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Prepare	
  PDMS	
  on	
  copper	
  plates	
  using	
  silicone	
  
elastomer	
   crosslinker	
   and	
   base.	
   Cut	
   holes	
   in	
  
surface	
   using	
   hollow	
   hole	
   punch	
   to	
   produce	
  
molds.	
  

Prepare	
  gela5ne	
  solu5on	
  of	
  0.5%,	
  1%,	
  2%,	
  3%,	
  
4%	
  concentra5ons.	
  

Place	
   copper	
   plates	
   with	
   gela5ne	
   on	
   metal	
  
plate	
  in	
  freezer	
  at	
  -­‐18°C.	
  	
  

Place	
  copper	
  plates	
  in	
  freeze	
  dryer	
  to	
  remove	
  
solvent	
  and	
  preserve	
  structures.	
  

Measure	
  dimen5ons	
  of	
  scaffolds	
  and	
  observe	
  
with	
  SEM.	
  

Ø Osteons	
   –	
   The	
   fundamental	
   unit	
   of	
   compact	
   bone.	
  
Concentric	
   layers	
   of	
   bone	
   5ssue	
   around	
   the	
   Haversian	
  
Canal,	
   which	
   contains	
   the	
   bone’s	
   blood	
   supplies.	
   Their	
  
dimensions	
   are	
   roughly	
   200μm	
   in	
   diameter	
   and	
   several	
  
millimeters	
  in	
  length.1	
  

	
   	
   	
  	
  
	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Ø The	
   issue	
   –	
   Insufficient	
   supplies	
   of	
   bone	
   gra\s	
   to	
   repair	
  

damaged	
   5ssue	
   has	
   s5mulated	
   ar5ficial	
   bone	
   5ssue	
  
engineering.	
  Though	
  a	
  number	
  of	
   technologies	
  have	
  been	
  
adapted	
   to	
   clinical	
   treatment,	
   regenera5on	
   of	
   large	
   bone	
  
defects	
  remains	
  difficult.	
  

Ø Past	
   research	
   –	
   The	
   prepara5on	
   of	
   aligned	
   porous	
  
gela5ne	
   scaffolds	
   by	
   using	
   direc5onal	
   freezing	
   has	
   been	
  
successful	
   but	
   the	
   pores	
   are	
   not	
   wide	
   enough	
   for	
  
apposi5onal	
  cellular	
  growth.3	
  

Ø Objec3ve	
  –	
  Scaffolds	
  with	
   large	
   ver5cal	
   channels	
   should	
  
be	
  established	
  using	
  direc5onal	
  freezing,	
  concentra5ons	
  of	
  
collagen,	
  changing	
  temperatures	
  and	
  paFerning.	
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Figure	
   1	
   –	
   Diagram	
  
showing	
  the	
  structure	
  
of	
  compact	
  bone2	
  

Effect	
  of	
  PFA	
  on	
  scaffolds	
  
Effect	
  of	
  collagen	
  

concentra5on	
  on	
  scaffolds	
  

2%
	
  c
ol
la
ge
n	
  

co
nc
en

tr
a3

on
	
  

4%
	
  c
ol
la
ge
n	
  

co
nc
en

tr
a3

on
	
  

3%
	
  c
ol
la
ge
n	
  

co
nc
en

tr
a3

on
	
  

N
o	
  
PF
A	
  

1x
PF
A	
  
1h

	
  
1x
PF
A	
  
24
h	
  

2x
PF
A	
  
24
h	
  

The	
   authors	
   would	
   like	
   to	
   thank	
   the	
   Undergraduate	
   Research	
   Opportunity	
   Program	
   (UROP)	
   as	
   well	
   as	
   the	
   Na5onal	
  
Sciences	
  and	
  Engineering	
  Research	
  Council	
  (NSERC)	
  discovery	
  grant	
  for	
  funding	
  this	
  research	
  project.	
  	
  
The	
  authors	
  would	
  like	
  to	
  acknowledge	
  Dr.	
  Sidney	
  Omelon	
  for	
  the	
  access	
  to	
  her	
  laboratory	
  equipment,	
  Dr.	
  Xudong	
  Cao	
  for	
  
the	
  access	
  to	
  his	
  freeze	
  dryer	
  and	
  Mr.	
  Glenn	
  Poirier	
  for	
  the	
  SEM	
  training	
  and	
  supervision.	
  	
  
M.T.	
  would	
  also	
  like	
  to	
  thank	
  Dr.	
  Jean-­‐Philippe	
  St-­‐Pierre	
  for	
  his	
  supervision	
  and	
  guidance	
  during	
  this	
  research	
  project.	
  	
  

Maude	
  Tremblay	
  
mtrem127@uoFawa.ca	
  
514-­‐623-­‐2561	
  

Dr.	
  Jean-­‐Philippe	
  St-­‐Pierre	
  
jean-­‐philippe.st-­‐pierre@uoFawa.ca	
  
613-­‐562-­‐5800	
  ext.	
  7896	
  

2%
	
  c
ol
la
ge
n	
  

co
nc
en

tr
a3

on
	
  H
ig
h	
  

M
ag
	
  

Ø  Volume	
   analysis	
   –	
   Lower	
   collagen	
   concentra5ons	
  
produced	
   smaller	
   sample	
   volumes	
   that	
  were	
   not	
   viable	
  
for	
   scaffolding	
   and	
   canal	
   forma5on.	
   Leakage	
   occured	
  
with	
  0.5%,	
  crea5ng	
  a	
  lower	
  average	
  volume.	
  

Ø  SEM	
   observa3ons	
   –	
  With	
   PFA,	
   the	
   mixture	
   formed	
  
clusters	
  of	
  collagen.	
  Op5mal	
  canals	
  were	
  observed	
  with	
  
2%	
   and	
   possibly	
   3%	
   collagen	
   concentra5ons.	
   Higher	
  
concentra5ons	
   formed	
   a	
   structure	
   too	
   dense	
   for	
   canal	
  
forma5on.	
   Using	
   PFA	
   created	
   clusters	
   in	
   the	
   scaffolds	
  
and	
  did	
  not	
  produce	
  aligned	
  pores.	
  

Collagen	
  samples	
  aIer	
  dry-­‐
freezing	
  

Collagen	
  in	
  PDMS	
  on	
  copper	
  
plates	
  

Conclusion	
  

Discussion	
  

Ø Effect	
   of	
   collagen	
   concentra3on	
   on	
   volume	
   –	
   The	
  
higher	
   the	
   concentra5on	
   of	
   collagen,	
   the	
   higher	
   the	
  
volume	
  of	
  the	
  scaffolds.	
  	
  

Ø Effect	
  of	
  collagen	
  concentra3on	
  on	
  pores	
  –	
  The	
  ideal	
  
concentra5on	
   was	
   2%.	
   Below	
   this	
   concentra5on,	
   the	
  
samples	
   were	
   not	
   strong	
   enough.	
   Above	
   this	
  
concentra5on,	
  the	
  samples	
  were	
  too	
  dense.	
  

Ø Effect	
  of	
  PFA	
  on	
   scaffolds	
  –	
  Contrary	
   to	
  expecta5ons,	
  
the	
   use	
   of	
   PFA	
   as	
   a	
   crosslinker	
   produced	
   clusters	
   of	
  
collagen.	
   Aligned	
   pores	
   could	
   not	
   be	
   observed	
   in	
   the	
  
samples.	
  

Ø Future	
  work	
  –	
  The	
  next	
  step	
  in	
  this	
  research	
  is	
  to	
  test	
  2%	
  
concentra5ons	
   with	
   various	
   direc5onal	
   freezing	
  	
  
temperatures	
   and	
   paFerns.	
   The	
   use	
   of	
   nanopar5cles	
   will	
  
also	
   be	
   introduced	
   to	
   create	
   a	
   scaffold	
   with	
   higher	
  
mechanical	
  proper5es.	
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