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Introduction:  Although calcium phosphate cements 
have shown promising results in non-load bearing 
applications, they have received very little interest to date 
as scaffold materials for bone tissue engineering.  
Presumably, this is due to the fact that calcium phosphate 
cements are brittle, and they are notably weaker than 
sintered calcium phosphate ceramics.  Nonetheless, 
calcium phosphate cements do offer some important 
advantages as scaffold materials.  For example, because 
cements start off as an injectable paste, they can be used 
in casting based approaches to scaffold fabrication.  Our 
lab is specifically interested in casting cements into molds 
prepared using rapid prototyping technology.  This 
approach offers precise control over the pore size, 
distribution, and interconnectivity, which is advantageous 
because these parameters are key factors that influence 
bone formation.  However, in order for calcium phosphate 
cements to become useful as scaffold materials, their 
mechanical properties must be improved by reinforcement 
with a polymeric phase.  The objective of this study was 
to show that reinforcement can be achieved by infiltrating 
the microporous structure of a pre-set calcium phosphate 
cement with a macromer solution and then curing in situ. 
 
Methods: All cements were prepared from β-tricalcium 
phosphate, monocalcium phosphate monohydrate (1:1 
molar ratio), and deionized water.  To demonstrate the 
reinforcement of a pre-set cement via infiltration followed 
by in situ polymerization, a solution of polyethylene 
glycol diacrylate (PEGDA) with 5 wt. % benzoyl 
peroxide was used to saturate cement specimens that had 
been dried under vacuum in a dessicator chamber.  The 
specimens were then placed in an oven at 80°C for 24 h 
for curing.  Cements were prepared with powder to liquid 
ratios (P/L) of 0.8, 1.0, and 1.43 in order to evaluate the 
effects of cement porosity, and PEGDA with molecular 
weights of 200, 400, and 600 was investigated. Cement 
specimens were tested in compression and three-point 
bending to determine the effects of reinforcement on the 
mechanical properties.  Finally, to demonstrate proof-of-
concept for the preparation of a polymer reinforced 3D 
calcium phosphate cement scaffold, scaffolds were 
designed using a commercial CAD software package, and 
wax molds were printed using a Solidscape T66 rapid 
prototyping machine.  Cement with a P/L of 1.0 was cast 
into the molds and allowed to set.  After de-waxing, the 
3D cement scaffolds were reinforced with PEGDA 600 as 
described above, and the mechanical properties of the 
scaffolds were evaluated in compression.  All mechanical 
testing was performed on an Instron materials testing 
machine using a loading rate of 1 mm/min. 
 
Results/Discussion: While P/L did influence the 
mechanical properties, PEG molecular weight was the 

primary factor influencing the effectiveness of 
reinforcement (Table 1).  PEGDA 600 was the most 
effective, as it drastically improved the compressive 
strength, flexural strength, and energy to fracture (tested 
in three-point bending).  PEGDA 600 also improved the 
mechanical properties of scaffolds, as it increased the 
compressive force required to fracture the scaffolds from 
15.39 ± 2.86 N to 82.90 ± 6.74 N (Figure 1).   
 
Table 1. Polymer Reinforced Calcium Phosphate 
Cements. 

 
 

 
  
 

 
 
 

Figure 1.  Polymer Reinforced Calcium Phosphate 
Cement Scaffolds.  (A) Mechanical properties of the 
scaffolds in tested in compression.  (B) Macroscopic 
image of scaffolds.  Scaffold pores were verified to be 
free of polymer following reinforcement. 
 
Conclusions:  This study demonstrates a novel method 
for the reinforcement of calcium phosphate cements.  
Rather than mixing a polymeric phase in with the cement 
during preparation, we showed that the cement can be 
prepared as normal and then reinforced via infiltration 
with a macromer followed by in situ polymerization.  
Furthermore, using PEG as a model polymer, we showed 
that this method can be applied to prepare polymer 
reinforced 3D calcium phosphate cement scaffolds via a 
rapid prototyping approach.  This finding is important, as 
it may improve the utility of calcium phosphate cements 
as scaffold materials for bone tissue engineering. 
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