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to buffer the acidic by-products, detrimental to cell viability, created 
by polymer degradation [4].  In this study, initial composite 
microsphere fabrication resulted in a 53 wt% HA particle loading (not 
shown).    The subsequent modified method of composite microsphere 
fabrication increased the HA particle loading efficiency to 87 wt% 
(Figure A).  The later microspheres were sintered at the various 
temperatures and times to form composite sintered microsphere 
matrices (Figure B). 
 While serving as a scaffold for tissue regeneration, an ideal 
construct for bone regeneration will possess similar mechanical 
properties to the natural tissue that it is replacing [3].  3D-PLAGA/HA 
microsphere matrices sintered above the polymer’s glass transition 
temperature (Tg = 50-51ºC) at 80, 85, 90, and 95°C for 2 hours and at 
105°C for 1 hour possessed mechanical properties in compression 
unsuitable for use as a bone replacement scaffold.  The scaffolds 
sintered at 100, 105, 110, 115, and 120°C were mechanically tested in 
compression (Graph 1).  The results indicated the compressive 
modului of the scaffolds was within the lower range of human 
trabecular bone (10-2000 MPa) [2] and significantly increased with an 
increase in sintering temperature or time (p<0.03).   
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Graph 1: 3D-PLAGA/HA scaffolds were tested under 
compression at the ramp speed of 1mm/min.  * denotes 

statistical significance when compared to the matrix 
sintered at 120°°°°C using Student’s t-Test. p<0.03, n=6 

 
 
 
 In addition to serving as an architectural support, an ideal bone 
replacement construct will possess a porous structure that allows for 
tissue and vascular ingrowth.  As PLAGA/HA matrices sintered below 
100°C for 2 hours or at 105°C for 1 hour showed inadequate 
mechanical properties, the porosity of these scaffolds was not 
examined.  Hulbert et al. [5] examined connective tissue, bone, and 
blood vessel ingrowth into porous ceramic scaffolds of various pore 
sizes (10 to 200 μm) implanted in canine femurs.  Their results 
demonstrated constructs with a pore size range 150-200 μm possessed 
the greatest bony tissue and vascular ingrowth and interior 
calcification and was used here as the criteria for sufficient pore size 
of the 3D-PLAGA/HA scaffolds.  Mercury intrusion porosimetry 
results, on the composite matrices sintered at 100, 105, 110, 115, and 
120°C, indicated the mean pore diameter ranged from 153-184 µm 
with no significant differences between matrices sintered at the various 
temperatures (Table I). 

Sintering Temp / Time Mean Pore Diameter (µm) 

100 ºC / 2 hours 183.88 + 21.68 
105 ºC / 2 hours 161.47 + 3.73 
105 ºC / 3 hours 146.54 + 6.38 
110 ºC / 2 hours 166.81 + 3.58 
115 ºC / 2 hours 152.82 + 8.00 
120 ºC / 2 hours 153.18 + 28.50 

 
Table I: Mercury porosimetry results demonstrated the 

mean pore diameter of the PLAGA/HA sintered microsphere 
matrices was within the optimal size range for bony tissue 
and vascular ingrowth established by Hulbert, et al.  n=6.  

 
 Although all of the PLAGA/HA microsphere matrices 
demonstrated suitable compressive moduli and mean pore diameters, 
scanning electron micrographs of the scaffolds sintered at 110, 115, 
and 120ºC for 2 hours and 105ºC for 3 hours revealed areas on the 
surface of the scaffold where the microspheres were completely 
sintered together as well as areas where the pores were maintained.  
Because uniform sintering did not occur, these scaffolds were deemed 
less suitable for tissue ingrowth.  As the composite matrix sintered at 
100ºC possessed the lowest compressive modulus, the 3D-
PLAGA/HA microsphere matrix sintered at 105ºC for 2 hours was 
selected as the optimal scaffold fabricated in this study. 
 
CONCLUSIONS 
 In this study, a composite matrix was fabricated by sintering 
PLAGA/HA microspheres at various temperatures and times.  The 
matrices were characterized using SEM, mechanically tested in 
compression, and porosimetry tested to compare the physical 
properties of the scaffolds to the properties of human trabecular bone 
sited in the literature.  Scaffolds sintered below 100ºC possessed 
insufficient mechanical properties for use as a construct for bone tissue 
engineering.  Although all scaffolds demonstrated a mean pore 
diameter within the optimal size range (150-200 µm) for bony tissue 
and vascular ingrowth [5], SEM revealed scaffolds sintered at 110 or 
120ºC for 2 hours or at 105ºC for 3 hours did not possess uniform 
sintering.  Sintering the PLAGA/HA composite microspheres at 105°C 
for 2 hours produced a matrix with a compressive mechanical strength 
within the range of human trabecular bone and pore size suitable for 
bone tissue ingrowth. 
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