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ABSTRACT

Objective: This study aimed to evaluate the effects of UV-C duration and SLA surface treatment on the wettability of
aged titanium disk surfaces. Material and Methods: Twenty-four titanium disks (10 mm diameter, 1 mm thickness)
underwent a 30-day aging and were divided into eight subgroups (n = 3) based on surface treatment (non SLA or
SLA) and UV-C irradiation duration (non UV, 10-minute, 30-minute, and 48-hour) at 90 W and 254 nm. Wettability
was evaluated by water contact angle (WCA) measurements. Statistical analysis employed the Scheirer-Ray-Hare test
with Dunn’s post hoc test Bonferroni correction. Results: UV-C significantly affected surface wettability (p < 0.001).
WCA decreased progressively from 73.15 = 5.35° (non SLA non UV) to 16.39 = 0.49° (non SLA 48-hour UV).
Surface treatment type (p = 1) and its interaction with UV duration (p = 0.89) were not significant. Conclusion:
UV-C photofunctionalization effectively restored the wettability of aged titanium surfaces. Neither surface treatment
type nor its interaction with UV-C irradiation duration demonstrated a statistically significant effect on wettability.
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RESUMO

Objetivo: O presente estudo teve como objetivo avaliar os efeitos da duracéo da irradiagdo UV-C e do tratamento
de superficie do implante na molhabilidade de superficies de discos de titdnio envelhecidos. Material e Métodos:
Vinte e quatro discos de titdnio (10 mm de didmetro, 1 mm de espessura) foram submetidos a envelhecimento
por 30 dias e divididos em oito subgrupos (n = 3) com base no tratamento de superficie (sem e com tratamento
de superficie) e na duracio da irradiacdo UV-C (sem UV-C, 10 minutos, 30 minutos e 48 horas) a 90 W e 254 nm.
A molhabilidade foi avaliada através de medicdes do angulo de contato com a dgua. A analise estatistica utilizou o
teste de Scheirer-Ray-Hare, com o teste post hoc de Dunn e correcido de Bonferroni. Resultados: A radiacdo UV-C
afetou significativamente a molhabilidade da superficie (p < 0,001). O dngulo de contato diminuiu progressivamente
de 73,15 * 5,35° (sem tratamento de superficie e sem UV-C) para 16,39 + 0,49° (sem tratamento de superficie e
com 48 horas de UV-C). O tipo de tratamento de superficie (p = 1) e a sua interacdo com a duracdo da irradiacéo
UV (p = 0,89) ndo foram significativos. Concluséo: A fotofuncionalizacdo por UV-C restaurou de forma eficaz a
molhabilidade de superficies de titdnio envelhecidas. O tipo de tratamento de superficie e a sua interacdo com a
duracéo da irradiacdo UV-C ndo demonstraram efeito estatisticamente significativo na molhabilidade.
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INTRODUCTION

The success of dental implants depends
fundamentally on osseointegration, defined as
a direct structural and functional connection
between bone and the implant surface [1].
A key determinant is surface wettability,
which governs early biological interactions
at the implant-tissue interface. Surfaces with
lower water contact angles exhibit greater
wettability, enhancing protein adsorption and
osteoblast adhesion during initial stages of
healing [2,3].

Although titanium and its alloys are widely
recognized for their biocompatibility due to
the spontaneous formation of a stable TiO,
layer, their surface bioactivity deteriorates
over time through biological aging [4].
This phenomenon arises from progressive
accumulation of hydrocarbon contaminants
during manufacturing, storage, and distribution,
increasing surface carbon content, decreasing
surface free energy, and shifting the surface from
hydrophilic to hydrophobic [5-7]. The resulting
4-5 nm hydrocarbon pellicle has been reported
to impair osteoblast attachment and reduce
osteoconductive potential [4].

UV-C irradiation (200-280 nm, peak
254 nm) has demonstrated superior efficacy
in surface decontamination compared to UV-A
and UV-B through photofunctionalization,
reducing surface carbon content from over 50%
to below 20% atomic percentage and markedly
decreasing water contact angle on titanium
surfaces [5,8-10].

SLA treatment generating micro-rough
topography with 10-30 um valleys and 2-5 um
craters, also enhances early bone-implant
interactions [11,12]. However, the SLA
process also alters the native TiO, layer
and may modify surface chemistry in a
manner that could influence the photocatalytic
response to UV-C. It remains unclear whether
surface topography modulates the hydrophilic
response to UV-C treatment and whether a
significant interaction exists between these
factors. The present study aimed to evaluate
the effects of UV-C irradiation duration
and SLA surface treatment, as well as their
interaction, on the wettability of aged titanium
disk surfaces, as assessed by water contact
angle measurements.
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MATERIAL AND METHODS

SLA surface preparation

Twenty-four Ti6Al4V titanium disks
(10 mm diameter, 1 mm thickness; Shandong
Zehao Metal Materials Co. Ltd, Shandong,
China) were evenly distributed into eight
subgroup (n = 3) based on surface treatment
and UV-C duration. SLA preparation involved
polishing, ultrasonic cleaning in acetone,
alcohol, and distilled water (15 minutes
each), sandblasting with 50 um alumina
(Al,0,) particles, and acid etching in 8 ml of
sulfuric acid (H,SO,) and 4 ml of hydrochloric
acid (HCl) for 30 minutes. Pre-experimental
surface roughness measurement (Starrett SR
Series, USA) confirmed a mean Ra of 0.2 um,
establishing a uniform baseline prior to UV-C
irradiation. All specimens were autoclaved and
stored in dark conditions for 30 days.

UV irradiation of titanium disks

Following aging, the titanium disks were
exposed to UV-Clight (90 W, 254 nm) (Philips UVC
TUV 254nm, Philips, Amsterdam, Netherlands)
for non-UV (control), 10-minute UV, 30-minute
UV, and 48-hour UV in a room devoid of light
exposure.

Surface morphology analysis

Dry titanium disks were placed in the
chamber of a Scanning Electron Microscope (SEM)
(JEOL JSM-IT 200, JEOL Ltd., Tokyo, Japan). The
intensity was set at an accelerating voltage of
10.0 kV, a working distance of 10.7 mm, and a
magnification of 1000x. Carbon content (C 1s)
was analyzed on one disk (n = 1 per group)
using an X-Ray Photoelectron Spectroscope (XPS)
(XPS Kratos AXIS Supra+, Kratos Analytical
Ltd., Manchester, United Kingdom) employing a
linear algorithm in percentage (%) and reported
descriptively.

Wettability assessment

The sessile drop method was used under
controlled conditions (25 °C, 62% humidity).
A 2 ulL distilled water droplet was deposited
on each disk surface using a micropipette and
imaged after 10 seconds using water contact
angle measurement device (Fumalife, Indonesia)
expressed in degrees (°) and analyzed with
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ImageJ (version 1.53, National Institutes of
Health, USA).

Statistical analysis

Normality was conducted using the
Shapiro-Wilk test and variance homogeneity using
Brown-Forsythe’s test. The Scheirer-Ray-Hare
non-parametric test evaluated main effects of UV
irradiation duration and surface type, and their
interaction. Pairwise comparison used Dunn’s
test with Bonferroni correction (GraphPad Prism
version 10.0, GraphPad Software Inc., San Diego,
CA, USA).

RESULTS

Surface characteristics

SEM images across all UV-C durations
revealed no observable morphological changes
or topographical damage, confirming that UV-C
irradiation did not alter surface structure (Figure 1).
This was consistent with the pre-experimental Ra
value of 0.2 um across all non-SLA specimens.

Carbon composition characteristics

XPS analysis demonstrated a consistent
reduction in C 1s content with increasing UV-C

An in vitro analysis of titanium aging surface optimization
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irradiation duration on both groups (Figure 2).
Baseline values were 16.3% (non-SLA) and
17.2% (SLA). Following 10-minute UV, carbon
decreased to 8.3% (non-SLA) and 9.3% (SLA). At
30-minute UV, values fell to 6.0% (non-SLA) and
7.0% (SLA), and 48-hour UV reached the lowest
levels of 3.7% (non-SLA) and 5.8% (SLA). These
data are interpreted as exploratory findings that
provide mechanistic context for the observed
changes in surface wettability.

Wettability

In Figure 3a, the non-UV control surface
exhibits a prominently hemispherical water
droplet profile, characteristic of a hydrophobic
surface with a large contact angle, resulting
from hydrocarbon accumulation during the
30-day aging period. Following 10-minute UV
(Figure 3b), a modest reduction in droplet
height is observed, indicating an early-stage
improvement in surface wettability. A more
pronounced flattening of the droplet profile is
evident after 30-minute UV (Figure 3c). The
most substantial change is observed in Figure 3d,
corresponding to 48-hour UV. The water droplet
exhibits a markedly flattened profile with a very
low contact angle. This finding suggests enhanced
wettability of the titanium surface, associated

(1,000 — 0y

Figure 1 - SEM images of non-SLA titanium disks surface following non-UV, 10-minute UV, 30-minute UV, and 48-hour UV at x1000 magnification.
SEM analysis was conducted to assess potential UV-C—induced morphological changes on the titanium surface.
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Figure 2 - The percentage (%) of carbon (C 1s) on non-SLA and SLA titanium disk, as determined by XPS, is presented following 30 days
of aging and UV-C irradiation (non UV, 10-minute UV, 30-minute UV, and 48-hour UV). Data represent individual measurements (n = 1 per
subgroup) and are reported descriptively. A progressive reduction in surface carbon content was observed with increasing UV-C irradiation
duration for both surface types.

Figure 3 - (a) Representative water contact angle images of non-SLA titanium disk surfaces following 30 days of aging are presented, illustrating
the hydrophobic condition in the non-UV; (b) A progressive increase in surface wettability is observed at 10-minute UV; (c) 30-minute UV; and
(d) 48-hour UV.

with reduced surface carbon contamination not fully met in the Shapiro-Wilk test as the
following UV-C irradiation. non-SLA groups of 10-minute UV (p = 0.765)

A descriptive analysis of each irradiation ~ and 30-minute UV (p = 0.293) irradiation did
time and type of surface modification is provided not follow a normal distribution. This may be
in Table I. The assumption of normality was due to the relatively large variability within the
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Table | - Results of descriptive analysis of titanium disk wettability by UV irradiation time and surface type groups

Non UV Non-SLA 73.15 £ 535
SLA 71.39 + 4.69

10-minute UV Non-SLA 5719 + 0.62
SLA 53.02 + 3.07

30-minute UV Non-SLA 22.29 +9.08
SLA 20.84 + 0.67

48-hour UV Non-SLA 16.39 + 0.49
SLA 19.32 + 0.55

Table Il - Results of Scheirer-Ray-Hare test of the effect and interaction between UV irradiation time and SLA surface on the wettability of
titanium disk

UV light duration <0.001
Surface treatment 1
UV x surface treatment interaction 0.89

Note: x = interaction between UV and surface treatment.

Table 111 - Results of post hoc with the Dunn's test of titanium disk wettability by UV irradiation time groups

Non UV 10-minute UV 5.00
Non UV 30-minute UV 14.00
Non UV 48-hour UV 19.00
10-minute UV 30-minute UV 9.00
10-minute UV 48-hour UV 14.00
30-minute UV 48-hour UV 5.00

1.470 0.8499 Not significant
3.184 0.0087 <0.01
4.164 0.0002 <0.001
1.715 0.5185 Not significant
2.694 0.0423 <0.05
980 1.0000 Not significant

Note: p-values adjusted using Bonferroni correction (6 comparison, adjusted a = 0.0083). Mean ranks based on overall ranking (n = 24).

data, as indicated by the high standard deviation
values, which likely contributed to deviations
from a normal distribution. In contrast, all SLA
groups can be considered normally distributed
(p > 0.05). Brown-Forsythe test also confirmed
homogeneity of variance (p = 0.579).

Scheirer-Ray-Hare test revealed a significant
main effect of UV duration (p < 0.001), while
surface treatment (p = 1) and interaction effect
(p = 0.89) were not significant (Table II).

Post hoc Dunn’s test revealed significant
differences between: non-UV and 30 minutes
(p < 0.01); non-UV and 48 hours (p < 0.001);
and 10 minutes and 48 hours (p < 0.05). No
statistically significant differences were observed
between non UV and 10-minute UV; 10-minute

and 30-minute UV; and 30-minute and 48-hour
UV (Table III).

DISCUSSION

As the specimen ages, the water contact
angle tends to increase naturally due to the
formation and accumulation of a hydrocarbon
molecule pellicle on the surface [13]. In the
present study, titanium disks subjected to SLA
treatment initially exhibited superhydrophilicity
(day 1-3) to hydrophobicity (day 7, mean 36.68°)
and ultimately hydrorepellent (day 30, mean
103.999).

UV irradiation induces wettability on
titanium surfaces through two physicochemical
mechanisms. The first is photocatalytic properties
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of TiO,. UV-C photons, interacting with the
titanium oxide passive layer, provide sufficient
energy to break the bonds of hydrocarbon
contaminants adsorbed on the titanium surface
through a process known as photocatalytic
decomposition. This results in a reduction in
surface carbon content, as evidenced by the
decreased intensity of the C 1s peak observed in
the XPS analysis [14]. Second, the formation of a
hydrophilic surface is attributed to light-induced
modifications in the surface structure of the
TiO, layer. Specifically, UV treatment promotes
the formation of oxygen vacancies at bridge
sites, leading to the reduction of Ti** to Ti**
states, which are more favorable for dissociative
water adsorption and leads to an increased
density of surface hydroxyl (-OH) groups.
The accumulation of these hydroxyl groups
is directly responsible for the transition from
hydrophobic to superhydrophilic surface behavior
[7,15]. Consequently, this transformation is
reflected by a significant reduction in the water
contact angle values [16].

Neither surface treatment type (p = 1) nor
its interaction with UV-C irradiation (p = 0.89)
was significant, indicating wettability is primarily
governed by UV-C photochemical activity
rather than surface microtopography. This is
consistent with pre-irradiation baseline Ra value
of 0.2 um and absence of morphological changes
on SEM. SLA surfaces exhibited slightly higher
baseline carbon prior to UV irradiation (17.2%)
compared to non-SLA surfaces (16.3%), likely
due to increased surface area providing more
hydrocarbon adsorption sites.

48 hours was identified as the optimal
duration, achieving an average decrease of
75% in the water contact angle in both surface
groups and representing the peak effect of
90 W and 254 nm wavelength light on both
SLA and non-SLA surfaces for wettability. This
is in line with the previous study of Ogawa
(2014) which stated that a superhydrophilic
surface on titanium disks has been reported
following 48-hour UV irradiation at an
intensity of 2 mW/cm? (A = 250 = 20 nm).
Similarly, Lee et al. [17,18] demonstrated
that machined titanium disk + UV achieved
superhydrophilicity, exhibiting a water contact
angle of approximately 0° after 48-hour UV
exposure.

An in vitro analysis of titanium aging surface optimization
through variations in UV-C photofunctionalization and SLA:
impact on titanium disk wettability

Although this finding about 48-hour UV-C
irradiation duration is consistent with established
protocols and results in the previous studies, it
may have limited applicability in routine clinical
settings. However, the duration is best regarded
as a scientific benchmark defining the maximum
photofunctionalization endpoint for the titanium
disk wettability. In contrast, shorter UV durations
of 10 and 30 minutes may represent more
clinically feasible parameters which warrant
further investigation as one of limitations of this
study.

This study also possesses other limitations.
Sample size of n = 3 per subgroup was
limited. XPS measurements were conducted
on n = 1 per subgroup, precluding statistical
analysis of the chemical composition data.
Contact angle was performed once per disk,
limiting intra-specimen variability assessment.
Future studies are recommended to incorporate
repeated measurements for each specimen
to enhance the data reliability. Next, SEM
analysis was restricted to non-SLA surfaces.
The subdivision of a single titanium disk into
multiple UV measurement area may introduces
a theoretical risk of cross-contamination
between adjacent area. Besides, no biological
assays or in vivo evaluations were conducted.
Future studies incorporating a broader range
of titanium materials, irradiation parameters
(including light sources and intensities),
and evaluations of wettability durability
are warranted to further optimize UV-C
photofunctionalization protocols for clinical
applications.

CONCLUSION

UV-C photofunctionalization effectively
restored the wettability of aged titanium disk
surfaces (p < 0.001), with 48-hour UV irradiation
yielding the most significant effect. Neither
surface treatment type (p = 1) nor its interaction
with UV-C duration (p = 0.89) demonstrated a
significant effect on wettability.
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