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The	
   correlaFon	
   between	
   structural	
   and	
   funcFonal	
   connecFviFes	
   is	
   not	
   constant.	
   One	
  
example	
  of	
  this	
  dynamical	
  connecFvity	
  and	
  its	
  corresponding	
  power	
  spectrum	
  is	
  shown	
  
below:	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure1:	
   Results	
   for	
   Subject	
   7	
   and	
   window	
  width	
   =	
   6	
   TR.	
   (A)	
   RelaFve	
   correlaFon	
   (Rc)	
  
between	
   SC	
   and	
   FC	
   computed	
   following	
   the	
   methods	
   presented	
   in	
   Fig.	
   3D	
   and	
  
normalized	
  by	
  the	
  staFc	
  correlaFon	
  obtained	
  with	
  the	
  classical	
  staFc	
  approach	
  (Fig.	
  3C).	
  
(B)	
  Power	
  spectrum	
  of	
  Rc	
  from	
  which	
  the	
  average	
  spectral	
  content	
  Fm	
  is	
  computed.	
  	
  

Ques6ons:	
  

① Which	
  markers	
  can	
  we	
  use	
  to	
  characterize	
  these	
  curves	
  ?	
  

② What	
  is	
  the	
  impact	
  of	
  the	
  window	
  width	
  ?	
  

③ Are	
  the	
  fluctuaFons	
  observed	
  in	
  Fig.1A	
  significant	
  (i.e.	
  due	
  to	
  neuronal	
  dynamics)	
  ?	
  

è We	
   showed	
   that	
   the	
   fluctuaFons	
   are	
   significant	
   provided	
   that	
   the	
  window	
  width	
   is	
  
chosen	
   in	
   a	
   range	
   that	
   both	
   allows	
   to	
   capture	
   the	
   neuronal	
   dynamics	
   and	
   reliably	
  
es3mate	
  the	
  func3onal	
  connec3vity:	
  

Figure	
  2:	
  (A)	
  EsFmaFon	
  of	
  the	
  significance	
  region	
  based	
  on	
  Fm	
  and	
  (B)	
  its	
  interpretaFon	
  
as	
  a	
  tradeoff	
  between	
  esFmaFng	
  funcFonal	
  connecFvity	
  and	
  capturing	
  its	
  dynamics.	
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The	
  link	
  between	
  resFng-­‐state	
  funcFonal	
  connecFvity	
  (FC),	
  measured	
  by	
  the	
  correlaFons	
  
of	
   the	
   fMRI	
   BOLD	
   Fme	
   courses,	
   and	
   structural	
   connecFvity	
   (SC)	
   has	
   been	
   repeatedly	
  
invesFgated	
   recently	
   (1).	
   Meanwhile,	
   the	
   importance	
   of	
   considering	
   the	
   dynamics	
   of	
  
neuronal	
  processes	
  has	
  also	
  been	
  highlighted	
  (2).	
  In	
  this	
  work	
  we	
  show	
  how	
  the	
  classical	
  
staFc	
   (i.e.	
   considered	
   as	
   constant)	
   relaFonship	
   between	
   SC	
   and	
   FC	
   could	
   be	
   enriched	
  
when	
  the	
  FC	
  dynamics	
  are	
  taken	
  into	
  account.	
  	
  

We	
  use	
  a	
  sliding	
  window	
  approach	
  to	
  explore	
  these	
  dynamics	
  and	
  show	
  that	
  the	
  window	
  
width	
  should	
  be	
  chosen	
  in	
  a	
  parFcular	
  range	
  in	
  order	
  to	
  unveil	
  staFsFcally	
  significant	
  (i.e.	
  
not	
  due	
  to	
  noise)	
  fluctuaFons	
  of	
  the	
  FC-­‐SC	
  correlaFon.	
  	
  

Assessing	
  dynamical	
  correlaFons	
  between	
  funcFonal	
  and	
  structural	
  brain	
  connecFvity	
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Data	
  was	
  collected	
  from	
  14	
  healthy	
  volunteers	
  in	
  resFng	
  state	
  with	
  TR=2	
  sec.	
  To	
  explore	
  
the	
  FC-­‐SC	
  correlaFon	
  dynamics	
  we	
  repeated	
  the	
  computaFon	
  of	
  FC	
  for	
  m-­‐w+1	
  windows	
  
of	
  the	
  fMRI	
  Fme	
  series	
  (Fig.	
  3B)	
  where	
  m	
  is	
  the	
  number	
  of	
  volumes	
  and	
  w	
  is	
  the	
  window	
  
width	
  (e.g.	
  (3)).	
  The	
  difference	
  with	
  the	
  classical	
  staFc	
  approach	
  is	
  represented	
  below:	
  

 

 

 

 

 

 

 

 

 

Figure	
   3:	
   Comparison	
   between	
   the	
   staFc	
   and	
   the	
   dynamic	
   analysis	
   of	
   the	
   correlaFon	
  
between	
  SC	
  and	
  FC.	
  (A)	
  FC	
  is	
  computed	
  using	
  the	
  whole	
  fMRI	
  Fme	
  courses.	
  (B)	
  FCs	
  are	
  
computed	
  in	
  windows	
  of	
  the	
  fMRI	
  Fme	
  courses	
  that	
  are	
  slided	
  over	
  the	
  whole	
  fMRI	
  Fme	
  
courses.	
   (C)	
  Classical	
  staFc	
  correlaFon	
  between	
  SC	
  and	
  FC,	
  as	
  computed	
   in	
  e.g.	
   (4).	
   (D)	
  
Time	
  evolving	
  correlaFon	
  between	
  SC	
  and	
  FC	
  as	
  used	
  here.	
  

Answers	
  to	
  the	
  ques6ons	
  

①  In	
   order	
   to	
   characterize	
   dynamics	
   observed	
   in	
   the	
   Rc	
   curves,	
   we	
   used	
   the	
  mean	
  
frequency	
  Fm	
  contained	
  in	
  these	
  curves,	
  computed	
  as	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  

②  The	
  curves	
  obtained	
  with	
  various	
  values	
  of	
  window	
  width	
  w	
  are	
  represented	
  in	
  Fig.	
  
4A.	
  We	
  observe	
  that	
  the	
  windowing	
  acts	
  as	
  a	
  low-­‐pass	
  filter,	
  with	
  a	
  cutoff	
  frequency	
  
that	
  decreases	
  when	
  w	
  increases.	
  

	
  

③  In	
   order	
   to	
   disentangle	
   neuronal	
   dynamics	
   from	
   noise	
   we	
   did	
   the	
   same	
  
computaFons	
  as	
  in	
  Fig.	
  4A	
  but	
  with	
  random	
  permutaFons	
  of	
  the	
  fMRI	
  volumes	
  (Fig.	
  
4B).	
  Doing	
  so	
  leaves	
  the	
  overall	
  correlaFon	
  unchanged	
  whereas	
  the	
  evoluFon	
  of	
  Rc	
  
is	
   totally	
   rearranged.	
   In	
   the	
  example	
  of	
   Fig.	
   4	
  we	
   can	
  observe	
   that	
   the	
  disFncFon	
  
between	
  the	
  ordered	
  and	
  the	
  resampled	
  cases	
  based	
  on	
  Fm	
  is	
  more	
  pronounced	
  for	
  
w=13	
  TR	
  than	
  for	
  w=4	
  TR	
  or	
  w=50	
  TR.	
  To	
  test	
  the	
  staFsFcal	
  difference	
  at	
  the	
  group	
  
level	
   between	
   the	
   two	
   configuraFons	
   we	
   compared	
   Fm	
   in	
   both	
   cases	
   for	
   all	
   the	
  
subjects	
  and	
  window	
  widths.	
  The	
  results	
  are	
  shown	
  in	
  Fig.	
  2A	
  and	
  we	
  can	
  observe	
  a	
  
peak	
  of	
  staFsFcal	
  significance	
  around	
  w=20	
  TR.	
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Figure	
  4:	
  Effect	
  of	
  window	
  width	
  and	
  comparison	
  between	
  starFng	
  from	
  ordered	
  (A)	
  and	
  
permuted	
  (B)	
  fMRI	
  Fme	
  series.	
  

We	
  showed	
  that	
  there	
  are	
  significant	
  dynamics	
  of	
  the	
  FC-­‐SC	
  correlates	
  which	
  could	
  be	
  helpful	
  to	
  refine	
  the	
  current	
  models	
  based	
  on	
  a	
  staFc	
  FC-­‐SC	
  relaFonship	
  (1,4).	
  
	
  

  è There	
  is	
  informaFon	
  contained	
  in	
  the	
  fMRI	
  Fme	
  series	
  dynamics	
  	
  
   è The	
  window	
  width	
  should	
  be	
  chosen	
  carefully:	
  sufficiently	
  large	
  to	
  reliably	
  esFmate	
  FC	
  but	
  sufficiently	
  small	
  to	
  capture	
  its	
  dynamics	
  	
  
    è Possible	
  interpretaFons	
  of	
  these	
  fluctuaFons	
  such	
  as	
  mind-­‐wandering	
  should	
  be	
  further	
  explored	
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