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Statement of Purpose: Bone loss requiring surgical 

procedures is a major worldwide problem, with 500,000 

bone grafting procedures performed annually (Yang F. 

Chem. Eng J. 2008; 137:154-161). To better mimic the 

natural tissue properties, artificial bone grafts are usually 

composites of polymer and inorganic mineral. 

Biomimetic mineralization or incubation in simulated 

body fluid (SBF) is a common coating method because it 

mimics the way the natural tissue is mineralized, however 

it takes 2 -4 weeks. In this study, we propose that the 

highly concentrated calcium phosphate solution, similar 

to 10x SBF, can be used to rapidly mineralize the poly (D, 

L-lactide) (PDLA) electrospun scaffolds. The mineral 

deposition can be enhanced by pretreatment with NaOH 

to expose the carboxyl groups Chen J. J Biomed Mater 

Res A. 2006; 79: 307-17. The entire process was 

performed under vacuum to enhance the mineral 

formation throughout the thickness of the scaffolds. We 

also performed mineralization of PDLA scaffolds with 

pores that were produced by incorporating salt particles 

during the electrospinning process.   

Methods:  
Electrospinning: PDLA (Lakeshore Biomaterials, 

Birmingham, AL, USA) was dissolved in 75% 

tetrahydrofuran (THF)(Fisher Scientific, Pittsburgh, PA, 

USA) and 25% dimethyl formamide (DMF) )(Fisher 

Scientific, Pittsburgh, PA, USA)to 22 wt% solution. The 

PDLA scaffolds were produced via electrospinning using 

the following parameters: 20 ±3 kV, 20 cm distance, 18 

gauge needle and 5 ml/h extrusion rate onto a rotating 

drum.   PDLA salt scaffolds were produced by 

incorporating salt particles during the electrospinning 

using identical parameters. The salt is leached out to 

create pores. 

Mineralization: PDLA scaffolds were sectioned into 3x3 

cm samples. The 10X SBF solution follows the recipe 

reported by Tas et al (Tas AC. J Mater. Res. 2004; 

10:2742-2749), with final ion concentrations: Ca
2+

  

25mM, HPO4
2-

 10mM, Na
+
 1030mM, K

+
 5 mM, Mg

2+
 

5mM, Cl
-
 1065mM,and HCO3

-
 10mM )(Fisher Scientific, 

Pittsburgh, PA, USA).  The samples were incubated in a 

pressurized chamber for 2 hours, rinsed, and vacuum 

dried for 24h. Weight was recorded prior and after the 

mineralization. Pretreated samples were incubated in 0.5 

M or 0.1 M NaOH for 5 minutes in pressurized chamber, 

rinsed, and mineralized.  

Ash Weight Measurement: The samples were placed in 

the high temperature furnace at 700 °C for 24h, and 

mineral content weighted. Mineral weight percent was 

calculated as the ratio of mineral ash weight to composite 

sample weight.  

Characterization: The scaffolds were imaged using 

scanning electron microscopy (SEM). Chemical  

 

 

characterization was performed using energy dispersive 

X-ray spectroscopy (EDS).  

Results:  

Average mineral weight percentages were calculated 

using the mineral ash weights and are listed in the Table 

1. The pretreatment of the PDLA scaffolds without salt, 

resulted in increased mineral precipitation. Mineralization 

of the PDLA scaffolds with salt pores resulted in less 

mineral compared to scaffolds without salt pores. SEM 

images showed that mineral was deposited on the fibers 

preserving the scaffold nanofiber morphology and 

porosity (Figure 1, A). EDS maps of the 200µm cross-

section showed the presence of calcium throughout the 

scaffold, confirming mineral presence (Figure 1, B). 

Chemical analysis showed that Ca/P atomic ratio is 1.06, 

which corresponds to brushite, amorphous calcium 

phosphate found in bone tissue (Vallet-Regi, M. J. Chem. 

Soc., Dalton Trans. 2001: 97-108). 
Table 1: Average mineral weight in %  

Conclusions:   

We were successful in achieving mineralization of the 

electrospun PDLA scaffolds in only 2h. The mineral was 

present throughout the thickness of the scaffold, and 

deposited directly onto the microfibers, preserving the 

scaffolds’ morphology. Pretreatment with NaOH 

enhanced the mineral deposition in the scaffolds without 

salt pores. Also, we observed decrease in the mineral 

content in PDAL scaffolds without and with salt pores, 

and this could be due to residual salt particles that could 

affect the 10xSBF ion concentrations.  Overall, the 

described method can be used for rapid mineralization of 

the samples, resulting in the mineral precipitation in 

hours, compared to the current standard procedures that 

require weeks. Future work will include mechanical 

testing and cell study on the scaffolds.  
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Figure 1. SEM of PDLA no salt, pretreated. A) Mineral on the 

electrspun PDLA fibers, B) EDS map of Ca in the scaffold 

cross-section 
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