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Introduction: Bone disease is often treated by replacing 
the diseased bone using autogenous grafting or orthopedic 
implants. The process of retrieving the needed tissue for 
the graft can be painful and has a high morbidity risk 
(Boccaccini, A. et al., Compos Sci Tech. 2003; 63:2417-
2429). Orthopedic implants have limited interaction with 
the body, which may lead to the need for later 
replacement of the implant. Tissue engineering can 
provide a less traumatic and more fundamental solution to 
the current therapies utilized.  

Bioactive glasses are promising materials in tissue 
engineering applications because of their ability to form 
hydroxycarbonate apatite (HCA) in the presence of 
simulated body fluid (Cerruti, M.et al., Langmuir., 2005; 
21: 9327-9333). Bioactive glasses can also support cell 
adhesion, growth, and differentiation; this material is 
capable of inducing bone formation and concentrating 
bone morphogenic proteins in vivo  

Recent studies have had success in creating 
electrospun bioactive glass nanofibers using the sol-gel 
method (Kim, H. et. al., Adv Funct Mater., 2006; 
16:1529-1535). Efforts have been made to control the 
fiber diameter by managing the parameters of 
electrospinning (Xia, W. et al., Nanotechnology, 2007; 
18:1-7). Solution viscosity has not been used to control 
fiber diameter. 

The purpose of this study was to optimize the 
processing of bioglass nanofibers, resulting in a tighter 
distribution of fiber diameters and greater fiber uniformity 
with a reduction in beading 
Methods: The starting materials utilized in this research 
were analytical grade tetraethyl orthosilicate (TEOS), 
triethyl phosphate (TEP), calcium nitrate hydrate 
(Ca(NO3)2. H2O), hydrochloric acid (HCl), poly (vinyl) 
pyrrolidone (PVP, average molecular weight 50,000), 
ethanol and a surfactant, Pluronic P123 (BASF).  

Bioactive glass nanofibers were prepared by 
electrospinning using the sol-gel precursor. TEOS (6.7g), 
TEP (0.58g), Calcium nitrate hydrate (1.48 g), and HCl 
(1mol/L) were added to ethanol (50 ml). After mixing for 
2 hours, 5 ml of the solution was added to 1.65 ml of 
ethanol, 1g of PVP and 2, 5, and 6.5% P123 (Xia, W. et 
al., Nanotechnology, 2007; 18:1-7). The solution was 
mixed for another 2 hours, electrospun, and dried for 
24hours at 37oC. The scaffold was then calcined at 650oC 
for 5 hours. 

The nanofibers were characterized using X-Ray 
(Gamma High-Voltage Research) diffraction, Fourier 
Transfer infrared spectroscopy (FT-IR) (Nicolet 4700 
Thermo Electron Corp, USA), and scanning electron 
microscopy (SEM) (Philips SEM515, Holland) with 
electron dispersion spectrometer (EDS). Fiber diameter 
was calculated using the SEM images and image 
analyzing software. Rheometry was conducted on the sol-
gel solution (AR 2000).  

Results: The electrospinning process was used to form 
nano-fibers of bioactive glass. This process has many 
variables, including distance of the needle tip from the 
collector plate, the voltage applied, the rate at which the 
solution is forced out of the syringe, and the viscosity of 
the solution. Surfactant concentration was used to control 
polymer interactions and viscosity. Rheology data (Fig. 
1a) showed an increase in the solution viscosity with the 
addition of the surfactant. 
 Scaffolds were characterized to detect any residual 
effects of the surfactant. X-ray diffraction patterns of the 
three different surfactant concentrations show a hump due 
to the amorphous silica. All of the patterns were identical, 
implying that the structure was not compromised by the 
introduction of the surfactant. FT-IR data showed silicon-
oxygen bonding as well as silicon-calcium and calcium-
oxygen bonding. No difference was observed in the 
interaction of the functional groups with the addition of 
surfactant. SEM images display improved fiber quality 
(uniform diameter and absence of beads) with an increase 
in surfactant concentration (Figure 1b). The increase in 
viscosity coupled with the ability of the surfactant to limit 
polymeric secondary bonding led to the improved fiber 
quality. 

Figure 1. Bioactive glass nanofibers. a) Rheology data 
displaying the effect of surfactant on viscosity b) SEM 
images with 2, 5, and 6.5% surfactant concentrations 

 
Conclusions: The addition of surfactant increased 
viscosity and reduced polymeric interactions which 
improved the fiber quality of the bioglass scaffold.  

Future Work: Cell interactions with nano-fiber scaffolds 
will be addressed. 

  

    

1.000 45.00shear rate (1/s)
0.1000

1.000

vi
sc

os
ity

 (
Pa

.s
)

Bioglass : Effect of Surfactant

BG w/no surfactant
BG – 2% surfactant
BG – 5% surfactant
BG – 6.5% surfactant

1.0

0.1
1.0 45.0Shear Rate (1/s)

V
is

co
si

ty
 (P

a. s
)

2.0 micron 2.0 micron

2.0% 5.0% 6.5%

A

B


