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Ra1onale:	  

�  Bisphenol-‐A	  (BPA)	  is	  suspected	  to	  be	  an	  endocrine	  disrupter	  (resembling	  Estrogen	  hormone)	  
�  Current	  polymeric	  dental	  materials	  are	  based	  on	  BPA	  deriva=ves,	  e.g.	  Bisphenol-‐A	  Diglycidylether	  
Methacrylate	  (Bis-‐GMA)	  which	  may	  leach	  out	  unreacted	  monomers	  and	  its	  degrada=on	  products	  

�  The	  growing	  interna=onal	  concern	  regarding	  the	  presence	  of	  BPA	  in	  commercial	  products	  has	  led	  to	  many	  
studies	  of	  its	  effect	  on	  human	  health	  

�  However,	  this	  topic	  is	  s=ll	  controversial	  because	  regulators	  think	  that	  the	  methods	  used	  in	  many	  of	  those	  
studies	  haven’t	  been	  fully	  validated	  
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Objec1ves:	  

�  To	  evaluate	  Bisphenol-‐A	  free	  alterna=ves	  for	  poten=al	  use	  in	  dental	  polymer-‐based	  materials:	  
¡  Use	  of	  synthe=c	  commercial	  oligomers	  

¡  Newly	  synthesized	  monomers	  from	  renewable	  resources	  

Introduc1on:	  

�  Dental	  restora=ons	  
¡  Repair	  a	  damaged	  tooth	  
	  

�  The	  dental	  restora=ve	  system	  
¡  Resin	  (BPA	  free)	  
¡  Ini=ators	  
¡  Fillers	  
¡  Coupling	  agents	  (Resin	  -‐	  Filler)	  
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Fig. 3 – The chronological development of the state of the art of dental composite formulations based on filler particle
modifications.

The “microfill composites were polishable but generally
weak due to their relatively low filler content, and a com-
promise was needed to produce adequate strength with
enhanced polishability and esthetics. Therefore, the particle
size of the conventional composites was reduced through
further grinding to produce what was ultimately called
“small particle hybrid” composites. These were further dis-
tinguished as “midifills,” with average particle sizes slightly
greater than 1 !m but also containing a portion of the 40
nm-sized fumed silica “microfillers.” Further refinements
in the particle size through enhanced milling and grinding
techniques resulted in composites with particles that were
sub-micron, typically averaging about 0.4–1.0 !m, which
initially were called “minifills” [12] and ultimately came
to be referred to as “microhybrids.” These materials are
generally considered to be universal composites as they
can be used for most anterior and posterior applications
based on their combination of strength and polishability. The
most recent innovation has been the development of the
“nanofill” composites, containing only nanoscale particles.
Most manufacturers have modified the formulations of their
microhybrids to include more nanoparticles, and possibly
pre-polymerized resin fillers, similar to those found in the
microfill composites, and have named this group “nanohy-
brids.” In general, it is difficult to distinguish nanohybrids
from microhybrids. Their properties, such as flexure strength
and modulus, tend to be similar, with the nanohybrids as
a group being in the lower range of the microhybrids, and
both being greater than microfills [13,14]. While some have
shown evidence for reduced stability during water storage
for nano-hybrid or nano-fill composites vs. microhybrids [15],
others have shown an opposite trend [16] or fairly similar
susceptibility to aging [17]. It has been suggested that the
slightly lower properties of some nanohybrid composites may

be due to the incorporation of pre-polymerized resin fillers
[18]. Regarding clinical evaluations, two recent studies over
2 and 4 years, respectively, showed similar excellent results
in class II cavities for a nanofill vs. a microhybrid [19] and
nanohybrid vs. a microhybrid, with slight evidence for better
marginal integrity for the micro-hybrid in the latter study [20].

2.2. Composition of current composites

The state of the art of the composition of dental compos-
ites has been changing rapidly in the past few years. The
nanofill and nanohybrid materials represent the state of the
art in terms of filler formulation [1,2]. Comprehensive elec-
tron microscopy and elemental analysis has been performed
on many current composites to verify the significant differ-
ences in filler composition, particle size and shape [21]. New
options for reinforcing fillers generally have focused on nano-
sized materials and hybrid organic-inorganic fillers [1]. Years
ago, novel organically modified ceramics (ORMOCERS) were
developed [22] and have been used in commercial products.
However, significant progress has been made in the devel-
opment of new monomers for composite formulations with
reduced polymerization shrinkage or shrinkage stress, as well
as those with self-adhesive properties.

The epoxy-based silorane system used in Filtek Silorane
LS (3 M ESPE) [23], provides verified lower shrinkage than
typical dimethacrylate-based resins, likely due to the epox-
ide curing reaction that involves the opening of an oxirane
ring. This commercial composite has been shown to have
good mechanical properties [15,24]. In one clinical study,
the marginal quality of the silorane composite was shown
to be somewhat inferior to that of a nanohybrid compos-
ite [25]. Perhaps this is not surprising in that contraction
stress, and not contraction itself, is considered to be the
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o  Key	  proper=es:	  
o  Biocompa=bility	  
o  Excellent	  bonding	  to	  tooth	  structure	  
o  Endurance	  within	  the	  aggressive	  oral	  
environment	  	  

o  Dimensional	  stability	  
o  Easy	  handling	  and	  Den=st	  friendly	  
o Matching	  natural	  tooth	  color	  	  

Methods:	  

Synthe1c	  Alterna1ves:	  
�  13	  commercial	  oligomers	  produced	  by	  different	  manufacturers	  were	  studied	  as	  resins	  for	  dental	  composites:	  

¡  Ethoxylated	  (4)	  Bisphenol	  A	  Dimethacrylate	  	  
¡  Difunc=onal	  Polyester	  Acrylate	  	  
¡  Difunc=onal	  Alipha=c	  Urethane	  Acrylates	  (DAUA)	  
¡  Difunc=onal	  Alipha=c	  Urethane	  Methacrylate	  	  
¡  Difunc=onal	  Alipha=c	  Polyester	  Tri-‐Urethane	  Acrylate	  	  
¡  Urethane	  Di-‐Methacrylate	  
¡  Trifunc=onal	  Alipha=c	  Polyester	  Urethane	  Acrylate	  
¡  Isocyanurate	  
¡  Glycerol	  Dimethacrlylate	  /	  Maleate	  
¡  Urethane	  Dimethacrylate	  Elastomer	  
¡  Hexafunc=onal	  Alipha=c	  Urethane	  Acrylate	  (HAlUA)	  
¡  Hexafunc=onal	  Aroma=c	  Urethane	  Acrylate	  (HArUA)	  
Physical,	  mechanical	  and	  adhesive	  proper=es	  of	  HArUA	  ,	  HAlUA	  and	  one	  of	  the	  two	  	  tested	  DAUA	  excelled	  in	  all	  formula=ons.	  	  

Renewable	  Resource	  Monomers:	  
�  Bile	  Acid	  (Cholic	  Acid)	  

¡  Synthesis	  of	  a	  tri-‐methacrylate-‐	  monomer	  of	  cholic	  acid	  was	  carried	  out	  and	  verified	  
by	  different	  methods	  as	  methacrylated	  deriva=ve	  of	  cholic	  acid	  methyl	  ester	  (CAME)	  	  

¡  The	  cholic	  acid	  deriva=ve	  (CAME)	  were	  evaluated	  as	  Bis-‐GMA	  replacement	  
	  

	  
•  Commercially	  available	  vinyl	  macromer	  (EcoMer)	  
	  

Cholic	  Acid	   CAME	  

Tes1ng	  Methods:	  
Nuclear	  Magne=c	  Resonance	  (NMR),	  FTIR,	  DSC	  -‐	  verifica=on	  of	  the	  syntesized	  cholic	  acid	  deriva=ve;	  	  

Compressive,	  Flexural,	  Shear	  Bond	  Strength;	  Water	  Sorp=on,	  Light	  Curing	  Time	  -‐	  Degree	  of	  Conversion,	  Shrinkage,	  Flow	  Proper=es	  –	  verifica=on	  of	  composites	  and	  sealants.	  
All	  data	  was	  sta=s=cally	  analyzed	  by	  the	  analysis	  of	  variance	  (ANOVA)	  method,	  at	  a	  significance	  level	  set	  at	  p<0.005.	  

Prepara1on	  of	  Light	  Cure	  Composite	  and	  Sealant:	  
�  25	  different	  composite	  formula=ons	  based	  on	  the	  five	  different	  oligomers:	  

¡  Different	  ra=os	  of	  Resin	  /Bis-‐GMA	  /	  TEGDMA	  (11-‐21)	  	  
¡  Photoini=ator	  camphoroquinone	  (CQ)	  and	  accelerator	  ethyl-‐4-‐dimethylaminobenzoate	  (EDB)	  were	  added	  to	  the	  composite	  mixtures	  
¡  Addi=on	  of	  the	  photoini=ators	  TPO	  and	  Irgacure	  819	  to	  the	  composite	  mixtures	  was	  evaluated	  
¡  The	  Filler	  comprised	  fumed	  silica	  (Cab-‐O-‐Sil)	  and	  barium-‐aluminum-‐borosilicate	  glass	  powder	  (Dental	  Glass)	  of	  4	  different	  grinding	  sizes	  (0.4,	  1.5,	  6	  µm	  and	  180	  nm)	  (F1-‐F5)	  	  
¡  Hydroxyapa=te	  (HAp)	  addi=on	  (nanostructured	  micropar=cles	  having	  specific	  surface	  area	  >	  100	  m2/g)	  to	  the	  Filler	  mixture	  was	  evaluated	  (F6)	  

�  The	  Filler	  content	  of	  the	  composites	  comprised	  of	  3%	  untreated	  fumed	  silica	  (single	  par=cle	  size	  –	  17nm,	  aggregate	  size	  200-‐300nm)	  (Cab-‐O-‐Sil)	  and	  of	  97%	  Dental	  Glass	  having	  a	  refrac=ve	  index	  similar	  to	  the	  composite	  resin	  matrix	  
(1.53)	  and	  treated	  with	  γ-‐Methacryloxypropyl-‐tri-‐methoxy-‐Silane.	  In	  some	  formula=ons	  5%	  Dental	  Glass	  were	  replaced	  by	  5%	  hydroxyapa=te	  (HAp)	  (fine	  powder).	  Each	  formula=on	  contained	  75wt%	  of	  filler.	  

�  Light	  cure	  dental	  composite	  restora=ve	  material	  ProFil,	  (made	  by	  Silmet	  Ltd.)	  was	  used	  as	  reference.	  ProFil	  contains	  Bis-‐GMA	  and	  TEGDMA	  resins	  and	  75wt%	  glass	  filler.	  

�  3	  different	  light	  cure	  pit	  &	  fissure	  sealant	  formula=ons	  based	  on	  three	  different	  oligomers	  containing	  photoini=ator	  camphoroquinone	  (CQ)	  and	  accelerator	  ethyl-‐4-‐dimethylaminobenzoate	  (EDB).	  
�  Each	  sealant	  formula=on	  contained	  3wt%	  of	  untreated	  fumed	  silica	  (single	  par=cle	  size	  –	  17nm,	  aggregate	  size	  200-‐300nm)	  (Cab-‐O-‐Sil)	  or	  5%	  hydroxyapa=te	  (HAp)	  (fine	  powder)	  (nanostructured	  micropar=cles	  having	  specific	  surface	  area	  >	  100	  m2/g)	  

as	  a	  filler.	  
�  Light	  cure	  pit	  &	  fissure	  sealant	  Q-‐Seal,	  (made	  by	  B.J.M.	  Laboratories	  Ltd.)	  was	  used	  as	  reference.	  Q-‐Seal	  contains	  Bis-‐GMA	  and	  TEGDMA	  resins	  and	  3wt%	  filler.	  

	   Results:	  

Property	   Standard	  Requirements	   CAME	  based	  	   HArUA	  
based	  	  

HAlUA	  
based	  

DAUA	  
based	  

Biocompa=bility	   Material	  should	  show	  no	  cytotoxicity	   N/E	   N/E	   N/E	   N/E	  

Light	  curing	  =me	  @	  23oC	   Not	  more	  than	  30	  sec	   20	  sec	   20	  sec	   20	  sec	   20	  sec	  

Degree	  of	  Conversion,	  %	   Degree	  of	  conversion	  should	  reach	  at	  least	  50%	  5	  
min	  aoer	  the	  start	  of	  irradia=on	  by	  a	  visible	  light-‐
curing	  lamp	  

44	   45	   76	   40	  

Water	  sorp=on,	  µg/mm3	   Maximum	  40	  µg/mm3	   40	   23	   15	   15	  

Solubility,	  µg/mm3	   Maximum	  7.5	  µg/mm3	   14	   2	   3	   4	  

Flexural	  strength,	  MPa	   Minimum	  50	  MPa	   64	   227	   217	   178	  

Compressive	  strength,	  MPa	   Minimum	  50	  MPa	   130	   294	   220	   246	  

Radiopacity,	  %	  Al	   Minimum	  100	  %	  Al	   √	   √	   √	   √	  

Adhesion	  (SBS	  to	  etched	  bovine	  
enamel,	  MPa)	  

Minimum	  15	  MPa	  to	  etched	  enamel	  using	  a	  
bonding	  agent	  

33	   38	   36	   35	  

Volumetric	  shrinkage,	  %	   Maximum	  7	  %	   <3	   <3	   <3	   <3	  

Wear	  resistance	   Maximum	  volume	  loss	  of	  10	  µm	  per	  39,000	  3-‐
body	  wear	  cycles	  

N/E	   N/E	   N/E	   N/E	  

Handling	  propery:	  viscosity	  vs.	  
shear	  rate	  

While	  the	  viscosity	  decreases	  under	  an	  increasing	  
shear	  rate,	  once	  the	  force	  is	  removed,	  the	  
viscosity	  should	  returns	  to	  nearly	  the	  higher	  
viscosity	  

√	   √	   √	   √	  

Shade	  (color)	  stability	   Material	  should	  be	  visually	  homogeneous	  and	  
match	  the	  defined	  color	  

√	   √	   √	   √	  

Conclusions:	  
�  The	  objec=ve	  was	  to	  replace	  the	  Bis-‐GMA	  resin	  	  
�  Maintain	  its	  key	  proper=es	  
�  Changing	  as	  lisle	  as	  possible	  the	  composi=on	  (Resin/TEGDMA	  ra=os,	  ini=ators	  and	  filler)	  	  
�  The	  experimental	  results	  showed	  that	  Bis-‐GMA	  can	  be	  subs=tuted	  by	  	  

¡  Tri-‐methacrylated	  deriva=ve	  of	  cholic	  acid	  methyl	  ester	  (referred	  to	  as	  CAME)	  	  
¡  Aroma=c-‐urethane	  hexafunc=onal	  oligomer	  (HArUA)	  	  
¡  Hexafunc=onal	  Alipha=c	  Urethane	  Acrylate	  (HAlUA)	  
¡  Difunc=onal	  Alipha=c	  Urethane	  Acrylates	  (DAUA)	  
	  

Filler	  
Mixture	  
Number	  

Micron	  Par1cle	  Sizes	  	  
(wt%)	  
	  

Nano	  Par1cle	  Sizes	  	  
(wt%)	  
	  

HAp	  	  
(wt%)	  

Total	   µm/nm	  
ra1o	  

Dental	  
Glass	  
(6µm)	  

Dental	  
Glass	  

(1.5µm)	  

Dental	  
Glass	  

(0.4µm)	  

Dental	  
Glass	  

(180nm)	  

Cab-‐O-‐
Sil	  

(17	  nm)	  

HA	  
(1μm)	  

F1	   97	   0	   0	   0	   3	   0	   100	   32	  

F2	   55	   28	   0	   14	  	  
(0%	  Silane)	  

3	   0	   100	   5	  

F3	   55	   28	   0	   14	  	  
(6%	  Silane)	  

3	   0	   100	   5	  

F4	   55	   28	   0	   14	  	  
(13%	  
Silane)	  

3	   0	   100	   5	  

F5	   43.4	   32.6	   21.6	   0	   2.4	   0	   100	   41	  

F6	   41.0	   30.0	   21.6	   0	   2.4	   5.0	   100	   41	  

Fillers	  Composi=ons	  

	  

Mechanical	  Proper=es	  of	  Selected	  Oligomers	  /	  Fillers	  Light	  Cure	  
Composite	  Formula=ons	  

containing	  photoini/ator	  CQ	  and	  accelerator	  EDB	  
	  

Physical	  Proper=es	  of	  Inves=gated	  Bisphenol-‐A	  Free	  Dental	  Composites	  
	  

HArUA	  

Mixture	  
number	  

Oligomer	  
mixture	  
number	  

Oligomer	  mixture	  
descrip1on	  

Filler	  
mixture	  
number	  

Compressive	  
Strength,	  
MPa	  

Flexural	  
Strength,	  
MPa	  

11-‐F1	   11	   HArUA:TEGDMA:Bis-‐GMA	   F1	   202±18a	   189±33b	  

11-‐F2	   11	   HArUA:TEGDMA:Bis-‐GMA	   F2	   257±22a	   162±23b	  

11-‐F3	   11	   HArUA:TEGDMA:Bis-‐GMA	   F3	   236±10a	   220±21a	  

11-‐F4	   11	   HArUA:TEGDMA:Bis-‐GMA	   F4	   135±40a	   212±35a	  

11-‐F5	   11	   HArUA:TEGDMA:Bis-‐GMA	   F5	   260±21a	   239±31a	  

12-‐F1	   12	   EBAD:TEGDMA:Bis-‐GMA	   F1	   180±38b	   182±8a	  

13-‐F1	   13	   HArUA:TEGDMA=70:30	   F1	   149±29b	   177±20a	  

13-‐F5	   13	   HArUA:TEGDMA=70:30	   F5	   272±28a	   239±31a	  

14-‐F1	   14	   HArUA:TEGDMA=80:20	   F1	   167±40c	   221±14a	  

14-‐F4	   14	   HArUA:TEGDMA=80:20	   F4	   181±19a	   161±28b	  

14-‐F5	   14	   HArUA:TEGDMA=80:20	   F5	   294±21a	   227±13a	  

14-‐F6	   14	   HArUA:TEGDMA=80:20	   F6	   245±13a	   213±30b	  

15-‐F1	   15	   CAME:TEGDMA=60:40	   F1	   70±8a	   110±11a	  

15-‐F5	   15	   CAME:TEGDMA=60:40	   F5	   130±9a	   64±12b	  

16-‐F5	   16	   DAUA:TEGDMA=80:20	   F5	   246±18b	   178±15b	  

16-‐F6	   16	   DAUA:TEGDMA=80:20	   F6	   229±19c	   194±18a	  

17-‐F5	   17	   HAlUA:TEGDMA=80:20	   F5	   220±18a	   217±22a	  

17-‐F6	   17	   HAlUA:TEGDMA=80:20	   F6	   223±11a	   243±26a	  

ProFil	  
(Ref.)	   223±33a	   274±52b	  

Standard	  devia=ons	  are	  ±	  (a)	  10%,	  (b)	  15%	  and	  (c)	  20%.	  Values	  with	  the	  different	  superscript	  lesers	  (a,	  b,	  c)	  in	  the	  same	  column	  
are	  sta=s=cally	  different	  (p<0.005).	  
	  
N/E	  –	  Not	  Established	  in	  our	  laboratory.	  	  	  

Final	  Presenta1on	  /	  
Poster	  Number	  #	  930	  

Adhesive	  and	  Mechanical	  Proper=es	  of	  Selected	  Oligomers	  /	  Filler	  
Light	  Cure	  Pit	  &	  Fissure	  Sealant	  Formula=ons	  

	  
Oligomer	  /Filler	  mixture	  

descrip1on	  
Compressive	  
Strength,	  MPa	  

Flexural	  
Strength,	  
MPa	  
	  

Shear	  Bond	  Strength	  
to	  Etched	  Bovine	  
Enamel,	  Mpa	  /	  	  
Failure	  Mode	  

HArUA:TEGDMA=80:20	  /	  Cab-‐O-‐Sil	   190±36c	   200±26b	   50±6b	  /	  Cohesive	  

HArUA:TEGDMA=80:20	  /	  HAp	   228±19a	   185±14a	   54±9c	  /	  Cohesive	  

DAUA:TEGDMA=80:20	  /	  Cab-‐O-‐Sil	   154±27c	   191±37c	   42±5b	  /	  Mixed	  

DAUA:TEGDMA=80:20	  /	  HAp	   330±65c	   204±42c	   49±6a	  /	  Cohesive	  

HAlUA:TEGDMA=80:20	  /	  Cab-‐O-‐Sil	   201±28b	   228±11a	   48±6b	  /	  Cohesive	  

HAlUA:TEGDMA=80:20	  /	  HAp	   244±36b	   247±20a	   49±6b	  /	  Cohesive	  

Q-‐Seal	  (Ref.)	   191±54c	   205±33a	   45±5a	  /	  Cohesive	  
containing	  photoini/ator	  TPO	  in	  addi/on	  to	  CQ	  and	  EDB	  

14-‐F5	   14	   HArUA:TEGDMA=80:20	   F5	   238±23a	   201±35b	  

16-‐F5	   16	   DAUA:TEGDMA=80:20	   F5	   238±32b	   191±14a	  

17-‐F5	   17	   HAlUA:TEGDMA=80:20	   F5	   210±22a	   210±22a	  

containing	  photoini/ator	  Irgacure	  819	  in	  addi/on	  to	  CQ	  and	  EDB	  
14-‐F5	   14	   HArUA:TEGDMA=80:20	   F5	   227±38b	   199±13a	  

16-‐F5	   16	   DAUA:TEGDMA=80:20	   F5	   192±21a	   171±18a	  

17-‐F5	   17	   HAlUA:TEGDMA=80:20	   F5	   250±21a	   230±14a	  

Standard	  devia=ons	  are	  ±	  (a)	  10%,	  (b)	  15%	  and	  (c)	  20%.	  Values	  with	  the	  different	  
superscript	  lesers	  (a,	  b,	  c)	  in	  the	  same	  column	  are	  sta=s=cally	  different	  (p<0.005).	  


