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ABSTRACT

Introduction: Stainless steel is one of the most frequently used material in pediatric dental clinic for
stainless steel crown, bracket, molar band and archwire. The purposes of this study were to evaluate the
surface characteristic (chemichal composition, hydrophobicity, fluoride release), antibacterial activity of
modified stainless steel and to evaluate the initial adhesion S. mutans on the surface of modified stainless
steel. Methods: This study was an experimental laboratory. Sample used in this study was Stainless steel
which modified with the plasma based fluorine ion implantation. The stainless steel which was fluorine
ion implanted by CF4 gas was washed in a ultrasonic bath containing distilled water for 10 minute. The
modified stainless steel materials were washed in an ultrasonic bath containing distilled water for 10
minute. Stainless steel material was incubated at 37°C in 2 ml of BHI broth containing S. mutans with
concentration 2x107 CFU/ml. After 48 hours incubation, a 0.5 ml of solution was immediately transferred
into 4.5 ml of PBS (-) and diluted. A 100 pi of diluted solution was plated on BHI agar. After 48 hours
culture at 37°C, the number of colonies was counted. The numbers of fluorine ion implanted material
and fluorine ion non-implanted control were ten, respectively. Results: XPS analysis showed the presence
of fluorine and chromic fluoride until second layer. The contact angle of modified stainless steel was
significantly increased A small amount of fluorine ion released from surface of modified stainless steel
was detected until the second day. Fluorine ion implanted of stainless steel was significantly decreased
the initial adhesion and increased the antibacterial activity. Conclusion: The adhesion of S. mutans on
the surface of stainless steel for 4 hours incubation is shown in Figure 11. Fluorine ion implanted stainless
steel showed less bacterial adhesion than fluorine ion non- implanted control (p<0.001).
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INTRODUCTION

Stainless steel is one of the most frequently
used material in pediatric dental clinic for
stainless steel crown, bracket, molar band and
archwire. Stainless steel crown has been shown
to provide the most durable restorative material
for primary molars."“ Most metallic brackets used
in orthodontic therapy made from stainless steel

(SUS) with the appropriate physical properties
and available as types 304, 306 and 17-4 PH SS
(OH KT).5 The bracket material could play a role
in the degree of bacterial adhesion and plaque
accumulation as well as in the risk of caries
development. Metallic orthodontic brackets
have been found to induce specific changes in
the oral environment such as reduced levels
of pH, increased plaque accumulation, and
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elevated S. mutans colonization. Preventing
these problems has been an important concern
for pedodontist and orthodontist, because the
lesions are unaesthetic, unhealthy and potentially
irreversible. Streptococcus mutans has been
strongly implicated as a causative organism of
dental caries and is frequently isolated from
human dental plaque.®'? There are at least two
methods for inhibiting the formation of microbial
plaque. The first method is to inhibit the initial
adhesion of oral bacteria. The second method is
to inhibit the colonization of oral bacteria which
involves surface antibacterial activity.'>

In recent years many efforts have been made
to improve the properties and biocompatibility
metals such as titanium and stainless steel. Plasma
surface modification (PSM) as an economical
and effective material processing technique is
gaining popularity in the biomedical field. It is
possible to change continuum of the chemical
composition and properties such as wettability,
adhesion, dyeability, refractive index, hardness,
chemical inertness, lubricity and biocompatibility
of material surfaces. In the recent years, Plasma
Based lon Implantation (PBIl) has become a great
interest for modify the surfaces of biomaterials
due to possibility of surface with complicated
shape, possibility of thick material and excellent
into material.”'® Compared to conventional ion
implantation, the plasma based ion implantation
facility is smaller, less expensive, simpler to
maintain and operate, and more compatible
with in house operation as opposed to the
outside service facility mode operation which is
prevalent at present in the ion beam processing
industry.”2* Some researchers carried out surface
modification by ion implantation. However, they
mostly concentrated on the corrosion, wear and
fatigue resistance properties of titanium. Several
research groups improved the biocompatibility
by implanting Ca2+ and Mg2+ into titanium and
alumina, respectively.? Fluoride (the ionic form of
fluorine) is excellent against tooth decay. Fluoride
covers teeth with thin layers, so it protects from
forming cavities. Since fluorine is one of the
reactive element in the periodic table, it makes
a lot of compounds with almost every element.
Fluoride is able to act directly to bacteria.As an
enzyme inhibitor, and another mode of action
to bacteria involves formation of metal-fluoride
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complexes.?>? Bacterial adhesion to biomaterial
surface is an important step in the pathogenic
infection. Surface characteristics of biomaterials
are reported to influence bacterial adhesion in
vitro. Bacterial adhesion is very complicated
process that is affected by many factors, such as the
environmental factors (temperature, time period
of exposure and bacterial concentration), the
bacterial characteristics (bacterial hydrophobicity
and bacterial surface charge) and the surface
characteristics of the biomaterials (chemical
composition, surface charge, hydrophobicity and
surface roughness).”-2 In order to determine
the surface characteristic of the modified
stainless steel, XPS analysis, fluoride release
and contact angle measurement were done.
The purposes of this study were to evaluate the
surface characteristic (chemichal composition,
hydrophobicity, fluoride release), antibacterial
activity of modified stainless steel and to evaluate
the initial adhesion S. mutans on the surface of
modified stainless steel.

METHODS

This study was an experimental laboratory
study. Sample used in this study was Stainless steel
which modified with the plasma based fluorine ion
implantation. Stainless steel (SUS316L) polished
like mirror Size 10mm x 10mm x 1Tmm Schematic
model of research design shown in figure 1.

Principle of plasma based ion implantation
is shown in Figure 2. The materials are immersed
into plasma and surrounded by high density plasma
and pulse-biased to a high negative potential
relative to the chamber wall. lons generated in
the overlying plasma are accelerated across the
sheath which is formed around the material and
implanted into the surface of the materials.%

Stainless steel plates with size 1 Ommx
10nunx 1 nun were modified by plasma based ion
implantation in lon Engineering Research Institute
Co., Osaka, Japan. Stainless steel, SUS3 16L (Fe
65.67wt%, Cr 17.00wt%, Ni 13.00wt%, Mo 2.40wt%,
Mn 1.40wt%, C 0.03wt%, Si 0.50wt%) was produced
by Daido steel co., Ltd., Nagoya, Japan. Fluorine
gas for plasma based ion implantation was CF4
gas. The condition of plasma based fluorine ion
implantation is shown in Figure 3. As a control,
non-fluorine-ion implanted stainless steel was
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Figure 1. Schematic model of research design

used. The stainless steel which was fluorine ion
implanted by CF4 gas was washed in a ultrasonic
bath (J.M. Ultrasonic Cleaner SUW-50d, j. Moritis
Corporation) containing distilled water for 10
minute. After washing procedures, the material
was dried in room temperature.

The modified stainless steel materials were
washed in an ultrasonic bath (J.M. Ultrasonic
Cleaner SUW-50D, J. Morita Corporation)
containing distilled water for 10 minute. After
washing procedures, the material was dried in
room temperature. A drop a distilled water was
carefully placed on each slightly dried, prepared
surface, and contact angle was measured using the
sessile drop technique with contact angle meter
(CA-DT, Kyowa Kaimenkagaku Co. Ltd). Five points
per material were measured. The total numbers
of fluorine ion implanted materials and fluorine
ion non-implanted control were ten, respectively.

specific electrode (ionplus Sure-Flow
Fluoride, 9609 BN; Orion Research Inc., Beverly,
MA, USA) connected to an expandable ion analyzer
(model 702A; Orion Research Inc., Boston, MA,
USA). Calibration of the analyzer was performed
before the testing with standard solution of 0.1,
0.5 and 1.0 ppm fluorine ion.

Initial adhesion and antibacterial activity

Into a petri dish, 20 ml of BHI broth and 200 121 of
S. mutans with concentration 4x108 CFU/ml were
poured and stainless steel material was placed
with the fluorine ion implanted surface upward.
After 4 hours incubation at 37°C, the material was
removed from the petri dish and washed three
times with phosphate-buffered saline without
calcium and magnesium (PBS (-)). The material
was then placed in a tube containing 2 ml of PBS (-)
and the tube was sonicaced (Dentcraft Ultrasonic

Ion Sheath
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Figure 2. Principle of plasma based ion implantation
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Figure 3. Process and condition of F ion implantation into
surface of stainless steel
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Figure 4. Schematic model of initial adhesion
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Figure 5. Schematic model of antibacterial activity

3800N, Yoshida Corporation, Tokyo, Japan) for
5 minutes. The material was removed from the
tube and 10 ml of BHI broth was added into the
tube. After 24 hours incubation at 37°C, 0.5 ml of
solution was immediately transferred into 4.5 ml
of PBS (-) and diluted. A 100 pi of diluted solution
was plated on BHI agar. After 48 hours culture at
37°C, the number of colonies was counted (Figure
3.6). The numbers of fluorine ion implanted
material and fluorine ion non-implanted control
were ten, respectively.

Antibacterial activity

Stainless steel material was incubated at 37°C
in 2 ml of BHI broth containing S. mutans with
concentration 2x107 CFU/ml. After 48 hours
incubation, a 0.5 ml of solution was immediately
transferred into 4.5 ml of PBS (-) and diluted. A
100 pi of diluted solution was plated on BHI agar.
After 48 hours culture at 37°C, the number of
colonies was counted. The numbers of fluorine ion
implanted material and fluorine ion non-implanted
control were ten, respectively. The statistical
analysis was performed with student t test using
computer software (SPSS 10.0 for windows)

RESULTS

X-ray photoelectron spectroscopy (XPS)

F 1s, Cr 2p,,, and Fe 2p,, XPS spectra of
stainless steel SUS 316L are shown in Figure 4.1.
Left side is fluorine ion non-implanted control
and right side is fluorine ion implanted material.
Binding energy by other works is shown in Table 1.
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Table 1. Binding energy (eV) by other works??:3°

Compound Binding Energy Reference
F 685.5 Shimadzu Co.*
Metal cr 574.3 Briggs D et al.
Cr,0, 574.3 Briggs D et al.®
Crf2 578.2 Hanamoto K et al 1.67
Metal Fe 706.95 Brigss D et al.”
Fe03 710.9 Brigss d et al.”
FeF2 711.4 Brigss D et al.”

F 1s peak position was observed at 685.3 eV
on the surface layer and at 685.5 eV on the second
layer (Figure 4.1b).

Chemically shifted peaks of Cr 2p, , were
observed in the higher binding energy region on
the surface and the second layers (Figure 8d).
Chemically shifted peak of Fe 2p, , was observed
in the higher binding energy region on the surface
layer (Figure 8).2%%

Contact angle

The contact angle of stainless steel is shown in
Figure 9. Fluorine ion implanted stainless steel
surface showed significantly higher contact angle
than fluorine ion non-implanted control (p<0.001).

Fluorine ion release

Fluorine ion release from the surface of fluorine
ion incianted stainless steel is shown in Figure 10.
A small amount of fluorine ion mimed until the
second day. After the third day, fluorine ion was
not detected.
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Figure 4.1 F 1s. Cr 2ps,; and Fe 2ps,> XPS spectra of stainless steel

Figure 6. F1s, Cr 2p3/2 and Fe 2p3/2 XPS spectra of stainless steel
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Figure 4.2 Contact angle of stainless steel

Figure 7. Contact angle of stainless steel

Initial adhesion

The adhesion of S. mutans on the surface of
stainless steel for 4 hours incubation is shown in
Figure 11. Fluorine ion implanted stainless steel
showed less bacterial adhesion than fluorine ion
non- implanted control (p<0.001).
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Figure 8. F ion release

Antibacterial activity

The colony of S. mutans on BHl agar for antibacterial
activity test is shown in The number of CFU/ml
is shown in Figure 12. Fluorine ion implanted
stainless steel showed lower number of CFU than
fluorine ion non-implanted control (p<0.001).
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Figure 9. Initial adhesion of S. mutans on the surface of
stainlees steel

Control Fion implanted

Figure 4.6. Colony of . mutans on BHI agar for antibacterial activity test
of stainless steel

Figure 10. Colony of S.mutans on BHI agar for antibacterial
activity test of stainless steel

DISCUSSION

In this study, mixed gas of CF4 gas were used.
Fluorine ion was implanted into stainless steel. In
XPS analysis, the binding energy of chromic oxide
(Cr-03) and chromic fluoride (CrF2) are reported
to be 576.6 eV66 and 578.2 eV.6- respectively.?
It suggests that the shifted peak shown in the
present study (Figure 5-d) was due to Cr203 and
CrF2. The binding energy of iron fluoride (FeF2)
and iron oxide (Fe203) are reported to be 711.4
eV and 710.9 eV, respectively.*® Iron oxide (Fe203)
was detected on the surface of fluorine implanted
stainless steel. Over the second layer, the peak
is close to metal iron. Compared with fluorine
ion non-implanted control, spectra shifts did not
change. This finding suggests that fluorine does
not combine with iron. In the present study, the
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contact angle of fluorine implanted stainless steel
was significantly increased. The higher contact
angle is, the more hydrophobic the solid surface
becomes. As the contact angle increases, the
wettability decreases or becomes hydrophobic.3'" 3

The contact angle can be used to calculate
the surface free energy of a solid surface. According
to interfacial thermodynamics, high surface
free energy strains, such as S. mutans, should
adhere preferentially to hydrophilic substrata. In
accordance to this hypothesis is the finding of this
present study that initial adhesion of S. mutans
on the surface of fluorine ion implanted stainless
steel significantly decreased was suggested due
to significant increase of contact angle. A small
amount of fluorine ion released from the surface
of fluorine ion implanted stainless steel within 24
hours and an extremely small amount of fluorine
ion was detected until two days, but was not
detected after three days. This finding suggested
that the small amount of fluorine ion released
not from the inside but from the fluorine ion
contaminated surface of stainless steel. Initial
(4 hours) adhesion of S. mutans on the surface of
stainless steel was evaluated.

The initial adhesion on the fluorine ion
implanted stainless steel decreased significantly
compared with fluorine ion non-implanted control.
This finding may be due to increase of contact
angle as described as above, and antibacterial
activity as described as follows. In the present
study, the fluorine ion implanted stainless steel
showed the antibacterial activity. There are two
possible explanations for antibacterial mechanism
of the r implanted materials. One is the action of
the fluorine ions and the other is actions of metal
fluoride complexes.

Fluorineion released from fluoride can affect
bacterial metabolisme as an enzyme inhibitor,
for example for the glycolytic enzyme enolase.
The metal fluoride complexes are responsible for
fluoride inhibition of proton-translocating F-ATPase
and are thought to act by mimicking phosphate to
form complexes with ADP at reaction centers of
the enzyme. ATPase plays an important role in the
maintenance of the intracellular pH by pumping
out protons; inhibition of this enzyme disrupts the
bacterial metabolism and the acid uric capability
of S. mutans.®*> Considering the results from
X-ray photoelectron spectroscopy, XPS spectra of
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fluorine implanted stainless steel showed chromic
fluoride complexes. This metal fluoride complexes
might be responsible for antibacterial activity.

CONCLUSION

Surface modification to stainless steel of
initial adhesion on the fluorine ion implanted
stainless steel decreased significantly compared
with fluorine ion non-implanted control. initial
adhesion of S. mutans on the surface of fluorine ion
implanted stainless steel significantly decreased
was suggested due to significant increase of
contact angle. Fluorine ion implanted stainless
steel showed less bacterial adhesion than fluorine
ion non- implanted control.
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