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Abstract: Orthodontic treatment improves dental aesthetics. However, the prolonged duration of treatment and patient's oral
hygiene results in more significant biofilm buildup and boosting concentrations of acidogenic bacteria, resulting in enamel
demineralization. Plasma treatment technology has developed an interest in enhancing appliances' surface properties.
The present study aimed to investigate cytotoxicity and antibacterial activity represented by anti-adhesion and anti-biofilm
formation of Argon plasma treatment on orthodontic brackets against Streptococcus mutans and Lactobacillus acidophilus
and evaluation the effect of change in plasma exposure duration on these properties in vitro. The study included three
groups, group 1: untreated stainless steel brackets, group 2: brackets treated for 15 min, and group 3: brackets treated for
30 min. S.mutans and L.acidophilus were isolated from patients undergoing fixed orthodontic treatment. Microbiological
tests included adhesion assay using plate counting method and biofilm formation assay using ELISA plate reader. S.
mutans& L. acidophilus were cultivated in three groups, and their adherence and biofilm formation were measured and
compared. The biocompatibility of treated stainless steel brackets was evaluated by MTT assay. Results showed that
groups 2 & 3 had better anti-adhesion and anti-biofilm activity when compared with group 1, with a significant difference
between group 1 &group 3, in which group 3 recorded the lowest biofilm formation and the highest anti- anti-A adhesion
activity. MTT showed that groups 2 and 3 exhibited more than 80% cell viability after 24, 48, and 72 hours. Plasma surface
treatment of metal brackets possesses antibacterial activity against S.mutans and L.acidophilus; alteration exposure time
impacts the development of these properties.

Key words: Plasma treatment, Argon gas, orthodontic brackets, biofilm, antimicrobial.

|
Introduction

Recently, the demand for orthodontic treatment has
risen due to increased population awareness about the
role of orthodontic treatment in improving dental and facial
aesthetics and, consequently, their popularity and social ac-
ceptance’. Fixed orthodontic appliance parts like brackets,
bands and archwires make tooth brushing difficult and crea-
te ideal circumstances for the formation of dental biofilm
and the colonization of bacteria. The biofilm formation can
cause periodontal problems and enamel decalcification,
which affect nearly half of all orthodontic patients?. In ortho-
dontic-induced enamel decalcification, the initial bacterial
adherence to the bracket-adhesive-enamel interface is cru-
cial. The continued growth of these initially adhering bacte-
ria that were only partially removed by tooth brushing might
contribute to the establishment of a pathological oral biofilm.
The organic acids generated by adhering bacteria such as
S.thoraltensis, S.epidermidis, Bacillus spp., Neisseria spp.,
S. aureus and M. luteus when they come in contact with
the tooth surface and left for enough time can cause demi-
neralization of the enamel and the formation of white spot
lesions (WSL), which are usually apparent clinically in the

first month after orthodontic appliances are placed?. Strep-
tococcus mutans and Lactobacillus acidophilius have signi-
ficant components of the pathogenic bacterial flora in WSLs
and dental caries*. While S. mutans has been linked to the
onset of dental caries, studies suggest that /actobacilli may
have a more crucial role in the progression of caries®. The
surface free energy and surface roughness of the implant
surfaces play a crucial role in bacterial adherence and co-
lonization. In research conducted by Eliades and h®, they
found that stainless steel has greater critical surface tension
and energy, which can be thought to have a more excellent
plaque retaining ability.

Furthermore, metallic orthodontic brackets altered the
oral environment, such as pH level reduction and increased
colonization of Streptococcus mutans and Lactobacillus aci-
dophilus’. Various methods have been utilized to reduce the
development of white spot lesions during orthodontic treat-
ment: altering dietary habits, providing good oral hygiene and
the topical fluoride application (toothpaste, mouth rinse)?.
These approaches, however, rely on patient cooperation,
which is unreliable. Furthermore, professional application
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of fluoride-release agents (fluoride varnish, luting cement
and bonding adhesive containing fluoride) can be utilized to
minimize biofilm metabolic activity®. Despite topical fluoride
application and brushing technique reinforcement resulting
in the alleviation of these lesions, they do not lead to their
complete eradication. As a result, research has been con-
ducted to identify new alternative techniques for dealing with
similar issues. Adjusting the antibacterial characteristics of
a metal surface before appliance installation can effectively
deter bacterial infection; many techniques have been used,
including direct impregnation with antibiotics, coating and
plasma-surface modification. Plasma surface modification
(PSM) is a versatile and cost-effective surface treatment
method that is gaining popularity in the biomedical industry
by the interaction of highly reactive plasma species with the
material surfaces, resulting in selectively enhancing surface
characteristics while leaving the bulk properties of the mate-
rials unaltered. Existing materials may therefore be utilized,
and the requirement for new materials can be avoided, re-
ducing the time it takes to build new and better biomedical
devices™. Various gases can be used in plasma activation
in plasma surface treatment procedures, such as Ar, CO,,
O,, He, H,, and N,. Argon gas has a growing interest in the
biomedical field because it is biochemically inert, has a low
breakdown voltage, is available and is relatively inexpensi-
ve'. In dentistry, plasma surface modification using Argon
gas has many applications, including sterilization?, increa-
se in bond strength at the dentin/composite interface', and
improved osseointegration of dental implant'™. the present
study is the assessment of antibacterial properties of Argon
plasma-treated orthodontic stainless steel brackets against
Streptococcus mutans and Lactobacillus acidophilus re-
presented by anti-biofilm and anti-adherence activity and
evaluation the effect of change in the duration of plasma
treatment exposure on the development of these properties
among the three groups of brackets.

|
Materials and methods

A total of 70 orthodontic bicuspid brackets made of
stainless steel alloy 316L (International Orthodontic Service
IOS™ Roth .022 slot size) were used in the current study.
The experimental design of the current research included
three main groups, as shown in table (1) &figure (1). Each
group contains 20 brackets divided equally into two sub-
groups for Streptococcus mutans and Lactobacillus aci-
dophilus, respectively. Another group containing 10 treated
brackets was used to assess cytotoxicity and biocompatibi-
lity, as shown in table (2). At first, to eliminate visible impu-
rities, all brackets were ultrasonicated for 30 minutes in 99
% ethanol and 99.5 % acetone, then dried in a desiccator.

Number of orthodontic | Duration of plasma

Groups stainless steel brackets = Treatment (minutes)
(control) 20 Nil

Group 2 20 15 min.
Group 3 20 30 min.

Table 1. The experimental design of the study.

Time of treatment | Number | 151,10 9 The number of brac-
15 min. (Group 2) 5 kets and duration of treat-
30 min.(Group 3) 5 ment for cytotoxicity assess-
ment.
Total 10

Plasma surface treatment procedure

The plasma surface treatment procedure is done at the
Iragi Ministry of Science and Technology/ Material Research
Directorate using the DC magnetron sputtering system. The
plasma treatment system used in this study consist of a
cylindrical plasma chamber containing two electrodes, the
cathode and the anode, separated by 4 cm, providing an
electric field for gas discharge. The discharge is carried out
with Argon gas at a flow rate of 40 SCCM under the pressu-
re of 5x10"" mbar. The chamber was evacuated by using a
rotary pump (Edward of 12 m?/h) to vacuum pressure 3x10"
mbar. The amount of gas inside the chamber is adjusted
by using a flow meter, and the pressure inside the cham-
ber was observed by Perani gauge with Edward's controller
1105. The applied voltage was 500 V which was controlled
by a DC power supply. Cathode potential and discharge cu-
rrents were measured by digital multimeter®.

In the plasma treatment procedure, the brackets were
placed in the magnetron sputtering chamber and distributed
in a way that the bonding side faced the anode electrode.
High purity argon gas was employed as the ambient gas.
The brackets' bonding side was not treated. The plasma
treatment was conducted for 15 min. & 30 min. to produce
two main groups of treated brackets with two different pe-
riods of exposure, as shown in figure (2).

Cytotoxicity test

The MTT test is used to assess the biocompatibility of
treated stainless steel brackets depending on the capaci-
ty of living fibroblasts to produce formazan crystals from
(3-(4,5-dimethylthiazote-2yl)-2,5-diphenyl tetrasodium bro-
mide). MTT test was used to evaluate cell viability in respon-
se to a treated stainless steel bracket (for three immersion
times at 24h, 48h, and 72h). According to the International
Standard ISO 10993-part 5 in 2009, At a density of 4 x 103
cells per well, Primary human dermal fibroblasts (HDFn)
were injected into 96-well plates (Falcon, Teterboro, New
Jersey, USA), and incubated for two days at 37°C, in 5%
CO, in air. After incubation, the culture media was removed,
and 200pL of the culture media containing the metal bracket
extracts of each immersion period was added. Each well
was then dyed with MTT (50 pg/l). The plates were incu-
bated for 4 hours at 37°C with 5% CO, in the air. An en-
zyme-linked immunosorbent assay reader was utilized to
determine the degree of light absorption at 570 nm in each
well (U2000, Hitachi, Tokyo, Japan). The cell viability tests'
results were given in percentage, the experimental wells'
absorbance at 570 nm compared to the control wells' at 570
nm. For each subgroup, six replicates were performed’®.

Microbiological aspect

Collection of bacterial samples and culture procedures

Saliva samples were taken from 20 patients undergoing
fixed orthodontic treatment (stainless steel brackets) with a
duration from starting the treatment not less than two mon-
ths by spitting into a glass flask; the saliva was then mixed
with 1 ml of phosphate-buffered saline (PBS). The samples
were sent for microbiological analysis within two hours. In
this research, we selected S. mutans and L. acidophilus
from the microbial collection because of their significant role
in the development of WSL and dental caries; studies sug-
gest that S. mutans has been linked to the onset of dental
caries while lactobacilli have a more crucial role in the pro-
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Figure 1. 1: Untreated stainless steel bracket. 2: stainless steel bracket treated for 15 min. 3: Stainless steel bracket

treated for 30 min.

gression of caries. For S. mutans culturing, 100 ul of the
sample was distributed on Mitis Salivarius agar with 0.5 [U/
ml bacitracin (Sigma, USA) and then incubated for 48 hours
at 37°C in a microaerophilic environment. While L. acidoph-
ilus was cultured on Man, Rogosa and Sharpe (MRS) agar
for 24h at 37 °C under 95% air and 5% CO,, the isolates
were identified based on the colonies' morphological and
cultural features, finally confirmed by Vitek 2.

Adhesion Assay of bacteria to orthodontic brackets

The adhesion ability of S. mutans & L. acidophilius to
the brackets was measured by using the plate counting me-
thod'. In this assay, stainless steel bracket segments rou-
ghly (1 cm?) were put in tubes containing 5 ml suspension of
tested microorganisms which is (1X10”8 CFU/mL) according
to (0.5 McFarland turbidity standard), then incubated for 1
hour at 37°C. Following incubation, Phosphate buffer saline
was used to wash stainless steel brackets three times. The
brackets were put in 10 ml fresh PBS and sonicated for 5
minutes at 40 kHz to remove adherent cells. The sonicated
PBS was serially diluted and cultivated on tryptic soy agar
plates. The viable colony count approach was used to de-
termine the number of adherent bacteria in sonicated PBS
(pH= 7.2, 0.1 M), which refers to the degree of adherence
of bacteria; this procedure was repeated for each group.
The biofilm formation on the orthodontic bracket was tested
by using an ELISA plate reader. The following steps were
applied for six groups in which Serial dilutions of S.mutans

and L. acidophilus bacterial cultures were made from nu-
trient broth to exhibit a cell density of 5 x 108 cells/ ml, and
stainless steel bracket (1 cm long) were submerged in 5 ml
culture in culture tubes ( for each group), the culture tubes
were incubated at 37 °C for 24 hours.

The stainless steel brackets were removed, then rinsed
in sterile water, put into culture tubes within 2 ml of nutrient
broth, and incubated for 24 hours at 37 °C and 30 °C for
S.mutans and L. acidophilus, respectively. Stainless steel
brackets segments were removed and rinsed in sterile wa-
ter before being submerged in tubes within a 0.1% crystal
violet solution for 5 min. Stainless steel brackets segments
dyed with crystal violet were rinsed in sterile water and mo-
ved to separate wells of a 96-well microtiter plate. 25 pl of
30% acetic acid was dropped onto the surface of each ca-
theter to allow solubilization of the adhered biofilm into their
respective wells. Absorbance was carried out at 550 nm,
and the optical densities of S. mutans and L.acidophilus bio-
films on U-C and BCN-C were measured. The optical den-
sity was recorded by using 30% acetic acid as a blank. The
orthodontic brackets' adhesion and biofilm formation assa-
ys were performed two months after subjecting the brackets
to the plasma surface treatment procedure.

Statistical Analysis

The adhesion test results were expressed in viable co-
lonies count attached to bracket surface (CFU), while the
biofilm formation test's results were expressed in optical
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Figure 2. Plasma surface treatment process of orthodontic stainless steel bracket.

density (OD). Standard statistical analysis software was
used for data assessment (version 20.0, Statistical Packa-
ge for the Social Sciences, IBM Corporation, Armonk, NY,
USA). Descriptive statistics, including mean and standard
deviation values, were calculated for the variables. The sta-
tistical significance cut-off was set at p < 0.05.

|
Results

In the current study, four isolates for S. mutans & four
isolates for L. acidophilus were obtained to perform micro-
bial and statistical analysis as follows:

Adhesion assay

In the present study, adhesion assay results recorded
the highest viable colonies numbers in group 1 in which S.
mutans (186+2.8) and L.acidophilus (335+ 0.68) when com-
pared with group2 in which the colonies number of S.mu-
tans (168.5+0.70) and L. acidophilus (226+0.01) while the
lowest colonies number appeared in group3 in which S.mu-
tans (133+1.00) and L.acidophilus (187+1.00) as shown in
figure (3). T-test was used to compare groups 1 &2; groups
1&3 showed a significant difference between group 1 &
group 3 at (p < 0.05) as shown in table (3).

Biofilm formation assay

The results of biofilm formation revealed that the lowest
value of biofilm formation was recorded in group 3 in which
S.mutans (0.274+0.00) and L.acidophilus (0.509+0.00), fo-
llowed by group?2 in which S.mutans (0.443+0.00) and L.aci-
dophilus (0.626+0.01) while the highest value was reported
in group1 in which S.mutans (0.495+ 0.01) and L.acidophi-
lus (0.688+0.00) as shown in figure (4). T-test was used to
compare groups 1 &2, with group 1&3 showing significant
differences between groups 1 & 3 at p<0.05, as shown in
table (4).

Cytotoxicity test
MTT test on human gingival fibroblast cells in vitro was

used to assess the cytotoxicity of the treated brackets. The
dose-response viability of fibroblast-like cells treated with
the culture media containing treated stainless steel bracket
of different immersion periods at (24h, 48h, and 72 h) is ex-
pressed in percentage and presented in table (5). MTT test
reported more than 80% in both group 2 &group 3 for the
three different periods. T-test was done to compare every
two groups and revealed a significant difference between
24 and 72 hr, but there is no significant difference between
24 and 48 and between 48 and 72 hr in both group 2 and
group 3. However, there is no significant difference between
groups 2 &3 during the same periods (p< 0.05).

|
Discussion

Plasma technologies have become more critical in the
medical industry for enhancing the surface characteristics
of biomaterials which ultimately affect the cell's response
to the material surface, providing environment-friendly and
cost-effectively measures to address the bacterial infection.
The present study results indicated reduced bacterial adhe-
sion with lower viable colonies count and higher anti-biofilm
activity in plasma-treated stainless steel brackets (group 2 &
3) compared with untreated brackets (group 1) with a statis-
tically significant difference between group1 & 3. These re-
sults agree with Shah AG, et al.'® & Chhattani S et al.?. The
present study's findings could be attributed to the influence
of the plasma treatment on surface chemistry, crystallinity,
and ion release. The plasma treatment can induce the de-
velopment of an oxide layer on the metal surface which can
also cause crystallization of amorphous oxide; The anatase
crystalline structure has a larger bandgap when compared
to the rutile crystalline structure, which increases its surface
redox potential to oxidize water molecules to form hydroxyl
radicals which play a crucial role in cell interaction?'. Koma-
sa S, et al. showed that Argon plasma treatment of titanium
surfaces was active enough to cleave C-H bond in the sur-
face layer to form radicals and generate various ROS on the
surface, including oxygen-binding compounds and nitrogen;
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H S.mutans
400 8 L. acidophilus
335+0.68
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= 300
; 250 226+0.01
= 187+1.00
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168.5x0.7
= 133£1.0
O 150
100
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0
Group 1 Group 2 Group 3
Figure 3. Adhesion assay of S.mutans & L.acidophilus to the brackets in the studied group.
Microorganism Groups T-test P-value
Group 1 Group 2 1.258503 0.427
186+ 2.828427 168.5+0.70
S.Mutans
Group 1 Group 3 17.666667 0.035%
186+ 2.828427 133+1.00
Group 1 Group 2 4.360000 0.143
nl
L.Acidophilus 3:2510'693 (_;2610013
roup roup 7.400000 0.045
335+0.698 187+1.00

(*): Significant Difference (p =0.03). The values are given as mean and Standard Deviation (SD).
Table 3. Adhesion assay of S.mutans & L.acidophilus to the brackets in the studied groups (CFU X10*2).

M S.mutans
M L. acidophilus
0,8
0.7 0.688+0.00
! 0.626+0.01
= 0,6
5 05 0.495 1 0.509+0.00
o ’ 0.443+0.00
?-3 0,4
E, 0,3 0.274%0.00
C
0,2
0,1
0
Group 1 Group 2 Group 3

Figure 4. Biofilm formation assay of S.mutans and L.acidophilus in the studied groups.



Ghufran D. Awad, lhsan D. Awad, Mohammed K. Khalaf, Muhand L. Alshami

Volume 7 / Issue 2 / 48 http://www.revistabionatura.com

Microorganism Groups T-test P-value
Group 1 Group 2 4.000 0.155
0.495+0.014 0.44320.003

S.Mutans

Group 1 Group 3 23.315 0.027*
0.495+0.014 0.274+0.001
Group 1 Group 2 4.428 0.141

L.Acidophilus 0.688x=0.002 0.626x0.017
Group 1 Group 3 23933 0.026*
0.688x=0.002 0.509+0.002 ’ T

(*): Significant Difference (p < 0.05). The values are given as mean and Standard Deviation (SD).
Table 4. The biofilm formation assay of S.mutans and L.acidophilus in the studied groups.

. Cell viability % P-value
Time
(24 -48) hr (48 -72) hr | (24-72) hr

24 hr 85.90 £ 2.805

48hr | 83.66x1.797 0.1711 0.087 0.0173*
Group 2

72 hr 85150+ 1.716

24 hr 83.60 £2.755

48 hr §82.06 £1.6987 0.3184 0.01152 0.0449%
Group 3

72 hr 80.21 £1.611

(*): Significant Difference (p =< 0.03). The values are given as mean and Standard Deviation (SD).

Table 5. MTT assay (cell viability results in percentage at the three immersions time periods (24 hours, 48 hours, and 72

hours).

Hydrogen peroxide and hydroxyl radicals are examples of
reactive oxygen species (ROS) which are well recognized
for causing oxidative damage to cell membranes. The dis-
rupted cell membrane does not have sufficient ability to con-
trol substances' movement through the bacterial wall, which
eventually causes cell death?2. For their part, researchers
have investigated a range of methods and chemicals that
may be used to suppress pathogenic bacteria in the dentis-
try profession of medicine, including the direct action of Ag
and TiO2 nanoparticles on pathogenic bacteria?.

The release of bactericidal ions from plasma-treated
surfaces is another approach to prevent bacterial adhesion.
lons can inhibit bacteria by destroying their envelope and
cytoplasmic components, limiting the capacity of peptido-
glycans to transport oxygen, inactivating protein enzymatic
activities, and/or interrupting DNA replication?*. In addition,
Plasma treatment can alter the surface hydrophobicity,
which significantly affects bacterial attachment and biofilm
formation. The Argon plasma treatment of titanium surfaces
improved wettability and produced super hydrophilic surfa-
ces??. The S. mutans & L. acidophilus exhibited membra-
ne's hydrophobic nature?>%, and the bacteria with the mem-
brane's hydrophobic nature readily colonize hydrophobic

surfaces and vice versa.

Furthermore, plasma treatment has a physical antibac-
terial effect. Plasma treatment can induce the formation of
nanotopography on metal surfaces?. Nanostructured surfa-
ces or biomimetic surfaces that enable the killing of bacteria
by the bacterial membrane's rupturing arises from the pe-
netration of high aspect ratio nano-features. Hirano M, et al.
found that Argon plasma treatment is an effective method
for rapidly fabricating antibacterial nanopillars on AISI 316
stainless steel surfaces?. To evaluate the effect of change
in the duration of plasma exposure, two groups of stainless
steel brackets were subjected to plasma surface treatment
for 15 min. & 30 min. The results indicated reduced bacterial
adhesion and higher anti-biofilm activity in plasma-treated
stainless steel brackets for 30 minutes (group 3) with a sta-
tistically significant difference when compared with group 1,
while plasma-treated stainless steel brackets for 15 minutes
(group 2) statistically showed no significant difference when
compared with group 1 at p<0.05. These findings could be
explained by alteration in plasma discharge parameters (in
our study, increasing exposure time will further reduce water
contact angle, which ultimately improves surface hydrophili-
city and incorporation of more oxygen-containing functional
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groups onto the treated surface for a longer duration, which
strengthens antibacterial properties. These results come in
agreement with Lee MJ, et al.?, who investigated antibacte-
rial properties of titanium surfaces modified by nonthermal
atmospheric pressure plasma and reported that a biofilm
formation was shown to be lower in samples exposed to
plasma for more extended periods when compared with tho-
se exposed for shorter periods. The current study evaluated
the antimicrobial effects of Argon plasma surface treatment
on stainless steel brackets in vitro settings. The limitation of
our study is that the test findings may be different in clinica-
lly relevant oral circumstances. Seo SH, et al. investigated
the antibacterial effect of nonthermal atmospheric pressure
plasma in the artificial saliva to imitate some of the in vivo
circumstances; the obtained findings suggested that plas-
ma treatment in a natural oral environment with saliva could
be more efficient than in some experimental settings®.

Despite its effectiveness in reducing bacterial adheren-
ce and destroying biofilms, the plasma surface treatment
can also exhibit a cytotoxicity concern for mammalian cells.
In the present study, the MTT test reported cell viability of
more than 80% in both group 2 &group 3, as shown in table
(5), indicating that the remaining percentage represents the
cytotoxic effect of plasma treatment. The cell death could be
attributed to reactive oxygen and nitrogen species (RONS)
as well as hydrogen peroxide (H202) produced by plasma
treatment®'. The Increased intracellular RONS is found in
both microbial and mammalian cells; however, the antioxi-
dant activity is more significant in specific cell types, which
serve to ensure their survival and stimulate cellular prolife-
ration to replenish their numbers throughout time, resulting
in differences between cytotoxic effect and antimicrobial
effect of plasma treatment®2. Many types of research su-
pport minimal tissue damage that can be obtained at spe-
cific technical settings (power, gas flow rate). The potential
for cell proliferation is enhanced to eliminate biofilm bacteria
while minimizing or maintaining a "tolerable" level of tissue
cytotoxicity®. In the present study, an MTT assay measu-
ring the cytotoxicity of orthodontic stainless steel brackets
treated with Argon plasma was conducted for three days;
depending upon the duration of the orthodontic treatment
& the time that stainless steel brackets remain inside the
oral cavity, further investigations are required to determine
the long-term impact of cellular damage and tissue viability
recovery.

|
Conclusions

Plasma surface treatment for orthodontic stainless ste-
el brackets using Argon gas possessed antimicrobial pro-
perties against S. mutans and L. acidophilus represented
by anti-biofilm and anti-adherence activity with a significant
difference between untreated brackets and brackets treated
for 30 minutes, indicating that alteration of the time of ex-
posure has an impact on the development of antimicrobial
properties which could provide a new preventive measure
against white spot lesions development and periodontal
problems frequently associated with orthodontic treatment.
Further research is needed to assess long-term cellular da-
mage and recovery of cellular viability and determine the
most suitable technical parameters of plasma exposure,
optimizing antimicrobial properties and making its cytotoxic
effect at a negligible level and enhancing tissue viability re-
covery.

cus mutans and Lactobacillus acidophilus
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