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Statement of Purpose: An important factor that governs 
the success of an orthopedic implant is osseointegration1. 
Studies have shown that osteolysis lead to aseptic 
loosening of orthopedic implants resulting in revisions2. 
There is a need to understand factors that contribute to 
implant integration. Metallic biomaterials are 
electrochemically active and form a passive oxide film 
which renders the metal corrosion resistant and hence 
biocompatible. But studies have shown that during 
fretting and crevice corrosion, repassivation of the oxide 
results in a rise in fretting currents which results in a 
potential shift from its open circuit potential (OCP) to a  
more cathodic potential3,5.  Previous work from our lab 
has shown how electrochemical impedance and potential 
of metals modulate cell behavior4,5. It was found that the 
cells underwent a significant morphological change after 
24 hr between -300 mV (well spread) and -600 mV 
(balled up and decreased viability). Hence, potential of 
the implant metal plays an important role on the viability 
of the cells adjacent to the implant surface thereby 
influencing the integration of the implant to the bone. In 
this study we investigate the relationship between cell 
area, voltage and time on a finer scale. 
Methods: Ti6Al4V discs were wet polished through 240, 
320, 400 and 600 grit. Samples were sonicated for 25 
minutes, washed with 70% ethyl alcohol and UV 
sterilized for 30 minutes. The discs were placed into 
sterile custom made glass electrochemical cell culture 
chamber with electrical contacts to the Ti6Al4V disc to be 
as a working electrode and openings for graphite counter 
and chlorided silver wire reference electrodes. MC3T3-E1 
subclone 4 (ATCC, VA) pre-osteoblasts were grown in 
Alpha Minimal Essential Media (Cellgro, VA), 10% Fetal 
Bovine Serum (FBS) (Gibco), 1% Penicillin Streptomycin 
Glutamine (Gibco,NY) in a T75 flask (Corning,NY) to 
second passage and then tripisinized. 10,000 cells were 
seeded onto Ti6Al4V discs. After 20 minutes media was 
added into the electrochemical chamber. The samples 
were then held at -300 to -600 mV (n=3 for each) in steps 
of -50 mV for 24h using a potentiostat. To study time 
dependent behavior of  morphological changes, a disc was 
held at -1000 mV for 2, 4 and 6h (n=1 for each). For 
controls, cells were seeded onto Ti6Al4V discs at OCP. 
Samples were then washed with phosphate buffered saline 
(PBS) and fixed in 4% formaldehyde for 15 minutes. 
Cells on the metal samples were dehydrated using 
gradients of ethyl alcohol in PBS. Samples were then held 
at 50 mTorr for 25 min prior to sputtering with gold 
(Model Desk II, Denton Vacuum, NJ). Cells morphology 
was assessed using scanning electron microscopy (SEM) 
(Jeol JSM-5600, Tokyo, Japan). Cell areas were measured 
by assuming that the cells were ellipses. Minor and major 
axes of the cells (47 cells for each sample) were measured 
using image analysis software (Image-Pro Plus, Version 
5.1, Media Cybernetics, Inc., MD). 

Results:  

 

  
Figure 1. A.SEM micrographs cells (900X) at -300 mV, B. cells at -450 
mV (900X), C. cells at 2 h (800X), D. at 4h (1800X), E. at 6h (370X) at -
1000 mV,  F. projected cell area vs. voltage and G.  cell area vs. time. 
Discussions and Conclusions: The potential of the metal 
surface modulates cell behavior. There is a significant 
change in projected cell area at a discrete voltage (-400 
mV) below which there is retraction of the cell’s 
membrane. Cell shrinkage is dependent upon time. The 
potential of metallic orthopedic implants is an important 
factor affecting osseointegration of the implant into its 
physiological system. This study shows the behavior of 
pre-osteoblasts cultured directly on the metal surface and 
other cell types may behave differently. The results show 
that small cathodic excursions in potential (as little as -
100 mV) can significantly alter cell behavior and 
morphology when cultured on Ti6Al4V. This is likely due 
to increased cathodic currents at the surface altering 
cellular activity. The details of these effects await further 
study. We also intend to study the biochemical changes 
the cells undergo when influenced by these cathodic 
potential. 
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Voltage Observation 
-300mV Cell morphology was similar to those observed at 

OCPTi6Al4V. Nucleus was flat, oval and nucleolus could 
be distinguished (shown in Fig.1.A). 

-350mV  Cell shrinkage is observed to a lesser magnitude and 
the nucleus remains flat and oval. 

-400mV  Cells are balled up. Nucleus is no longer flat and oval. 
No nucleolus can be distinguished. 

-450mV  Cell membrane is porous.  Remnants of focal adhesions 
are seen. Cells are balled up.(Fig. 1.B) 

-500mV  Some of the cells have detached from the surface as 
remnants of their focal adhesions can be seen in 
backscatter and secondary mode of SEM imaging.  

-550mV  Similar to -500mV.  
-600mV  Cells are balled up. Disintegration of the nuclear 

membrane was observed. 
-1000 mV 
(Time 
dependence) 

2h- Cells shrinkage is observed. At 4h cell shrinkage is 
more extensive and remnants of focal adhesion are 
seen. At 6h cell shrinkage is complete (shown in Fig 
1.C, D, E and G). 
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