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Some	
  (rather	
  superficial)	
  facts	
  about	
  
the	
  human	
  brain	
  	
  

•  approx.	
  3	
  pounds	
  
•  100.000.000.000	
  neurons	
  (100	
  billion)	
  linked	
  and	
  
communicaBng	
  through	
  1000-­‐10.000	
  synapses	
  

•  60%	
  gray	
  maZer,	
  40%	
  white	
  maZer	
  
•  100.000	
  miles	
  of	
  blood	
  vessels	
  	
  
•  Generates	
  10-­‐23	
  waZs	
  of	
  electricity!	
  	
  



Ways	
  to	
  understand	
  the	
  brain…	
  

•  By	
  observaBon	
  of	
  	
  
–  Behavior	
  

•  Single	
  organisms	
  
•  Behavior	
  of	
  groups,	
  socieBes	
  etc.	
  	
  

–  Physiology	
  
•  E.g.	
  electric,	
  magneBc	
  or	
  metabolic	
  acBvity	
  	
  

•  Develop	
  a	
  “brain	
  theory”	
  that	
  allows	
  to	
  test	
  
specific	
  hypotheses	
  (i.e.	
  make	
  predicBons	
  of	
  
behavior	
  and	
  physiology	
  under	
  specific	
  
experimental	
  condiBons)	
  

•  Direct	
  manipulaBon	
  of	
  brain	
  physiology	
  (e.g.	
  
using	
  drugs,	
  brain	
  sBmulaBon)	
  	
  



Tools	
  to	
  measure	
  brain	
  acBvity	
  

Magnetoencephalography	
  (MEG)	
  

Electroencephalography	
  (EEG)	
  



Tools	
  to	
  measure	
  brain	
  acBvity	
  

Near	
  Infrared	
  Spectroscopy	
  (NIRS)	
  

Magnet	
  Resonance	
  Imaging	
  (MRI)	
  
Func%onal	
  MRI	
  	
  



Tools	
  to	
  measure	
  brain	
  acBvity	
  

ElectrocorBcography	
  (ECoG)	
  

Single	
  Spike	
  AcBvity	
  /	
  MulB	
  Unit	
  Arrays	
  	
  
(MUA)	
  	
  



Non-­‐invasive	
  brain	
  sBmulaBon	
  

Transcranial	
  direct	
  	
  
current	
  sBmulaBon	
  
(tDCS)	
  

Transcranial	
  magneBc	
  	
  
sBmulaBon	
  (TMS)	
  



Established	
  acBve	
  brain	
  implants	
  for	
  clinical	
  
applicaBons	
  



Neurotechnology	
  
•  Neurotechnology	
  is	
  defined	
  as	
  any	
  ar+ficial	
  measure	
  
or	
  method	
  that	
  aims	
  at	
  interac+ng	
  with	
  brain	
  ac+vity.	
  	
  

•  This	
  includes	
  technical	
  and	
  computa+onal	
  tools	
  that	
  
measure	
  or	
  analyze	
  chemical	
  or	
  electrical	
  neural	
  
signals	
  in	
  the	
  peripheral	
  or	
  central	
  nervous	
  system	
  
(CNS).	
  	
  

•  These	
  tools	
  can	
  be	
  used	
  to	
  characterize	
  the	
  features	
  of	
  
these	
  signals,	
  understand	
  brain	
  func+ons,	
  diagnose	
  
pathological	
  states,	
  or	
  to	
  control	
  external	
  devices	
  or	
  
computers	
  (brain-­‐machine	
  interfaces,	
  BMI).	
  	
  

•  Also,	
  to	
  interact	
  with	
  the	
  ac+vity	
  of	
  the	
  CNS	
  to	
  
modulate	
  its	
  acBvity,	
  recover	
  sensory	
  capaciBes	
  
(cochlea	
  implant)	
  or	
  change	
  pathological	
  ac+vity	
  (e.g.	
  
deep	
  brain	
  sBmulaBon	
  in	
  Parkinson‘s).	
  	
  



2013:	
  The	
  year	
  of	
  the	
  large	
  funding	
  iniBaBves	
  for	
  brain	
  
research	
  based	
  on	
  neurotechnology	
  

•  BRAIN	
  IniBaBve	
  (Brain	
  Research	
  through	
  Advancing	
  InnovaBve	
  
Neurotechnologies	
  IniBaBve)	
  –	
  USA	
  
–  The	
  BRAIN	
  iniBaBve	
  aims	
  at	
  acceleraBng	
  the	
  development	
  and	
  applicaBon	
  of	
  

new	
  technologies	
  that	
  allow	
  scienBsts	
  to	
  invesBgate	
  how	
  individual	
  cells	
  and	
  
more	
  complex	
  neural	
  networks	
  interact.	
  	
  

–  The	
  BRAIN	
  iniBaBve	
  was	
  esBmated	
  to	
  sum	
  up	
  to	
  4.5	
  billion	
  USD	
  over	
  10	
  years	
  
and	
  is	
  coordinated	
  by	
  the	
  Na+onal	
  Ins+tutes	
  of	
  Health	
  (NIH),	
  the	
  Defense	
  
Advanced	
  Research	
  Projects	
  Agency	
  (DARPA)	
  and	
  the	
  Na+onal	
  Science	
  
Founda+on	
  (NSF).	
  

•  Human	
  Brain	
  Project	
  -­‐	
  Europe	
  
–  The	
  Human	
  Brain	
  Project	
  includes	
  over	
  80	
  European	
  and	
  internaBonal	
  research	
  

insBtuBons	
  	
  aiming	
  at	
  integraBng	
  exisBng	
  knowledge	
  about	
  the	
  human	
  brain	
  to	
  
realize	
  a	
  super-­‐computer	
  based	
  simulaBon	
  of	
  the	
  brain.	
  Such	
  digital	
  brains	
  
should	
  have	
  the	
  capacity	
  to	
  simulate	
  the	
  processes	
  of	
  single	
  neurons	
  and	
  within	
  
whole	
  brains.	
  	
  

–  The	
  HBP	
  has	
  a	
  volume	
  of	
  over	
  1.3	
  billion	
  Euros	
  over	
  10	
  years.	
  	
  



Neuroscience	
  	
  
A	
  few	
  numbers	
  

•  100.000	
  publicaBons	
  per	
  year	
  
•  7	
  billion	
  USD	
  p.a.	
  worldwide	
  
•  HBP,	
  BRAIN	
  iniBaBve	
  =	
  1.6%	
  
	
  



Examples	
  of	
  recent	
  methodological	
  
innova+ons	
  to	
  invesBgate	
  and	
  simulate	
  

neural	
  acBvity	
  
Bakkum	
  et	
  al.	
  2013	
  

InnovaBves	
  Chipdesign:	
  Memristor	
  	
  



Examples	
  of	
  recent	
  methodological	
  
innova+ons	
  to	
  invesBgate	
  and	
  simulate	
  

neural	
  acBvity	
  



Neuroethics…	
  



Why	
  now?	
  –	
  	
  
Because	
  of	
  good	
  pre-­‐condiBons	
  for	
  substanBal	
  

advances	
  in	
  the	
  field	
  of	
  neuroscience	
  

•  ExponenBal	
  development	
  of	
  available	
  
computaBonal	
  capaciBes	
  

•  ApplicaBon	
  of	
  cyberneBcs/	
  
arBficial	
  intelligence	
  	
  

•  Progress	
  in	
  the	
  sensor	
  and	
  	
  
material	
  science	
  
(biocompaBbility,	
  nanotechnology)	
  



Brain-­‐Machine	
  Interfaces	
  (BMI)	
  

•  In	
  BMI,	
  electric,	
  magneBc	
  or	
  metabolic	
  brain	
  
acBvity	
  becomes	
  recorded,	
  classified	
  and	
  
translated	
  online	
  into	
  control	
  signals	
  of	
  machines	
  
allowing	
  real-­‐Bme	
  communicaBon	
  between	
  a	
  
human	
  brain	
  and	
  a	
  machine.	
  

•  Two	
  forms	
  of	
  BCI	
  can	
  be	
  disBnguished:	
  	
  
–  invasive	
  (recordings	
  are	
  made	
  from	
  within	
  the	
  skull)	
  
–  non-­‐invasive	
  (recordings	
  are	
  made	
  from	
  outside	
  the	
  
scull)	
  	
  



Invasive	
  and	
  non-­‐Invasive	
  BMI	
  



Non-­‐invasive	
  BMI	
  
•  1929	
   	
  Hans	
  Berger	
  discovers	
  the	
  EEG	
  

•  1952	
   	
  Sources	
  of	
  disBnguishable	
  oscillatory	
  brain	
  acBvity	
  become	
  
	
   	
   	
   	
  described	
  (Gestaud)	
  

•  1990ies 	
  Computer	
  allow	
  monitoring	
  of	
  oscillatory	
  brain	
  acBvity	
  and	
  
	
   	
   	
   	
  online	
  translaBon	
  into	
  control	
  signals	
  or	
  feedback	
  (BCI)	
  

•  1999	
   	
  BCI	
  based	
  on	
  SCP	
  to	
  let	
  a	
  completely	
  paralyzed	
  ALS-­‐paBent	
  
	
   	
   	
   	
  write	
  a	
  leZer	
  (Birbaumer,	
  Nature	
  1999)	
  

•  2005	
   	
  SMR-­‐based	
  MEG-­‐BCI	
  (Cohen	
  &	
  Birbaumer,	
  2007)	
  
	
   	
   	
   	
  established	
  at	
  NIH	
  	
  

• 	
  0.1	
  –	
  1Hz:	
   	
  Slow	
  corBcal	
  potenBals	
  (SCP)	
  
• 	
  3	
  –	
  7	
  Hz:	
   	
  Theta-­‐Waves	
  	
  
• 	
  8	
  –	
  15Hz:	
   	
  Sensori-­‐Motor	
  Rhythms	
  (SMR)	
  
• 	
  P300	
  



Invasive	
  BCI	
  	
  
•  1969	
  	
  Eberhard	
  Fetz:	
  “Operant	
  CondiBoning	
  of	
  
CorBcal	
  Unit	
  AcBvity“	
  (Science):	
  monkey	
  uses	
  
electrode	
  to	
  deflect	
  robo%c	
  arm	
  

•  1989	
  	
  Georgopoulos:	
  reconstrucBon	
  of	
  
movement	
  direcBon	
  from	
  single	
  neurons	
  (M1)	
  

•  1990ies:	
  Schwartz,	
  Nicolelis,	
  Donoghue	
  

Velliste	
  et	
  al.	
  Nature	
  2009	
   Donoughue	
  et	
  al.	
  Neuron	
  2008	
  Nicolelis	
  et	
  al.	
  Nat	
  Neurosc.	
  2003	
  



DARPA	
  (Defense	
  Advanced	
  Research	
  Projects	
  Agency):	
  	
  
RevoluBonizing	
  ProstheBcs	
  

• 	
  Vision	
  (2006):	
  „The	
  RevoluBonizing	
  ProstheBcs	
  program	
  will	
  create,	
  
within	
  this	
  decade,	
  a	
  fully	
  funcBonal	
  (motor	
  and	
  sensory)	
  upper	
  limb	
  
that	
  responds	
  to	
  direct	
  neural	
  control.	
  By	
  2010,	
  DSO	
  will	
  deliver	
  a	
  
prostheBc	
  for	
  clinical	
  trials	
  that	
  has	
  funcBon	
  almost	
  idenBcal	
  to	
  a	
  natural	
  
limb	
  in	
  terms	
  of	
  motor	
  control	
  and	
  dexterity,	
  sensory	
  feedback	
  
(including	
  propriocepBon),	
  weight,	
  and	
  environmental	
  resilience	
  (22	
  
degrees	
  of	
  freedom)“.	
  	
  	
  	
  

• 	
  The	
  four-­‐year	
  device	
  will	
  be	
  directly	
  controlled	
  by	
  neural	
  signals.	
  The	
  results	
  	
  
of	
  this	
  program	
  will	
  allow	
  upper	
  limb	
  amputees	
  to	
  have	
  as	
  normal	
  a	
  life	
  as	
  	
  
possible	
  despite	
  their	
  severe	
  injuries.	
  
	
  	
  
• 	
  Funds	
  spent	
  by	
  2013:	
  120.2	
  Mio.	
  USD	
  

• 	
  BoZleneck:	
  corBcal	
  control	
  of	
  the	
  orthosis	
  



1.  assisBve	
  /	
  biomimeBc	
  BCI/BMI	
  

	
  	
  

	
  
	
  
	
  	
  	
  

Soekadar,	
  Birbaumer	
  &	
  Cohen,	
  2011	
  

Two	
  major	
  properBes	
  of	
  BCI/BMI	
  



Two	
  major	
  properBes	
  of	
  BCI/BMI	
  

1.	
  brain	
  acBvity	
  that	
  is	
  associated	
  with	
  certain	
  behavior	
  
(e.g.	
  hand	
  movements)	
  can	
  be	
  idenBfied	
  and	
  used	
  to	
  
reconstruct	
  that	
  specific	
  behavior:	
  assisBve	
  /	
  
biomimeBc	
  BCI	
  
–  Problem:	
  high	
  resoluBon	
  required	
  (invasive);	
  encoding	
  not	
  
fully	
  understood;	
  recording	
  corBcal	
  acBvity	
  is	
  just	
  the	
  Bp	
  of	
  
the	
  iceberg;	
  self-­‐paced	
  mode;	
  daily-­‐life	
  robustness	
  	
  	
  

	
  
2.	
  A	
  BCI	
  can	
  induce	
  use-­‐dependent	
  neuroplasBcity:	
  	
  
	
  e.g.	
  facilitaBon	
  of	
  motor	
  recovery:	
  restoraBve	
  /	
  
biofeedback	
  BCI	
  	
  	
  	
  



Stroke	
  
• 	
  Aqer	
  stroke,	
  co-­‐ordinated	
  acBvity	
  of	
  the	
  motor	
  system	
  (motor	
  
planning,	
  sensory	
  feedback	
  and	
  integraBon	
  e.g.)	
  can	
  become	
  severly	
  
disturbed.	
  
	
  
	
  	
  
• 	
  Extensive	
  neuroplasBc	
  changes	
  on	
  synapBc,	
  neuronal	
  and	
  circuit	
  
level:	
  

• 	
   	
  new	
  synapses	
  strengthening	
  and	
  rewiring	
  (Chklovskii	
  et	
  al.	
  2004)	
  	
  
	
   	
  following	
  LTP/LTD	
  
• 	
   	
  dendriBc	
  sprouBng	
  
• 	
   	
  peri-­‐infarct	
  reorganizaBon	
  (vicarious	
  reorganizaBon,	
  Jaillard	
  et	
  al.	
  2005)	
  
• 	
   	
  change	
  of	
  acBvity	
  in	
  remote	
  corBcal	
  regions	
  (Frost	
  et	
  al.	
  2003)	
  	
  

• 	
  The	
  ability	
  to	
  desynchronize	
  the	
  affected	
  hemisphere	
  in	
  the	
  SMR-­‐
range	
  correlates	
  with	
  clinical	
  motor	
  outcome	
  aqer	
  stroke	
  (Platz	
  et	
  al.	
  2002;	
  
Tecchio	
  et	
  al.	
  2007)	
  
	
  
	
  
	
  



RaBonal	
  of	
  a	
  restoraBve/biofeedback	
  
BCI	
  in	
  stroke	
  

•  Using	
  a	
  restoraBve	
  BCI	
  follows	
  two	
  
hypotheses:	
  	
  
– by	
  inducing	
  CNS	
  plasBcity	
  that	
  produces	
  more	
  
normal	
  acBvaBon,	
  normal	
  brain	
  funcBon	
  will	
  be	
  
restored	
  

– conBngent	
  sensory	
  input	
  (reward)	
  induces	
  CNS	
  
plasBcity	
  (rewiring)	
  that	
  facilitates	
  restoraBon	
  of	
  
normal	
  motor	
  control	
  	
  



Can	
  a	
  stroke	
  paBent	
  with	
  a	
  complete	
  
paralysis	
  control	
  a	
  SMR-­‐based	
  BCI?	
  	
  

•  Buch	
  et	
  al.	
  2008	
  	
  



Preliminary:	
  Clinical	
  Outcome	
  	
  

	
  
	
  
•  A	
  67-­‐year-­‐old	
  hemiplegic	
  paBent,	
  14months	
  aqer	
  stroke	
  	
  
•  No	
  acBve	
  finger	
  extension;	
  depended	
  on	
  assistance	
  for	
  personal	
  hygiene	
  

and	
  dressing.	
  	
  
•  Could	
  not	
  drive	
  a	
  car,	
  walked	
  slowly	
  with	
  a	
  cane	
  and	
  with	
  a	
  stabilizing	
  

orthosis	
  on	
  his	
  leq	
  ankle	
  joint	
  
•  The	
  paBent	
  never	
  walked	
  over	
  uneven	
  ground	
  such	
  as	
  grass.	
  	
  
•  Used	
  a	
  wheelchair	
  for	
  all	
  distances	
  greater	
  than	
  1000	
  m.	
  	
  
•  During	
  walking,	
  spasBcity	
  brought	
  his	
  arm	
  in	
  flexion	
  in	
  front	
  of	
  the	
  trunk.	
  	
  
•  Could	
  not	
  extend	
  his	
  fingers	
  and	
  was	
  unable	
  to	
  use	
  his	
  hand	
  or	
  arm	
  for	
  

any	
  relevant	
  acBvity	
  of	
  daily	
  living.	
  Moreover,	
  the	
  paralyzed	
  arm	
  
prevented	
  him	
  from	
  standing	
  up	
  and	
  walking.	
  

	
  	
  
	
  



•  All	
  test	
  parameters	
  of	
  motor	
  funcBon	
  improved	
  substanBally	
  in	
  the	
  Bme	
  course	
  of	
  
1	
  year	
  	
  

•  Aqer	
  the	
  3	
  training	
  blocks,	
  the	
  paBent	
  was	
  able	
  to	
  extend	
  his	
  fingers	
  and	
  to	
  open	
  
his	
  affected	
  hand	
  to	
  grasp	
  (eg,	
  his	
  sBck	
  during	
  climbing	
  the	
  stairs	
  or	
  to	
  shake	
  
hands).	
  	
  

•  He	
  could	
  open	
  and	
  close	
  a	
  door	
  with	
  his	
  affected	
  hand.	
  	
  
•  The	
  arm	
  did	
  not	
  spontaneously	
  take	
  a	
  flexor	
  and	
  adducBon	
  posture	
  and	
  rarely	
  

disturbed	
  acBviBes	
  like	
  standing	
  up	
  and	
  walking.	
  	
  
•  Furthermore,	
  the	
  paBent	
  was	
  able	
  to	
  acBvely	
  relax	
  his	
  finger,	
  wrist,	
  and	
  elbow	
  

flexors.	
  
•  The	
  paBent	
  walked	
  safely	
  over	
  even	
  ground,	
  with	
  and	
  without	
  a	
  stabilizing	
  orthosis	
  

or	
  a	
  sBck.	
  	
  
•  He	
  walked	
  regularly	
  over	
  uneven	
  ground	
  for	
  distances	
  of	
  more	
  than	
  1000	
  m.	
  	
  
•  He	
  no	
  longer	
  depended	
  on	
  assistance	
  for	
  personal	
  hygiene	
  and	
  wearing	
  clothing.	
  	
  
•  In	
  addiBon	
  to	
  these	
  motor	
  task	
  improvements,	
  concentraBon	
  and	
  parBcipaBon	
  

also	
  increased,	
  demonstrated	
  by	
  his	
  ability	
  to	
  drive	
  a	
  car	
  again.	
  

Broetz	
  et	
  al.	
  2010	
  



Caria	
  et	
  al.	
  2010	
  

Caria	
  A	
  et	
  al.	
  Chronic	
  stroke	
  recovery	
  aqer	
  combined	
  BCI	
  training	
  and	
  	
  
physiotherapy.	
  Psychophysiology	
  2010	
  



Tübingen	
  clinical	
  trial	
  on	
  ipsilesional	
  BCI	
  
training	
  in	
  chronic	
  stroke	
  

PC	
  



Efficacy of combined brain-computer interface (BCI) and goal-directed 
physiotherapy in chronic stroke: a controlled double-blind study  

(BCI	
  in	
  chronic	
  stroke,	
  unpublished	
  data)	
  

C+	
   S

fMRI	
  BOLD	
  	
  
pre-­‐post	
  

Clinical	
  Scores	
  



Ipsilesional	
  brain	
  training	
  related	
  motor	
  
improvements	
  and	
  integrity	
  of	
  the	
  corBco-­‐spinal	
  

system	
  

.	
  

FMA	
  

Between	
  Groups	
  	
  
Comparison	
   MEP+	
  

**	
  
FMA	
   MEP-­‐	
  

FMA	
  

MEP+	
   MEP-­‐	
  

PRE	
   POST	
  



1	
  
1	
  
1	
  
	
  

Further	
  analysis	
  
Ø 	
  Further	
  analysis	
  invesBgaBng	
  the	
  relatedness	
  of	
  MEP	
  and	
  
motor	
  improvements	
  depending	
  on	
  different	
  feedback	
  types	
  
during	
  BCI	
  training	
  showed	
  that	
  paBents	
  with	
  no	
  detectable	
  
upper-­‐limb	
  MEP	
  receiving	
  random	
  feedback	
  during	
  BMI	
  training	
  
did	
  not	
  improve.	
  	
  

Ø 	
  MEP-­‐	
  paBents,	
  however,	
  showed	
  in	
  trend	
  for	
  improvement	
  
when	
  receiving	
  conBngent	
  BCI	
  feedback.	
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What	
  we	
  learned	
  from	
  the	
  Tübingen	
  
clinical	
  trial	
  on	
  BCI	
  in	
  stroke?	
  

•  Ipsilesional	
  brain	
  training	
  can	
  improve	
  motor	
  
recovery	
  in	
  severe	
  chronic	
  stroke.	
  	
  

•  There	
  is	
  evidence	
  that	
  improvements	
  depend	
  
on	
  corBco-­‐spinal	
  system‘s	
  integrity.	
  	
  

•  Brain	
  training	
  is	
  associated	
  with	
  laterality	
  
changes.	
  	
  

•  BMI	
  learning	
  was	
  slow.	
  Higher	
  specificity	
  of	
  
the	
  BMI	
  might	
  further	
  improve	
  clinical	
  
outcomes.	
  	
  



Summary	
  
•  The	
  coming	
  two	
  decades	
  promise	
  substan+al	
  advances	
  in	
  

neurotechnology.	
  Currently,	
  technological	
  and	
  poliBcal	
  
frameworks	
  are	
  very	
  good	
  and	
  become	
  fostered	
  by	
  large	
  
funding	
  iniBaBves	
  in	
  the	
  US	
  and	
  Europe.	
  	
  

•  The	
  development	
  of	
  real-­‐+me	
  systems	
  that	
  allow	
  
idenBficaBon	
  of	
  brain	
  acBvity	
  related	
  to	
  specific	
  behavior	
  at	
  
high	
  temporal	
  and	
  spaBal	
  resoluBon	
  plays	
  an	
  important	
  
role	
  and	
  might	
  become	
  the	
  basis	
  of	
  novel	
  diagnos+c	
  and	
  
therapeu+c	
  brain-­‐machine	
  interfaces	
  (BMI).	
  	
  

•  BMI	
  technology	
  might	
  help	
  to	
  answer	
  very	
  fundamental	
  
research	
  ques+ons	
  about	
  the	
  nature	
  of	
  the	
  brain,	
  while	
  
equally	
  important	
  in	
  clinical	
  applica+ons,	
  e.g.	
  treatment	
  of	
  
stroke,	
  depression	
  and	
  demenBa.	
  	
  

•  The	
  advancements	
  in	
  neurotechnology	
  require	
  a	
  broad	
  
societal	
  discourse	
  and	
  discussion	
  about	
  globally	
  accepted	
  
“neuro”-­‐ethical	
  standards.	
  	
  



Future	
  steps:	
  
•  TranslaBon	
  of	
  clinical-­‐based	
  BMI	
  training	
  and	
  brain	
  

sBmulaBon	
  to	
  home	
  environments	
  
•  Merging	
  assis+ve	
  and	
  rehabilita+ve	
  BMI	
  in	
  invasive	
  and	
  non-­‐

invasive	
  BMI	
  
•  ImplementaBon	
  of	
  new	
  techniques	
  to	
  accelerate	
  research	
  

results	
  into	
  clinical	
  applicaBon	
  (e.g.	
  miniaturizaBon,	
  using	
  
available	
  plaworms,	
  such	
  as	
  smartphones	
  etc.,	
  new	
  sensor	
  
technology,	
  e.g.	
  solid-­‐gel	
  electrodes	
  or	
  opBc	
  atomic	
  
magnetometers)	
  



Fragen	
  zur	
  Überleitung	
  in	
  die	
  
Diskussion	
  

•  Gibt	
  es	
  einen	
  wissenschaqlichen	
  Nachweis	
  
zentraler	
  ReorganisaBon	
  und	
  peripherer	
  
FunkBonserholung	
  im	
  Kontext	
  von	
  BMI-­‐
Gebrauch?	
  	
  

•  Gibt	
  es	
  eine	
  Methode,	
  die	
  es	
  in	
  Echtzeit	
  
erlaubt,	
  zentrale	
  AkBvierung	
  durch	
  periphere	
  
Bewegung	
  und	
  ggf.	
  SBmulaBon	
  
nachzuweisen?	
  



Thanks	
  for	
  your	
  aZenBon!	
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