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Anticariogenic effect of fluoride-releasing
elastomers in orthodontic patients

Efeito anti-cariogénico de elastébmeros
liberadores de fluoreto em pacientes
ortodénticos

Abstract: This in vivo experimental study evaluated the efficacy of fluoride-releasing elas-
tomers in the control of Streptococcus mutans levels in the oral cavity. Forty orthodontic
patients were recruited and divided into two groups of 20. Fluoride-releasing elastomer-
ic ligature ties (Fluor-I-Ties, Ortho Arch Co. Inc., USA) were used in the experimental
group, and conventional elastomeric ligature ties (D. Morelli, Brazil), in the control group.
Two initial samples of saliva were collected at a 14-day interval to determine the num-
ber of colony forming units (CFU) of Streptococcus mutans. Immediately after collecting
the second sample, fluoride-releasing elastomeric ligature ties were placed in the patients
of the experimental group, and conventional ligature ties, in the patients of the control
group. Seven, 14 and 28 days after placement of the elastomeric ligature ties, saliva and
plaque surrounding the orthodontic appliance were collected for microbiologic analysis.
There were no significant differences in the number of Streprococcus mutans CFUs in
saliva or plaque in the area surrounding the fluoride-releasing or conventional elastomeric
ligature ties. Thus, fluoride-releasing elastomeric ligature ties should not be indicated to
reduce the incidence of enamel decalcification in orthodontic patients. Since there was no
significant reduction in S. mutans in saliva or plaque, other means of prevention against
enamel decalcification should be indicated for these patients.

Descriptors: Streptococcus mutans; Elastomers; Fluorides, topical; Orthodontic
appliances.

Resumo: Esta pesquisa in vivo teve como objetivo avaliar a eficacia dos elastomeros li-
beradores de fluoreto estanoso no controle dos niveis de Streptococcus do grupo mutans
na cavidade oral. Utilizou-se uma amostra de 40 pacientes ortoddnticos, dividida em dois
grupos de vinte individuos cada. No grupo experimental, foi utilizada ligadura eldstica
com liberacdo de fluoretos (Fluor-I-Ties, Ortho Arch Co. Inc., EUA) e, no grupo contro-
le, foi utilizada ligadura eldstica convencional (D. Morelli, Brasil). Para determinagio do
nimero de unidades formadoras de colonia (UFC) de Streptococcus do grupo mutans,
foram realizadas duas coletas iniciais de saliva com intervalo de catorze dias. Logo ap6s
a segunda coleta de saliva, foram colocados os elastobmeros liberadores de fluoretos nos
pacientes do grupo experimental e, nos pacientes do grupo controle, foram inseridos os
elastdbmeros convencionais. Nos 7°, 14°e 28° dias, saliva e biofilme ao redor do acessorio
ortodontico foram coletados para anélise microbioldgica. Constatou-se que nao houve di-
ferencas estatisticamente significantes no nimero de UFC de Streptococcus do grupo mu-
tans encontradas na saliva e no biofilme ao redor dos elastdmeros com ou sem fluoretos.
Dessa forma, os elastomeros liberadores de fluoreto ndo podem ser utilizados para reduzir
a incidéncia de descalcificagio do esmalte em pacientes ortodonticos. Como nio houve
reducdo significativa na quantidade de S. mutans na saliva e no biofilme, torna-se necessa-
rio indicar outros meios de prevengio da descalcificagio do esmalte para esses pacientes.
Descritores: Streptococcus mutans; Elastdbmeros; Fluoretos topicos; Aparelhos
ortoddnticos.



Introduction

The purpose of orthodontic treatment with
fixed appliances is to improve function and esthet-
ics. However, appliances predispose to the accumu-
lation of bacterial plaque and increase the risk of
developing periodontal disease’® and carious lesions
that may rapidly progress because of the intense de-
mineralization around the brackets and under orth-
odontic bands.

Studies have shown that most patients that un-
dergo orthodontic treatment have some type of
enamel lesion after the removal of the appliance.!®'
During orthodontic treatment, there is a significant
increase in the number of Streptococcus mutans
CFUs! %1920 and lactobacilli,* which is associated
with the development of white spots and later devel-
opment of carious lesions.!

Therefore, the prevention of enamel decalcifica-
tion during orthodontic therapy is one of the great-
est challenges for the orthodontist. White spots are
an esthetic problem and may require restorations
in more severe cases, thus undermining one of the
main purposes of treatment.

During orthodontic treatment, some preventive
measures may be adopted to protect tooth structure.’
Oral hygiene instruction and supervision, mechani-
cal removal of plaque and daily mouth rinses with
fluoride solutions are some of the methods used by
the orthodontist that depend on the cooperation of
the patient. Ideal prevention should not depend on
patient cooperation, and application of sealing ma-
terial, fluoride collagen materials and cements, and
fluoride varnishes around the bracket may achieve
this objective.??

Successful attempts to reduce susceptibility to
enamel decalcification have been made with the use
of fluoride agents'*?%2¢ that enhance remineraliza-
tion in the presence of critical pH, inhibit plaque
glycolysis, and promote the formation of high-qual-
ity fluorapatite.” Fluoride has bactericide and bacte-
riostatic’ properties that act on microorganisms in
the oral cavity, such as Streptococcus mutans.'

Fluoride-releasing elastomers can continuously
release these agents in areas close to the areas more
susceptible to demineralization.>* In vitro studies
have demonstrated that the initial amount of fluo-
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ride released by fluoride-releasing elastomeric liga-
ture ties is high, but levels decrease logarithmically
after one week.>!'>2125 The use of these materials
also temporarily reduces the levels of S. mutans in
saliva?® and increases enamel resistance at a 20-mi-
crometer depth after one month in the oral cavity.?*
Other in vitro studies also found greater forma-
tion of calcium fluoride in enamel after the use of
these elastomers, and that the greater the direct con-
tact between the releasing source and the enamel, the
greater the increase in the amount of fluoride.'!®
The purpose of this study was to evaluate the ef-
ficacy of fluoride-releasing elastomers in the control
of Streptococcus mutans levels in the oral cavity by
counting the number of CFUs in saliva and plaque
surrounding the orthodontic appliance.

Material and Methods

The present study was approved by the Ethics
Committee, School of Dentistry of Ribeirdo Preto,
University of Sao Paulo (process # 2002.1.440.586).
Forty 12- to 20-year-old boys and girls were selected
among patients of the Orthodontics Clinic. Patients
using antibiotics or with signs of systemic disease
were excluded. Patients were randomly distributed
into two groups. Fluoride-releasing elastomeric liga-
ture ties (Fluor-I-Ties, Ortho Arch Co. Inc., USA)
were used in the experimental group, and conven-
tional elastomeric ligature ties (D. Morelli, Soroca-
ba, SP, Brazil), in the control group. Dental hygiene
instructions consisted in guiding patients through
brushing their teeth with sodium fluoride toothpaste
(Colgate Paste, Colgate-Palmolive Co., Osasco, SP,
Brazil). Fluoride mouth rinses were not prescribed.

Two samples of saliva were collected at a 14-day
interval to determine the number of Streptococcus
mutans CFUs; 2.0 ml of non-stimulated saliva were
collected from both groups. Samples were collected
in properly identified 15 x 100 mm sterilized tubes
containing 4 to 5 glass beads, and processed at the
Microbiology Laboratory, School of Pharmaceutical
Science of Ribeirdo Preto, University of Sao Paulo.

Immediately after the second saliva collection,
patients in the experimental group received fluoride-
releasing elastomeric ligature ties (Fluor-I-Ties, Or-
tho Arch Co. Inc., USA), while the patients in the
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control group received conventional elastomeric lig-
ature ties (D. Morelli, Sorocaba, SP, Brazil).

On days 7, 14 and 28 after the placement of the
elastomeric ligature ties, saliva and plaque samples
were collected from both groups. A sterilized cu-
rette was used to collect plaque samples from the
area surrounding the ligature ties of the right maxil-
lary lateral incisor, left maxillary second premolar,
left mandibular canine and right mandibular second
premolar. Plaque was transferred to 15 x 100 mm,
properly identified, sterilized test tubes containing
4 to 5 glass beads and 1.0 ml of phosphate buffered
saline (PBS).

Plaque and saliva samples were vortexed for one
and two minutes, respectively, for dispersion, and
submitted to tenfold serial dilution. After that, 50 ul
of each dilution was plated equidistantly on tryptone
soya-yeast agar with 20% sucrose and 0.2 U/ml bac-
itracin (SB, agar; Sigma, St. Louis, MO, USA) and
incubated in a candle jar at 37°C for 2 to 3 days.

Statistical analysis

Only 32 of the 40 patients remained until the
end of the study. Of these, 17 belonged to the con-
trol group and 135, to the experimental group.

Exploratory analysis of data showed that, of all
patients, only one in the control group had low risk
of caries during the treatment (< 10* CFUs in saliva).
Data about this patient was excluded from analysis,
and the number of patients in the control group was
then 16.

For statistical analysis, the original data, mea-
sured as number of CFUs, were transformed to
log, (CFU), which will henceforth be referred to
only as log(CFU). In the analysis of the effect of
type of elastomeric material on the number of CFU
in plaque at each time point, log(CFU) in plaque was
calculated according to the mean number of CFUs
in the four teeth of each patient.

The Hotelling’s T-squared test was used for
multivariate analysis of the comparison of repeated
measures. After the confirmation that the vectors
of log(CFU) means in saliva in the two groups were
equal, that is, that the saliva conditions were similar
and unchanged along time, Hotelling’s T-squared
test for multivariate analysis of the comparison of
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repeated measures was used to compare log(CFU)
means in plaque of the two groups at 7, 14 and 28
days after placement of the elastomeric ligature ties.

Results

Table 1 shows the results of log(CFU) in saliva,
which reveal that patients had moderate to high risk
of caries both in the experimental and the control
groups at each time point in the study (Graph 1).
The results of the Hotelling’s T-squared test showed
no evidence of statistical difference between the two
groups at each time point in the study (F = 1.039;
df =4 and 26; p = 0.406), that is, there was no evi-
dence of differences between the two groups or of
significant changes in number of CFUs in saliva
during this study.

Table 1 - Means, standard deviations, minimum and maxi-
mum values of S. mutans log(CFU) in saliva according to
group and treatment time point.

Time Group Mean SD Minimum | Maximum

Control 6.217 1 0.818 | 7.354 4.143
Before

Experimental | 6.069 | 0.843 7.350 4.602
il Control 6.006 | 0.644 | 6.973 4.748
nitia

Experimental | 5.982 | 0.733 7.283 5.083

Control 5962 | 0.782 | 6.924 4.072
7 days

Experimental | 5.943 | 0.885 7.292 4.544

Control 6.154 | 0.752 | 6.944 4.124
14 days

Experimental | 5.945 | 0.781 7.220 4.393

Control 6.008 | 0.680 | 6.886 4.000
28 days

Experimental | 6.167 | 0.774 7.121 4.623

Hotelling’s T-squared test: F = 1.039; df = 4 and 26; p = 0.406.
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Graph 1 - S. mutans log(CFU) in saliva per group before
treatment, at 0, 7, 14 and 28 days, and mean values.



Table 2 - Means, standard deviations, minimum and maxi-
mum values of S. mutans log(CFU) in plague according to
group and treatment time point.

Time Group Mean SD minimum | maximum
Control 3.697 | 0.565 | 4.342 2.439
7 days
Experimental | 3.116 | 0.687 4.152 2.079
Control 3.729 | 0.355 | 4.197 3.041
14 days
Experimental | 3.241 | 0.706 | 4.405 1.903
Control 3.523 1 0.298 | 4.092 2.906
28 days
Experimental | 3.322 | 0.537 4.454 2.255

(1)Hotelling’s T-squared test: F= 0.642; df= 2 and 28; p = 0.543.

The results of the Hotelling’s T-squared test used
to compare the effect of elastomeric material on the
formation of CFU in plaque (F = 0.642; df =2 and
28; p = 0.543) show that there was no statistically
significant difference between log(CFU) means at
each time point in both groups (Table 2). Therefore,
there is no statistical evidence that the type of mate-
rial used may significantly affect the number of CFU
in plaque during the treatment.

Graph 2 shows the values of log(CFU) in plaque
according to group at the three collection times.
Despite the apparent difference in variability of
log(CFU) between groups, the Box’s test of equality
of covariance matrices shows that there is no evi-
dence to reject the hypothesis of equality (F = 2.01;
df = 6 and 6061; p = 0.062).

Discussion

The purpose of this study was to evaluate the ef-
fect of fluoride-releasing elastomers on the control
of Streptococcus mutans levels in the oral cavity ac-
cording to the number of colony forming units (CFU)
in saliva and plaque for 28 days. Results showed
that the fluoride released by the elastomeric ligature
ties did not effectively control the progression of
colony formation of these microorganisms around
the orthodontic appliance. No significant changes in
the number of CFUs were found in plaque, which
suggests that fluoride did not have antibacterial ac-
tion. In contrast, studies that evaluated the effect
of fluoride-releasing elastomers on the incidence of
enamel decalcification in areas surrounding ortho-
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Graph 2 - S. mutans log(CFU) in plague per group at 7, 14
and 28 days, and mean values.

dontic brackets>'?21:2325 demonstrated their anti-
bacterial efficacy and showed that these elastomers
significantly reduced the degree of enamel decalcifi-
cation during orthodontic treatment.

Wiltshire? (1996) found a great initial release
on the 1 and 2" days, followed by a logarithmic
decrease. At the end of the second week, 88% of
the total fluoride had already been released, but
adequate amounts were still released for the rest of
the study period, which contributed to the preven-
tion of demineralization and enhanced remineral-
ization through calcium fluoride and fluorapatite
formation. These findings, however, were based on
results of in vitro studies without clinical control or
evidence. According to that author, fluoride-releas-
ing elastomers should be replaced monthly to yield
clinical benefits.

Wilson, Love** (1995) investigated the action
of fluoride on the levels of microhardness of cervi-
cal enamel in in vivo models. Results showed that
enamel resistance had a significant increase at a 20-
micrometer depth in the region where fluoride-re-
leasing elastomers were used.

Banks et al.? (2000) showed that, after orth-
odontic treatment, 26% of the teeth in 73% of
their patients that used conventional ligature ties
had enamel decalcification. In the group of patients
that used fluoride-releasing elastomeric ligature ties,
only 16% of the teeth of 63% of the patients were
affected, which showed, therefore, that there was a
significant difference between the two groups. They
also suggested that the use of this material might be
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beneficial if ties were changed at each consultation.

Mattick et al.** (2001) showed that the use of
fluoride-releasing elastomers significantly reduced
demineralization during orthodontic treatment, and
that they may contribute to minimizing iatrogenic
decalcification, but may not eliminate its incidence.

Wilson, Gregory?® (1995) found a significant re-
duction of S. mutans in saliva in the first week in
their experimental group, which demonstrated the
antibacterial action of this orthodontic accessory.
According to those authors, in the second week af-
ter the placement of the elastomers, the levels were
back to normal, which suggested little or no release
of fluoride ions or that S. mutans had become resis-
tant to the antibacterial effects of stannous fluoride.

Differently from the results of Wilson, Gregory?
(1995), the results of the present study showed that
this material did not cause any significant change
in the amount of Streptococcus mutans in saliva or
plaque, although the levels of Streptococcus mutans
in plaque were lower with fluoride-releasing elasto-
meric ligature ties (experimental group) than with
conventional ligature ties (control group). This dif-
ference, however, was not significant. Benson et
al.’ (2004) also found that fluoridated elastomers
were not effective in the reduction of streptococcal
growth after a clinically relevant time.

Storie, Regennitter?! (1994) suggested that the
short antibacterial action of fluoridated materials
may be explained by the fact that stannous fluoride
released by this material does not stay long in the
oral cavity and reported that about 3 mg/I of fluoride
ions were released by Fluor-I-Chain during the three
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