
INTRODUCTION

Since Bra�nemark et al.1 introduced the concept of osseoin-
tegration, titanium has been proven to have excellent bio-
compatibility, and is now widely used in oral rehabilitation.

Tissue reactions to dental implant are determined by the implant
surface quality.2 After implantation, an implant surface is
conditioned by blood and tissue fluid containing proteins, ions,
lipids, and sugars,3 Surface composition, roughness, topography,
and surface energy are factors that affect this process.4 The wet-
tability and surface charge are important in protein adsorption
to titanium dioxide.5 Wang et al. discovered that the wettability
of titanium dioxide increased after Ultraviolet (UV) light
irradiation, and the wettability change occurred on both
anatase and rutile TiO2 surfaces of polycrystals or single
crystals.6 UV irradiation seems to create surface oxygen
vacancies at bridging site, and this leads to conversion of rel-
evant Ti4+ sites to Ti3+ sites.7 After conversion to Ti3+, titanium

dioxide surface is suitable for dissociative water adsorption.8-10

Ti3+ defects can be created by Ar+ bombardment, electron
beam exposure, high-temperature vacuum annealing, and
low-energy ultraviolet photons irradiation. The largest Ti4+ to
Ti3+ conversion occurs by UV irradiation.11

In air at room temperature, the titanium surface is covered
spontaneously by an oxide layer with its range from 1.5 to 10
nm in thickness.12 It has been reported that the oxide layer has
a low level of electronic conductivity,13 great thermodynam-
ic stability14 and low ion-formation tendency in aqueous
environment.15 Anodic oxidation is an electrochemical treat-
ment that forms thick, rough, porous titanium oxide layer on
titanium surface.16 Rabbit studies revealed that titanium
implants treated by anodic oxidation shows better bone
response than machined titanium implants.16,17 Among various
implant surface treating methods, anodic oxidation is the
popular one, clinically proven and widely used.18 The
hydrophilicity of anodized titanium surface can be improved
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by UV irradiation, because TiO2 crystals (Anatase, Rutile) which
react to UV irradiation are increased by anodic oxidation.19 The
elevated hydrophilicity of anodized tiatanium surface may lead
to the promotion of cellular response after implantation.

The aim of present study is to investigate the effect of UV
irradiation (by commercial UV sterilizer) on anodized titanium
surface. The surface characteristics were compared between
anodized titanium discs and UV irradiated anodized titanium
discs, and cellular responses including initial cellular attach-
ment, proliferation and differentiation were also evaluated and
compared.

MATERIALS AND METHODS

1. Titanium disc preparation

Titanium discs with dimensions of 25 mm diameter and 1 mm
thickness were made of commercially pure titanium (Warrentec
Co., Seoul, Korea). For XPS inspection, 10 mm×10 mm×
1 mm square shaped discs were used. Titanium discs were
anodized at 300 V in an aqueous electrolytic solution of
0.02 mol calcium glycerophosphate and 0.15 mol calcium acetate
monohydrate for 3 minutes. After anodization, discs were rinsed
with distilled water, dried and sterilized in ethylene oxide gas.
The discs were divided into following two groups 
∙Group 1 (control): anodized under 300 V
∙Group 2 (test): anodized under 300 V, and UV irradiated for

24 hours just before experiment 
UV illumination was done by UV sterilizer (DS-701,

Daeshin electric industry, Incheon, Korea) with 15 W bacte-
ricidal UV lamp.  

2. Contact angle measurement

Using a video contact angle analyzer (General type Phoenix
150, SEO, Seoul, Korea), static constant angle of water were
measured by the sessile drop method. On dripping water
(3.5 ㎕) on discs, images were taken immediately, and the con-
tact angles were measured and recorded by the Image XP pro-
gram (General type Phoenix 150, SEO, Seoul, Korea). 6
discs for each group were examined and 5 points in each disc
(total 30 points for each group) were randomly chosen for con-
tact angle measurement.

3. Surface roughness measurement

The surface roughness of control and test group was inspect-
ed by a confocal laser scanning microscope (LSM 5 Pascal, Carl-
Zeiss, Oberkochen, Germany). One anodized disc was cut into
two pieces using cutting machine (EXAKT 300, EXAKT
Advanced Technologies Gmbh, Norderstedt, Germany). One
piece was contained in dark chamber as control and the oth-

er piece was illuminated in UV sterilizer for 24 hours just before
testing. Five points in each sample were randomly chosen for
scan. Surface area roughness (Sa) values were recorded and
compared between the two groups. 

4. Surface analysis with XRD and XPS

The phases of oxide layers were analyzed by X-ray diffraction
(D8 ADVANCE, Bruker, Karlsruhe, Germany). The chemical
elemental compositions were examined by X-ray photoelec-
tron spectroscopy (AXIS-HSi, Kratos Analytical Ltd.,
Manchester, England). 

5. Cell culture

Osteoblast-like human osteogenic sarcoma cells (HOS,
KCLB, Seoul, Korea) were cultured in RPMI medium (GIB-
CO, Carlsbad, CA, USA) with 10% fetal bovine serum (FBS,
GIBCO, CA, USA), 0.5% penicillin (10,000 U), and strep-
tomycin (10,000 μg/ml), under humidified atmosphere of
95% air and 5% carbon dioxide at 37℃. One titanium disc was
contained in one culture dish (35 mm in diameter). 

6. Cell attachment assay

Cells were seeded onto each disc at a density of 5×105

cells/cm2. After 2 hours of incubation, cells were rinsed with
phosphate-buffered saline (PBS, GIBCO, CA, USA), and
fixed with 10% formaline solution (Sigma, Steinheim,
Germany) for 15 minutes. 1.0% toluidine blue solution
(Sigma, Steinheim, Germany) was applied and rinsed three times
with distilled water. After cell lysis induced by application of
2% sodium dodecyl sulfate (SDS, Sigma, Steinheim, Germany),
color changes were measured at 600 nm using a 96-well
plate spectrophotometer (Powerwave 340, Bio-Tek, Winooski,
VT, USA). For cell attachment assay, 6 discs per group (n =
6) were used. 

7. Cell proliferation assay

EZ-Cytox cell viability assay kit (Daeil lab service Co, Seoul,
Korea) was used as prescribed in manufacturer’s manual in mea-
suring cell proliferatation on discs. Cells were seeded onto each
disc at a density of 5×104 cells/cm2. The optical densities (ODs)
of the samples were measured using a spectrophotometer at 460
nm, after 2, 5, and 7 days of culture. Total 30 discs (5 discs per
group in each culture) were used. 

8. Alkaline phosphatase (ALP) activity assay

Cells were seeded on each disc at a density of 5×104

cells/cm2. After 3, 7, and 14 days of culture, cells were lysed
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with 25 mM glycine buffer (0.5% Triton x-100). p-nitrophe-
nol phosphate (pNPP, Sigma, Steinheim, Germany) was
added to culture dish and incubated for 30 min. at 37℃. 2 N
NaOH solution was used as a stop solution. ALP activity of cul-
tured cells was tested by a colorimetry-based assay utilizing
the conversion of colorless to colored p-nitrophenol. The
absorbance of the samples was measured spectrometrically at
405 nm. Total 30 discs (5 discs per group in each culture) were
used. 

9. Statistical analysis

All data analysis was performed by Mann-Whitney U test
(PASW statics 17.0 software, SPSS Inc, Chicago, IL, USA). 

RESULTS

1. Contact angle analysis

The contact angle measurements showed that UV irradiat-

ed anodized titanium was significantly more hydrophilic
than anodized titanium (P<.001). The mean values of contact
angle measurements were 22.69 ± 4.35�(Mean ± SD) for
test group and 77.43 ± 3.80�for control group (Fig. 1). 

2. Surface roughness

The surface area roughness (Sa) values of two groups did not
show significant difference. The Sa values were 0.833 ± 0.032
μm (Mean ± SD) for control group and 0.854 ± 0.026 μm for
test group. 

3. Phase of oxide layer and chemical composition 

The phase of oxide layer of anodized titanium did not
change after UV irradiation for 24 hours. XRD result indicated
the intensity and position of peaks were almost identical
between group 1 and 2 (Fig. 2).

In XPS spectra, C1s peak showed considerable difference (Fig.
3). After UV irradiation, carbon decreased from 42.98% to
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Fig. 1. A: Mean contact angles (± SD) of H2O on the discs, B: Image of H2O droplet on UV irradiated anodized titanium disc, C: Image of H2O droplet
on anodized titanium disc (* : P<.001).
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Fig. 2. XRD patterns of control and test sample.
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17.18% in atomic concentration, and from 30.28% to 10.46%
in mass concentration. 

4. Cell attachment

The optical density (OD) value of anodized surfaces was 0.30
±0.01, and that of UV irradiated anodized surfaces was
1.16 ± 0.02 (Fig. 4). The difference was statistically signif-
icant (P=.004). 

5. Cell proliferation

The results of MTS assays are shown in Fig. 5. Cells pro-
liferated more actively on UV irradiated anodized titanium discs.
The OD values of UV irradiated anodized surfaces were sig-
nificantly higher than that of anodized surfaces in all cultures
(P=.009 at day 2, 5, and 7).

6. Alkaline phosphatase (ALP) synthesis 

Fig. 6 shows the result of ALPase synthesis. The OD values
of experimental group were significantly higher than the
value of control group in all cultures (P=.016 at day 3,
P=.009 at day 7 and 14).

DISCUSSION

Surface wettability is largely dependent on surface energy and
increased wettability enhances interaction between implant sur-
face and the biologic environment.20 According to Eriksson et
al.21, hydrophilic titanium surface has higher surface energy than
hydrophobic titanium, and resulted in more rapid cell activation
and differentiation. The contact angle of anodized titanium disc
was significantly decreased by UV irradiation (P<.001), and
the surface energy was elevated. Anodized titanium implant
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Fig. 3. A: XPS spectrum of anodized titanium and UV irradiated anodized titanium, B: Narrow scan of C1s peak (area in red circle of Fig. 3(A)).
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Fig. 4. Optical densities of cellular attachment after 2 hours of incubation
(* : P=.004).
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Fig. 5. Changes of optical densities indicating the level of cell proliferation
(* : P=.009).
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showed significantly higher bone-implant contact ratio and bone
volume than machined titanium implant in rabbit study.16

This means that in rabbit tibiae, osteoblastic differentiation and
proliferation are more active on anodized titanium surface and
also imply that osseointegration is faster and promoted during
the same healing period on anodized titanium surface. The ini-
tial cellular response to anodized titanium and UV irradiated
anodized titanium was inspected and compared in this study.
The cellular attachment level after 2 hours of incubation of test
group was significantly higher than that of control group
(P<.001), and the difference was almost 4 times. The MTS assay
for evaluation of cellular proliferation22 revealed that UV
irradiated anodized titanium induced significant increase in cel-
lular proliferation (P=.009, at day 2, 5, and 7). Alkaline
phosphatase which is associated with osteoblastic differenti-
ation, bone formation, and matrix mineralization23, was com-
posed in significantly higher level in UV irradiated anodized
titanium disc (P=.016 at day 3, P=.009 at day 7 and 14).
The Cellular attachment, proliferation, and differentiation
were promoted by UV irradiation on anodized titanium disc. 

The surface roughness did not show significant change
after UV irradiation and the phase of oxide layers were not affect-
ed by UV irradiation. Both surface topography and phase com-
ponent of anodized titanium did not show definite change after
UV irradiation. UV irradiation induced change of chemical ele-
mental composition of anodized titanium implant. Carbon
decreased to about 1/3 level in mass concentration, and 2/5 lev-
el in atomic concentration after UV irradiation. The use of UV
sterilizer as UV source might have induced this phenomenon.
UV light is classified into UV-A, B, and C according to the wave-
length, and UV-C (100 - 280 nm) is used as a light source of
UV sterilizer. UV-C directly decomposes hydrocarbon and
decrease of hydrocarbon seems to be one of the mechanism that
increase the hydrophilicity of TiO2 after UV irradiation.24

The bioactivity of titanium degrades in proportion to time. 4-

week-old titanium surface showed 50% less protein adsorp-
tion and osteoblastic migration/attachment than fresh sur-
face, and the reduction of bioactivity was associated with the
conversion of titanium discs from hydrophilicity to hydropho-
bicity.25 In other study, time-related degradation of bioactivi-
ty was associated with progressive accumulation of hydrocarbon
on titanium surface.26 Although the exact mechanism how UV
light enhances hydrophilicity of titanium is not clearly known,
UV irradiation is very simple and easy way to enhance cellular
response to titanium surface. This in vitro study also shows the
positive effect of UV irradiation on anodized titanium and this
effect can be achieved with a general UV sterilizer. Further in
vivo study is needed to evaluate the initial and long term
effect of UV irradiation on anodized titanium implant.

CONCLUSION

The hydrophilicity of anodized titanium discs increased
after UV irradiation for 24 hours. Cells incubated on UV
irradiated anodized titanium discs showed enhanced attachment.
Cellular proliferation and differentiation also elevated on
UV irradiated anodized titanium discs.  
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Fig. 6. Changes of optical densities indicating the level of ALP synthesis
(* : P=.016, ** : P=.009).
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