unesp

UNIVERSIDADE ESTADUAL PAULISTA
“JULIO DE MESQUITA FILHO”

Instituto de Ciéncia e Tecnologia
Campus de Sdo José dos Campos

An in vitro evaluation of wettability and microbial adhesion of
316L stainless steel orthodontic archwires coated with Ag/PTFE
nanoparticles

Avaliacdo in vitro da molhabilidade e da ades&o microbiana de fios ortodénticos de aco inoxidavel 316L revestidos com
nanoparticulas de Ag/PTFE

Mahmood Shakir NASER"? &, Emad AL-HASSANI? ©, Fatima AL-HASSANI?

1 - University of Kufa, Faculty of Engineering, Department of Materials Engineering. Najaf, Iraq.
2 - University of Technology, College of Materials Engineering. Baghdad, Iraq.

How to cite: Naser MS, Al-Hassani E, Al-Hassani F. An in vitro evaluation of wettability and microbial adhesion of 316L stainless steel
orthodontic archwires coated with Ag/PTFE nanoparticles. Braz. Dent. Sci. 2026;29:e5032. https://doi.org/10.4322/bds.2026.e5032

ABSTRACT

Objective: This study investigated how silver/polytetrafluoroethylene (Ag/PTFE) nanoparticle coatings influence
the surface wettability and bacterial adhesion of 316L stainless steel orthodontic archwires against Streptococcus
mutans and Staphylococcus aureus. Material and Methods: Stainless steel archwires were ultrasonically cleaned,
sterilized, and coated using RF sputtering. The coated surfaces were characterized using XRD and AFM; wettability
and bacterial adhesion were analyzed using contact-angle measurements and microbial assays. Results: The
Ag/PTFE coatings produced uniform, smooth layers, increasing the contact angle from 72.96° (uncoated)
to 135.35° (30 min sputtering) and reducing roughness from 45 nm to 18 nm. Adhesion of S. mutans and
S. aureus dropped to 1.54 and 2.16 CFU/mL, respectively. Conclusion: RF-sputtered Ag/PTFE coatings enhanced
hydrophobicity and reduced bacterial adhesion, suggesting improved oral hygiene during orthodontic treatment.
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RESUMO

Objetivo: Este estudo investigou o efeito do revestimento com nanoparticulas de prata/politetrafluoretileno
(Ag/PTFE) na molhabilidade da superficie e na adesdo bacteriana de fios ortodonticos de ago inoxidavel 316L
frente a Streptococcus mutans e Staphylococcus aureus. Material e Métodos: Fios ortodonticos de aco inoxidavel
(0,4 mm de didmetro e 160 mm de comprimento) foram submetidos a limpeza ultrassonica, esterilizados e
revestidos pelo método de Sputtering por radiofrequéncia (RF). O alvo de Sputtering foi composto por pds de
prata (20 nm) e PTFE (25 nm) em escala nanométrica, compactados em um disco soélido. As caracteristicas
estruturais e morfoldgicas das superficies revestidas foram analisadas por difracdo de raios X (XRD) e microscopia
de forca atomica em modo de flexdo (AFM). A molhabilidade da superficie foi determinada por meio da medicdo
do angulo de contato, e a adesdo bacteriana foi avaliada utilizando culturas de S. mutanse S. aureus. Os dados
foram analisados por ANOVA de uma via, seguida pelo teste post hoc de Tukey (HSD), bem como por testes t
para amostras independentes (a = 0,05). Resultados: Os revestimentos de Ag/PTFE obtidos por Sputtering RF
produziram uma superficie lisa e uniforme, com aumento significativo do angulo de contato de 72,96° nos fios
néo revestidos para 135,35° ap6s 30 minutos de deposicdo, indicando aumento expressivo da hidrofobicidade.
A rugosidade superficial diminuiu de 45 nm para 18 nm, e a adesdo bacteriana foi significativamente reduzida:
S. mutans diminuiu de 350,8 UFC/mL para 1,54 UFC/mL, enquanto S. aureusreduziu de 223,6 UFC/mL para 2,16
UFC/mL ap0s o revestimento. Conclusao: Os revestimentos de Ag/PTFE aplicados por Sputtering RF aumentaram
significativamente a hidrofobicidade da superficie e reduziram a ades&o bacteriana em fios ortodénticos de aco
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inoxidavel. Esses achados sugerem que o uso de revestimentos de Ag/PTFE pode contribuir para a reducéo da
adesdo bacteriana e da formacao de biofilme em fios ortodonticos em condig¢bes in vitro.

PALAVRAS-CHAVE

Antiaderente; Nanoparticulas; Radiofrequéncia; Rugosidade; Molhabilidade.

INTRODUCTION

The oral cavity harbors numerous
microorganisms and provides a favorable
environment for their proliferation. Among
these, bacteria play a central role in enamel
demineralization and periodontal infections.
Enamel demineralization and periodontal
infections are prevalent and concerning adverse
consequences of orthodontic appliance treatment,
occurring in roughly 50% of patients undergoing
orthodontic therapy [1,2].

The issue becomes more pronounced when
orthodontic wires are attached to the teeth via
brackets that are adhered to either the labial
or lingual surfaces of the teeth. As a result,
maintaining effective oral hygiene becomes more
challenging for patients. The typical progression
of dental biofilm is enhanced by the attachment
of dental plaque surrounding the brackets.
Consequently, the likelihood of experiencing
enamel decay or gingivitis, which can progress
to periodontal disease, is a genuine concern [3].

Stainless steel archwires (SSW) have a
high modulus of elasticity (stiffness) and high
strength, making them very beneficial during
the working stage of treatment. Moreover, they
have the smoothest surface texture among the
other types of archwires, are low-cost, exhibit low
friction, possess good formability, demonstrate
environmental stability, are biocompatible, and
have good welding and soldering properties. These
properties have contributed to the popularity
of using stainless steel archwires since their
introduction to the field of orthodontics [4,5].
The utilization of these devices results in increased
retention of food particles and changes in the
oral environment, including a reduction in pH,
increased colonization by Streptococcus mutans
(S. mutans) and Staphylococcus aureus (S.
aureus), as well as the formation of biofilms
and plaque buildup [6]. These alterations
contribute to the formation of cavities and the
demineralization of enamel, commonly referred
to as white spot lesions, which are unattractive,
detrimental to health, and potentially irreversible.

The major contributor involved in the formation
of the biofilm that contributes to the progression
of tooth decay is S. mutans [7].

One of the identified approaches for
preventing and addressing dental lesions
could involve the use of antimicrobial
nanoparticles [8].

Nanoparticles are materials with dimensions
typically ranging from 1 to 100 nm, characterized
by unique physicochemical properties resulting
from their high surface-to-volume ratio, that can
be effectively integrated with dental materials or
applied through surface coating techniques [9].
Various coating techniques and materials have
been employed to enhance the surface properties
of orthodontic appliances. Among the most
widely used surface modification methods are
electroplating, dip coating, sol-gel deposition,
and chemical vapor deposition. However, these
techniques often result in nonuniform coatings,
high residual stresses, or require elevated
temperatures that may alter the mechanical
properties of orthodontic wires. In contrast,
radio-frequency (RF) magnetron sputtering
provides several advantages, including precise
thickness control, strong film adhesion, low
deposition temperature, and the ability to coat
complex geometries uniformly. These advantages
make RF sputtering particularly suitable for
orthodontic applications, where maintaining
the wire’s mechanical integrity and achieving
nanoscale homogeneity are critical. In the present
study, this technique was selected to ensure a stable
and uniform Ag/PTFE coating on stainless steel
archwires, optimizing both surface smoothness
and antibacterial functionality [10-13].
This technique involves removing surface
atoms from a solid cathode (target) through
bombardment with positive ions derived from an
inert gas discharge, and subsequently depositing
these surface atoms to create a thin film [14].

Recently, surface coatings utilizing metallic
nanoparticles have been employed to enhance
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the surface characteristics of orthodontic
archwires. Metallic nanoparticles have become
significant in surface coatings due to their
enhanced characteristics at the nanoscale. Silver
nanoparticles (Ag NPs) excel in surface coating
applications due to their exceptional conductivity,
catalytic properties, and well-documented
chemical and physical characteristics, as
well as their notable effectiveness against
pathogens. Silver-based nanostructures have
been incorporated into dental polymers [15] to
modify functional performance while preserving
biocompatibility, demonstrating that nanosilver-
containing systems can tune physical behavior
and still be considered for intraoral use [16].
The reason behind these characteristics is
the high aspect ratio (surface-to-volume
ratio) of Ag NPs, along with their low cost,
non-cytotoxicity, and antibacterial action even
at low concentrations [17,18].

The process of biofilm formation encompasses
the early stages of bacterial adhesion, followed
by bacterial growth and colonization, ultimately
leading to the establishment of the biofilm.
When the initial adhesion of bacteria to a surface
is obstructed, the formation of biofilms will
not occur. Polytetrafluoroethylene (PTFE) is
recognized for its natural non-stick characteristics,
which stem from its intrinsically low surface
energy, fluorinated molecular structure, and
pronounced hydrophobic behavior that reduce
interfacial adhesion [19]. The integration of
PTFE nanoparticles with Ag NPs through the RF
sputtering technique leads to coatings exhibiting
favorable characteristics, including resistance to
bacteria, scaling, and corrosion [20,21]

The current study aimed to develop an
anti-adhesive stainless steel archwire capable of
minimizing microbial accumulation by depositing
a thin layer of Ag/PTFE nanocomposite via RF
sputtering. To the best of our knowledge, the use
of Ag/PTFE nanolayers for orthodontic archwire
coatings has not been previously reported.

MATERIALS AND METHODS

Materials

Nano-silver (Ag) powder (20 nm;
purity > 99.95%; density 0.5 g/cm?®) and
nano-polytetrafluoroethylene (PTFE) powder
(25 nm; purity > 99.95%; density 2.2 g/cm?®)
were obtained from Yujiang Chemical, China.
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Stainless steel 316L archwires (Dentaurum,
Germany) with a 0.4 mm round section,
160 mm length, and tensile strength between
2000 - 2300 N/mm? were used in this study.

Methods

Surface preparation

Foremost, the stainless-steel archwires
(SSW) were ultrasonically cleaned in deionized
water for 10 minutes using an ultrasonic bath
operating at 40 kHz frequency and 60 W power
(MTI Corporation, USA) to remove surface
contaminants. Furthermore, the wires were
dried and sterilized using ultraviolet light
(Analytic, Germany) for 30 minutes prior to
sputtering [22]. UV sterilization was selected
to minimize potential thermal or moisture-
induced alterations of the native stainless-steel
surface prior to thin-film deposition, which
could influence coating adhesion and nucleation
behavior.

Target preparation and sputtering process

The sputtering target consisted of a compact
Ag/PTFE disk obtained by thoroughly mixing
the nanopowders and pressing them at 500 MPa
(Figure 1). The target was mounted as the
cathode, and the SSW was positioned as the
anode at a distance of 60 mm in an RF magnetron
sputtering chamber (Barez Afarin Industry,
Iran). The chamber was maintained under a
vacuum of 0.6 X 1073 Pa, and high-purity argon
gas was introduced at 0.6 Pa as the working
atmosphere. During sputtering, the wires were
continuously rotated to ensure uniform coating.
Three sputtering durations of 10, 20, and 30
minutes were applied at a constant RF power
of 60 W. Each experimental group consisted of
five specimens (n = 5). The sample size was
selected in accordance with specimen numbers
commonly adopted in comparable in-vitro surface
and microbial adhesion studies.

Characterization of coating layer

X-Ray Diffraction (XRD)

Phase composition and crystallinity of raw,
coated, and uncoated samples were characterized
using an X-ray diffractometer (Chongqing
Drawell, China) equipped with a nickel filter and
copper generator. The scanning speed was set
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Ag Powder

PTFE Powder

Figure 1 - Preparation steps of RF target.

to 6° per minute, and the diffraction angle (26)
ranged from 10° to 80°.

Flex Atomic Force Microscopy (AFM)

The surface topography, nanoroughness,
and particle size distribution of the coated
and uncoated SSW were investigated using an
interchangeable cantilever holder flex atomic
force microscopy (AFM) (Nanosurf, Switzerland).

Wettability evaluation

Wettability of coated and uncoated samples
was evaluated by the sessile-drop technique
using an optical contact-angle meter (SL200KS,
China). A 1 uL droplet of distilled water was
placed on each surface, and the contact angle
was recorded for 10 seconds. Each measurement
was repeated three times, and the mean contact
angle was calculated.

Antiadherent activity assessment

Bacterial strains used in this study included
Streptococcus mutans and Staphylococcus
aureus, clinical isolates identified using the
VITEK® 2 automated microbial identification
system (bioMérieux, France) prior to
experimental procedures. For each strain, the
microbial suspension was standardized to 0.5
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Mix

Compress

Final Target

McFarland (= 1.5 x 10® CFU/mL) prior to use.
Segments of coated and uncoated SSW were
individually placed in test tubes containing
5 mL of artificial saliva prepared by dissolving
K,HPO, (0.2 g/L), KCI (1.2 g/L), KSCN
(0.33 g/1), Na,HPO, (0.26 g/L), NaCl (0.7 g/L),
NaHCO, (1.5 g/L), and urea (0.13 g/L) in
1,000 mL of distilled water. The solution
was filtered through 0.5 um filter paper,
and the pH was adjusted to 6.7 = 0.1 using
NaOH and lactic acid prior to use [23], then
mixed with 100 uL of microbial suspension.
The tubes were incubated at 37 °C for 48
hours on an orbital shaker (Shimadzu, Kyoto,
Japan). After incubation, each wire was rinsed
in 5 mL phosphate-buffered saline (PBS) and
shaken for 5 minutes at 2400 rpm (Heidolph,
Germany) to detach weakly adhered bacteria.
The resulting suspension was diluted 1000 X
with PBS, and 100 uL from each dilution was
spread on Mueller-Hinton agar plates and
incubated at 37 °C for 24 hours. Finally, the
number of colony-forming units (CFU/mL) was
determined [24,25].

Statistical analysis

Data obtained for contact angle and bacterial
adhesion were analyzed using IBM SPSS Statistics
(version 26). The normality of data was assessed

4
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by the Shapiro-Wilk test (p > 0.05), confirming
parametric distribution. Subsequently, a
one-way analysis of variance (ANOVA) was
employed to evaluate differences among the
sputtering durations (0, 10, 20, and 30 minutes).
When statistically significant differences were
detected, pairwise comparisons were performed
using Tukey’s Honestly Significant Difference
(HSD) post hoc test at a confidence level of 95%
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(o = 0.05). The data are presented as mean =+
standard deviation (SD).

RESULTS

X-Ray Diffraction

Figure 2 shows the XRD patterns of both
coated and uncoated stainless steel archwires
(SSW). The uncoated SSW (Figure 2a) exhibits
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Figure 2 - XRD pattern of uncoated (a) and (b) Ag/PTFE coated SSW.
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diffraction peaks corresponding to the primary
austenitic y-Fe cubic phase [26], whereas
the coated Ag/PTFE SSW (Figure 2b) reveals
diffraction peaks associated with both metallic
silver and PTFE, forming a thin and continuous
layer. Distinct diffraction peaks of silver appear
at 20 values of 37.6°, 44.0°, 64.4°, and 77.3°,
which correspond to the (111), (200), (220), and
(311) planes of the face-centered cubic (FCC)
silver lattice. These peaks align well with the
standard Joint Committee on Powder Diffraction
Standards (JCPDS) card No. 04-0783 for cubic Ag
nanoparticles [27]. Additionally, a broad peak at
21.2° corresponds to the polymeric PTFE phase,
confirming the coexistence of both Ag and PTFE
in the coating layer.

Flex Atomic Force Microscopy (AFM)

The surface morphology and roughness of the
coated and uncoated SSW significantly influence
coating adhesion [28]. Three-dimensional AFM
images (Figure 3) demonstrate progressive
changes in surface topology with increasing
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sputtering time. As deposition time increased
from 10 to 30 minutes, the color contrast in the
AFM maps (brown and white zones) diminished,
indicating smoother and more uniform surfaces.
According to Table I, the mean surface roughness
(Ra) of the uncoated SSW was 45 nm, which
initially increased to 56 nm after 10 minutes of
coating but subsequently decreased to 18 nm
at 30 minutes, indicating a highly compact and
smooth surface.

The corresponding nanoparticle size
distribution histogram (Figure 4) shows a mean
particle diameter of 53.75 nm, well within the
nanoscale range (1-100 nm) [29]. These findings
confirm that increasing sputtering time enhances
coating uniformity and decreases surface
irregularities, promoting better hydrophobic
behavior [30].

Wettability

The contact-angle results, summarized in
Table IT and Figure 5, revealed a gradual increase

X 10.7pm

Figure 3 - Surface morphology of uncoated SSW(a) and Ag/PTFE coated SSW at different sputtering time (b) 10 min, (c) 20 min and (d) 30 min.
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Table I - Average surface roughness of bared and Ag/PTFE coated SSW

An in vitro evaluation of wettability and microbial adhesion of
316L stainless steel orthodontic archwires coated with
Ag/PTFE nanoparticles

SS Bare SSW

A Coated SSW
B Coated SSW
C Coated SSW

0 45
10 56
20 32
30 18

SS: uncoated stainless steel (control group); A: Ag/PTFE coating deposited for 10 minutes; B: Ag/PTFE coating deposited for 20 minutes; C:

Ag/PTFE coating deposited for 30 minutes.
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Figure 4 - Histogram for the Ag/PTFE nanoparticles coated on the SSW at 30 min explaining the percent of nanoparticles size and its

distribution.

in hydrophobicity with longer sputtering durations.
The mean contact angle (CA) of the uncoated SSW
was 72.96°, corresponding to a hydrophilic surface.
After 10 minutes of coating, the CA increased to
99.95°, and after 30 minutes it reached 135.35°,
indicating a transition to a strongly hydrophobic
surface. Normality was confirmed for all groups by
the Shapiro-Wilk test (p > 0.05).

One-way ANOVA showed a significant effect
of sputtering duration on contact angle (Table III;
p < 0.001). Tukey’s HSD post hoc comparisons
(Table 1V) indicated that each coated group
differed significantly from the uncoated control
(p < 0.05), with the 30-minute group presenting
the highest hydrophobicity, as illustrated in
Figure 6.

This progressive increase in contact angle
demonstrates that the Ag/PTFE coating reduced the
surface free energy of the SSW, thereby decreasing
wettability and increasing hydrophobicity, in
line with the physicochemical characteristics of
PTFE and silver nanocomposites [31]. Based on
the results obtained from the wettability and
surface roughness analyses, the sample sputtered
for 30 minutes (Group C) was selected for the
microbial adhesion test. This group exhibited the
most homogeneous and compact coating layer,
along with the lowest surface roughness and the
highest contact-angle value. Therefore, only the
30-minute group was advanced to microbiological
evaluation to assess the antiadherent performance
under the most optimized coating condition.

Braz. Dent. Sci. 2026, 29 : e5032
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Table Il - Mean contact angle (°) of coated and uncoated stainless steel archwires

Group Sputtering time (min) Contact angle (° = SD) p-value vs SS
SS (Control) — 72.96 + 2.84 —
A 10 99.95 +1.01 <0.05
B 20 122.47 +1.37 <0.05
C 30 135.35 + 0.92 <0.05

SS: uncoated stainless steel (control group); A: Ag/PTFE coating deposited for 10 minutes; B: Ag/PTFE coating deposited for 20 minutes; C:
Ag/PTFE coating deposited for 30 minutes.

Table 111 - One-way ANOVA summary for contact angle among sputtering durations
Source df Mean square F-value p-value
Between groups 5 801.04 827.41 0.0000
Within groups 16 0.97 — —
Total 19 2404.09 — —

Note: One-way ANOVA indicated a significant effect of sputtering time on contact angle (a = 0.05). Detailed ANOVA computations are
presented in Table lI.

CA_L=75.099% CAR=72.971° CA_AV=74.0357 ' CA_L=100.255° CA_R=100.418° CA_AV=100.336° .

(a) (b)

CA_L=124149° CAR=125119° CA_AV=124.634° . CA_L=136490° CA_R=136.490° CA_AV=136.490° -

(d)

Figure 5 - Contact angle measurements for the uncoated SSW (a) and Ag/PTFE coated SSW at different sputtering time, (b) 10 min, (c) 20
min and (d) 30 min.

Antiadherent assessment samples (SS) showed high bacterial counts

The antiadherent performance of the coatings 350.8 CFU/mL for 5. mutansand 223.6 CFU/mL
against S. mutans and S. aureus is presented in for S. aureus. In contrast, the Ag/PTFE-coated
Figure 7 and Table V. The uncoated control samples sputtered for 30 minutes (sample C)

Braz. Dent. Sci. 2026, 29 : 5032
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Table IV - Tukey's HSD post hoc comparisons for contact angle

An in vitro evaluation of wettability and microbial adhesion of
316L stainless steel orthodontic archwires coated with
Ag/PTFE nanoparticles

SSvs A +27.0
SSvs B +49.5
SSvsC +62.4
AvsB +22.5
BvsC +12.9

<0.05 Significant
< 0.001 Significant
<0.001 Significant
<0.01 Significant
<0.05 Significant

SS: uncoated stainless steel (control group); A: Ag/PTFE coating deposited for 10 minutes; B: Ag/PTFE coating deposited for 20 minutes; C:

Ag/PTFE coating deposited for 30 minutes.

140 +
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Contact Angle (°)
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A &
] s

Sputtering Duration

Figure 6 - Mean contact angle (° + SD) of uncoated and Ag/PTFE-coated stainless steel archwires at different sputtering durations. Different
lowercase letters indicate statistically significant differences between groups (Tukey's HSD, p < 0.05).

exhibited a dramatic reduction in microbial
adhesion, with mean values of only 1.54 CFU/
mL and 2.16 CFU/mL, respectively.

Independent-sample t-tests demonstrated
a statistically significant reduction in bacterial
adhesion for both species (p < 0.001). These results
confirm the strong antibacterial and antiadherent
performance of the Ag/PTFE coating. The observed
reduction in bacterial adhesion is attributed to
both the bactericidal action of Ag NPs and the
hydrophobic, low-energy surface of PTFE, which
limits microbial attachment.

DISCUSSION

In this study, a uniform, hydrophobic, and
antiadherent Ag/PTFE coating was successfully
deposited on stainless steel orthodontic wires
using RF magnetron sputtering. The XRD patterns
confirmed the presence of Ag and PTFE phases
covering the austenitic surface of stainless steel, while
AFM images revealed the gradual transformation
of the film from coarse clusters at 10 minutes to a
smoother, more compact structure at 30 minutes.
The decrease in roughness reflects the nucleation,

Braz. Dent. Sci. 2026, 29 : e5032
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Figure 7 - Antiadherent assessment for S.mutans (a) uncoated SSW, (b) Ag/PTFE coated SSW at 30 min and S.aureus (c) uncoated SSW, (d)
Ag/PTFE coated SSW at 30 min.

Table V - Bacterial adhesion (CFU/mL) on uncoated control (SS) and coated group (C, 30 min)

SS (Control) 350.8 + 37.5 —
Streptococcus mutans

C (30 min) 1.54 £ 0.37 < 0.001

SS (Control) 223.6 +18.9 —
Staphylococcus aureus

C (30 min) 2.16 + 0.67 < 0.001

Statistical comparisons between SS (control) and C (30 min) groups were performed using an independent samples t-test (a = 0.05). Normality
was confirmed using the Shapiro-Wilk test.

10 Braz. Dent. Sci. 2026, 29 : 5032
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island growth, and coalescence phenomena that
occur during thin-film formation via sputtering,
leading to a denser and more uniform coating
structure [32]. PTFE’s low surface energy enables
the formation of compact, continuous layers
that minimize surface irregularities and limit
bacterial attachment [33]. During the early stage
of deposition, isolated Ag islands create temporary
micro-protrusions, but prolonged sputtering
connects these islands, reducing voids and creating a
cohesive nanocomposite surface. This morphological
refinement enhances both the mechanical adhesion
of the coating and its biological compatibility [34,35].
In contrast, uncoated or rougher surfaces promote
bacterial retention and biofilm growth due to
increased surface area and microcavities [36].
The hydrophobicity of the coating increased
progressively with sputtering time, reaching
a contact angle of 135.35° at 30 minutes.
This behavior may appear inconsistent with the
Wenzel model [37], which associates higher
roughness with stronger hydrophobicity, but
can be better explained by the Cassie-Baxter
regime [37], where air entrapment beneath
the liquid droplet and the dominance of PTFE’s
chemical composition produce a high apparent
contact angle even on smoother surfaces [38].
Our results align with those of Krishnan et al. [39],
thus, in this study, surface chemistry particularly the
PTFE component played a more decisive role than
topography in defining wettability. Although surface
roughness influenced the initial wetting regime, the
dominant contribution of PTFE’s intrinsically low
surface energy appears to have governed both
the observed increase in contact angle and the
subsequent reduction in bacterial adhesion.

The antiadherent results strongly support
the functional advantage of this nanocomposite.
The substantial decrease in CFU counts for
S. mutans and S. aureus (p < 0.05) can be
attributed to a synergistic effect between Ag
and PTFE, silver ions (Ag*) disrupt bacterial
membranes and inhibit polysaccharide synthesis,
while PTFE’s hydrophobic matrix prevents
microbial attachment and biofilm formation.
Similar antibacterial effects of nanosilver-based
materials have also been confirmed by clinical
studies in the oral environment [40,41].

The present findings demonstrate that
combining Ag with PTFE can provide both
bactericidal and antiadhesive effects without
compromising the mechanical integrity of
orthodontic wires. Nonetheless, as this is an
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in vitro study, it does not account for intraoral
variations such as pH, salivary enzymes, or
mechanical wear. Furthermore, advanced surface
chemical characterization techniques such as XPS
or detailed elemental mapping could provide
additional insight into the distribution and
interaction of Ag and PTFE within the coating
matrix. Future in vivo studies are necessary to
evaluate the long-term durability, ion release,
and biological safety of Ag/PTFE coatings under
realistic clinical conditions [21,42].

CONCLUSION

In the present study, stainless steel
orthodontic wires (SSW) were successfully
coated with Ag/PTFE nanocomposites using the
RF magnetron sputtering technique. Based on the
findings, the following conclusions can be drawn:

1. The deposition of Ag and PTFE
nanoparticles on the SSW surface was confirmed
by XRD, indicating the successful formation of a
uniform nanocomposite coating layer.

2. The sputtering time of 30 minutes
produced the most uniform and homogeneous
coating morphology, characterized by compact
topography and stable particle distribution.

3. Increasing sputtering time resulted in
a significant decrease in surface roughness
from 45 nm (uncoated) to 18 nm—while
simultaneously enhancing surface hydrophobicity
(decreasing wettability), as reflected by the rise
in water contact angle to 135.35°.

4. The Ag/PTFE coating exhibited strong
antiadherent efficacy, reducing bacterial adhesion
of S. mutans and S. aureus by more than
99%, thus demonstrating a marked reduction
in biofilm-forming potential under in vitro
conditions.

These findings indicate that Ag/PTFE
nanocomposite coatings may contribute to
reducing bacterial colonization and biofilm
development on stainless steel orthodontic
wires. However, further in vivo investigations
are required to confirm their long-term clinical
effectiveness and safety.
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