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Introduction:  Calcium phosphate cements that set to 
form brushite are promising bone repair materials because 
of their superior resorbability in vivo.  The conventional 
approach to preparing brushite cements has been to use β-
tricalcium phosphate (β-TCP) as the base component, and 
to mix it with an acidic phosphate solution (e.g. dissolved 
monocalcium phosphate monohydrate (MCPM), 
phosphoric acid).  However, it has also been shown that 
hydroxyapatite (HA) can be used in place of β-TCP, 
which may offer better control over the cement setting 
reaction [1].  Importantly, HA can be precipitated with 
non-stoichiometric Ca/P ratios as low as 1.3 [1], which is 
lower than that of β-TCP (Ca/P = 1.5).  Thus, since an 
acidic phosphate solution is needed to reduce the Ca/P 
ratio to that of brushite (Ca/P = 1.0), precipitated HA may 
be advantageous for reducing the acidity of the cement 
during setting [1].  Despite the potential advantages of 
using HA during cement preparation, the degradation 
characteristics of cements prepared with HA-based 
formulations have not been characterized.  Thus, the 
objective of this study was to address this gap using an in 
vitro degradation model. 
 

Methods: Brushite cements were prepared using both HA 
and β-TCP as the base components.  HA-based cements 
were prepared using MCPM:HA molar ratios of 4:1, 
4:1.5, 4:2, and 4:3.  β-TCP-based cements were prepared 
using MCPM:β-TCP molar ratios of 1:1, 1:1.5, 1:2, and 
1:3.  The liquid component of the cements was a 100 mM 
sodium citrate solution.  HA-based cements were 
prepared with a P/L of 1.0.  Due to differences in water 
consumption during the setting reaction, β-TCP-based 
cements were prepared with a P/L of 0.97.  To evaluate 
the degradation properties of the cements, cylindrical 
specimens were statically soaked in phosphate buffered 
saline (PBS, pH ≈ 7.4) at 37°C using an immersion liquid 
to cement volume ratio of about 65.  Changes in the pH of 
the PBS, cement specimen mass, and composition were 
evaluated at 2, 4, 6, 8, 10, 12, and 14 days.  Composition 
was evaluated by x-ray diffraction analysis.  
 

Results/Discussion: As expected, pH and cement 
specimen mass were found to gradually decrease and then 
level off.  However, the decreases were much greater for 
the cements prepared with HA.  Mass losses for the β-
TCP-based cements were in the range of 2-5%, whereas 
mass loss for the HA-based cements was about 20%.  
Similarly, the pH for the β-TCP based cements was 
around 6.7, whereas pH was in the range of 5.25-6.0 for 
the HA-based cements (Figure 1).  Collectively, these 
data show increased brushite dissolution in the HA-based 
cements. This result is indicative of conversion of 
brushite to HA, since HA formation would remove 
calcium ions from the solution and facilitate increased 

brushite dissolution.  Conversion of brushite to HA in the 
HA-based cements was confirmed by x-ray diffraction, as 
cements prepared with 4:1 MCPM:HA initially consisted 
of pure brushite, but contained a small amount of HA 
after 14 days of degradation.  Interestingly, the 4:1.5, 4:2, 
and 4:3 MCPM:HA groups initially consisted of 
brushite/HA mixtures, but contained predominantly HA 
after 14 days (Figure 2).  This result suggests that the 
presence of excess HA in the cement accelerates the 
conversion, and explains why the pH drop and mass loss 
were lower for the 4:1 MCPM:HA group.  HA formation 
was not noted in the β-TCP-based cements.   

Figure 1.  Change in pH During Degradation. 
 

 
Figure 2.  Conversion of brushite (+) to HA (x) after 14 
days in cements prepared with 4:1.5 MCPM:HA. 
 

Conclusions:  This study is the first to evaluate the 
degradation properties of brushite cements prepared with 
an HA-based formulation.  Our results show that 
conversion of brushite to HA occurs much more rapidly 
in these cements than in β-TCP-based cements, and that 
excess HA accelerates this conversion.  Since HA 
formation is undesirable because it limits resorbability, 
our findings could have significant implications for the 
clinical utility of brushite cements prepared with HA-
based formulations.   
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