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Abstract

Objectives: The formation of white spot lesion around
orthodontic brackets during treatment is a significant clinical and
esthetic problem. This has been associated with plaque formation
around the brackets. Plaque retention around orthodontic appliances
has been attributed to several factors including archwire ligation
method. The purpose of this study was to investigate the influence
of ligation method on plaque accumulation and demineralization
around brackets. We hypothesized that self-ligating brackets
would accumulate less plaque and cause less demineralization than
conventional brackets with elastomeric ligatures.

Methods: 45 enamel blocks were randomly assigned to 3 groups:
Edgewise® brackets (ringless); self-ligating Speed® brackets (self-
ligating); Edgewise® brackets with elastomeric rings (e-ringed). The
blocks were subjected to a plaque-forming cariogenic environment
using an artificial mouth system in a mixed-organisms continuous
flow biofilm model simulating oral conditions. Using quantitative
light-induced fluorescence, plaque was measured for 5 consecutive
days and demineralization was quantified after 28 days.

Results: A significant increase (p<0.001) in plaque accumulation
were observed between days 1 and 5 in all groups, but the differences
among the groups were not statistically significant. Demineralization
was significantly higher in e-ringed compared to ringless (p=0.0016)
and self-ligating (p=0.0009) brackets. There was no significant
difference between ringless and self-ligating brackets, demonstrating
that bracket design was not responsible for the difference in
demineralization but the presence of elastomeric ring.

Conclusions: Ligation using elastomeric rings is associated with
increased demineralization around orthodontic brackets.

Keywords: Ligation; Plaque; White spots; Orthodontic brackets;
Demineralization

Introduction

Early caries lesions in enamel appear clinically as opaque white
spot lesions [1-5]. These lesions indicate demineralization of enamel
caused by acids produced by cariogenic microorganism in plaque [6-9].

The formation of white spot lesion around orthodontic brackets during

treatment is a significant clinical and esthetic problem [3,4,10-13].
Although some researchers have investigated some possibilites relating
to this, the causative role played by the method of bracket ligation to
archwire has not been adequately evaluated.

Elastomeric rings are commonly used in orthodontics to hold the
archwire in the bracket slot. They are easy to apply, comfortable to the
patient, and available in a variety of colors, making them popular among
young patients. However, elastomeric rings promote plaque formation
by accumulating more micro-organisms compared to stainless steel
ligatures [14]. The plaque and saliva of patients undergoing orthodontic
treatment with standard edgewise appliances ligated with elastomeric
rings contain a higher prevalence of S. mutans compared to those with
steel ligatures [15-17].

Self-ligating brackets do not require elastomeric rings. The ligating
mechanism is built into the bracket system. These brackets are associated
with improved treatment efficiency, significantly fewer appointments,
and better quality of treatment outcomes compared to standard edgewise
appliances [18-21]. Although it has been suggested that self-ligating
brackets also promote better oral hygiene [22], no scientific studies
have compared self-ligating and conventional orthodontic brackets with
respect to plaque accumulation or demineralization during orthodontic
treatment.

In this study we quantitatively monitored plaque formation and
assessed demineralization around different orthodontic brackets.
Several methods can detect early demineralization on enamel surface.
These include visual inspection [23,24], electronic caries monitoring
[25,26], fiber-optic transillumination (FOTI) [27], laser fluorescence
(DIAGNOdent) [28], and transverse microradiography (TMR) [29,30].
In this study, we used quantitative light fluorescence (QLF), a non-
destructive, sensitive, reliable, and reproducible method [31-34]. QLF
has been validated against TMR, which is considered the in vitro gold
standard, on both permanent and deciduous teeth [35]. Moreover, QLF
in vitro has high inter-examiner reliability [36]. Amaechi and Higham
[31] established the optimum conditions for the use of QLF. Recent
development in this system incorporates a red fluorescence detector;
excitation of red extrinsic fluorophores from bacterial metabolites
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(porphyrins) by blue light causes plaque, calculus, and bacteria-infected
caries lesions to appear red on a bright green background, enabling the
use of QLF to quantify and monitor plaque [37].

The purpose of this study was to compare the rate of plaque
accumulation and the degree of demineralization in vitro in enamel
blocks on which the following types of brackets were bonded, either self-
ligating brackets or brackets ligated with elastomeric rings, or brackets
with no ligation at all. We hypothesized that self-ligating brackets would
accumulate less plaque and cause less demineralization than conventional
brackets with elastomeric ligatures. We also evaluated conventional
brackets without elastomeric ligatures to distinguish the specific effects
of the elastomeric ligatures from differences in bracket design and size.

Materials and Methods
Teeth preparation and randomization

Freshly extracted and appropriately disposed sound human molars
and premolars were collected. Teeth were extracted either for orthodontic
or for third-molar impaction reasons in various UTHSCSA Dental School
clinics. The teeth were cleaned of debris/stains, and examined. Fifteen
teeth without caries, cracks or enamel malformations were selected and
cleaned with pumice to remove the remnants of pellicle. Using Well’s
diamond cutting saw (Well’'s Company, Germany), three enamel blocks,
approximately 5.0 mm? were produced from each tooth, giving a total of
45 enamel blocks. The enamel blocks were randomly assigned to three
experimental groups (15 blocks/group): (A) Edgewise® brackets without
elastomeric rings (control), (B) Self-ligating Speed® brackets, and (C)
Edgewise® brackets with elastomeric rings. The brackets were bonded
to their respective blocks (Figure 1) using Transbond® XT light-cure
adhesive paste (3M Unitek, St Paul, MN). The remaining enamel surface of
each block was then painted with two coats of non-fluorescent colorless
acid resistant nail varnish except for a ring of exposed enamel (extending
approximately 1 mm from the edge of the bracket) around the bracket,
created using an adhesive tape. The ring of exposed enamel was created
in all samples using the same adhesive tape to ensure uniform area of
exposed enamel surface.

Experimental procedure

The experiment was conducted in a continuous flow biofilm model
acting as an artificial mouth. This is a multiple-chamber continuous
flow culture system described in our previous studies (Figure 2) [38].
The system is housed inside a CO, incubator maintained at a constant
physiological temperature of 37°C. The bracket-bearing blocks were
randomly assigned to three culture chambers in the artificial mouth
system (15 blocks/chamber) irrespective of their group. Using heavy
duty putty, these blocks were embedded in the vertical grooves on the
surface of the cylindrical rod inside the culture chamber. These blocks
were embedded such that their surfaces flushed with the surface of the
cylinder to permit streamlined flow of fluids, and the exposed enamel was
available for plaque growth and subsequent demineralization. Prior to
the experiment, all components of the Artificial Mouth including the teeth
were sterilized using ethylene oxide gas. White spot lesions development
on the tooth surfaces were initiated by inoculation of the chambers by
1-hour circulation of mixed Streptococcus mutans (NCTC 10449) and
Lactobacilli casei (NCIB 8820) culture in Todd Hewitt broth (broth to
inoculums ratio 10:1) through the chambers. Inoculation was repeated
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Figure 1: Experimental Groups.
Group A: Edgewise bracket without any ligation; Group B: Self-ligating
Speed bracket; Group C: Edgewise bracket with elastomeric ring.

Figure 2: Schematic representation of the artificial mouth setup in CO,
incubator. A- Programmable filling & emptying pump; B- Programma-
ble broth and sucrose circulation pump; C, D & E- Oral chamber housing
experimental teeth; F- Todd Hewitt broth; G- Sucrose; H- Liquid con-
trolling stopper; I- Artificial jaw with tooth blocks; J- Broth and sucrose
pumping tube; K- Broth circulating tube.

once daily for two consecutive days. Todd Hewitt broth was continuously
and simultaneously supplied to the four chambers to simulate saliva,
while 5% sucrose was supplied every 6 hours for 6 minutes to simulate
meals. All fluids, including inoculation, were delivered at a flow rate of 0.3
ml /min (average unstimulated salivary flow rate). Change in plaque pH
following sucrose supply was monitored on two occasions on the third
day to confirm exhibition of Stephan’s curve (plaque pH curve) under
sucrose challenge. A micro-esophageal glass pH electrode and micro-
reference electrode connected through a pH meter were installed in each
chamber at the plaque growth surface to monitor the intra-plaque pH.
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28 days

Figure 3: QLF images before exposure to plaque (0 days) and after 28
days of plaque accumulation. Note the demineralization (fluorescence
loss) around the bracket after 28 days (arrows).

Plaque and demineralization quantification

Plaque accumulation on the enamel surfaces was detected and
measured daily for the five days using quantitative light-induced
fluorescence (QLF™). Plaque appears as red fluorescence on enamel
surface when viewed with QLF and is quantified as red fluorescence
intensity (AR). Following 5 days measuring of plaque the experiment
was continued for 28 days for development of white spot lesions
(demineralization). At the end of 28 days, each enamel block was brushed
with a soft-bristled toothbrush to remove all the plaque. Plaque interferes
with QLF imaging by masking the caries lesion under the plaque.
Following brushing, the tooth surface was dried with an air syringe for
5 seconds, which revealed clearly the white spot lesions around the
brackets (Figure 3). This was followed by QLF imaging of the enamel
blocks by a single examiner. White spot lesions appear as dark spots (area
of reduced fluorescence) when viewed with QLF (Figure 3).

The QLF system comprised of a special intra-oral micro-camera
device connected to a computer fitted with a frame grabber (Comet,
Matrox, Electronic systems Ltd, Quebec, Canada) and to which the
QLF software (QLF version 2.0.37, Inspektor Research Systems BV,
Amsterdam, The Netherlands) was installed. To visualize and capture the
tooth image, white light from a special arc lamp (Philips bv, Eindhoven,
The Netherlands) based on Xenon technology was filtered through a blue-
transmitting bandpass filter (Philips bv, Eindhoven, The Netherlands)
with peak intensity of A=370 nm and bandwidth of 80 nm, to provide
illumination of the tooth with a blue-violet light with an intensity of 13
mW/cm? A dental mirror provided uniform illumination of the tooth,
and with the aid of a color CCD-sensor (Sony LS-1P, Tokyo, Japan), which
had a yellow-transmitting (A=520nm) filter (Philips bv, Eindhoven, The
Netherlands) positioned in front of it (to filter out all reflected and back-
scattered light), the fluorescent image of the tooth was recorded and
digitized by the framegrabber and was available for quantitative analysis
with the QLF software as described by de Josselin de Jong [39], The QLF
software automatically gives the value for the decrease in fluorescence
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(demineralization), AQ (%.mm?), for white spot lesions or red
fluorescence intensity, AR (%), for plaque quantity, with a simultaneous
data storage.

Statistical analysis

Statistical analysis of the data was performed with SPSS (version
14.0, Chicago Illinois) with the level of significance (a) pre-chosen at 0.05.
For plaque accumulation analysis, mean values and standard deviations
of AR were calculated for each of the five days. Intra- and inter-group
comparison of plaque accumulation over time was carried out using
Bonferroni corrections to reduce the possibility of significances due to
chance. Inter-group comparison of the levels of demineralization after
28 days was examined using Analysis of variance (ANOVA) with post-hoc
Tukey’s comparison tests.

Results

Table 1 shows the mean and standard deviation of plaque
accumulation (AR) from day 1 to day 5. Significant differences (p<0.001)
in mean AR were observed in day 1 through day 5 in all three groups;
however, the differences in mean AR among the groups was not
statistically significant on any day, but consistently ranked as follows in
numerical value: edgewise E-ringed brackets > self-ligating brackets >
edgewise ringless brackets (control). All three groups reached maximum
plaque accumulation at day 3, at which point there was a slight decrease.

Figure 4 shows the amount of demineralization (AQ) in each group
after 28 days of plaque formation. Demineralization was significantly
higher (p=0.0004) in brackets with elastomeric rings compared to
both the self-ligating brackets and the control group. The amount of
demineralization around self-ligating brackets was similar to that of the
ringless control group (p=0.9).

Discussion

Brackets with elastomeric rings demonstrated greater plaque
development and demineralization compared to self-ligated brackets
and brackets without ligation. This finding is in agreement with previous
studies demonstrating that elastomeric rings accumulate significantly
more plaque than steel-ligatures [14]. Forsberg [14] reported that the
lateral incisor ligated with an elastomeric ring had a greater number
of microorganisms in plaque than teeth ligated with steel wire. They
recommended that elastomeric ligation rings should not be used in
patients with compromised oral hygiene, as the increased microbial
accumulation adjacent to the brackets, could predispose to the
development of dental caries and gingivitis. A recent clinical study also
showed that teeth ligated with elastomeric rings were more prone to
bleeding, and the authors recommend against the use of elastomeric rings
in patients with poor oral hygiene [40].

Twenty-eight days of plaque formation was associated with distinctly

Table 1: Plaque Accumulation, Measured as Red Fluorescence Intensity (AR), for the Three Ligation Groups. Note: A significant increase (p<0.001) in

plaque accumulation were observed between days 1 and 5 in all groups.

Groups Day 1 Day 2 Day 3 Day 4 Day 5
Mean AR(SD) Mean AR(SD) Mean AR(SD) Mean AR(SD) Mean AR(SD)
Brackets without ligation 23.43 (2.23) 23.56 (1.91) 23.77 (2.62) 23.18 (1.42) 22.29 (1.30)
Self-ligating brackets 23.45(1.38) 23.67 (1.49) 23.86 (1.36) 23.75(1.30) 23.36 (0.83)
Brackets with elastomeric ring 23.61 (1.89) 23.90 (2.25) 25.13 (1.46) 24.57 (1.77) 23.41 (1.50)
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Figure 4: Integrated fluorescence loss (AQ) for the 3 ligation methods. *significantly higher compared to 1 (p=0.0016) and 2 (p=0.0009) brackets 1

and 2.

more enamel demineralization around brackets ligated with elastomeric
rings compared to self-ligated brackets and brackets without ligation.
Although thisis an in vitro study, this result is conceivable both in vitro and
in vivo considering the fact that the external ligation from elastomeric ring
would encourage more plaque accumulation, and even in vivo may limit
oral hygiene efficiency around the bracket. Self-ligating bracket systems
have a built-in mechanical lock, and thus do not require external ligation.
Furthermore, the self-ligating and ligated brackets have a different base
area, profile height, and other differences, which potentially might also
affect plaque formation. However, the self-ligating brackets promoted
a similar amount of demineralization as the Edgewise bracket without
ligation, suggesting that the elastomeric ligatures and not differences in
bracket design that was responsible for the increased demineralization.
Therefore, our results support the hypothesis that the ligation method
plays a significant role in the amount of demineralization.

Self-ligating brackets have been in the market since the 1930’s, but
due to cost and mechanical faults they have not been favored [22]. Today,
a greater number of orthodontists are favoring these brackets due to
their frictionless properties [41,42] and treatment efficiency [18-21]. The
lack of evidence demonstrating that self-ligating brackets minimize white
spot lesions led to the current study. This study proved that the amount
of demineralization around these brackets is significantly smaller than
around brackets with elastomeric rings. In addition to the external
ligation method, the material composition of the elastomeric rings could
have further contributed to the increased demineralization. Further
studies comparing steel ligatures, elastomeric rings and fluoridated
elastomeric rings are needed to determine whether the composition
of elastomeric rings and/or the mechanical aspect of ligation are what
determine increased demineralization.

The presence of plaque is an important factor in the development of
white spot lesions. The use of an in vitro model to predict the interactions

between dental plaque and orthodontic brackets is highly desirable, since
this model controls for the variability, in clinical studies, when relying on
patient compliance with oral hygiene. The artificial mouth system used
in this study is particularly suited for studies of biofilms of oral bacteria
in that it provides an environment similar to that found in the oral
cavity. This model simulates oral cavity conditions such as temperature,
salivary flow rate, bacterial colonization, and plaque formation, and
therefore helps control as many confounding factors as possible, except
tooth brushing. Although there are varieties of in vitro models acting
as artificial mouth, this model has several advantages when compared
to other systems [43,44]. The size of the acrylic cylinder simulating the
oral surface and on which the samples are attached was design to the
approximate the determined surface area of the oral cavity so that the
amount of fluid on the surface at any time will approximate the amount
of saliva in the adult mouth [45]. The continuous flow and recirculation
of simulated oral fluids and bacterial consortium are delivered at a flow
rate equal to the unstimulated salivary flow rate. Moreover, the plaque
growth demonstrated the typical Stephan’s curve with sucrose rinse,
the characteristics of a cariogenic plaque. This system like previous
systems [44] was able to produce an established cariogenic plaque within
four days as confirmed by Stephan curve. Furthermore, a significant
demineralization was produced in enamel within 28 days of plaque
accumulation, which is in agreement with previous studies [43,44].

An unexpected finding was that plaque grew progressively in all
three groups, reaching a peak value on day 3; however, after day 4 the
amount of plaque decreased. This decrease may have been due either to
a limit to plaque thickness due to competition in microbial ecosystem
or change in microbial composition with the aerobic microorganisms,
Streptococcus mutans withering away with the increase in plaque
thickness, while only the facultative anaerobes, Lactobacilli, survive the
increase. This behavior may also have contributed to some extent to the
lack of statistical differences observed between the groups.
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Considering the fact that this study excluded certain factors associated
with a patient, such as toothbrushing and the protective functions of the
saliva, this result should not be directly interpreted as what should be
observed in a patient’s situation. Although we are currently conducting a
second in vitro study involving toothbrushing, steel ligature method and
archwire, the true picture of the influence of ligation methods on white
spot formation on patients undergoing orthodontic treatment can only be
observed in a randomized clinical trial of the ligation methods.

Conclusions

Brackets with elastomeric rings encouraged non-significantly more
plaque accumulation and significantly more demineralization compared
to similar brackets without elastomeric rings or self-ligating brackets,
indicating that the use of elastomeric rings as a ligating device encourages
more plaque retention and consequent enamel demineralization.
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