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Introduction 

Calcium sulfate (CS) hemihydrate has long been 
recognized as an osteoconductive biomaterial with its 
excellent reputation as a biocompatible substance in vivo.  
With this in mind and for the purpose of this project, the 
incorporation of bioactive molecules may enhance its 
osteogenic properties.  These enhancements could 
improve CS’s ability to be developed as a drug-delivery 
vehicle, thereby enhancing treatment of bone defects.  
However, combining drugs or drug-delivery particles 
within CS may alter its mechanical properties.   

The objective of this study was to determine the 
effects of varying amounts of two drug-delivery particle 
types, hydrogel (HG) and protein-adsorbed calcium 
sulfate (PACS) particles, on CS compressive properties.  
 

Methods 
Cylindrical samples were produced for compression 

testing.  First, CS control samples were produced by 
mixing 2g of CS hemihydrate powder with 1500µL of 
deionized (DI) water.  The mixture was injected into a 
mold using a 5mL syringe.  Each mixture produced 12-14 
cylindrical samples.  The mold, when filled, could yield 
up to 46 samples with an average diameter of 4.66 mm 
and a height of about 6.70 mm.  The loaded mold was 
than placed in a 43ºC oven for 24 hrs to allow CS to set. 

CS samples with varying amounts of HGs (1% wt 
and 10% wt) were produced.  HG (MAA-EGDMA) 
nanoparticles were synthesized by methacrylic acid and 
ethyleneglycol dimethacrylate in 50:50 mol%.  They were 
then washed and dried.  A mixture of 0.02g HG, 1.98g CS 
powder and 1750µL DI water produced 2g of 1%wt HG 
slurry.  The mixture was loaded into a mold using the 
same syringe method and left to set in a 43ºC oven for 24 
hrs.  10%wt HG samples with 0.2 g HG, 1.8 g CS, and 
2000 µL DI water were also produced. 

PACS particles were prepared by pulverizing CS 
control cylinders until particles between 250 and 500 µm 
were produced. Particles were immersed in lysozyme 
solution (50 mg/mL) for 24 hours. After decanting the 
lysozyme solution, particles were washed with phosphate-
buffered saline and left to air-dry for 36 hours, ultimately 
leading to formation of PACS particles. 1%wt and 10%wt 
PACS proportions were produced using the same 
measurements as the HG solutions.   

Compression testing was done using a Bose ELF 
3300 mechanical testing system.  A sample size of 20 for 
each type was tested under load control at a rate of 1N/sec 
until failure.  Compressive modulus (M) and ultimate 
compressive strength (UCS) were calculated. 
 

Results and Discussion 
In the following figures, the data collected from each 

20 samples tested are graphically displayed showing the 
ultimate compressive stress (Fig. 1) and compressive 

elastic modulus (Fig. 2).  When compared to control CS, 
the following results were determined on a percentage 
basis.  Some similarities were seen in the UCS data 
(Figure 1).  1% HG and 1% PACS both had greater than 
94% of the strength as the unmodified controls.  This 
shows the potential for these ratios to function closely to 
CS alone.  On the other hand, both 10% HG and 10% 
PACS ratios presented stress averages less than 60%.   

Although the UCS presented some interesting 
similarities in strength among the 1%HG and 1% PACS 
samples, other mechanical properties must be considered.  
The elastic modulus for 1%HG was the only parameter 
comparable to the control at >94%; 1% PACS and both 
10% formulations showed much lower moduli (Figure 2). 

Introduction of particles into the CS matrix appears 
to be creating defects that weaken the structures.  Because 
of their inherent mechanical properties, the HG particles 
would be expected to lower the modulus as well.  The 
reduced properties for PACS particles, which effectively 
create a “self-reinforced” composite, may be related to the 
presence of protein on the surfaces of the particles, which 
affected dissolution and reprecipitation reactions needed 
for formation of CS. 
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Figure 1: USC for control and modified CS.   
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Figure 2: Compressive modulus for control and modified 
CS.   

 

Conclusion 
Modifications of CS to enable drug delivery can 

compromise the material’s mechanical properties.  This 
trade-off must be carefully considered when developing 
embellished CS forms.  Ongoing tests are measuring drug 
release profiles from samples of modified CS. 


