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This study aimed to test the hypothesis that Streptococcus mutans contamination levels 
differ according to the type of the orthodontic ligature. Thirteen patients were selected. 
Each quadrant was randomly subjected to one of the following ligature-use protocols: 
I) elastomeric chain, II) steel ligature crossed over the archwire, III) steel ligature crossed 
under the archwire, and IV) steel ligature in a figure-eight pattern under the archwire. 
After seven days, the devices were removed and the Streptococcus mutans colony-forming 
unit count per mg of biofilm weight was determined. Twelve specimens (n=3) were also 
processed for scanning electron microscopy analysis. ANOVA and Tukey-Kramer test were 
used for comparisons to assess S. mutans differences between groups at a 5% significance 
level. There was no statistical difference in detectable levels of S. mutans among the 
groups (p=0.294). Scanning electron microscopy results showed abundant biofilms and 
microbial contamination in all groups. In conclusion, S. mutans contamination levels are 
similar in the different orthodontic ligatures.
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Introduction
Orthodontic appliances are made from a variety of 

solid and elastic materials with irregular surfaces and these 
irregularities increase the retention of food residue, making 
mechanical hygiene difficult (1,2), increasing microbial 
contamination (3-6). Orthodontic appliances can change 
oral microflora, increase the levels of periodontal pathogens 
(7) and Streptococcus mutans (1,8-10) in the saliva and 
dental biofilms during orthodontic treatment.

Although many microorganisms are involved in caries 
pathogenesis, S. mutans is the most directly involved in 
caries etiology (11). In accumulated biofilms, decreased 
pH results from the fermentation of dietary carbohydrates 
from cariogenic bacteria, such as S. mutans, which survive 
and predominate in an acidic environment (12).

Fixed orthodontic mechanotherapy is an aggravating 
factor because it uses materials that increase the levels of 
cariogenic microorganisms within the dental biofilm and 
on the surface of orthodontic appliances (9,2,13,14). Such 
changes may be responsible for the increased susceptibility 
to the development of carious lesions, with or without 
cavitation, during orthodontic treatments (10,15). 

Metal ligatures, like steel ties and elastomeric ligatures, 
like elastic chains, are among the most widely used 
orthodontic devices. Steel ties (non-hardened stainless-
steel wires) of different diameters (0.08”, 0.10”, 0.12”), which 
join two or more teeth, are used for anchorage, to support 
moving teeth, for rotation correction, to prevent the 

opening of diastemas, to support intermaxillary elastics and 
as guide wires for dental traction. When used for anchorage, 
these ties work by joining two or more teeth by crossing 
either over or under an archwire inserted in the bracket 
slot or placed in a figure-eight configuration. In addition 
to these devices, elastics are present in many orthodontic 
treatments as elastomeric ligatures, intra- and extra-oral 
elastics, elastic chains and other devices that are critically 
important for corrective mechanics. It was previously 
shown that elastomeric ligatures may become intensely 
contaminated with S. mutans (16); however, no published 
studies assessed which ligature types exhibit higher 
cariogenic microorganism accumulation on their surfaces. 
Such investigations allow selection of the most appropriate 
ligature types for clinical use according to microbiological 
parameters. Thus, the aim of this clinical study was to test 
the hypothesis that S. mutans contamination levels differ 
according to the type of the ligature.  

Material and Methods
This study was approved by the Research Ethics 

Committee (# 0031.0.138.212-11). This study was explained 
in detail to the patients and/or their legal guardians.

Sample Selection
Sample size estimation was calculated according to a 

previous study (17), which evaluated the alterations on 
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microbial flora after orthodontic bonding of two different 
archwire ligation techniques (elastomeric rings and ligature 
wires). The sample size calculation was performed according 
to the mean value of S. mutans and the standard deviation 
presented in the different archwire ligation techniques in 
the first week. A calculator (https://www.stat.ubc.ca) was 
used to determine the minimum sample size required for 
paired sample, a α of 5% and a power of 80% in which 
the mean S. mutans was 5.26 in the elastomer group, 4.79 
in the ligature group and a common standard deviation 
of 0.40. The estimated sample size for the study was 12 
per type of ligature, therefore it was decided to include a 
sample of 13 patients due to the possibility of drop-out.

A sample of patients undergoing fixed orthodontic 
treatment in the Orthodontics Residence at the University 
was selected for this study. Healthy non-smoking patients 
of both genders with complete permanent dentition and no 
carious lesions or periodontal disease were selected. Patients 
who had used antibiotics or antimicrobial mouthwashes 
within the previous 3 months were excluded. In addition, 
dental biofilm samples from the cervical third of the 
buccal surface of the first maxillary premolars, adjacent 
to the bracket, were collected to confirm the presence 
of S. mutans. The collection was performed using a 
plastic curette (Jon, São Paulo, SP, Brazil) and S. mutans 
quantification was checked using Mitis Salivarius Bacitracin 
(MSB) agar, which is selective for S. mutans (18,19). 

Thirteen patients (5 males and 8 females) aged between 
11 and 22 years (mean age of 13.8 years), who met the 
inclusion criteria, were selected. Patients were handed an 

“oral hygiene kit” containing a toothbrush (Professional; 
Colgate-Palmolive Indústria e Comércio Ltda, São Paulo, 
SP, Brazil) and fluoride toothpaste (Colgate Maximum 
Cavity Protection, Colgate-Palmolive). The patients were 
instructed to maintain an oral hygiene routine by brushing 
their teeth three times per day after meals.

Experimental Design
In this in vivo cross-sectional study, four treatments 

were assessed in each of the 13 patients. All the devices 
were made and fitted by the same operator (MUS) and 
each quadrant was subjected to one of the following 
randomly determined ligature-use protocols (Fig. 1): Group 
I: elastomeric ligature (elastic chain) (n=13); Group II: steel 
ligature crossing over the archwire (n=13); Group III: steel 
ligature crossing under the archwire (n=13); Group IV: 
steel ligature crossing in a figure-eight pattern under the 
archwire (n=13).

Treatments
Untempered 0.10” stainless steel ligature wire was 

used to make the metal ligatures for Groups II, III and IV 
(Morelli, Sorocaba, SP, Brazil). Coon tying pliers (Ortoply, 
Philadelphia, PA, USA) were used to stretch the ligature 
wire, connecting the teeth. For Group I, conventional 
elastomeric ligatures (elastic chains) were used (Morelli). 
All ligatures were fitted while the patients were wearing 
maxillary and mandibular 0.020” alignment and leveling 
stainless-steel archwires, brackets standard Edgewise slot 
022” (Morelli). When the metal ligatures were fitted under 

Figure 1. Clinical photographs of the devices: A: elastomeric chain ligature; B: Steel ligature tie crossing over the archwire; C: Steel ligature tie 
crossing under the archwire and D: Steel ligature tie crossing in a figure-eight pattern under the archwire.
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the wire (Groups III and IV), the 0.020” arch was fixed to 
a bracket with individual elastomeric ligatures (Morelli).

After seven days, the patients were reviewed in the 
morning in fasting and not brushed their teeth. Each of 
the ligatures was removed and cut in half using ligature 
cutters (Ortoply, Philadelphia, PA, USA) by the same operator 
(MUS). The cut was made between the bracket wing of 
the second pre-molar to divide the ligatures in half. The 
anterior portion of the ligature was used for microbiological 
analysis, and the posterior portion was used for scanning 
electron microscopy (SEM) analysis.

Microbiological Analysis
After the assigned experimental time, the ligatures 

containing the biofilms were individually transferred to pre-
weighed microcentrifuge tubes (±0.01 mg; Analytical Plus 
AP 250D, Ohaus Corp, Florham Park, NJ, USA) containing 
1 mL of 0.9% NaCl. The tubes were sonicated to detach 
the biofilms formed on the ligatures and to improve 
homogenization (20). The ligatures were carefully removed 
from the suspension and weighed. The weight of biofilm 
was calculated by the difference in the weight of tube and 
ligature. Aliquots of the biofilm suspension were diluted 
in series (1:1, 1:10, 1:100, and 1:1000) with 0.9% NaCl 
and were plated onto Mitis Salivarius agar plus 0.2 units 
of bacitracin/mL and 15% of sucrose (MSB), for mutans 
streptococci group (18) using the drop-plate technique. 
The plates were incubated for 48 h at 37 °C in anaerobic 
conditions with 5% CO2 (MCO-19AICUV, Sanyo Electric Co., 
Ltd. Osaka, Japan). The colony-forming units (CFU) were 
counted and the results expressed in log10 CFU/mg dental 
biofilm wet weight. 

Scanning Electron Microscopy (SEM)
After the devices were cut, the posterior portions of 

each ligature from 3 patients, totalizing 12 ligatures (3 
elastomeric ligature; 3 steel ligature crossing over the 
archwire; 3 steel ligature crossing under the archwire; and 
3 steel ligature crossing in a figure-eight pattern under 
the archwire) were immediately placed in jars containing 
a 3% glutaraldehyde solution. After 48 h, the specimens 
were rinsed with distilled water and sequentially immersed 
in increasing concentrations of alcohol (30, 50, 70, 80, and 
90%, followed by three sequential immersions in 100% 
alcohol) for 10 min at each concentration. For electron 
microscope analysis, the specimens were critical-point 
dried in an EMS 850 device using CO2 and mounted on 
metal stubs with adhesive tape and conductive silver glue. 
Next, the specimens were gold-sputtered for 60 s using a 
Denton Vacuum Desk II device. The samples were analyzed 
using a scanning electron microscope (JSM 5410, Jeol, 
Tokyo, Japan) at a voltage of 15 kV. Electron micrographs 
(15-5000 x magnification) were taken to demonstrate in 
vivo the presence or absence of biofilm formation via SEM. 

Statistical Analysis
The data were analyzed with the SAS System (SAS 

Institute Inc. The SAS System, release 9.2. SAS Institute 
Inc., Cary, NC, USA, 2008). Response variables did not 
fulfill the assumptions of equality of variances and normal 
distribution of errors. Thus, a generalized linear mixed model 
was adjusted for log-normal distribution for an experiment 
with a random effect (volunteers) for fixed-effect test 
(wire). After transformation, the adherence of the residuals 

Figure 2: Streptococcus mutans viability according the experimental groups (n=13). Data were submitted to Analysis of Variance (ANOVA) 
and compared by Tukey-Kramer test. Same letters indicate that there was no statistical significant difference among groups (p>0.05). Group I: 
elastomeric ligature (elastic chain); Group II: steel ligature crossing over the archwire; Group III: steel ligature crossing under the archwire; Group 
IV: steel ligature crossing in a figure-eight pattern under the archwire.
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Figure 3: Electron micrographs showing Group I ligatures (elastomeric chain ligature; A-B), Group II (metallic ligature crossing over the archwire; 
C-D), Group III (metallic ligature crossing under the archwire; E-F), and Group IV (metallic ligature crossing in a figure-eight pattern under the 
archwire; G-H), showing intense contamination and biofilm formation on the surface of the ligatures (15-5000´ magnification). The arrows point 
to biofilm formation.
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was evaluated by the Shapiro-Wilk test. These transformed 
variables were analyzed by ANOVA and Tukey-Kramer test 
for multiple comparisons of means, if significant effect was 
found. The significance level was fixed at 0.05.

Results
Twelve (23%) ligatures did not exhibit detectable 

levels of S. mutans (p=0.294). These ligatures were equally 
distributed among the groups.

S. mutans means in Groups I, II, III and IV were, 
respectively, 62,523 UFC/mg (±151,798); 27,353 UFC/
mg (±76,181); 48,521 UFC/mg (±89,872) and 37,026 
UFC/mg (±82,458). Figure 2 demonstrates the S. mutans 
mean distribution among the groups with no statistically 
significant differences (p>0.05). 

SEM confirmed the microbial culture results, 
demonstrating the occurrence of abundant biofilms (Figs. 
3A,C,E,G) and abundant microbial contamination for all 
groups (Fig. 3B,D,F,H).

Discussion
Fixed orthodontic appliances make oral hygiene difficult, 

resulting in dental biofilm accumulation. Biofilm retention 
around (21) and on the surface of orthodontic accessories 
can lead to enamel demineralization and caries (21). Only 
a few studies evaluated the effected of ligature wires on 
biofilm microflora (13,19,21-23). Several authors have 
investigated how specific materials that tie the archwire to 
brackets contribute to increased microbial contamination 
levels, comparing dental biofilm accumulation in areas 
adjacent to the brackets of elastomeric and metallic 
ligatures in the buccal dental surface. Nevertheless, in the 
present study, microbial contamination on the surface of 
elastomeric chain ligatures and different types of ligature 
ties was compared.

To the best of the authors’ knowledge, this is the first 
study to evaluate S. mutans levels on the surface of the 
different types of ligature wires. Although the present study 
did not demonstrate statistical difference between the 
groups, these results should be interpreted with caution. 
The authors were able to note that Group I presented 
higher values than the other groups. It is possible that the 
employed sample size led to a Type II error, in which there 
is failure to detect a real difference. It is also possible that 
there is no difference between the ligatures and this is not 
a clinical matter for clinicians. 

In addition, clinical parameters (data not shown) 
demonstrated a macroscopic residue accumulation on 
elastomeric chains. Other studies also reported that 
residue accumulation is commonly observed in the clinical 
scenario during orthodontic therapy with different types of 
devices (24-27). In orthodontic patients, caries prevention 

represents a significant challenge (27) and requires clinical 
studies in order to prevent and control caries during 
orthodontic treatment. 

It is also important to emphasize that different methods 
can be used to investigate S. mutans levels. The method 
used here for the determination of microbial viability by 
the plate count, is routine in microbiology laboratories 
worldwide and its accuracy with most organisms is well 
accepted (28). However, it is possible that the method may 
have influenced the study results. In 23% of the ligatures 
there were no detectable levels of S. mutans. Although this 
is an important limitation of the method, it is important to 
emphasize that the four analyzed groups were evaluated 
with the same method.

Briefly, these results highlight the hypothesis that 
different types of ligature wires may lead to similar dental 
biofilm accumulations. In health science, replicate findings 
is always a concern when dealing with systems as complex 
as the oral environment. Therefore additional studies are 
necessary to confirm or rebuke the present results in order to 
aid the implementation of preventive measures to promote 
oral health during orthodontic treatments.

In conclusion, Streptococcus mutans contamination 
levels are similar in the different orthodontic ligature types.

Resumo
Este estudo teve como objetivo testar a hipótese de que os níveis de 
contaminação de Streptococcus mutans diferem de acordo com o tipo de 
ligadura ortodôntica. Treze pacientes foram selecionados. Cada quadrante 
foi submetido aleatoriamente a um dos seguintes protocolos de uso de 
ligadura: I) ligadura elastomérica, II) ligadura de aço trançada sobre o 
arco, III) ligadura de aço trançada sob o arco e IV) ligadura de aço em um 
padrão de “oito” sob o arco. Após sete dias, os dispositivos foram removidos 
e a contagem das unidades formadoras de colônia de S. mutans por mg 
de peso de biofilme foi determinada. Doze espécimes (n = 3) também 
foram processados para análise por microscopia eletrônica de varredura. 
Análise de variância e teste de Tukey-Kramer foram utilizados para 
comparações a fim de avaliar as diferenças de níveis de S. mutans entre 
os grupos com significância de 5%. Não houve diferença estatisticamente 
significante  em níveis detectáveis de S. mutans entre os grupos (p = 
0,294). Os resultados da microscopia eletrônica de varredura mostraram 
biofilmes abundantes e contaminação microbiana em todos os grupos. 
Em conclusão, os níveis de contaminação de S. mutans são semelhantes 
nas diferentes ligaduras ortodônticas.
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