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Statement of Purpose:  To investigate the early viability, 
adhesion and migration behavior of gingival osteoblast 
co-culture on surface modified titanium implants for 
dental application.  Background: Current titanium 
materials designed for periodontal implantation are tested 
in-vitro for their bone cell binding and building activity, 
however, many implants fail through gradual reduction 
and loss of the gingival tissue of the periodontinium.  
Surface modifications to existing titanium surfaces can 
improve gingival cell attachment and migration while 
maintaining bone cell viability.  Pulsed layer deposition 
of bioglass and hydroxyapatite (HAp) ceramics have been 
proposed as strong bone surface enhancers for improved 
bone and gingival implant integration, however, limited 
information is available on the co-culture environment of 
the bone to gingival margin.     
Methods:  Titanium substrates (6mm diameter for 
viability and 15mm diameter for migration assay) were 
fabricated from commercially pure grade 4 Titanium.  
Surface modifications to the titanium stock included 
magnetron sputter coatings of ZrN (Ti-Z), pulsed laser 
deposition of bioglass (Ti-Bio), and hydroxyapatite (Ti-
HAp), surface etching with sodium hydroxide at 60˚C 
(Ti-Al), or lathe machine abutment like polished (Ti-
MALP) as a control.  Samples were ethylene oxide 
sterilized for 24 hours prior to cell experiments. 
Cell culture experiments were performed using human 
fetal osteoblast (HFOB, ATCC, Manassas, VA) and 
human gingival fibroblast (HGF) cell lines. For viability 
measurements cells were seeded on samples at 1.5 x 104 
cells/sample and cultured for 24, 48, and 72 h in growth 
media consisting of Dulbecco’s modified eagle medium  
with 7% FBS, 1% PSA at 37°C with 5% CO2.  For co-
culture experiments each cell type was labeled with a 
lypophilic fluorescence membrane dye (carbocyanine 
dyes DiI, DiO, Molecular Probes, Eugene OR) before 
seeding at 2 x 103 cells/sample on one half of the titanium 
discs with a stainless steel divider placed between the 
cells for the first 12 hours (migration assay) as shown in 
Fig. 1a.  Both labeled cell types were also mixed at time 
of seeding and applied to a second set of samples (mixed 
co-culture assay), as shown in Fig. 1b.   

   
Fig. 1.  Lypophilic staining of gingival-osteoblast co-
culture migration with divider removed (a) and mixed co-
culture (b) Hfob = green, HGF = red. 
 
Live/dead cell staining was performed using two color 
fluorescence of intracellular esterase activity by calcein 

AM for viable cells and EthD-1 binding to nucleic acids 
of compromised cells to quantify cytotoxicity.  Statistical 
analysis by ANOVA with Tukey pair-wise comparisons 
was performed for all groups at each time point with 
significant differences identified as p<0.05. 
Results and Discussion:  
Cell viability showed consistency across all samples as 
compared to Ti-Malp with reduced values on Ti-Al and 
Ti-HAp from day 1-3 as shown in figure 2, P<0.05.   
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Fig. 2.  Cell viability by calcein-AM esterase activity, n=4 
(2 independent experiments). 
 
Cytotoxicity levels were elevated on Ti-Z and Ti-Al 
samples with significantly reduced values on Ti-Malp and 
Ti-HA, p<0.05.  Both migration assays indicated 
enhanced binding of gingival over osteoblast cells on Ti-
Al and Ti-HA surfaces from time of loading to day 3 as 
shown in Figure 3 with normalization to Ti-Malp. 
Migration assays also showed early stabilization of the 
gingival-osteoblast layer on Ti-HAp, Ti-Bio, Ti-Al as 
compared to Ti-Z and Ti-Malp surfaces.   
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Fig. 3.  Binding ratio of HGF to HFOB cells on Ti 
substrates, n=4 (2 independent experiments). 
 
Conclusions:  Traditional titanium implants are among 
the best material choice for periodontal application.  
Recent surface modifications such as HAp and bioglass 
have demonstrated improved bone formation 
characteristics but as reported herein also improved the 
capture of the gingival tissue adjacent to bone in a co-
culture migration model for improved bone to gingival 
stability.     
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