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LETTER TO THE  EDITOR

Non-invasive brain stimulation in
athletic  competition

Estimulación cerebral no  invasiva  en
competencias atléticas

Dear  Editor,

For  professional  athletes,  three  adjectives  ---  faster,  higher,

stronger  are  corporate  with  the  spirit  of  competitive  sport.

High  demand  applied  by  trainers  on  athletes  to  increase

performance  has raised  the interest  in enhancing  perfor-

mance  using  new  approaches.  Application  of non-invasive

brain  stimulation  (NIBS)  techniques  in sports  has  become  a

popular  topic  in sport  science  based  on  observations  that

are  in  favor  of  enhancing  athletic  performance.1 NIBS tech-

niques,  such  as  transcranial  magnetic  stimulation  (TMS),

transcranial  direct  current  stimulation  (tDCS),  are  used  in

clinical  and non-clinical  setting.  These  techniques  function

through  different  mechanisms.  While  TMS  is  used to deliver

a  powerful  but  brief  electrical  current  through  an insulated

wire  coil  placed  on  the  skull  that  can  depolarize  neurons

and  thereby  trigger  action  potentials,2 tDCS  modulates  brain

excitability  through  the application  of direct  current  at  low

amplitudes  delivered  from  electrodes  that  are  placed  on  the

scalp.  Stimulation  polarity  in this technique  leads  to  a  dif-

ferent  outcome,  anodal  stimulation  increases  excitability,

while  cathodal  stimulation  decreases  it.3 It has been  pro-

posed  that  athletic physical  and  mental  performances  can

be  enhanced  by  use  of  NIBS  techniques.4 Evidence  presents

that  NIBS  could  decrease  reaction  time,  and  fatigue,  and

enhance  cognitive  function,  complex  motor  skills,  balance,

and  strength.5

Previous  studies  are  mainly  designed  to  test  NIBS  effects

on  enhancement  of  physical  and mental  performances  under

experimental  setting.  However,  real world  competition  is

normally  performed  under  social  stressors  that  are  capa-

ble  of  provoking  physiological  and psychological  responses

that  can  be  clustered  into  different  coping  patterns  under

competition.  In real world  competition,  victory  and defeat

are  often  affected  by  anxiety,  tension,  stress,  and  pres-

sure  that  can  negatively  influence  technical  and  tactical

skills.  Therefore,  simulation  of competitions  to  test  NIBS

imposes  limitations  to  identify  effects  of  these  aspects.

Hence,  it  is  important  to  consider  these  elements  while

designing  studies  to  identify  whether  NIBS  differentially

modulates  physical and  mental  function  under experimen-

tal  conditions.  Alternatively,  NIBS  can  be  applied  in real

competitions.  Currently,  this is  not a common  practice  and

literature  is  still  limited  about  enhancement  effects of  NIBS

under  real sport competitions.  Future  will  reveal  how  NIBS

might be applied  in  competitive  sport.  Future  experimental

studies  must  therefore  be designed  to  include  sham  condi-

tion  and  control  groups, while  the study  remains  blinded.

Moreover,  to  provide  a better  setting  similar  to  actual  load

of  official  competitions,  stressors  mentioned  above  and

appropriate  ways to  introduce  those into  an  experimental

setting  must  be considered.  Combined  assessments  includ-

ing physiological  (e.g.,  neuroendocrine,  immunological  and

cardiovascular  responses)  and  psychological  responses  (e.g.,

perceived  stress,  competitive  anxiety,  and  coping  strategy)

seem  necessary  in this  context  to  allow  multidimensional

assessments  that  can  lead  to  reliable  and more  accurate

interpretation  of  results.

Another  point  that  is  largely  neglected  under  exper-

imental  conditions  is  the  effect  of  time  and  number  of

applications.  Beneficial  effects  of  NIBS  might  appear  dif-

ferent  when  it is  used as  single  or  repetitive  application.

It  is  still  not  clear  whether  athletes  might  benefit  from

a  single  session  effect  or  repetitive  applications  under

non-experimental  conditions  and  real world competition.

Evidence  shows  that  single  session  effect  can  be achieved.6

Studies  also  show that  repetitive  application  of  NIBS  can

enhance  the impact  of  stimulation  and  hence  the  overall

outcome.7 There  is  still  a  lack  of information  on  safety

aspects  of  long  term  or  repetitive  use  of  NIBS  techniques,8

and  current  literature  does  not  provide  a clear  guide for

application  protocols  to  include  electrode  or  coil  placement,

stimulation  time  and  current.  Previous  studies  have  notified

differences  among  responders  while  some  are highly  respon-

sive,  others  do  not  respond well  and  this phenomenon  seems

to  be  influenced  by  athletes’  sex.9 In  addition,  synergistic

effects  of  NIBS,  along  with  other  methods,  can determine

whether  effectiveness  of  combined  application  would  alter

the  overall  outcome.

Taken  together,  current  literature  calls  for  further  inves-

tigation  to  provide  a clear  context  on  technical,  ethical,  and

regulatory  aspects  of NIBS  for  sport  competition.  Related  to

the  ethics  and  regulations  promoted  by  WADA,  NIBS is not

identified  with  a  simple  biological  test  at the present  time10

and  hence  other  techniques  might  be required  to determine
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if  sport  integrity  is  maintained  in a  sport competition  where

NIBS  are  applied.
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