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Abstract

Aim:  Assess the effectiveness of chemical-
mechanical control associated with orientation 
and motivation for the control of dental biofilm in 
orthodontic patients.

Methods and Materials:  Thirty patients 
between 12 and 21 years of age wearing 
a fixed orthodontic appliance were divided 
into three groups. The control group (G1) 
received orientation regarding oral hygiene. 
The experimental groups (G2 and G3) received 
orientation regarding oral hygiene and diet as well 
as a hygiene kit and mouthwash; the mouthwash 
given to G2 was a placebo and that given to G3 
contained essential oils (Listerine®).

Results:  In the comparison between T0 and T60, 
vestibular gingivitis was worse in G1 (p<0.05), 
with no statistically significant differences 
regarding lingual gingivitis and biofilm. G2 
and G3 exhibited a significant improvement in 
clinical conditions. In the comparison between 
groups, G3 had undergone a significantly greater 
improvement than the other groups.

Conclusion:  The use of the commercial 
mouthwash, together with mechanical oral 
hygiene, orientation, and motivation, proved to 
be adequate conduct for the maintenance of oral 
health in orthodontic patients.

Clinical Significance:  The present study 
contributes toward the maintenance of oral health 
in patients who wear a fixed orthodontic appliance 
through the prevention of dental biofilm buildup.
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white spots and gingivitis.4,5,7,8,12–14 Chlorhexidine 
is the best known and most effective agent for 
the chemical control of dental biofilm. However, 
prolonged use causes undesirable effects, such 
as stains on the teeth, changes in the taste buds, 
and a burning sensation in the soft tissues.15–18 
Therefore, alternative chemical agents have been 
sought in order to provide positive results with no 
side effects. Antiseptics containing essential oils 
have been widely studied and have been found to 
exhibit satisfactory results in the control of dental 
biofilm.17,19–26 Chemical control through the use of 
a mouthwash containing essential oils allows a 
reduction in biofilm and may be employed as an 
auxiliary method of oral hygiene.17,18

The aim of the present study was to assess the 
effectiveness of chemical-mechanical control 
procedures for in-home use, associated with 
conventional oral hygiene care, instruction, and 
motivation, for the control of dental biofilm in 
patients who wear a fixed dental appliance.

Methods and Materials

Study Design

The researcher was trained and calibrated for 
the assessment and determination of dental and 
gingival biofilm indices. For the calibration exercise, 
12 patients were examined and reexamined after 
an interval of seven days. Diagnostic agreement 
was assessed using the kappa coefficient, 
which achieved a value of 0.8 and was therefore 
considered good.

The main investigation was a double-blind 
longitudinal study on a convenience sample 
made up of 30 patients (10 male and 20 female) 
between 12 and 21 years of age. The sample 
was randomized by age and comprised patients 
awaiting dental care at the clinics. All patients 
wore a fixed orthodontic appliance and were under 
care at the Orthodontic Clinic of the Dental School 
of the Pontifícia Universidade Católica de Minas 
Gerais (Brazil). The project received approval 
from the Ethics Committee of the University 
(CAAE - 0108.0.213.000-07). The patients and/or 
their guardians signed terms of informed consent, 
thereby agreeing to participate in the experiment.

The patients were examined in a dental chair with 
the aid of artificial light from the reflector. The 

Introduction

Orthodontics is a dental specialty for the 
prevention, interception, and correction of dental 
and skeletal abnormalities by correcting the 
positioning of the teeth. However, orthodontic 
appliances hamper oral hygiene and contribute 
toward an additional build up of biofilm, which 
may lead to demineralization of the enamel and 
gingivitis.1–3 A number of studies have stressed 
the association between fixed orthodontic 
appliances and an increased buildup of biofilm.1–8 
Biofilm has a significant impact on the incidence 
of caries and periodontal disease.9 When there is 
build up of biofilm during orthodontic treatment, 
its pathogenicity increases. Thus, patients 
need to be submitted to a hygiene program for 
the maintenance of oral health.1,4,10,11 Prior to 
treatment, orthodontic patients should be made 
aware of problems stemming from inadequate 
oral hygiene, as they will be at risk for caries 
and periodontal disease. Motivation and hygiene 
control should be stressed and monitored 
by the orthodontist, who should not transfer 
this responsibility to the patient or a general 
practitioner.12

The mechanical removal of biofilm through 
brushing and the use of dental floss continues to 
be the most effective method for the prevention of 
oral disease, but orthodontic patients experience 
considerable difficulty in achieving an adequate 
degree of mechanical hygiene.7,12 Thus, studies 
have been carried out to determine alternatives 
that are capable of avoiding the appearance of 
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instructed to gargle 20 ml for 30 seconds twice 
a day.17,22 They also were instructed to use the 
dental floss after meals and brush at least three 
times a day throughout the observation period.

The brushing technique employed was vibratory, 
as applied by Neves and Cruz,8 and included the 
use of the Interdental brush. After 30 days, the 
patients in the experimental groups returned for 
further motivation. The condition of the brushes 
was examined and more dental floss was given, 
but the biofilm indices were not determined at this 
time. At 60 days from the beginning of the study, 
the patients returned for the final evaluation and 
determination of biofilm indices.

For the determination of biofilm indices, visible 
plaque was assessed using the method described 
by Silness and Löe.27 After adequate drying, the 
vestibular surfaces of all the teeth in the upper 
and lower arches (from the first permanent molar 
on one side to the other) were examined with a 
probe along the entire tooth to the entrance of 
the gingival pocket. The following rating scale 
was used: 0 = absence of biofilm; 1 = visible 
biofilm on the tip of the probe but not visible to 
the naked eye; 2 = biofilm visible to the naked 
eye (layer with fine to moderate thickness); 
3 = thick biofilm, with soft tissue buildup. The 
gingival index was that established by Löe9,28 
and was determined for the vestibular and 
lingual surfaces following probing of the gingival 
pocket. A grade corresponding to the index was 
attributed to each surface: Grade 0 = normal 
gums; Grade 1 = mild inflammation, slight change 
in color, edema, absence of bleeding; Grade 2 = 
moderate inflammation, redness, edema, smooth, 
shiny surface, bleeding upon probing; Grade 3 
= severe inflammation, accentuated redness, 
edema, ulceration, tendency toward spontaneous 
bleeding. After collecting the data, the individuals 
were classified as having mild gingivitis (mean 
gingival index of 0.1 to 1.0), moderate gingivitis 
(mean gingival index of 1.1 to 2.0), or severe 
gingivitis (mean gingival index of 2.1 to 3.0). The 
data were recorded and tabulated.

Statistical Analysis

Statistical analysis was carried out using the 
SPSS version 15.0 program (SPSS Inc., Chicago, 
Illinois, USA). Median values were determined 
for the dental and gingival biofilm indices of 
each patient at the beginning and end of the 

following materials were used for the exam: dental 
mirror, no. 5 exploratory probe, and a millimeter 
periodontal probe (PC 15 Trinity®, São Paulo, SP, 
Brazil). The results of the indices were annotated 
on a follow-up chart.

The participants were divided into three groups 
of 10: one control group and two experimental 
groups. The control group (Group 1, G1) only 
received the routine orientation normally given to 
all patients at the orthodontic clinic. The patients in 
G1 were examined for the quantification of dental 
and gingival biofilm indices at the beginning of the 
study (T0) and after a period of 60 days (T60).

All the patients in the experimental groups, 
together with their parents/guardians, were 
invited to participate in a lecture, at which they 
received information regarding the study and 
instructions on diet, oral hygiene, and how they 
should procee d during the observational period. 
Photos were shown demonstrating the possible 
consequences of inadequate oral hygiene, such 
as stained teeth, caries, and gingivitis. For the 
oral hygiene instruction, a dummy fixed with 
orthodontic braces (Modelos Ortodônticos ROIC, 
Três Corações, MG, Brazil) was used, employing 
Ortodôntica™ and Interdental™ brushes (Oral-B®, 
Procter & Gamble, Naucalpan, Mexico) and Super 
Floss® dental floss (Oral-B®, Procter & Gamble, 
Newbridge, Ireland). The regions of the greatest 
buildup of dental biofilm were shown, along with 
a demonstration of how to clean these sites in 
order to avoid damage to the oral tissues. The 
initial oral examination was performed on this 
same day (T0) for the determination of dental 
and gingival biofilm indices. All teeth in both 
arches (from the first permanent molar on one 
side to the other) were examined. All data were 
collected by a single examiner. The patients then 
received hygiene kits containing Ortodôntica™ and 
Interdental™ brushes, Superfloss™ dental floss, 
mouthwash, and written instructions (a pamphlet 
with instructions on cleaning teeth while wearing a 
fixed orthodontic appliance).

The patients undergoing intervention were divided 
into two groups. Group 2 (G2) received a placebo 
mouthwash (distilled water with mint aroma and 
green dye). Group 3 (G3) received mouthwash 
containing essential oils (Listerine®, Johnson & 
Johnson, Guarulhos, SP, Brazil). The products 
were placed in coded receptacles and the codes 
were not shown to the examiner. Both groups were 
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group G3, there was an improvement in vestibular 
(p=0.02) and lingual (p=0.02) gingivitis. Mean and 
median biofilm values at T0 were 1.91 and 2.00, 
respectively, whereas these values were 0.63 and 
0.49, respectively, at T60, thereby demonstrating 
a statistically significant difference (p=0.00).

The Tamhane post hoc test was employed to 
determine differences between groups (Table 3). 
There were no significant differences between 
groups regarding initial vestibular gingivitis 
(p>0.05). Final vestibular gingivitis obtained a 
greater reduction in G3 than G1 (p<0.05); there 
was no significant difference regarding final 
vestibular gingivitis between G2 and G3 (p>0.05). 
There were no significant differences between 
groups regarding initial lingual gingivitis (p>0.05). 
In the comparison of final lingual gingivitis, 
there were no statistically significant differences 
between G1 and G2 or between G2 and G3 
(p>0.05), but there was a statistically significant 
reduction in G3 (p<0.05) when compared to G1. 
There were no significant differences between 
groups regarding initial biofilm (p>0.05). There 
were statistically greater reductions in final biofilm 
in G2 and G3 when compared to G1 (p<0.05), 
with no statistically significant difference between 
G2 and G3 (p>0.05).

Discussion

The buildup of biofilm and consequent gingivitis are 
common events among orthodontic patients due 
to difficulties in controlling oral hygiene.1,3 Previous 
studies have demonstrated that orthodontic 
appliances contribute toward a greater buildup of 
biofilm and have a negative affect on hygiene.2,3 
The present study corroborates these findings, as 
the patients exhibited varied degrees of biofilm 
buildup and gingivitis at the beginning of the study.

experiment. Descriptive analysis was performed 
for each participant and the clinical conditions 
of each group. Kruskal-Wallis was performed to 
determine whether the three groups were similar 
(nonparametric sample). The Wilcoxon test was 
used to assess improvement in clinical condition 
within the same group between the two evaluation 
times (T0 and T60). Differences between groups 
regarding biofilm indices were determined using 
the Tamhane post hoc test, as no equality of 
variance was found between groups.

Results

The mean age of the participants was 15.4 years 
(median = 15.0); 67% of the sample were female 
and 33% were male. The Kruskal-Wallis test was 
performed for the comparison of the three groups 
(Table 1). There were significant differences 
between groups with regard to initial and final 
dental and gingival biofilm indices (p<0.05).

The Wilcoxon test revealed differences between 
the beginning and end of the experiment in each 
group (Table 2). In the control group (G1), there 
was an increase in vestibular gingivitis between 
T0 and T60 (p=0.02). There was also a slight 
increase in lingual gingivitis, but this difference 
did not achieve statistical significance (p=0.26). 
Mean and median dental biofilm values were 
1.74 and 2.00, respectively, at T0, whereas these 
values were 1.68 and 1.96, respectively, at T60; 
this difference also did not achieve statistical 
significance (p=0.61). In G2, there was an 
improvement in vestibular (p=0.01) and lingual 
(p=0.03) gingivitis. Mean and median biofilm 
values at T0 were 1.80 and 2.00, respectively, 
whereas these values were 0.71 and 0.67, 
respectively, at T60, thereby demonstrating a 
statistically significant difference (p=0.01). In 

Table 1. Discriminant statistics between the three groups studied.*

Initial 
vestibular 
gingivitis

Final 
vestibular 
gingivitis

Initial 
lingual 

gingivitis

Final 
lingual 

gingivitis

Initial Final 

p-value 0.33 0.00 0.29 0.00 0.73 0.01

*Kruskal-Wallis test
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side effects, this mouthwash may be used on a 
daily basis.13,17,22,29,30

The effects of gargling with this mouthwash were 
assessed in the present study by comparing it 
with a placebo solution and a control group (with 
no mouthwash)—both also associated with the 
mechanical removal of dental biofilm—for a period 
of 60 days. The group using the commercial 
mouthwash (G3) achieved a significant reduction 
in biofilm and gingivitis in comparison to the 
initial indices. These findings are in agreement 
with other studies that have demonstrated the 

Evidence from clinical trials has demonstrated 
that oral health status is significantly improved 
when adding an antimicrobial mouthwash 
to the oral hygiene routine in comparison to 
brushing and flossing alone.15,19,26,29 Thus, the 
antiseptic mouthwash Listerine® was used in 
the present study in order to improve the oral 
health status of orthodontic patients, as this 
product was developed in order to provide 
antimicrobial activity. When associated with the 
mechanical control of dental biofilm, the aim of 
this mouthwash is to inhibit the development of 
biofilm and consequent gingivitis. As it has no 

Participant Group

Initial evaluation: T0 Final evaluation: T60
Mean 

vestibular 
gingivitis

Mean 
lingual 

gingivitis

Mean Meadian Mean 
vestibular 
gingivitis

Mean 
lingual 

gingivitis

Mean Meadian 

1 G1 1.56 1.62 2.00 2.00 1.50 1.25 1.81 2.00
2 G1 1.60 1.40 2.05 2.00 1.85 1.40 2.00 2.00
3 G1 1.50 1.50 1.00 1.00 1.50 1.00 1.25 1.00
4 G1 1.46 1.16 2.00 2.00 1.67 1.33 2.00 2.00
5 G1 1.00 1.00 1.00 1.00 1.04 1.00 0.00 0.00
6 G1 1.38 0.50 2.00 2.00 1.75 1.50 1.80 2.00
7 G1 1.20 0.80 2.16 2.00 1.62 1.58 1.92 2.00
8 G1 1.42 1.10 1.17 1.00 1.67 1.67 2.00 2.00
9 G1 1.86 1.67 2.00 2.00 2.05 1.57 2.00 2.00
10 G1 1.67 1.13 2.00 2.00 1.71 1.42 2.00 2.00
11 G2 1.63 1.17 1.67 2.00 1.38 0.00 2.00 2.00
12 G2 1.34 1.42 2.00 2.00 1.25 1.34 1.00 1.00
13 G2 1.75 1.42 2.00 2.00 1.25 1.46 1.04 1.00
14 G2 1.60 1.20 2.00 2.00 1.10 1.30 0.00 0.00
15 G2 1.94 1.94 2.00 2.00 1.00 0.94 0.00 0.00
16 G2 1.34 1.25 1.67 2.00 1.00 0.00 0.00 0.00
17 G2 2.00 2.00 2.00 2.00 2.00 2.00 0.00 0.00
18 G2 2.00 1.95 1.68 2.00 1.27 1.45 1.00 1.00
19 G2 1.25 0.75 1.00 1.00 1.17 0.08 0.33 0.00
20 G2 1.75 1.75 2.00 2.00 1.67 1.62 1.75 2.00
21 G3 0.92 0.50 2.00 2.00 1.38 1.17 1.00 1.00
22 G3 1.82 0.90 2.95 2.00 0.32 0.00 1.00 1.00
23 G3 1.61 1.61 1.04 1.00 0.52 0.48 0.30 0.00
24 G3 1.95 2.00 2.00 2.00 0.95 0.60 0.75 1.00
25 G3 2.10 2.00 2.15 2.00 0.90 0.00 2.00 2.00
26 G3 1.50 1.36 1.82 2.00 1.09 0.00 0.64 1.00
27 G3 1.84 1.63 2.17 2.00 0.88 1.00 0.00 0.00
28 G3 1.30 0.50 1.58 2.00 1.13 1.13 0.33 0.00
29 G3 1.34 1.50 2.00 2.00 1.08 0.00 0.25 0.00
30 G3 1.66 1.58 1.42 2.00 0.46 0.58 0.00 0.00

G1=control group; G2=lacebo group; G3=Listerine® group

Table 2. Discriminant statistics of each clinical group at initial 
evaluation (T0) and at the end of the experiment (T60).*
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effectiveness of mouthwashes containing essential 
oils for the control of biofilm and gingivitis.19,20,22,23,26

There was also a reduction in biofilm and gingivitis 
in the placebo group (G2), which may be attributed 
to an increase in knowledge regarding hygiene as 
well as the motivation and the very fact of gargling 
twice a day with a mouthwash. The information 
provided may have motivated the patients to 
take better care of their teeth. The patients in the 
control group (G1) demonstrated an increase in 
gingivitis indices over time, while there was no 
significant difference in the biofilm index.

The present study also has proven the importance 
of motivating patients in the control of dental 
biofilm.2,8 Better results regarding biofilm and 
gingivitis indices were obtained in the experimental 
groups, regardless of the product used. The 
instructions and motivation carried out at the 
beginning of the study as well as after 30 days 
may have had an influence over the reduction 
in the amount of biofilm and gingivitis in G2 and 

Table 3. Tamhane post hoc test to determine differences between groups.

Clinical Conditions Groups compared Value of test 
(p-value) 95% CI

Initial vestibular gingivitis

Control x Placebo -0.19 (0.30) -0.50 to 0.11

Control x Listerine® -0.14 (0.68) -0.49 to 0.22

Placebo x Listerine® -0.06 (0.97) -0.32 to 0.43

Final vestibular gingivitis

Control x Placebo -0.33 (0.06) -0.01 to 0.67

Control x Listerine® 0.76* (0.00) 0.41 to 1.12

Placebo x Listerine® 0.44* (0.02) 0.55 to 0.82

Initial lingual gingivitis

Control x Placebo -0.30 (0.30) -0.76 to 0.16

Control x Listerine® -0.17 (0.81) -0.73 to 0.39

Placebo x Listerine® 0.13 (0.92) -0.45 to 0.70

Final lingual gingivitis

Control x Placebo 0.35 (0.44) -0.33 to 1.04

Control x Listerine® -0.88* (0.00) 0.41 to 1.34

Placebo x Listerine® 0.52 (0.22) -0.22 to 1.27

Control x Placebo -0.06 (0.98) -0.55 to 0.42

Control x Listerine® -0.17 (0.82) -0.75 to 0.40

Placebo x Listerine® -0.11 (0.92) -0.62 to 0.40

Control x Placebo 0.97* (0.02) 0.14 to 1.79

Control x Listerine® 1.05* (0.00) 0.32 to 1.78

Placebo x Listerine® 0.08 (0.99) -0.73 to 0.90
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significant reduction in biofilm and gingivitis. Thus, 
for greater oral hygiene control and a reduction in 
biofilm and gingivitis indices, orthodontists should 
consider the administration of this mouthwash 
in routine hygiene for patients. As the patients 
evaluated had some degree of gingivitis and 
biofilm at the beginning of the study, a preventive, 
motivational approach is needed both prior to 
and throughout orthodontic treatment in order to 
maintain satisfactory oral health. Thus, a program 
that includes the protocol described in the present 
study could be efficient and functional.

 
Clinical Significance

The present study contributes toward the 
maintenance of oral health in patients who wear a 
fixed orthodontic appliance through the prevention 
of dental biofilm buildup.
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