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Statement of Purpose: Nanocrystalline diamond (NCD) 
has good in vitro and in vivo biocompatibility properties 
[1]. In addition to its superior anti-wear properties and 
chemical stability, NCD has a great potential in serving as 
a better bone-implant interface. Due to such promises, 
understanding bone cell interactions with NCD has 
become a critical issue. Specifically, bone cell 
interactions with NCD have not been systematically 
investigated to date. Moreover, surface properties of NCD 
that affect bone cell responses have not been elucidated. 
Therefore, the purpose of the present study was to 
uncover possible surface properties of NCD that affect 
bone cell functions (from adhesion to synthesis of a 
mineralized extracellular matrix) and elucidate the 
mechanisms behind such responses.   
Methods: NCD films were deposited on polished silicon 
by microwave enhanced plasma chemical-vapor 
deposition. NCD with nanosized grains (ND) and NCD 
with submicron grains  (SMCD) were characterized by 
scanning electron microscopy (SEM), atomic force 
microscopy (AFM), Raman spectroscopy and water 
contact angle measurements. ND was post-treated with H2
plasma (NDH) to obtain similar surface chemistry and 
hydrophobicity properties as SMCD but different 
topographies. Osteoblast (bone forming cell, OB) 
adhesion and proliferation on ND, NDH and SMCD were 
tested by counting adherent cells after culturing OB 
(CRL-11372, ATCC, population number 10~13, seeding 
density of 3500 cells/cm2) on diamond films, silicon and 
borosilicate glass (BG) in Dulbecco’s Modified Eagle’s 
Media (DMEM) supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin (P/S) for 
different time periods from 4h up to 5 days. OB 
attachment and its filopodia extensions on diamond films 
were also studied by SEM. OB differentiation on diamond 
films was assessed through various biomarkers including 
intracellular protein synthesis, alkaline phosphatase 
(ALP) activity and extracellular calcium deposition. OB 
were seeded on substrates at a density of 100,000 
cells/cm2 and cultured in DMEM supplemented with 10% 
FBS, 1% P/S, 50 �g/ml L-ascorbate and 10 mM �-
glycerophosphate for up to 21 days. These biomarkers 
were measured spectrophotometrically by using 
commercially available kits.  
Results: SEM and AFM results indicated different 
topographies of ND and NDH compared to SMCD. ND 
and NDH consisted of spherical grains with sizes <100 
nm while SMCD revealed faceted grains with sizes 
100~600 nm. Raman spectra confirmed NDH and SMCD 
had almost the identical surface chemistry. OB adhesion 
and proliferation tests revealed enhanced cell responses 
on ND and NDH compared to SMCD, indicating that 
NCD with grain sizes <100nm promoted OB short-term 
responses. Since ND and NDH had identical topographies 
but different hydrophobicity properties, differences in OB 
adhesion and proliferation on ND and NDH suggested 

that diamond surface energy could play an important role 
in mediating OB short-term responses. NDH and SMCD 
were selected for OB long-term assays as they possessed 
similar chemistry and hydrophobicity properties but had 
varied topographies. OB intracellular protein synthesis, 
ALP activity and extracellular calcium deposition 
revealed up-regulation of OB differentiation on NDH 
compared to SMCD after all the time periods tested here. 
Figure 1 showed the ALP activity results.    

Figure 1. OB ALP activity on NDH, SMCD, Si and BG. 
Data=mean±SEM, n=9, *p<0.01. 

In order to understand the differences in OB responses on 
NDH compared to SMCD, OB morphology and filopodia 
extensions on two diamond films were quantitatively 
studied by SEM. Results found that OB on NDH spread 
much better than those on SMCD. Observation of OB 
filopodia revealed parallel and radial extensions on NDH 
while they were converged and restricted on SMCD 
(Figure 2). These results indicated a topography-mediated 
mechanism behind the observed different OB responses 
towards NDH and SMCD.  

Figure 2. OB filopodia extensions on NDH (a) and SMCD 
(b), arrows indicate converged extensions of filopodia. 

Conclusions: The results of the present in vitro study 
demonstrated enhanced OB functions on NCD with grain 
sizes <100 nm compared to NCD with grain sizes of 
100~600nm from 4 hrs up to 21 days of culture. Surface 
hydrophobicity of NCD played an important role in OB 
short-term functions and surface topography which may 
have attributed more to OB long-term functions. The 
result that OB functions can be controlled by altering 
NCD surface properties, together with the superior 
inherent properties of NCD, provide one promising 
approach to design orthopedic implants with better 
performance and prolonged lifetimes. 
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