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Statement of Purpose: Prosthetic joint replacements are 
being used at an increasing frequency to alleviate pain 
and to promote mobility.  As with all surgical procedures, 
implantation comes with the added risk of infection 
occurring in ~1.5-2.5% of all hip and knee 
arthroplasties1.  Revision surgery may be required at an 
added cost and risk while a resulting persistent deep tissue 
infection may require amputation.  Joint prosthetic 
infections cost about $50,000 per episode and the 
associated mortality may be as high as 2.5%1.  The 
inability of antibacterial therapy to treat persistent 
infection demonstrates the need for a more advanced 
therapeutic approach.  The goal of this study was to 
explore the use of iron-oxide nanoparticles to inhibit 
bacteria and promote mammalian (such as osteoblast) cell 
functions at the site of prosthetic infection while allowing 
antibiotic delivery through magnetic interactions.  Biofilm 
targeting for this purpose could be further enhanced 
through the use of antibodies to exopolysaccharide 
polysaccharide intercellular adhesin (PIA) secreted by the 
leading bacteria strains in infection, such as 
staphylococcus (staph.) epidermis and staph. aureus, 
conjugated to nanoparticles using silane chemistry.   
Methods: Fe3O4 Synthesis was carried out by dissolving 
Fe(II) and Fe(III) at a molar ratio of 1:2 in 1M HCl.  
Nanoparticle formation occurred instantly as a black 
precipitate during the drop-wise addition of an iron 
solution into 1.5M NaOH.   
γ-Fe2O3 Synthesis used the above synthesized particles 
dissolved in oxygenated water.  The pH was adjusted to 2 
and particles were heated at 100° C for one hour.  To 
scale-up, nanoparticles were precipitated in excess 
ethanol and collected in a magnetic field.  Nano-particles 
were additionally sterilized in 100% ethanol prior to all 
cell experiments and collected by centrifugation. 
Osteoblasts (ATCC) were cultured for up to eight days in 
the presence of iron-oxide materials.  Cells were seeded 
(3500 cell/cm2) into a 96 well plate with Dulbecco’s 
Modified Eagle Medium supplemented with 10% FBS.  
Nano-particles were dispersed in phosphate buffered 
saline prior to addition to cells.  After each time point, 
cell density was assessed using an MTT assay and a 
standard curve. 
Bacteria utilized were frozen staph. epidermis stock 
cultured in Laura broth (LB) at 250 rpm for 16 hours.  
Cells were then dispersed in fresh LB and were diluted to 
an optical density of 1 at 650 nm.  Cells were then further 
diluted and seeded at 3*106 cells/well into a 96 well 
culture plate while Fe3O4 was added at various 
concentrations.  Population density was normalized and 
cell number assessed according to the McFarland Scale. 
Results: Results of the present study provided the first 
evidence that osteoblast cell density increased in the 
presence of iron oxide nanoparticles compared to no 
nanoparticles for up to 8 days2 (Figure 1).     

 
Figure 1.  Osteoblasts cultured in the presence of iron-

oxide nanoparticles.  Increased cell density was observed 
while using γ-Fe2O3.  **P values are significant at the 1% 

level compared to control values (N=3). 
Moreover, bacteria cell culture results in the presence of 
Fe3O4 for up to 48 hours indicated for the first time 
decreased cell density compared to no particles (0 mg/ml 
or control) (Figure 2)..  

 
Figure 2.  Staph. epidermis cultured cells in the presence 

of Fe3O4 for up to 48 hours.  Decreased cell density is 
apparent at 100µg/ml and 2ml/ml compared to no 

particles (0mg/ml) value. 
Conclusions: In this study, the possible minimal invasive 
treatment of orthopedic infection was examined through 
the use of magnetic iron-oxide nano-particles.  Results 
demonstrated an increased density of osteoblasts while 
using γ-Fe2O3

2.  Preliminary results also indicated the 
ability of these same iron-oxide nano-materials to act 
disruptively for bacterial growth.  These combined effects 
could provide an attractive means for the treatment of 
persistent orthopedic implant infection.  
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