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Quantitative analysis of S. mutans and S. sobrinus
cultivated independently and adhered to polished
orthodontic composite resins
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ABSTRACT

n Orthodontics, fixed appliances placed in the oral cavity are colonized by microorganisms.

Objective: The purpose of this study was to quantitatively determine the independent
bacterial colonization of S. mutans and S. sobrinus in orthodontic composite resins.
Material and methods: Seven orthodontic composite adhesives for bonding brackets were
selected and classified into 14 groups; (GIm, GIs) Enlight, (GIIm, GIIs) Grengloo, (GIIIm,
GIIIs) Kurasper F, (GIVm, GIVs) BeautyOrtho Bond, (GVm, GVs) Transbond CC, (GVIm,
GVIs) Turbo Bond II, (GVIIm, GVIIs) Blugloo. 60 blocks of 4x4x1 mm of each orthodontic
composite resin were made (total 420 blocks), and gently polished with sand-paper and
ultrasonically cleaned. S. mutans and S. sobrinus were independently cultivated. For the
quantitative analysis, a radioactive marker was used to codify the bacteria (*H) adhered to
the surface of the materials. The blocks were submerged in a solution with microorganisms
previously radiolabeled and separated (210 blocks for S. mutans and 210 blocks for S.
sobrinus) for 2 hours at 37°C. Next, the blocks were placed in a combustion system, to
capture the residues and measure the radiation. The statistical analysis was calculated with
the ANOVA test (Sheffe post-hoc). Results: Significant differences of bacterial adhesion
were found amongst the groups. In the GIm and GIs the significant lowest scores for
both microorganisms were shown; in contrast, the values of GVII for both bacteria were
significantly the highest. Conclusions: This study showed that the orthodontic composite
resin evaluated in the GIm and GIs, obtained the lowest adherence of S. mutans and S.
sobrinus, which may reduce the enamel demineralization and the risk of white spot lesion
formation.

Key words: Radioisotope. White spot. Composite resins. Streptococcus mutans.
Streptococcus sobrinus.

INTRODUCTION decalcification by diffusion of the calcium and
phosphate and remineralization!?. The enamel

The increased plaque accumulation and the demineralization is mainly caused by organic acids
concomitant bacterial acid production resulted produced by various microorganisms. S. mutans
in the white spot lesions or incipient caries. and S. sobrinus were identified as the main
This phenomenon starts on an enamel surface pathogens in dental caries, and their presence
when there is a shift in the equilibrium between increases the risk for enamel demineralization®'°,
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Therefore, adhesion of these bacteria to orthodontic
composite resins or fixed appliances might influence
the formation of pathogenic plaque and enamel
demineralization during the orthodontic treatment?>.
Several patients with orthodontic treatments have
a risk of developing white spot lesions around the
brackets. This has been widely known from the first
month after the brackets placement in ranges from
12.6% to 50%?*. Orthodontic appliances can play
a major role in enamel demineralization because
they provide additional surface areas for bacterial
adhesion, and their complex design impedes proper
access to the tooth surfaces during orthodontic
treatment cleaning, furthermore, the composition
of the orthodontic composite resin, the oral pH
level and various microorganisms normally present
in the oral cavity may influence the adhesion
capacity of bacteria, formation of plaque, which
increases the risk of demineralization in enamel,
particularly in areas around the appliances such as
the brackets®7:24,

The orthodontic adhesives remaining on the
enamel surface around the bracket are known
to be risk factors for predisposition to enamel
demineralization because the rough adhesive
surface can provide a site for the rapid growth of
oral microorganisms®12:22,

The aim of this investigation was to determine
and quantitatively compare the independent
bacterial colonization of S. mutans and S. sobrinus
in seven polished orthodontic composite resins.

Seven commercial orthodontic composite resins
for bonding brackets were employed and classified
in 14 groups: (GIm, GIs) Enlight (Ormco Corp.,
Orange, Calif.,, U.S.A); (GIIm, GIIs) Grengloo
(Ormco Corp.); (GIIIm, GIIIs) Kurasper F (Kuraray,
Medical, Tokyo, Japan); (GIVm, GIVs) BeautyOrtho
Bond (Shofu, Kyoto, Japan); (GVm, GVs) Transbond
CC (3M Unitek, Monrovia, Calif.,, U.S.A.); (GVIm,
GVIs) Turbo Bond II (TP Orthodontics, LaPorte, Ind.,
U.S.A.); (GVIIm, GVIIs) Blugloo (Ormco Corp.).

A total of 420 resin blocks (210 block for
S. mutans, 210 blocks for S. sobrinus with 30
blocks for each group of orthodontic composite
resin), were made and filled into a Teflon mold
(4x4x1 mm), covered with a micro-slide glass and
irradiated with a visible light curing unit device
(Ortholux, 3M Unitek, Monrovia, Calif., U.S.A.) for
60 seconds to polymerize each resin block, the
surface blocks were then polished with 2000 and
1000 grit sand-paper sheets, cleaned ultrasonically
and sterilized with ethylene oxide gas.
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S. mutans ATCC25165 and S. sobrinus
ATCC33478 were maintained as frozen stock
cultures, and cultured anaerobically at 37°C in a
semisolid trypticase soy broth (BBL, Cockeysville,
Maryland, U.S.A.) and yeast extract (Difco
Laboratories, Detroit, Michigan, U.S.A.) for 18
hours. Afterwards, the microorganisms were
anaerobically inoculated, each one separately
from the TSBY semisolid to 150 ml of TSBY liquid
with a radioactive marker used to codify the
microorganism, 74 kBqg of [6-3H] thymidine, and
cultured for 18 hours at 37°C. Next, the bacteria
was collected by centrifugation at 12000 rpm for
15 minutes into 0.05 M phosphate buffer saline
(PBS) adjusted to pH 7.0, and washed three times
with PBS. The concentration of S. mutans and S.
sobrinus were 10° CFU/ml.

The blocks of orthodontic composite resin
were suspended from the cap of a glass mold
and submerged in 150 ml of S. mutans (210
blocks) and S. sobrinus (210 blocks) radiolabeled
fluid respectively at 37°C for 2 hours in constant
movement. To remove the non-adhering bacteria,
the blocks of orthodontic composite resins were
removed from the glass mold and washed three
times with PBS.

The radiolabeled bacteria adhered to the
orthodontic composite resins blocks were recollected
by automatic sample combustion equipment, and
the score was measured using a liquid scintillation
counter (LSC-900, Aloka, Tokyo, Japan); whose
values were recorded in disintegration per minute
(dpm). This measurement was repeated three times
to respect the reliability of the results.

Parametric tests with descriptive mean and
variance statistics for quantitative variables were
used in this test by one-way analysis of variance
(ANOVA) with a post hoc test (Sheffé) for multiple
comparisons. A probability of equal or less than
0.05 for similarity of distribution was considered
to be significantly different.

The adherence of S. mutans radiolabeled to
orthodontic composite resins were significantly
different between the groups (p<0.05). The scores
expressed in disintegration per minute (dpm) are
shown in Table 1. The value of group GIm (1577.35
dpm) was significantly the lowest followed by group
GIIm (3393.76 dpm). The values of group GIIm
(3393.76 dpm) and GIVm (3515.56 dpm) were



Table 1- Quantitative test to S. mutans by radiolabeled (*H)

Adhesive DPM* SD** Sheffe
Mean Test***
Enlight 1577,35 144.57 A
Grengloo 3393,76 113.85 B
Kurasper F 3989,56 758.34 ©
BeautyOrtho Bond 3515,56 299.86 B
Transbond CC 4693,63 346.48 D
Turbo Bond 4790,68 265.93 D
Blugloo 5155,85 40.49 E
* DPM (Desintegration per Minute)
** SD (Standard Deviation)
*** Composites orthodontic resins with different letters are significantly different from each other.
Table 2- Quantitative test to S. sobrinus by radiolabeled (*H)
Adhesive DPM* SD** Sheffe
Mean Test***
Enlight 457.86 88.35 A
Grengloo 1405,5 205.24 B
Kurasper F 1034,7 80.41 B
BeautyOrtho Bond 1437,21 200.48 B
Transbond CC 2056,05 25.95 C
Turbo Bond 1114,95 88.61 B
Blugloo 6087,06 1290,64 D

* DPM (Desintegration per Minute)
** SD (Standard Deviation)

*** Composites orthodontic resins with different letters are significantly different from each other.

not significant. The value of group GVIIm (5155.85
dpm) was significantly the highest.

Bacterial adhesion of S. sobrinus

The bacterial adhesion of S. sobrinus
radiolabeled to orthodontic composite resins were
also significantly different between the groups
(p<0.05). The scores are shown in Table 2. The
value of group GIs (457.86 dpm) was significantly
the lowest followed by group GIIIs (1034.70 dpm).
The values of group GIIs (1405.50 dpm), GIIIs
(1034.70 dpm) GIVs (1437.21 dpm) and GVIs
(1114.95 dpm) were not significant between each
other. The value of group GVIIs (6087.06 dpm) was
significantly the highest.

DISCUSSION

White spot lesions are the first sign of enamel
demineralization and this phenomena is associated
to the adjacent areas around the fixed orthodontic
appliances, because the orthodontic appliances
provide additional surface areas for bacterial
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colonization; furthermore, their complex design
impedes an adequate cleaning, specifically
because orthodontic composite resins are materials
placed onto the enamel surface that is commonly
affected by demineralization (white spot lesion)
and caries?®. Various species of bacteria are
involved in the formation of the dental biofilm and
white spot lesions are caused by acids produced
mainly by cariogenic bacteria!t. Previous studies
reported that patients with orthodontic treatments
normally present elevated levels of S. mutans, and
S. sobrinus and this alteration in the oral flora
can increase the risk of dental caries'>?’, on the
other hand, studies in vivo have reported that the
presence of these microorganisms are also found on
healthy surfaces, and its presence does not always
indicate an active process of caries; however, an
increased number of these microorganisms on any
surface might augment the risk of developing caries
lesionst®,

The bacterial adhesion of these bacteria to
orthodontic composite resins is due to electrostatic,
hydrophobic interaction and van der Waals forces,



also it has been reported that the adhesion of
cariogenic streptococcus to orthodontic composite
resins is higher than orthodontics appliances. This
colonization might play a role in the development
of cariogenic plaque and the remaining bacteria
around fixed appliances can grow rapidly on tooth
surfaces!®. Therefore, this study was performed to
specifically determine the level of S. mutans and S.
sobrinus adhered on orthodontic composite resins,
cultured and tested independently, because both
microorganisms are considered the main reason
responsible for causing dental caries, and are also
the greatest producer of acid that causes enamel
demineralization?.

For this investigation, the samples were not
coated with saliva because previous studies®* had
described that saliva coating did not significantly
alter the adhesion patterns of S. mutans and S.
sobrinus. This phenomenon is consistent with other
investigations showing that saliva coating did not
significantly alter the adhesion of streptococci to
the underlying materials”-24.

The equipment and methodology used in this
research, such as the automatic sample combustion
machine and the liquid scintillation counter device
for measuring 3H, had been amply described by
Saku, et al.?(2010), and Nagayama, et al.?* (2001),
as well as the results expressed and recorded in
disintegration per minute (dpm). In this sense, a
higher value of dpm means higher radioactivity
and therefore a higher adherence of a radiolabeled
microorganism is found. In contrast, lower values of
dpm indicate a lesser adherence of the radiolabeled
microorganism.

The results (Tables 1 and 2) in this study showed
that the groups GIm (1577.35 dpm) and GIs
(457.86 dpm) had the lowest bacterial adherence
and were statistically significantly different
(p<0.05) in comparison with the other groups for
both microorganisms. In the same mode, GVIIm
(5155.85 dpm) and GVIIs (6087.06 dpm) had
the highest bacterial adherence. In general, the
level of bacterial adhesion to the materials tested
was greater for S. mutans than for S. sobrinus
except for GVIIs which had more affinity for S.
sobrinus, these findings are different from other
studies®417.18, A similar research by Ahn, Lim, and
Lee3 (2010), reported that in general the bacterial
adhesion to orthodontic materials, particularly
more to orthodontic composite resins and brackets
was greater for S. mutans than for S. sobrinus,
concluding that different strains have different
amounts of adhesion, even though they belong
to the same species. The results in this study are
similar in six groups (in ranges from group GIm
to GVIm, and from GIs to GVIs). However, the
findings in groups GVIIm and GVIIs demonstrated
that the values were greater for S. sobrinus than
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for S. mutans, which strongly suggest an affinity
amongst S. sobrinus and the orthodontic composite
resin tested in groups GVIIm and GVIIs (Blugloo).

In this study differences in the amount of the
bacterial adhesion can be explained by the diverse
surface characteristics of each type of orthodontic
composite resin. The surface characteristics of the
materials are known to influence the adhesion of
bacteria to surface roughness; therefore, materials
with a polished surface provide the same condition
for a test bacterial colonization3. Although all the
surfaces were polished, the samples of orthodontic
composites resins showed different irregularities
on the surfaces associated with variable bacterial
adhesion. The literature suggests that the filler
modifies the surface of orthodontic composite
resins®, an investigation about filler volume (wt /%),
filler size, and composition of various orthodontic
composite resins demonstrated no effect on the
adhesion of S. mutans or S. sobrinus*. Similar
findings are comparable with Groups GIm and GIs,
which presented a roughness that seemed not to
be susceptible to bacterial adhesion, compared
with the others groups that also had irregularities
on surfaces.

The orthodontic composite resins tested in this
study were light-cured; the resin evaluated in the
groups: GIm and GIs presented the lowest value
of dpm for both microorganisms respectively;
in other words, a significantly lower quantity of
S. mutans and S. sobrinus were adhered to this
composite resin when compared with the other
groups. These findings are similar with a previous
study*, which evaluated the same composite resin
and demonstrated the lowest bacterial adherence
when tested and compared with the other
materials with antimicrobial properties. Several
materials for bonding brackets have antimicrobial
properties; however, in previous investigations,
some orthodontic composite adhesives have
showed no statistically significant differences?¢-18,

No statistically significant differences were
found in the comparison between groups GIIm
and GIVm, as well as GVm and GVIm, when
the S. mutans adherence was evaluated; in the
same sense for groups GllIs, GIIIs, GIVs, GVIs no
significant differences were found. Although three
of the seven resins analyzed are manufactured
by the same company, they have shown diverse
bacterial adherence, probably due to their different
compositions, filler sizes, and properties?®. Further
studies are warranted to analyze the biological
and bacteriostatic effects of the composite resins
on the adhered microorganisms. Nevertheless, the
groups GVIIs and GVIIm showed the significantly
highest value of S. mutans and S. sobrinus
adherence, indicating a superior risk for enamel
demineralization and decay.



Previous studies®?? jn vitro models had an assay
adherence of microorganisms on dental materials,
reporting that the surface roughness is the main
determinant of the bacterial adhesion. To minimize
the effect of surface roughness on adhesion in this
investigation, all surfaces were polished equally,
nevertheless, in previous assessments (data not
shown), in which the surfaces were untreated (not
polished), the groups GIm and GIs showed the
lowest bacterial adherence and GVIm, GVIs the
highest adherence of microorganisms. Therefore,
the polish effects seem to be irrelevant for these
groups.

Based on the findings obtained in this study,
it was clear that the orthodontic composite resin
tested in the groups GIm and GIs, exhibited
desirable properties while obtaining the lowest
bacterial adhesion, this suggest to the clinic in
orthodontics daily practice that the use of this
composite resin might reduce the white spot
lesions and caries formation during the orthodontic
treatment and might also be suitable from a
clinical preventive point of view. In contrast, the
composite resin analyzed in the groups GVIIm
and GVIIs, showed the highest adhesion; this is
theoretically an unfavorable characteristic; in this
context, if translated into clinical performance,
this suggests that this material can be associated
with an increased incidence of decalcification
around fixed appliances. From a clinical point of
view, it seems that various orthodontic composite
resins have different levels on the adhesion of S.
mutans and S. sobrinus. However, these data are
difficult to directly apply to the clinical situation,
because the materials and their characteristics
are variable, according to the manufacturers. In
addition, the adhesion amount of oral bacteria can
be significantly influenced by the complexity of the
appliances and treatment.

Despite the fact that many studies*13:20.23.28 ghout
bacterial adhesion with S. mutans and S. sobrinus
exposed to different dental materials have been
reported, further studies are required to evaluate
and understand the mechanisms of adherence on
the surface of specific orthodontic materials. After
all, the study of S. mutans and S. sobrinus together
and using different radio markers for codifying
each bacteria, are required to accurately compare
the adhesion of these microorganisms to different
orthodontic composites resins.

CONCLUSIONS

This study was undertaken to analyze the level
of bacterial adhesion to orthodontic composite
resins. The results showed that groups GIm and
GIs had the lowest quantity of S. mutans and S.
sobrinus adherence respectively in an assessment
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carried out separately. On the other hand, the
highest level of bacteria adhesion was observed in
groups GVIIm and GVIIs. The outcomes suggest a
significant affinity of S. sobrinus to adhere to group
GVIlIs. This research provides valuable information
for identifying the orthodontic composite resin with
a minor risk for developing white spot lesions and
caries formation.
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