hemisphere
was removed, with its language centres and the motor control for the left side of her body, the child is fully bilingual in Turkish
and Dutch, while even her hemiplegia has partially recovered and is only noticeable by a slight spasticity of her left arm and leg.
She leads an otherwise normal life.

“Optogenetic analysis of Caenorhabditis elegans navigation nuerons”, Wagner Steuer Costa, October 2010, Thesis for: Diplom Biochemieker
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Intrinsic Functional Connectivity of the Brain in -
Adults with a Single Cerebral Hemisphere
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Table 1. Demographic and Neurological Information for HS Participants

Case HS Etiol Onset Age HS Sex Hand Age POI VCI
HSA R RS 6y 7y E R 29 74 105
HS2 L PNS 3y 6y F L 22 95 101
HS3 L PNS 5y 8y F L 22 89 109
HS4 R RS 10y 11y M R 31 86 118
HS5 R RS 3y 4y F R 20 95 109
HS6 R CD birth 3m M R 21 72 91

CD, cortical dysplasia; HS, hemispherectomy; R, right; L, left; Etiol, etiology; RS, Rasmussen’s encephalitis; PNS, perinatal stroke; F, female; M,
male; m, month; POI, perceptual organization index; VCI, verbal comprehension index; y, years.
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Balancing Plasticity/Stability
Across Brain Development
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Abstract

The potency of the environment to shape brain function changes dramatically across the lifespan.
Neural circuits exhibit profound plasticity during early life and are later stabilized. A focus on the
cellular and molecular bases of these developmental trajectories has begun to unravel mechanisms,
which control the onset and closure of such critical periods. Two important concepts have emerged
from the study of critical periods in the visual cortex: (1) excitatory—inhibitory circuit balance is a
trigger; and (2) molecular “brakes’ limit adult plasticity. The onset of the critical period is deter-
mined by the maturation of specific GABA circuits. Targeting these circuits using pharmacological
or genetic approaches can trigger premature onset or induce a delay. These manipulations are so
powerful that animals of identical chronological age may be at the peak, before, or past their plastic
window. Thus, critical period timing per se is plastic. Conversely, one of the outcomes of normal
development is to stabilize the neural networks initially sculpted by experience. Rather than being
passively lost, the brain’s intrinsic potential for plasticity is actively dampened. This is demonstrated
by the late expression of brake-like factors, which reversibly limitexcessive circuit rewiring beyond
a critical period. Interestingly, many of these plasticity regulators are found in the extracellular mi-
lieu. Understanding why somany regulators exist, how they interact and, ultimately, how tolift them
in noninvasive ways may hold the key to novel therapies and lifelong learning.
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FIGURE 1

Mechanisms controlling onset and closure of critical periods. (A) Precocious plasticity is
prevented during the precritical period by early factors, such as polysialic acid (PSA) on
neural cell adhesion molecule (NCAM), limiting PV circuit function. Critical period onset is
triggered once factors such as Otx2, BDNF, and NARP promote PV cell maturation, leading
to an optimal ratio of excitatory and inhibitory circuit activity. This triggers a sequence of
molecular events, including second messenger molecules (CaMKII, ERK), miR-132,
CREB, protein synthesis, protease (tPA) release, and homeostatic factors (TNFa), which
ultimately induce structural changes (spine pruning, regrowth, axonal rewiring). The critical
period then closes as molecular brakes gradually emerge to dampen plasticity, including
PNNs (CSPGs), Nogo receptor (NgR)—PirB signaling, Lynx1 and epigenetic changes
(HDAC).
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Neuronal Plasticity: Beyond the Critical Period

Mark Hibener 2 Tobias Bonhoeffer 2

Neuronal plasticity in the brain is greatly enhanced
during critical periods early in life and

was long thought to be rather limited thereafter.
Studies in primary sensory areas of the

neocortex have revealed a substantial degree of
plasticity in the mature brain, too.

Often, plasticity in the adult neocortex lies dormant
but can be reactivated by

modifications of sensory input or sensory-motor
interactions, which alter the level and

pattern of activity in cortical circuits. Such
interventions, potentially in combination with

drugs targeting molecular brakes on plasticity
present in the adult brain, might help

recovery of function in the injured or diseased brain.

Figure 1

Map Plasticity in Sensory Areas of the Adult Neocortex
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Vagus nerve stimulation paired with rehabilitation for upper limb motor V N s E {#m ? 6 ! : ﬁﬁn E \i i
function after ischaemic stroke (VNS-REHAB): a randomised, blinded, b =

pivotal, device trial
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