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Diamond coatings may provide a way to strengthen the stability of the titanium abutment screw in dentistry for
improving its lifespan. Microcrystalline diamond (MCD) and nanocrystalline diamond (NCD) films were depos-
ited on Ti6Al4V (TC4) by hot-filament-assisted chemical vapor deposition (HFCVD). Themorphology and quality
of the diamond films were evaluated by SEM, AFM and Raman spectroscopy, respectively. Friction and corrosion
experiments of MCD, NCD coated and uncoated TC4 samples were conducted in artificial saliva. The results
indicate that diamond coating lowers the friction coefficient from 0.28 on TC4 to 0.2 on MCD and 0.1 on NCD.
They also promote the corrosion resistance, in which NCD films present more efficient improvements. Cell pro-
liferation (mitochondrial function, CCK-8 assay), the pattern of cell growth and cell apoptosis with L929 fibro-
blast cell culture systems proved that both MCD and NCD films provide suitable and cytotoxicity-free surfaces.
+86 731 8876692.
ing@csu.edu.cn (Z.M. Yu),
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1. Introduction

Since osseointegration theory was put forward by Branemark half a
century ago, implanting denture has evolved into the currently most
effective way to defeat dentition repair [1]. However, lots of clinical
complications and accidents come easily because of superstructure
complex and multi-component [2,3]. The most frequent complication
is component loosening, especially the screws, with reported incidence
ranging from 2% to 45% [4,5]. Without timely treatments, generation,
transmission, and abnormal distribution of stress will lead to break
the screws, implants and even osseointegration, namely implantation
failure. Therefore, to strengthen the stability of the abutment screw be-
comes a key to improve the chance of success.

Currently screws are made of titanium alloy materials, Ti6Al4V (TC4).
As known, titanium alloys are often chosen for biomedical materials, be-
cause of their unusually high corrosion resistance, high mechanical
strength, good biocompatibility and low density. However, the fatigue
embrittlement under loading and poor friction and wear behavior are
detrimental for a long-life using especially as threads. Under cyclic forces
of repeated chewing, abrasion of components will occur as a result of
small displacement among the implant, abutment screw and denture,
and repeated tightening and slacking. In addition, microbial corrosion
and electrochemical corrosion will generate by the penetration of saliva,
substances in food, decomposition and fermentation from food debris,
bacteria, gingival crevicular fluid, etc. [6]. This long-term joint effect of
wear and corrosion, will affect the suitability of the interface among the
implant, abutment screw and denture, lost the pre-load [7], and eventu-
ally lead to screw loosening or breakage. Hence, improving the surface
performances of titanium alloys is of great clinical significance. According
to the above, to avoid abutment screw loosening, the ideal surface of
thread should meet the following requirements: lower friction coeffi-
cient, greater wear resistance, stronger corrosion resistance and excellent
biocompatibility.

To date, lots of studies revealed that diamond, more specifically the
chemical vapor deposition (CVD)diamond, is as biocompatible as titani-
umand stainless steel, whichhas great biocompatibility and is frequent-
ly used in implantable devices [8–12]. On clinical applications of
dentistry, researches have been published about micro-crystalline dia-
mond (MCD) coated dental burrs [13], CVD micro/nanocrystalline
diamond (MCD/NCD) bilayer for dental tools [14] and so on. As so far
reported, diamond-coated titanium parts can overcome drawbacks of
titanium alloys due to the extreme hardness, strength, corrosion resis-
tance and low friction coefficient nature of diamond in ambient air
[15], which completely satisfies the requirement of screw's surface.
However, conventionally CVD grownMCD films exhibit a rough surface
morphology, therefore show poor friction coefficients, which are espe-
cially unfavorable for wear resistant coatings. This problem has been
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addressed by NCD film with no sharp crystal facets, but high hardness
and polycrystallinemorphology, which enable thematerial tominimize
crystallographic cleavage in applications [16]. To improve the perfor-
mance and lifespan of screws, the set of properties envisage a higher po-
tential of NCD films for biotribological purposes compared with MCD
films. Much attention has been paid to NCD films in previous studies,
particularly on implants for dentistry [17–22].

To the best of our knowledge, most of researches focused on only
biological, mechanical or corrosive aspects of the coating. There are
few literatures for comparative study ofMCD andNCD films on improv-
ing titanium abutment screws. In this work, for better component fit,
extremely thin MCD and NCD films were deposited on TC4 substrates
byHFCVD. Scanning electronmicroscopy (SEM), atomic forcemicrosco-
py (AFM) and Raman spectroscopy were employed to evaluate
morphology and quality of diamondfilms. In order to provide a compre-
hensive performance evaluation of MCD and NCD coated titanium alloy
compared with the uncoated ones, the tribological and corrosion resis-
tance tests were conducted in a simulated oral environment, instead of
in ambient air which were mostly done by many researchers, and the
biocompatibility has been assessed by cytotoxicity assessment and
flow cytometry assessment. MCD and NCD films with superior perfor-
mance are found andwould providemore possible clinical applications.

2. Experimental procedures

Ti6Al4V wafers with a diameter of 9 mm and thickness of 1 mm
were mechanically mirror polished. The substrates were corroded in
an aqueous solution of 2% HF + 2% HNO3 for 15 s then ultrasonic-
cleaned in deionized water for 10 min. After that, the etched substrates
were treated by ultrasonication in acetonewith nano-diamond powder
for 30 min and cleaned in ethanol consecutively. All the above proce-
dures were to improve the nucleation as well as the adhesion between
the diamond films and the titanium alloy substrates. The pretreatments
were done before drying and surface roughness of 28 nmwas obtained.

Diamond films were grown by using a hot-filament-assisted
chemical vapor deposition (HFCVD) reactor system designed and
manufactured by the Department of Physics at the Royal Institute of
Technology, Stockholm (Sweden). The detailed deposition parameters
are listed in Table 1.

Diamondfilmswere characterized by Raman spectroscopy (LabRAM
ARAMIS), Solver P47 AFM and FEI Sirion200 field emission scanning
electron microscopy (FE-SEM). Micro-Raman spectrometer probes
with argon excitation of 532 nm laser, power of 21 mW and a spot
size of 1 μm. The surface morphology was investigated by SEM and
AFM. The surface roughness was evaluated from the analyses of 2 ×
2 μm2 AFM images obtained in tapping mode.

The friction and wear tests were carried out by a ball-on-disk
tribometer with a chrome steel ball in artificial saliva environment. The
ball was 9.5 mm in diameter. The sliding velocity was 180 r · min−1

and the normal applied load, L, was 5 N. Diamond coated and uncoated
Ti6Al4V samples were used as disks. Friction was monitored with the
aid of a load cell andwas recorded on chart paper in a computer through-
out the tests.

Anodic polarization curve measurements were performed using a
CHI660E Apotentiostat (CH Instruments, Austin, TX) to measure the
Table 1
Deposition conditions for diamond films on Ti6Al4V substrates.

Deposition parameters MCD NCD

Gas composition (sccm)
CH4 2 4
H2 98 36
Ar N/A 60
Gas pressure (kPa) 3 2
Deposition temperature (°C) 650 600–620
Deposition time (h) 1.5 2
corrosion resistance of as-deposited diamond films and uncoated
Ti6Al4V. Double distilled ultrapure water (N18 MΩ at 25 °C) was used
for cleaning the surface and electrodes. Prior to the measure, the sam-
ples were immersed in artificial saliva for 24 h for surface stability.
Then the anodic polarization curve measurements were made in a
single-compartment glass beater with a titanium sheet counter elec-
trode and a saturated Ag/AgCl reference electrode. Artificial saliva was
used as the electrolytic solution. The glass cell was placed in a constant
temperaturewater bath and kept at 37 °C. The scan ratewas 1mV · s−1

range in 2 V.
The cell line L929, constituted by a highly proliferative population

allowing rapid screening assays, was chosen to evaluate the biocompat-
ibility of MCD and NCD coated and bare Ti6Al4V alloys. The fibroblast
cell line L929 was cultured in α-minimal essential medium (α-
MEM) containing 10% fetal bovine serum (FBS) 50 μg/ml ascorbic
acid, 50 μg/ml gentamicin and 2.5 μg/ml fungizone, at 37 °C, in a
humid atmosphere of 5% CO2 in air. For subculture, the cell monolay-
er waswashed twice with phosphate-buffered saline (PBS) and incu-
bated with trypsin-EDTA solution (0.05% trypsin, 0.5% EDTA),
resuspended in culture medium and cultured (104 cells/cm2) for
8 days in standard plastic culture plates and on the surface of the
samples of groups. The medium was changed every 2–3 days.

The proliferation behavior was measured by a cell counting kit-8
(CCK-8). Five groups were introduced to this experiment. Group A:
blank control group (standard tissue culture plates), Group B: Ti6Al4V
alloy, Group C: MCD-TC4 (Ti6Al4V alloy coated with MCD film), Group
D: NCD-TC4 (Ti6Al4V alloy coated with NCD film), and Group
E: Cu (fine copper). All the samples were fabricated to disk-shape
(diameter = 9 mm, thickness = 1 mm) and cleaned with
dehydrated alcohol and subsequently Ultra Violet (UV) sterilized
for 1 h to ensure the absence of any contamination. The cell prolifer-
ation behavior was measured by CCK-8 after the cells were cultured
on samples for 24 h, 48 h and 72 h. The optical density (OD) was then
measured at 450 nm in an Enzyme-linked Immunosorbent Assay
(ELISA) reader. The results were normalized in terms of macroscopic
area and expressed as A · cm−2.

The apoptosis of the cells was measured by Flow Cytometry (FCM)
with Annexin V-FIFC/PI double fluorescence staining. The cell was
cultured as described above. After the 5 groups of cells were inoculated
on the samples as described above for 72 h, they were collected and
washed twice with PBS and were then centrifugated. The cells were re-
suspended in a binding buffer: 5 μL of Annexin V and 5 μL of PI, and
incubated at room temperature for 10 min in the dark. The samples
were monitored by FCM and analyzed with CellQuest software.

3. Results and discussion

3.1. Characterization of diamond films

Fig. 1 shows typical top-view electron microscopy images of the as-
grown diamond films coated TC4. It can be obtained that bothMCD and
NCD films are compact, continuous, crack free and able to act as protec-
tive coatings. But their difference is clear to identify. Fig. 1(a) shows the
well faceted crystallites ofMCDfilm. The dominantmorphological char-
acteristic of NCD shown in Fig. 1(b) is the formation of agglomerates of a
cauliflower-like structure. These agglomerates are composed of nano-
meter crystallites with a fine texture, or denoted as secondary
nucleation processes [23]. It is obvious that the grain size declines
from micrometer scale (200 nm–1 μm in Fig. 1(a)) to nanometer scale
(b100 nm in Fig. 1(b)). Fig. 2 shows the AFM images of these two
samples. Surface root–mean–square (r.m.s) roughness of MCD film in
Fig. 2(a) is about 50 nmand that of NCDfilm in Fig. 2(b) is approximate-
ly 34 nm. The NCD film is smoother than MCD film. This decrease in
roughness can be directly related to the grain size decrease. Generally,
the thicker the film is, the larger the grain size is and the rougher the
surface of the diamond films in MCD is. M. Wiora etc. [16] reported



Fig. 1. FE-SEM images of a) MCD and b) NCD films deposited on Ti6Al4V substrates.
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that the NCD films, unlike MCD films, did not increase the grain size or
roughness when increasing its thickness from 1 μm to 17 μm. In this
paper, the thickness of MCD film is about 1.5 μm and of NCD film is
about 0.5 μm. The roughness of pretreated TC4 substrate is 28 nm that
indicated NCD films inherit the substrate surface morphology and
would not affect the surface roughness of thread.

Fig. 3 shows the Raman spectra of MCD and NCD films. MCD spec-
trum shows an intense peak at 1348 cm−1. Compared with typical dia-
mond peak at 1332 cm−1, the peak of MCD has a shift and partial
splitting due to the compressive stress which is calculated to be approx-
imately−7.84 GPa [24] and mainly ascribed to a difference in the ther-
mal expansion coefficients between a diamond film and TC4 substrate.
Correspondingly, the NCD spectra have a less intense and broadening
diamond peak at 1338 cm−1. The lower shift means decreased residual
stresses of calculated value of −2.94 GPa, which is beneficial for adhe-
sion between the NCD film and substrate. This broadeningwas attribut-
ed to the decrease of the grain size [25]. Spectra show other broad peaks
around 1140 cm−1, 1350 cm−1, 1480 cm−1 and 1550 cm−1 aswell. The
1140 cm−1 and 1480 cm−1 shoulders are always associated with trans-
polyacetylene, a polymeric compound formed at the grain boundaries,
which is a reliable indirect evidence of NCD exist [26]. The 1350 cm−1

and 1550 cm−1 are D peak andG peak of disordered carbon [23] coming
from sp2 bonded carbon residing at grain boundaries and their sequence
changing, respectively. The diamond grain size and Raman spectra char-
acteristics largely depend on the CH4/H2 ratio [27]. With the increase of
CH4/H2 ratio, the crystal size decreases, the grain boundaries increase
and result in the rise of amorphous carbon (sp2 C) fraction. Therefore,
the intensity of the diamond peak becomes weak, D peak becomes
strong and overlaps with the diamond peak. That means the amount
of non-diamond carbon is greater in NCD than that in MCD. Taking the
resonance Raman Effect into account, the Raman sensitivity for sp2

phase is approximately 50 times higher than sp3 phase [28]. Although
Fig. 2. AFM images of the different diamond films depo
abundant sp2 carbon has been identified, the high intensity of diamond
peak in Raman spectra indicates that as-deposited films are mainly
diamond.

3.2. Tribological properties

To simulate oral cavity conditions, the friction tests were con-
ducted in an artificial saliva environment. The variation of the fric-
tion coefficients (COF) of each specimen with the time are shown
in Fig. 4. As shown, a graph of SUB is steady since the beginning of
the test due to the polish process, while stabilized linearity of MCD
and NCD comes after a period of fluctuation. A run-in period is re-
quired for as-deposited films to reach a low steady-state value, at-
tributed to the surface roughness and the average grain size,
generating the abrasive cutting and ploughing effects to the sharp
surface asperities. After a run-in distance, the first flattened friction
coefficients of MCD and NCD decrease to a range of 0.20–0.25. After
940 s, NCD keeps reducing to 0.10–0.15. The final persistent values
of the steady friction coefficients are shown: SUB is found to be
0.28 while it reduces to 0.2 in MCD and 0.1 in NCD. On the other
hand, wear rate is another important performance indicator in the
friction test. But wear of the tested diamond films was too low to
be measured. Due to plugging, micro abrasion is possible; when the
film has higher hardness and elastic modulus compared with the
ball, the wear loss from the ball surface may be higher than diamond
film surface [29]. In consequence, specimens coated with diamond
film apparently present superior tribological properties than uncoat-
ed TC4.

Comparing MCD with NCD film, surface roughness and microstruc-
ture of the films have a significant effect on the friction and wear of
diamond films [30]. Firstly, the difference of the friction coefficient in
films is dependent on their initial roughness. In general, the higher the
sited on Ti6Al4V substrates: a) MCD; and b) NCD.

image of Fig.�2


Fig. 3. Raman spectra of the depositedMCD and NCD films (spectra have been normalized
with respect to diamond peak intensity).
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surface roughness is, the greater the friction and wear losses are [31].
Secondly, after running in, the NCD surface is almost atomically smooth
(Ra≈ 6Å), and the friction coefficient represents the pure adhesive fric-
tion component. An explanation for the low adhesive component is that
the so-called dangling carbon bonds at the surface are terminated by
hydrogen [32]. If the hydrogen atoms are detached from the surface,
the friction of self-mated diamond increases. Conventional CVD dia-
mond like MCD contains small amounts of hydrogen (0.5%), compared
to the present NCDs, which contain about 5 at.%. This could be caused
by self-supply of hydrogen to the surface and thereby improved tribo-
logical properties [33]. Furthermore, low friction is directly related to
the amorphization/graphitization of diamond near the sliding contact
point [34,35]. It is observed that it undergoes the transition from sp3

to sp2 resulting in an amorphous adlayer that depends on surface orien-
tation and sliding direction, when diamond is polished. The structural
phase transformation and amorphization influence the friction and
wear performances. Enhanced amorphization/graphitization of carbon
reduces the shear resistance and hence lowers the friction coefficient.
Thus the low friction coefficient in thefinal stabilized liner can be attrib-
uted to the formation of a continuous lubricating amorphous carbona-
ceous layer. The large amount of grain boundaries, sp2 polyaromatic
and amorphous carbon due to the re-nucleation in NCD film lead to a
much more obvious reaction and change. On the other hand, the low-
friction character of diamond is largely attributed to the highly passive
nature of its sliding surface [31]. The test was done in artificial saliva.
Fig. 4. Variations of friction coefficients of chrome steel balls during sliding against MCD film, N
saliva for 30 min).
Active gaseous species such aswater vapor can be adsorbed and passiv-
ate the dangling surface bonds of most carbonmaterials, which prohibit
the formation of bond between specimens and counterparts.

With the increase of load, the friction coefficient would decrease
according to Kumar N. et al. [36]. As diamond undergoes plasticity in-
duced amorphization/graphitization, the extent of phase transforma-
tion is expected to increase with the increase of applied load. More
asperities would appear at high normal load, resulting in intimate con-
tact between specimens and counterparts. As a consequence, the thick-
ness of the transfer layer will increase and the COF will decrease.

As mentioned in Section 3.1, with film thickness increasing, both
grain size and roughness of NCD films stay constant while those of
MCD would increase simultaneously [16]. As a result, the tribological
property of NCD films with various thickness remains unchanged, indi-
cating higher stability than MCD films.

Comprehensively, all these characteristics of diamond films are ben-
eficial to biological applications and also meet the requirements for the
ideal surface of screws. For reducing friction, diamond coated TC4 is bet-
ter than TC4 itself. And NCD film is testified to be more advantageous
than MCD film since it gains a longer working life.
3.3. Electrochemistry

Fig. 5 shows the corrosion resistance measured by the anodic polar-
ization curve.

First of all, self-corrosion potential, a stable potential measured in
corrosion system without the applied voltage, was set as an initial
potential. Secondly, anodic polarization curve based on kinetic corro-
sion, features reflects characteristics of passivation and pitting tenden-
cy. From Fig. 5, no activation area is found in the three measured
polarization curves, indicating that the surfaces of three kinds of mate-
rials have been passivated by 24 h immersion pretreatment in artificial
saliva, which proves to good corrosion resistance. During the scanning
process, the current increases with the increase of potential. When it
rises to the initial steady state potential (Ep), the current reaches a
passivation state. According to the theory of electrochemistry, reduction
of the initial steady state potential and passive current density, as well
as broadening the range of passive potential correspond to improving
the corrosion resistant. In Fig. 5, the initial steady state potential from
negative to positive is in order of NCD, MCD and SUB. NCD shows min-
imum initial steady state potential and maximum passive potential
range, while SUB presents maximum initial steady state potential and
minimum passive potential range. It is also noted that the range of pas-
sive potential of coated samples, especially NCD, is wider than that of
the uncoated. Therefore, NCD owns the best corrosion resistance
CD film and uncoated Ti6Al4V substrate (3 Hz frequency, 5 N normal load, and in artificial
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Fig. 5. Anodic polarization curve of different diamond films and uncoated substrate in ar-
tificial saliva at 37 °C, the scan rate was 1 mV · s−1.

Fig. 7. Viabilities of L929 fibroblast cells cultured on surface of Group B (TC4), Group C
(MCD film), Group D (NCD film) and Group E (fine copper) for 72 h.
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under this condition. In clinical application, potential in oral environ-
ment generally does not exceed 600 mV [37]. Correspondently, current
density of NCD under 600mV in this test is nearly 0 μA · cm−2, and that
of MCD and SUB are also under 5 μA · cm−2.

It is known that titanium possesses excellent corrosion resistance
due to the generation of a TiO2 passivation film on the surface, which
is stable and compact, with a high oxidation potential and healing to
mechanical damage [38]. However, corrosion resistance of metal sur-
faces is directly affected by the surface state. The surface passivation
film is prone to break as a consequence of textured surface presented
by processing, probably resulting in the metal ion release and harm to
the normal metabolism [39]. After deposition of the compact and stable
diamond films, the surface steady state is greatly improved and the pre-
cipitation of metallic elements is effectively prevented. Besides, NCD
film exhibits superior performance over MCD film.

3.4. Biocompatibility

3.4.1. Cytotoxicity assessment
In this study, themouse fibroblast cell line (L929 cells) were used to

assess the cytotoxicity profile of MCD films (Group C) and NCD films
(Group D) deposited on Ti6Al4V, compared with titanium alloy
(Group B) as a negative control material and fine copper (Group E) as
a positive control material. Group A was the blank control group used
as another negative control group. Results regarding cell proliferation
(CCK-8 assay) are represented in Figs. 6 and 7. The absorbance is
proportional to the number of viable cells with the doping of the
Fig. 6. Cell viability/proliferation of L929 fibroblast cells cultured on the MCD film, NCD
film, uncoated Ti6Al4V substrate and fine copper substrate surface for 72 h. Open bars,
control. From left to right, in proper order was Group A (blank control), Group B (TC4),
Group C (MCD film), Group D (NCD film), Group E (fine copper) (*: statistically different
from the control).
electronic coupling reagent. Proliferation quantity and rate of the cell
line are the main factors that influence the results of the tests. The cell
line exhibits deeper colorwhenmore and faster cell proliferation is gen-
erated, which is also an indication of less cytotoxicity.

From Fig. 6, L929 cells in Group B presented a great deal of prolifer-
ation almost comparable to that of the blank control group A. On the
contrary, Group E as the positive control group shows the lowest prolif-
eration. The values of Groups C andD are in the range butmuch closer to
Groups A and B which well proved their low cytotoxicity. Moreover, it
can be observed that the amount of cells on MCD is a little more than
that on NCD. This phenomenon should be explained by the difference
in surface energy and grain boundaries of MCD and NCD. For both
films, cultures reached confluence and soon after formed a dense cell
layer that was easily lost during a routine medium change [40]. NCD
film has a relatively larger surface area creating more surface energy,
which leads to more adsorption on the substances then more lost. The
calculated viabilities of Groups B, C and D are all over 70% of blank
group A shown in Fig. 7. Group E as positive control is reduced to
b70%, meaning that it has a cytotoxic potential. The present work
addressing the biological profile of diamond coatings regarding the re-
sponse of cell line L929 is in agreementwith the standard ISO guidelines
for in vitro cytotoxicity evaluation of medical devices [41,42].

After comprehensive analysis of Figs. 6 and 7, L929 cells presented a
profile of cell viability/proliferation representative of the cell popula-
tions: a permanent cell line with high growth rate from the beginning
of the incubation. In addition, the unique surface properties of
nanomaterial, namely a larger specific surface area,more surface defects
(such as edge/corner sites and particle boundaries) and higher propor-
tions of surface electron delocalizationwill enhance initial protein inter-
actions that control cell adhesion [43,44], which is a determinant factor
for the subsequent cell proliferation and function so that NCD film can
support wider applications in biomedicine.

3.4.2. Flow cytometry assessment
Apoptosis occurs at the same time on cell's culture, as another eval-

uation indicator for materials' biocompatibility. Experimental groups
are the same as the cytotoxicity assessment, blank control group (A),
titanium alloy (B), MCD (C), NCD (D) and fine copper (E). Results are
shown in Fig. 8. Total rate of apoptosis consisted of two parts, upper-
right portion showsmid-late apoptosis rate, and the lower-right portion
is on behalf of early apoptosis rate. As shown, Group B, a negative con-
trol, has the lowest apoptosis which is close to Group A. Groups C and
D are in the next approximate row position without sensible difference.
GroupE as a positive control induces thehighest apoptosis,muchhigher
than other groups. According to Fig. 8, though Groups C and D have
higher apoptosis rate than Groups A and B, they still have very low
apoptosis rate, which demonstrates that MCD and NCD exhibit a low
apoptosis.
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Fig. 8. Flow cytometer for apoptosis of L929 fibroblast cells cultured on a) blank control, b)
TC4, c) MCD film, d) NCD film, and e) fine copper for 72 h.
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In the evaluation of biocompatibility, cell apoptosis has a relevant ef-
fect with materials nature and constitution [45]. Apoptosis analysis
helps to understand interactions between tissues and implants, as
well as evaluate the biological performance of materials. It has been
noted that cell apoptosis aremainly caused by themetal ions, accompa-
nied by a concentration-dependence and time-dependence. As men-
tioned before, friction wear and corrosion will easily occur at thread
surface, resulting in the metal ion release. With a diamond film coat,
preferably an NCD film, which shows a similar apoptosis resistance
but more compact, stable, better friction and corrosion resistance, this
issue can be prevented. Meyer et al. [46] proposed that increasing the
corrosion resistance of the alloy is also an effective way to improve
the biocompatibility.

4. Conclusion

In the present study, both MCD and NCD films show compact, con-
tinuous surface and low surface roughness. Their surface roughness
and microstructure then play a major role in improving the TC4 tribo-
logical behavior. The final steady friction coefficients reduce from 0.28
of TC4 to 0.2 of MCD, 0.1 of NCD. Electrochemical experiments demon-
strate that surfaces coated with diamond films can effectively promote
the corrosion resistance. The advanced corrosion resistance and com-
pact, stable surface will further improve the biocompatibility of
diamond films. Meanwhile, in these evaluations, NCD films all display
a better performance than MCD films. Cytotoxicity assessment shows
that diamond films provide a suitable surface for cell attachment,
spreading and proliferation. Their low apoptosis further supports
cytotoxicity-free and well biocompatibility. In conclusion, the cellular
biocompatibility of diamond films, allied with the excellent physico-
chemical performance, anticipates a wide range of applications in the
dental biomedical field. NCD films present a more superior combined
property thanMCD films to extend the life of metal specimen for dental
restorations in clinical significance. By the way, there are some other
important criteria that the coatings must meet to be useful as dental
implants such as fracture strength of the coatings and their modulus
mismatch with the titanium alloys, which will be the factors we study
in the future.
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