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Abstract:

Introduction: This study investigates the adhesion of Streptococcus mutans to fixed orthodontic wires in varying
types of saliva under laboratory conditions, given the heightened microbial load and increased caries prevalence in
patients with orthodontic appliances.

Materials and Methods: Stainless steel and nickel-titanium arch-wires of the same dimensions were utilized. In this
study, a total of 24 samples in six sub group of were used. After preparation and sterilization, the samples were
immersed in artificial saliva solutions for two hours with either normal or acidic pH. Subsequently, the samples were
incubated in an S. mutans suspension. Following serial dilution and cultivation on brain heart infusion (BHI) agar, the
number of former colonies was counted. The data were analyzed using two-way ANOVA with a significance level of p
=< 0.05.

Results: The adhesion rate of S. mutans to the stainless steel arch-wires was significantly higher than the nickel-
titanium arch-wires in both acidic and normal saliva (p < 0.05). Moreover, the adhesion rate of both arch-wires was
lower in acidic saliva compared to normal saliva (p < 0.05).

Discussion: According to the results of this research, the adhesion rates of S. mutans were different for arch-wire
materials. This research provided insights that could guide the selection of materials used in orthodontics.

Conclusion: S. mutans exhibits a lower adhesion rate of the nickel-titanium arch-wires compared to the stainless
steel arch-wires in both acidic and normal saliva.

Keywords: Acidic saliva, Orthodontic treatment, Orthodontic wires, Nickel-titanium arch-wires, Saliva, Stainless

steel arch-wires, Streptococcus mutans.
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1. INTRODUCTION
Modern orthodontic treatments encompass a series of

[1, 2]. Moreover, the importance of frequent dental
examinations during orthodontic treatment is well

orthodontic and orthognathic interventions aimed at
aligning the soft tissue with the position of the teeth and
achieving functional occlusion. These procedures are
commonly performed by orthodontists to adjust the
position of the teeth or the jaw, thereby enhancing soft
tissue relationships and creating functional occlusion

recognized among orthodontists, as investigations have
shown that patients undergoing fixed orthodontic treat-
ment are at a higher risk for caries and periodontal
problems in comparison to others [3]. Results of
investigations indicate that 96% of orthodontic patients
develop at least one white lesion during treatment,
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predominantly on the buccal surface of the upper anterior
teeth near the brackets [4]. It has also been observed that
patients with a high risk of caries before treatment tend to
have higher levels of Streptococcus mutans in their saliva
during treatment [1, 2]. This is attributed to the rapid
alteration of oral flora, favoring pathogenic micro-
organisms after the commencement of treatment with
fixed appliances and a decrease in salivary pH three
months into treatment, contributing to the acidification of
the oral environment and the appearance of white lesions
[5-71.

The utilization of intraoral appliances, such as arch-
wires and other orthodontic tools, increases the accu-
mulation of caries-causing microorganisms by expanding
contact points and limiting toothbrush access to all dental
surfaces. In general, the use of fixed intraoral appliances
increases the available surfaces for microorganism
attachment, thereby enhancing the potential for biofilm
formation [8].

A crucial study comparing the amount of S. mutans in
orthodontic patients with active caries to those without
dental caries revealed that the number of S. mutans in
orthodontic patients is influenced by the number of teeth
with active caries [9]. Orthodontic treatment is thus a risk
factor for periodontal diseases and caries, with an
increase in cariogenic microorganisms like S. mutans,
leading to enamel and dentin demineralization and
eventual caries in this patient group [10-12].

Controlling plaque indicators in patients before
treatment is essential. Therefore, understanding the
degree of S. mutans adhesion to commonly used
orthodontic arch-wires, such as stainless steel and nickel-
titanium, is crucial for selecting appropriate orthodontic
arch-wires based on the type of saliva. A review of
previous studies reveals a lack of sufficient information on
the extent of S. mutans adhesion to fixed orthodontic
materials and devices, indicating a knowledge gap in this
area. Therefore, the primary outcome of this research was
to compare the extent of S. mutans adhesion to fixed
orthodontic arch-wires in different types of saliva under
laboratory conditions.

2. MATERIALS AND METHODS

This in vitro study investigated the adhesion of S.
mutans to stainless steel and nickel-titanium arch-wires,
both measuring 0.016 x 0.022 inches, was investigated.
According to do Rosario et al. [13] the required sample
size was calculated using the fixed effects ANOVA analysis
with a = 0.05 and B = 0.2 for the material type variable
and B = 0.01 for the saliva type variable. The effect size
was 0.6 for the material type and 1.5 for the saliva type. A
total of 24 samples in six subgroups were evaluated.

S. mutans UA159 (ATCC 700610) was obtained from
the National Center for Genetic and Biological Resources
of Iran. The bacteria were cultured in brain heart infusion
(BHI) with 100 mM glucose at 37 °C under 10% CO,. After
24-48 hours, bacterial cells were centrifuged at 3,000 g,
washed twice with sterile 145 mM NaCl, and re-suspended
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to a concentration of 1.5 x 10° CFU/mL, confirmed
spectrophotometrically at 620 nm (Varian Cary 50 UV-Vis,
Varian Inc., Mulgrave, VIC, Australia) [13].

Normal artificial saliva was prepared [14, 15] from the
Biology Center of Tehran Medical Sciences, Islamic Azad
University, Iran. Two samples of artificial saliva with pH
equal to 5 and 7 were prepared. To prepare 1 liter of
artificial saliva, dissolve 0.4 g of sodium chloride (NaCl)
and 0.4 g of potassium chloride (KCl) in approximately 800
mL of distilled water to provide the primary Na*, K*, and
Cl” ions found in natural saliva. Next, add 0.795 g calcium
chloride dihydrate (CaCl,-2H,0) and 0.78 g disodium
hydrogen phosphate dihydrate (Na,HPO,-2H,0) to provide
Ca’" and phosphate buffering capacity, then stir until all
salts are fully dissolved. To mimic the antimicrobial
thiocyanate, stir in 0.005 g potassium thiocyanate (KSCN)
along with 0.005 g sodium sulfide nonahydrate
(Na,S-9H,0) for trace sulfide content. Add 1 g urea as a
nitrogenous component. Gradually sprinkle in 2.5 g of 1%
carboxymethylcellulose (CMC) under continuous magnetic
stirring to achieve a final viscosity similar to natural saliva
(0.25-1% CMC may be used depending on desired
thickness). Then, incorporate 5 mL glycerin as a
humectant to enhance moisture retention and mouth feel.
Adjust the pH of the mixture to 6.8-7.2 using dilute NaOH
or HCI. Finally, bring the total volume to 1 L with distilled
water, mix thoroughly, and, if long-term storage is
required, sterilize by passing through a 0.22 pm filter and
store at 4 °C in sterile bottles [14, 15]. Phosphate-buffered
saline with pH 7.2 served as the control group [16].
Artificial saliva for replicating natural saliva’s composition
was procured from Arad Company, Tehran, Iran.

In this investigation, two types of arch-wires (stainless
steel and nickel-titanium) (American Orthodontics, USA)
were utilized. Each subgroup was immersed in artificial
saliva for 2 hours to facilitate pellicle formation, and then
incubated at 37 °C and 5% CO, in a S. mutans suspension
[13, 17]. The arch-wires (10 mm long) were disinfected
using an ultrasonic device (Mini Sono Cleaner CA 1470,
Kaijo Denki Co. Ltd., Tokyo, Japan) for 15 min, followed by
immersion in 70% alcohol for 30 min. Sterility was
confirmed using BHI culture medium for 24 hours [17].
Post-incubation, the samples were washed thrice with 500
ML of 0.9% saline to remove unattached bacteria. The
samples were then sonicated at 50% strength (Qsonica
125, Newtown, CT, USA) in 10 mL of 0.9% saline for 3
seconds. The resulting suspensions were serially diluted,
and 10 pL of each dilution was cultured on BHI agar using
the dropwise method, in six replicates. The culture plates
were incubated at 37 £ 1 °C for 48 hours, after which
colony-forming units (CFUs) were counted using the pour
plate method [18].

Data collected from our research were analyzed using
Microsoft Excel and Statistical Package for the Social
Sciences (SPSS, version 21, Armonk, New York, USA). The
data were analyzed using two-way ANOVA with a
significance level of p = 0.05. The significance level was
set at P < 0.05. Descriptive statistics, including means and
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standard deviations (+SD) and standard error (+SE), were
calculated for the adhesion rates at pH levels of 5 and 7.

3. RESULTS

The effect of experimental factors and artificial saliva
pH on the amount of S. mutans bacteria indicated that the
factors of orthodontic wire type and pH had a significant
impact on S. mutans colonies (Table 1). The S. mutans
colonies formed in saliva with a pH equal to 5 in the
stainless steel arch-wires (61,650) were 5.2 times more
than the group of nickel titanium arch-wires (7,325)
(Table 1). The number of S. mutans colonies formed in
saliva with a pH of 7 in the group of the stainless steel
arch-wires was 2.57 times more than the nickel titanium
arch-wires (p < 0.05).

Table 1. Descriptive results of the number of S.
mutans colonies formed on each of the orthodontic
wires in all types of saliva.

. Number of Bacterial
pH Material | ¢ ojonjes + SD (CFU/mL) | F-value

SS 177526+61650

5 — 0.000
NiTi 33896+7325
SS 1104056+110435

7 — 0.000
NiTi 429280+96453

Table 2. Comparison of the amount of S. mutans
bacteria in the studied groups in acidic and normal
saliva.

Material | pH Mean Std. Deviation £, o P-value
Mean
7 11104056.66 110435.55 45085.12

SS 0.000
5 |177526.66 61650.29 25168.63
7 429280 96453.49 39376.98

NiTi 0.000
5 | 33896.66 7325.64 2990.68

According to the results shown in Table 2, there is a
significant difference between the amounts of bacteria at
pH 5 and 7 in all groups. The number of bacteria attached
to the nickel-titanium arch-wires at pH 7 is more than 5 (p
< 0.05). The number of bacteria attached to the stainless
steel arch-wires at pH 7 is more than at pH 5 (p < 0.05).

4. DISCUSSION

The present study demonstrated the significant role of
the metallic construction of the arch-wires in the
colonization of microorganisms. Specifically, it was found
that S. mutans attachment was lower on the nickel-
titanium arch-wires compared to the stainless steel arch-
wires in both normal and acidic saliva conditions. A key
contributing factor is the greater release of metal ions
from the nickel-titanium arch-wires, which imparts
antibacterial properties [19]. Hepyukselen et al. [20] noted
that the nickel-titanium arch-wires, particularly those
coated with other metals such as copper, exhibited

enhanced the (delete ‘the”) antibacterial properties,
reducing the likelihood of colonization by Streptococcus
and Lactobacillus species. Eldriny et al. [21] reported
higher adhesion rates on stainless steel arch-wires, which
significantly decreased following the use of a natural
antibacterial mouthwash. Polke et al. [22] found that
biofilm accumulation was significant across all arch-wire
types, with the highest accumulation on the titanium-
molybdenum alloy (TMA) samples and the least on the
coated stainless steel arch-wire samples.

Our findings revealed a higher bacterial colonization in
normal saliva compared to acidic saliva. Similarly, Laird et
al. [23] reported that low pH conditions increase the
release of metal ions from arch-wires, enhancing their
antibacterial properties and reducing S. mutans
attachment. However, recent studies have not examined
different incubation times when highlighting the influence
of saliva pH on bacterial attachment; they did report
increased bacterial binding in normal saliva compared to
acidic conditions.

S. mutans is known for its acidogenic properties,
producing acidic compounds that inhibit the growth and
attachment of certain streptococcal species. The
prevalence of S. mutans has been a focal point of research
for patients undergoing orthodontic treatment [3, 24]. This
comprehensive laboratory study compared two widely
used types of arch-wires, i.e., stainless steel and nickel-
titanium, under normal and acidic saliva conditions. The
results indicate that both the type of arch-wire and the
salivary pH significantly affect the binding rate of
bacteria. Saliva and the formation of a salivary pellicle on
orthodontic appliances reduce S. mutans binding [12].
This reduction is partly due to the presence of lysozyme
enzymes, histatins, and antibacterial elements in saliva,
but mainly due to salivary pellicles. Certain salivary
proteins, such as cystatins, amylase, immunoglobulin A,
and mucin-7 (MG2), have a high affinity for binding to
bracket surfaces and simultaneously possess active
receptors for microorganisms. Ahn et al. [25] found that
Streptococcus gordonii has a high affinity for binding to
MG?2 salivary pellicles and amylases, whereas S. mutans
does not, as these pellicles do not provide suitable
receptors for it. Two other critical factors influencing the
attachment of microorganisms are surface free energy and
surface topography. A saliva coating reduces the surface
energy, thereby decreasing the probability of bacterial
attachment [26].

Generally, understanding the factors that influence the
adhesion of S. mutans, as a key pathogen in dental caries,
is crucial for improving patient outcomes. Moreover, the
composition of saliva, especially its pH and buffering
capacity, plays an important role in oral health and the
prevention of caries. By investigating the adhesion rates of
S. mutans to different arch-wire materials in controlled
laboratory conditions, this study provides insights that
could guide the selection of materials utilized in
orthodontics.
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CONCLUSION

The presence of orthodontic appliances alters the oral
environment, fostering the growth and accumulation of
cariogenic microorganisms. This study revealed that
stainless steel arch-wires significantly enhanced S. mutans
colonization, thereby elevating the risk of dental caries
and white lesions. One of the strengths of this study was
its use of two types of saliva to simulate normal and
carious conditions. In general, a limitation of this study
was the lack of clinical conditions and other influencing
factors in salivary caries. This laboratory study can help in
making informed decisions about treatment plans and the
selection of materials and devices for patients at high risk
of caries, laying the groundwork for future clinical studies.
Based on the results of this study, it is recommended to
use nickel-titanium arch-wires whenever possible in
patients with a high risk of caries.
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