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A	
  living	
  human	
  fetal	
  brain	
  was	
  modeled	
  as	
  a	
  2D	
  structure	
  with	
  an	
  outer	
  and	
  
inner	
  core.	
  In	
  order	
  to	
  predict	
  realis^c	
  folding	
  morphologies	
  aaer	
  instability,	
  
non-­‐linear	
   finite	
   element	
   models	
   were	
   implemented	
   to	
   present	
   crease	
  
forma^on	
   and	
   secondary	
   morphological	
   folds	
   of	
   the	
   developing	
   brain.	
   The	
  
models	
  u^lize	
  isotropic	
  growth	
  in	
  both	
  the	
  cortex	
  and	
  tumor	
  and	
  plain-­‐strain	
  
assump^on	
   with	
   neo-­‐Hookean	
   material	
   behavior.	
   Parameters	
   such	
   as	
  
expansion	
   rate	
   of	
   the	
   tumor,	
   loca^on,	
   s^ffness	
   of	
   the	
   tumor	
  material,	
   and	
  
overall	
  shape	
  of	
  the	
  brain	
  model	
  were	
  studied.	
   

Figure	
  4:	
  A	
  side	
  by	
  side	
  comparison	
  of	
  different	
  evolu^on	
  steps	
  of	
  a	
  model	
  with	
  a	
  solid	
  tumor	
  mass	
  located	
  at	
  a	
  model	
  
radius	
  of	
  0.5.	
  	
  Tumor/cortex	
  expansion	
  ra^o	
  (δt/	
  δs)	
  =	
  3.	
  Evolu^on	
  steps	
  are	
  concurrent	
  with	
  those	
  in	
  Figure	
  3. 

METHODS	
  

CONCLUSIONS 
ü  The	
   higher	
   the	
   tumor/cortex	
   growth	
   ra^o	
   and/or	
   the	
   further	
   the	
   center	
   of	
   the	
   tumor	
   is	
  

away	
   from	
   the	
   center	
   of	
   the	
   model,	
   the	
   more	
   significantly	
   the	
   tumor	
   mass	
   affects	
   the	
  
cor^cal	
  folding	
  pagern.	
  	
  

ü  The	
  s^ffness	
  of	
  the	
  tumor	
  does	
  not	
  appear	
  to	
  affect	
  the	
  cor^cal	
   folding	
  pagern	
  but	
  does	
  
change	
   the	
   shape	
   of	
   the	
   tumor	
   in	
   the	
   final	
   evolu^on	
   step.	
   If	
   the	
   tumor	
   has	
   a	
   higher	
  
s^ffness,	
  the	
  tumor	
  maintains	
  a	
  circular	
  shape	
  due	
  to	
  its	
  resistance	
  to	
  deforma^on.	
  	
  

ü  The	
   tumor	
   has	
   a	
   similar	
   effect	
   on	
   the	
   cor^cal	
   folding	
   pagern	
   in	
   both	
   the	
   ellip^cal	
   and	
  
circular	
   models.	
   This	
   could	
   poten^ally	
   be	
   due	
   to	
   the	
   symmetry	
   of	
   the	
   model	
   and	
   the	
  
central	
  loca^on	
  of	
  the	
  tumors.	
  	
  

ü  The	
   further	
   the	
   tumor	
   is	
   from	
   the	
   center	
   of	
   the	
  model,	
   the	
  more	
   locally	
   deformed	
   the	
  
cor^cal	
  folding	
  pagern	
  is	
  in	
  the	
  area	
  closest	
  to	
  the	
  tumor.	
  	
  

RESULTS	
  AND	
  DISCUSSIONS	
  

Ø  Cor^cal	
   folding	
   is	
   an	
   integral	
   part	
   of	
   the	
   brain	
  
development	
   process.	
   It	
   has	
   been	
   alluded	
   that	
   the	
  
convoluted	
  pagerns	
  of	
  these	
  folds	
  will	
  provide	
  clues	
  
to	
  the	
  brains	
  func^onality	
  as	
  well	
  as	
  giving	
  insight	
  to	
  
certain	
  brain	
  developmental	
  disorders.	
   

Ø Numerous	
  brain	
  tumor	
  studies	
  have	
  been	
  conducted	
  
focusing	
  on	
  the	
  biological	
  effects	
  of	
  these	
  anatomical	
  
abnormali^es;	
   however,	
   the	
   purpose	
   of	
   this	
   study	
  
was	
   to	
   look	
   at	
   the	
   mechanical	
   effects	
   of	
   these	
  
tumors	
   and	
   the	
   structural	
   changes	
   that	
   occur	
   with	
  
these	
  masses	
  in	
  the	
  brain	
  during	
  the	
  cor^cal	
  folding	
  
process. 

Ø While	
   fetal	
   tumors	
   differ	
   significantly	
   from	
   each	
  
other	
   histologically,	
   they	
   affect	
   the	
   mechanical	
  
morphology	
   of	
   the	
   brain	
   similarly	
   through	
   the	
  
distor^on	
  of	
  rela^ve	
  intracranial	
  structures.	
  	
  

Ø  Some	
   common	
   anatomical	
   disturbances	
   that	
   occur	
  
with	
   congenital	
   tumors	
   include:	
   midline	
   shias2,	
  
dila^on	
   of	
   lateral	
   ventricles3,	
   compression	
   of	
  
cerebral	
  hemispheres4,	
  collapsed	
  and	
  dilated	
   lateral	
  
ventricles5,	
   and	
   complete	
   replacement	
   of	
  
intracranial	
  contents2.	
  	
  

INTRODUCTION	
  

Figure	
   2:	
   Immature	
   teratoma	
  
presented	
   in	
   a	
   newborn	
   depicts	
   a	
  
large,	
   mul^nodular	
   mass	
   structure	
  
displacing	
   normal	
   intracranial	
  
contents.1	
  	
  

Evolu^on	
  Step	
  
1	
   2	
   3	
   4	
  

(a)	
  

1	
  

2	
  

3	
  

4	
  

Tu
m
or
/C
or
te
x	
  
Gr
ow

th
	
  R
a^

o	
  
(δ
t/
  δ
s) 

 

Tu
m
or
/C
or
te
x	
  
Gr
ow

th
	
  R
a^

o	
  
(δ
t/
  δ
s) 

 

(b)	
  

(c)	
   (d)	
  

Figure	
   7:	
   Effects	
   of	
   tumor/cortex	
   growth	
   ra^o	
   (δt/   δs)	
   on	
   cor^cal	
   folding	
  with	
   four	
   different	
   tumor	
   loca^ons:	
   (a)	
   Tumor	
  
center	
  located	
  at	
  model	
  radius	
  0.2;	
  (b)	
  Tumor	
  center	
  located	
  at	
  model	
  radius	
  0.5;	
  (c)	
  Tumor	
  center	
  located	
  at	
  model	
  radius	
  
0.89;	
   (d)	
  Tumor	
  center	
   located	
  at	
  model	
   radius	
  0.95.	
  Simula^ons	
  were	
  performed	
  with	
  cortex/core	
  geometric	
   ra^o:	
  0.95	
  
and	
  cortex/core	
  s^ffness	
  ra^o:	
  1.	
  	
  

(a)	
   (b)	
  

(c)	
   (d)	
  

Figure	
  8:	
  (a)	
  Average	
  wavelengths	
  (widths)	
  of	
  cor^cal	
  folds	
   in	
  models	
  with	
  tumors	
  at	
  different	
   loca^ons	
  based	
  on	
  tumor/
cortex	
  growth	
   ra^o.	
  Respec^ve	
   trendlines	
  are	
   representa^ve	
  of	
  overall	
   linear	
  pagern	
  of	
  each	
  group	
  of	
  data	
  and	
  are	
  not	
  
intended	
  to	
  serve	
  as	
  an	
  exact	
  fit	
   for	
  each	
  respec^ve	
  curve.	
  Measurements	
  were	
  taken	
  from	
  the	
  base	
  of	
  each	
  end	
  of	
   the	
  
folds	
  as	
  depicted	
  in	
  (c);	
  (b)	
  average	
  amplitudes	
  (heights)	
  of	
  cor^cal	
  folds	
  in	
  models	
  with	
  tumors	
  at	
  different	
  loca^ons	
  based	
  
on	
  tumor/cortex	
  growth	
  ra^o.	
  Respec^ve	
  trendlines	
  are	
  representa^ve	
  of	
  overall	
  linear	
  pagern	
  of	
  each	
  group	
  of	
  data	
  and	
  
are	
  not	
  intended	
  to	
  serve	
  as	
  an	
  exact	
  fir	
  for	
  each	
  respec^ve	
  curve.	
  Measurements	
  were	
  taken	
  from	
  inner	
  height	
  to	
  interior	
  
end	
  of	
  fold	
  as	
  depicted	
  in	
  (d).	
  	
  

(a)	
   (b)	
   (c)	
  

Figure	
  9:	
  Shape	
  of	
  tumor	
  at	
  the	
  	
  final	
  evolu^on	
  step	
  with	
  
different	
   tumor/core	
   s^ffness	
   ra^os.	
   (a)	
   tumor/core	
  
s^ffness	
   ra^o:	
   1;	
   (b)	
   tumor/core	
   s^ffness	
   ra^o:	
   2;	
   (c)	
  
tumor/core	
  s^ffness	
  ra^o:	
  4	
  	
  

Figure	
   10:	
   Comparison	
   of	
   an	
   ellip^cal	
  model	
   (a)	
   and	
  
circular	
  model	
  (b)	
  at	
  concurrent	
  evolu^on	
  steps	
  in	
  the	
  
respec^ve	
  models.	
  	
  

(a)	
   (b)	
  

(c)	
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Figure	
  11:	
   Local	
   deforma^on	
  of	
   the	
   cor^cal	
   folding	
  pagern	
   is	
   directly	
   related	
   to	
   the	
  distance	
  of	
   the	
   tumor	
   from	
   the	
  
center	
  of	
  the	
  model.	
  (a)	
  The	
  amplitudes	
  (heights	
  as	
  described	
  in	
  Figure	
  8	
  (d))	
  of	
  the	
  folds	
  of	
  a	
  model	
  with	
  a	
  tumor	
  whose	
  
center	
  is	
   located	
  at	
  model	
  radius	
  0.2;	
  (b)	
  the	
  same	
  for	
  a	
  model	
  with	
  a	
  tumor	
  whose	
  center	
  is	
   located	
  at	
  model	
  radius	
  
0.95;	
   (c)	
   the	
  wave	
   lengths	
   (width	
  as	
  described	
   in	
   Figure	
  8	
   (c))	
   of	
   the	
   folds	
  of	
   a	
  model	
  with	
   a	
   tumor	
  whose	
   center	
   is	
  
located	
   at	
  model	
   radius	
   0.2;	
   (d)	
   the	
   same	
   for	
   a	
  model	
  with	
   a	
   tumor	
  whose	
   center	
   is	
   located	
   at	
  model	
   radius	
   0.95.	
  
Measurements	
  were	
  taken	
  with	
  wave	
  number	
  1	
  being	
  the	
  fold	
  directly	
  above	
  the	
  tumor	
  and	
  moving	
  clockwise	
  around	
  
the	
  model.	
  	
  

Figure	
  3:	
  A	
  side	
  by	
  side	
  comparison	
  of	
  different	
  evolu^on	
  steps	
  of	
  a	
  model	
  without	
  a	
  solid	
  tumor	
  mass. 

Figure	
  6:	
  Large	
  frontal	
  inhomogeneous	
  
mass	
  causing	
  midline	
  shia6.	
  	
  

Figure	
   5:	
   Magne^c	
   resonance	
   images	
   of	
   normal	
  
fetal	
   brain	
   development	
   at	
   27,	
   31,	
   and	
   40	
  weeks	
  
gesta^onal	
  age7.	
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Figure	
  1:	
  Cor^cal	
  folding	
  	
  
and	
  defini^on	
  of	
  gyri	
  and	
  sulci.	
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