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Quantitative analysis of biofilm formation on labial and lingual bracket

surfaces

Sila Bilgin Yenera; Ömür Polat Özsoyb

ABSTRACT
Objectives: To evaluate and compare the biofilm formation between labial and lingual orthodontic
brackets.
Materials and Methods: Twenty patients with a mean age of 24 6 8.8 who had received labial or
lingual orthodontic treatment were enrolled in the study. Biofilm formation on 80 brackets was
analyzed quantitatively with the Rutherford backscattering detection method. Five micrographs
were obtained per bracket with views from the vestibule/lingual, mesial, distal, gingival, and
occlusal aspects. Quantitative analysis was carried out with surface analysis software (ImageJ
1.48). Data were analyzed by Mann-Whitney U and Kruskal-Wallis tests (a ¼ 0.05).
Results: Total biofilm formation was 41.56% (min 29.43% to max 48.76%) on lingual brackets and
26.52% (min 21.61% to max 32.71%) on labial brackets. Differences between the two groups were
found to be significant. No difference was observed in intraoral location. The biofilm accumulation
was mostly located on gingival, mesial, and distal surfaces for both groups.
Conclusions: The biofilm accumulation on lingual orthodontic therapy was found to be more than
labial orthodontic therapy. (Angle Orthod. 2020;90:100–108.)
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INTRODUCTION

To meet the increasing esthetic expectations of

orthodontic patients, lingual treatment technique was

developed and became a powerful alternative to labial

treatment especially with advances in recent years.1,2

After the insertion of the brackets to labial and lingual

surfaces, ecological changes occur in the amount,

composition, metabolic activity, and pathogenicity of

oral microbiota. This may lead to an increased rate of

gingivitis and caries lesions.3–9 These side effects can

be explained by a higher number of plaque-retentive

areas, physiochemical properties of biomaterials, and

the inability to remove the plaque mechanically.10 In

addition, access of saliva to these areas is restricted

and the effectiveness of the tongue in removing food

residues from the mouth is reduced. It is important for

orthodontists to know the changes that occur in the oral

environment after the insertion of lingual brackets,
which are quite different from conventional labial

techniques in dimension, position, and difficulty in

access during hygiene measures.

After the insertion of brackets, the initial biofilm layer

that forms on bracket surfaces worsens the periodontal
condition but, after a while, the host microorganism

balance is restored.11 However, intraoral materials

wear out over time due to particles of food, beverages,
and corrosion.12,13 In this case, such wear would have a

significant effect on the biofilm formation, as it would

change the surface roughness and energy.14 It is
therefore important to investigate the amount of biofilm

on and around the brackets. The amount of biofilm on

bracket surfaces is also an indicator of the biofilm

around the brackets.

There are conflicting results in the literature regard-
ing which treatment modality is superior in hygiene.15–21

However, no studies have been reported that aimed to

evaluate the amount of biofilm formation on lingual
brackets and to compare them with that on labial

brackets. The aim of this study was to compare the

amount of biofilm formation on bracket surfaces
between lingual and labial treatments. The null
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hypothesis of the study was that there would be no

difference between lingual and labial brackets in the

extent of biofilm formation.

MATERIALS AND METHODS

This study was carried out with the approval of

Bas�kent University Medical and Health Sciences

Research Council (project no: D-KA 15/05, accepted:

07.04.2015, number: 94603339 / 18-050.01.08.01-

429) and supported by Bas�kent University Research

Fund. Based on a power analysis, it was determined

that a sample of 10 patients per group was needed for

a 20% effect size change to represent a statistically

significant difference in biofilm amount. With a total of

20 patients, 80% power and 95% confidence levels

were achieved.

Twenty individuals over the age of 17 years who

underwent fixed orthodontic treatment with lingual

brackets (STb, Ormco Corporation, Glendora, CA,

USA) or labial metal brackets (Victory Series, 3M

Unitek, Monrovia, CA, USA) were enrolled in this study.

The exclusion criteria were presence of a systemic

disease, smoking habit, history of periodontal disease,

extensive dental restorations, history of antibiotics or

any antibacterial mouth rinse product use during the

last 6 weeks before debonding, and the application of

professional dental hygiene procedures in the last 3

months. The patients were treated by the same

clinician. During treatment, the patients in both groups

were informed about brushing with a Modified Bass

Technique, and an interdental brush was recommend-

ed. During the control appointments, hygiene motiva-

tion and education were given whenever levels started

to decrease. Brackets were collected from consecu-

tively debonded patients between September 2014

and December 2014 until the required sample size was

reached.

The group with labial metal brackets consisted of 10

individuals with a mean age of 25.30 6 10.69 years

(six females, four males). The mean treatment time

was 24.4 6 8.36 months. The group with lingual

brackets consisted of 10 individuals with a mean age of

22.60 6 6.64 years (seven females, three males). The

mean treatment time was 25.8 6 8.92 months (Table

1).

The brackets of these 20 patients were investigated

after the completion of orthodontic treatment. The

same experienced clinician removed the brackets and

prepared them for evaluation and investigated the

photomicrographs. The brackets were removed using

the same debonding plier (Lingual debonding plier,

ETM 431 with Modified Hook). Extra care was taken to

avoid the iatrogenic removal of the biofilm layer. After

debonding, archwires were carefully removed, mildly

rinsed, and air-dried with an air-water spray to remove

debris, and stored in separate boxes at room temper-

ature. Central incisor and second premolar brackets

were equally and consecutively selected from either

first and third quadrants or second and fourth

quadrants for both the labial and lingual groups. Four

brackets were collected from each patient; a total of 80

brackets (40 labial, 40 lingual) were obtained for

investigation.

Biofilm formation was screened using the Ruther-

ford backscattering detection (RBSD) method on a

scanning electron microscope (SEM) (JSM-6400,

JEOL, Tokyo, Japan).22–24 This technique measures

backscattering of high energy electrons impinging on

a sample. Due to the different atomic weights, lighter

elements such as carbon atoms in the biofilm

appear as dark areas, and the heavier elements

such as iron in stainless steel appear as bright

areas. (Figure 1) Biofilm coverage was verified with

Table 1. Chronological Ages, Treatment Time, and Sex of the Individuals Involved in the Study

F M

Age (Year) Treatment Time (Month)

x 6 sd Min Max x 6 sd Min Max

Labial treatment 6 4 25.30 6 10.69 17 51 24.4 6 8.36 13 42

Lingual treatment 7 3 22.60 6 6.64 17 34 25.8 6 8.92 13 37

Total 13 7 24 6 8.8 17 51 25.1 6 8.45 13 42

Figure 1. A secondary electron image at 3 100 magnification.
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SEM at high magnification and elemental analysis of
the surfaces were made using energy-dispersive x-
ray spectroscopy (EDS / EDX). Elemental analysis
was performed because, on the SEM images,
relatively unusual brighter areas with clear borders
were observed in non-biofilm-covered areas (Figure
2).

Photomicrographs from the mesial, distal, occlusal,
gingival, and vestibular-lingual aspects (five aspects)
of each bracket were obtained by RBSD method at 20
kV and 3 20 magnification. (Figures 3 and 4) A total of
400 photomicrographs were analyzed for quantitative
biofilm formation analysis using the ImageJ 1.48
software program (for Windows, National Institutes of
Health, Bethesda, MD). Biofilm-covered areas ap-
peared to be in different gray values. A binary image
was obtained by determining the threshold value in the
gray scale. The dark areas of the biofilm, the entire
bracket surface area, and their ratio were calculated.

Then, the ratio of the total biofilm areas on all five
surfaces of the bracket to the total surface area of the
bracket was calculated.

Statistical Analysis

A statistical analysis was performed using SPSS /
PC-version 20.0 for Windows (IBM, Armonk, NY, USA)
program. The Kolmogorov-Smirnov test and Shapiro-
Wilk test were applied to determine normal distribution.
Data were compared by use of the Mann-Whitney
U-test. Kruskal-Wallis one-way variance analysis was
used for multiple tests. The level of significance was
set as 0.05.

RESULTS

The difference between the amount of biofilm
formation of the different bracket surfaces was
statistically significant in both groups (P , .001) (Table

Figure 2. Areas seen relatively brighter in the lingual brackets.
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2). In both groups, the highest values of biofilm were

found at the gingival, mesial, and distal surfaces. The

lowest amount of biofilm was present on the vestibular

surface of labial brackets and on the occlusal surface

of lingual brackets. The amount of biofilm was

significantly higher in the lingual brackets than in the

labial brackets for all bracket surfaces except the

occlusal (P , .01).

Figure 3. RBSD method photomicrographs of a labial mandibular central bracket with perspective from the mesial (a), gingival (b), distal (c),

occlusal (d), and vestibular (e) aspects. RBSD indicates Rutherford backscattering detection.
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The amount of biofilm formation was 41.56% (min

29.43% to max 48.76%) of the total bracket surface on

lingual brackets and 26.52% (min 21.61% to max

32.71%) on the labial brackets. The difference between

the relative biofilm formation in the labial and lingual

groups was statistically significant. (P , .01) (Table 3)

When the results of biofilm accumulation with

respect to location (maxillary central, maxillary

Figure 4. RBSD method photomicrographs of a lingual mandibular central incisor bracket viewed from the mesial (a), gingival (b), distal (c),

occlusal (d), and vestibular (e) aspects.
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second premolar, mandibular central, mandibular

second premolar) (P . .05) were investigated, at all

locations except maxillary central brackets, signifi-

cantly higher biofilm accumulation was found on

lingual brackets than on labial brackets (P , .05)

(Table 4).

EDS Analysis

While the labial bracket material was detected to be

made up only of stainless steel alloy (72.67% Fe,

17.28% Cr, 4.28% Ni, 2.64% Cu, 0.72% Mn, 2.39% Si),

lingual bracket material was detected to contain a high

rate of gold element (70.16% Au, 14.45% Fe, 10.44%

Ni, 4.94% Cr) in the brighter uncovered areas and

stainless steel alloy in the darker uncovered areas.

Thus, the material properties of the labial and lingual

brackets were not identical (Figure 5).

DISCUSSION

Brackets are the most important plaque deposit

areas as soon as they are placed in the mouth. There

are studies in the literature examining biofilm formation

on labial bracket surfaces. However, there is no study

examining the amount of biofilm accumulation on

lingual bracket surfaces.

The RBSD method was used to analyze the

quantitative extent of the biofilm-covered area. This

technique was previously used in some studies to

detect biofilm on the surfaces of dental materials.22–25

With this SEM technique, a quantitative analysis is

carried out on photomicrographs of biofilm-covered

and nonbiofilm-covered areas by surface analysis

software, since they appear in different gray values.

This method allowed only 2D evaluation of biofilm

covered areas. It was not possible to determine the
biofilm thickness and bacterial diversity.

In both groups, biofilm accumulation was mostly
observed on the gingival, mesial, and distal surfaces of
the brackets. These areas are the most common sites
of white spot lesion formation around the brackets.26 In
the literature, similar studies that were carried out on
brackets with labial placement also supported these
findings.22,25,27 These findings can be explained by the
resistance to shearing forces in areas that were
protected from mechanical cleaning and the effect of
salivary flow.14,28

The null hypothesis was rejected because the
amount of relative total biofilm on the lingual brackets
was found to be significantly higher at all locations.
Similarly, Lombardo et al.20 revealed that gingival
inflammation and the amount of Streptococcus mutans
were higher in lingual treatment both clinically and
microbiologically. It has also been shown in survey
studies that lingual patients were more distressed than
labial bracket patients in food residues left around
braces and were having more discomfort while
brushing18,21 and they were doing it blindly.

Lombardo et al.20 also noted that the gingival
bleeding index of the labial group was significantly
increased compared with the lingual group in the first
month of treatment, while the plaque index was not
related to the type of treatment.19 In their in vivo study,
Sfondrini et al.29 eliminated the effect of archwire and
ligature by bonding the same brackets to the labial and
lingual surfaces. They reported that the bracket
position did not have any effect on periodontal and
microbial parameters. Van der Veen et al.30 found that
white spot lesions formed on labial surfaces and
developed 4.8 times more than on lingual surfaces.
The contradictory findings could be due to the fact that

Table 2. Comparative Evaluation of Biofilm Formation With Respect to Bracket Surfaces

Surface, %

Labial Lingual

n Median Min Max n Median Min Max P Valuea

Mesial 40 31.68 16.54 49.98 40 51.77 34.8 71.99 .001**

Distal 40 34.47 21.19 37.28 40 55.63 44.85 65.18 .001**

Occlusal 40 24.29 14.78 43.85 40 23.27 7.96 36.18 .853

Gingival 40 41.84 32.37 66.42 40 77.52 59.03 88.64 .001**

Vestibule-lingual 40 18.17 10.85 26.15 40 30.7 21.36 40.41 .001**

P valueb 0.000*** 0.000***

a Mann-Whitney U.
b Kruskal-Wallis.
** P , .01; *** P , .001.

Table 3. Comparative Evaluation of Relative Biofilm Formation on Labial Brackets and Lingual Bracketsa

% N Median Min Max P Value

Labial brackets 10 26.52 21.61 32.71 .001*

Lingual brackets 10 41.56 29.43 48.76

a Mann-Whitney U-Test; *P , .01.
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the dental plaque also contains other bacteria than the

streptococcus species and that the amount of plaque

may not be directly related to the streptococcal

prevalence.5 Since all of these previous studies

examined the short-term impact, it is possible that

there could be a difference compared with the current

study, which examined biofilm accumulation at the end

of treatment. Significant differences were observed in

short-, medium-, and long-term biofilm formation in oral

materials.12,13,31 Long-term outcomes may be affected

by changes in cooperation in brushing, oral hygiene

motivation, and dietary habits.14 Therefore, according

to the current results, oral hygiene of lingual patients

might have reduced in the long term due to limited

visibility of the lingual side. Although the cleaning effect

of the tongue is mentioned for the palatal region,26

there are bracket surfaces where the tongue is not

effective in cleaning.14,28 For the lingual technique,

more biofilm accumulation may have occurred due to

features such as shorter interbracket distance16 and

closer position of the brackets to the gingiva.

There was no significant difference in biofilm

formation with respect to the intraoral locations of the

brackets (anterior, posterior, mandible, maxilla) in
either group. Most studies that evaluated the develop-
ment of caries reported that more lesions developed in
the maxillary anterior than in the mandibular anterior
region.5,30 Also, there were studies that supported that
plaque formation and gingival enlargement were more
frequent on posterior teeth than on anterior teeth.32–34

These conflicting findings may be due to differences in
the brackets used, the parameters assessed, the
methodology applied, and the difference in oral
hygiene.

With the detection of ‘‘Au’’ element in lingual
brackets, EDS analysis revealed that the material
properties of the labial and lingual brackets were not
the same. In the literature, gold possesses the highest
antibacterial activity, and has biofilm adhesion inhibi-
tory effect.35–37 Nevertheless, in their in vivo study,
Dittmer et al. found that, in the short term, the initial
biofilm formation on stainless steel surfaces was less
compared to gold.38 This study was unable to find an
answer to this elemental composition. It may be a
coincidence or due to the use of same manufacturer’s
band with another appliance.

The high standard deviations of biofilm amounts
indicated the difference in the amount of biofilm-
covered surfaces between individuals. This can be
explained by the effects of factors such as nutrition,
oral hygiene, and tongue activity.39,40 Therefore, the
effects of individual factors on oral hygiene should not
be overlooked while interpreting the results. Individuals
undergoing lingual treatment should be reinstructed
and remotivated regarding oral hygiene at every
appointment. In addition to routine brushing tech-
niques, additional methods such as floss and inter-
dental brushes should be recommended for both labial
and lingual treatments. The results from this study
should be considered when deciding on the type of
treatment for individuals with poor oral hygiene.

The limitation of this study was that periodontal
parameters, bacterial composition, and carious lesions
were not evaluated. In future studies, long-term effects

Table 4. Comparative Evaluation of the Biofilm Formation With Respect to the Intraoral Locations of the Brackets

Location (Bracket), %

Treatment Group

Labial Lingual

n Median Min Max n Median Min Max P Valuea

Max5 10 24.53 15.92 44.35 10 37.68 27.17 48.05 .011*

Max1 10 23.5 13.18 47.77 10 34.36 13.09 63.58 .075

Mand1 10 30.27 12.56 46.39 10 39.92 27.43 61.87 .043*

Mand5 10 18.24 14.7 40.19 10 39.6 29.04 61.18 .001**

P valueþþ 0.18 0.803

a Mann-Whitney U.
b Kruskal-Wallis.
* P , .05.
** P , .01.

Figure 5. Graph showing the EDS results of (a) regular bracket and

(b) brackets showing brighter areas. EDS indicates energy-disper-

sive x-ray spectroscopy.
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of biofilm accumulation on clinical and microbiological
parameters of lingual and labial treatment can be
evaluated related to the different sizes of brackets and
bracket materials.

CONCLUSIONS

In this study comparing the amount of biofilm
formation on lingual and labial orthodontic bracket
surfaces, the following results were obtained:

� The null hypothesis was rejected. At all locations,
biofilm formation was found significantly higher on
lingual brackets than it was on labial brackets.

� The gingival, mesial, and distal surfaces are the
areas where biofilm accumulation is highest for labial
and lingual brackets.
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