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Abstract

The formation of white spot lesions (WSL’s) and enamel decalcification is a potential
risk associated with orthodontic treatment, and therefore ion-releasing bonding agents have been
proposed as a means to reduce enamel decalcification for orthodontic patients. This in-vitro
study used extracted human third molars, and compared the enamel microhardness adjacent to
orthodontic brackets bonded with three different bonding agents (n=10/group): a resin bonding
agent (TB-XT) (Transbond XT, 3M Unitek, Monrovia, Calif); a glass ionomer bonding agent
(FO-LC) (Fuji Ortho LC, GC America, Chicago, I11); and a novel bonding agent containing
bioactive glass and glass ionomer (BAG-GIC). After 19 days of pH cycling, the teeth were
visually evaluated to qualitatively examine the resulting lesions prior to being embedded and
sectioned coronally. Microhardness measurements adjacent to the brackets were compared using
2-way ANOVA, comparing treatment against location, with p <.05. Visually, teeth bonded with
a TB-XT showed the most apparent WSL’s, and teeth bonded with BAG-GIC showed the least
apparent WSL’s. At 25 pm and 75 pum beneath the surface, teeth bonded with BAG-GIC had
significantly less reduction in hardness than those bonded with the other adhesives (p<.05).
Teeth bonded with TB-XT showed significantly greater reduction in hardness at all depths up to
100 pm compared to the other adhesives (p<.05). Bonding materials that incorporate bioactive
glass may help prevent demineralization and the eventual development of WSL’s adjacent to

orthodontic brackets.



Introduction

Enamel decalcification and formation of white spot lesions (WSL’s) is a common
problem associated with orthodontic treatment, with a reported prevalence ranging from 2-97%
of orthodontic patients [Mitchell, 1992; Boersma et al., 2005]. WSL’s may create an esthetic
problem post-orthodontic treatment, as they occur most commonly on the buccal surfaces of
maxillary incisors [Gorelick et al., 1982; Chapman et al., 2010], and lesions are often clinically

apparent five years after removing orthodontic appliances [@ogard, 1989].

Fixed orthodontic appliances amplify the incidence of WSL’s by increasing the amount
of plaque retention and food accumulation on the smooth surfaces of teeth which are not
normally predisposed to demineralization [@gaard et al., 1988a]. One method used to prevent
the development of WSL’s during orthodontic treatment is the introduction of topical fluoride.
Fluoride aids in remineralization by substituting for hydroxyl ions within the hydroxyapatite
crystal, creating a more acid-resistant enamel surface [Featherstone 2000]. Although using a
fluoride regimen has been shown to reduce the prevalence of caries during orthodontic treatment
[O’Reilley and Featherstone, 1987; Qgaard et al., 1988b] fluoride-containing mouthrinses and
dentifrices are subject to unpredictable compliance [@gaard et al., 1988b]. Also, the beneficial
effects are not usually localized to the areas with the greatest demineralization such as

orthodontic bracket margins.

Enamel adjacent to orthodontic brackets is continuously subjected to cyclic
demineralization and remineralization. When the localized environment shifts to prolonged
periods of demineralization, as is the case with food or plaque retention, acids fermented from

bacteria dissolve the enamel mineral phases [Feathersone, 1984], causing calcium and phosphate
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to be lost from the tooth. The demineralization process can be reversed by the presence of
calcium, phosphate, and fluoride ions in large enough local concentrations. During
remineralization, these ions wili deposit directly onto the enamel crystals and create a more acid
resistant enamel surface [Featherstone, 2004]. Since the greatest area of plaque retention around
orthodontic brackets is immediately adjacent to the bracket [O’Reilley and Featherstone, 1987], a
bonding agent may serve as a suitable reservoir for calcium, phosphate, and fluoride ions for

both enamel remineralization and prevention of demineralization.

Several commercially available bonding agents have been designed to release ions to aid
in enamel remineralization. The first glass ionomer cements were introduced in the early 1970’s
[Wilson and Kent, 1972], and their ability to release fluoride has been well-documented [Benelli
et al., 1993; Hallgren et al.,1992; Hallgren et al.,1993]. Resin-modified glass ionomer cements
have been introduced more recently with greater adhesive strength than conventional glass
ionomer cements [Silverman et al., 1995] while still providing localized fluoride ion release
[Shammaa et al., 1999; Coups-Smith et al., 2002]. Although they demonstrate the ability to
release fluoride, commercially available glass ionomer cements do not exhibit the ability to
release significant amounts calcium and phosphate, which are also important ions associated

with the remineralization process [Featherstone, 2004].

Bioactive glass containing bonding agents, however, have demonstrated the ability to
release calcium and phosphate ions in significantly greater quantities than glass ionomer at a low
pH [Crowe et al., 2008], as an apatite layer containing calcium and phosphate forms on the
surface of bioactive glass [Mitchell, 2003; Forsback et al., 2004]. Since a bonding agent which
contains bioactive glass provides a reservoir of crucial ions, we hypothesized that this would
result in less reduction in hardness adjacent to orthodontic brackets. Thus, the aim of this study
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was to evaluate changes in microhardness of enamel adjacent to orthodontic brackets, following

pH cycling, which were bonded with an adhesive containing bioactive glass.

Materials and Methods

Three orthodontic bonding agents were compared: Transbond XT (TB-XT) (3M Unitek,
Monrovia, Calif); Fuji Ortho LC (FO-LC) (GC America, Chicago, IIl), and a novel bonding

agent composed of a mixture of Fuji Ortho LC and bioactive glass (BAG-GIC).
Preparation of Bioactive Glass Bonding Agent

The bioactive glass (BAG) used in this study was prepared in our laboratory by mixing
alkoxides to a final formulation of 75 mol% SiO,, 21 mol% CaO, 4 mol% P,0s. BAG adhesive
was prepared by mixing Fuji Ortho LC (GIC) powder with BAG at a 50:50 by volume ratio.

Fuji Ortho LC liquid was then added to the BAG-GIC powder at an 11 drops:6 scoops ratio.
Once the liquid was added, the mixture was hand-mixed according to manufacturer’s instructions

for Fuji Ortho LC, prior to being used for orthodontic bracket bonding.

Specimen Preparation

Thirty freshly extracted human third molar teeth were evenly divided between the
experimental groups (n=10 for each bonding agent). The teeth were collected from local private
practices and stored in 0.5% chloramines T solution for less than six months prior to
experimental procedures. All teeth were debrided to remove loose tissue, and examined to be

visually caries-free and to have intact enamel surfaces.
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The enamel bonding site for each tooth was based upon the best visual adaptation to the
bracket pad. Adhesive tape was used to isolate the bonding site prior to bracket bonding, leaving
an exposed window the size of the bracket pad. Orthodontic brackets (Avex, Opal Orthodontics,
South Jordan, Utah) were then bonded to each tooth on the exposed enamel surface with one of
the bonding agents. Modified manufacturer’s instructions were followed for the TB-XT and FO-
LC groups, and the same instructions were followed for the FO-LC and BAG-GIC groups.
Adhesive primer was used for TB-XT samples, while no conditioner was used with the FO-LC
and BAG-GIC groups. To ensure adequate curing, all brackets were light cured from the mesial,
distal, occlusal, and gingival surfaces for 10 seconds each direction using an Ortholux LED

curing light (3M Unitek, Monrovia, Calif).

Once the bracket was bonded, the tape was removed and excess bonding agent was
removed with a scalpel blade. Acid-resistant varnish was then painted on the entire tooth surface
up to 1.2 mm of enamel from the bracket pad. This created an exposed window of enamel
around the bracket which was subjected to demineralization and remineralization. To prevent
accidental bracket debonding during the subsequent pH cycling, .010” steel orthodontic ligature
wire was tied circumferentially around each tooth through the bracket slot. All teeth were stored

overnight in reverse osmosis water prior to commencing pH cycling.

pH Cycling

The pH cycling procedure used was an adaptation from a previously described protocol
[Featherstone et al., 1986] The demineralization solution consisted of an acetate buffer, 0.075

mol/liter acetate, with calcium and phosphate each 2.0 mmol/liter, and the pH was adjusted to
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4.5. The remineralization solution consisted of 1.5 mmol/liter calcium, 0.9 mmol/liter
phosphate, 150 mmol/liter potassium chloride, 20 mmol/liter cacodylate, and the pH was

adjusted to 7.0 [ten Cate and Duijsters, 1982].

The pH cycling consisted of immersing each tooth individually into 40 mL of
demineralization solution at 37°C for a period of 6 hours. After the demineralization phase, each
tooth was immersed in 20 mL of remineralization solution at 37°C for 18 hours. [Featherstone et
al., 1986]. This cycle was repeated for a total of 19 cycling days, excluding weekends when the
teeth were immersed in remineralizing solution, and fresh solutions were used weekly.
Immediately following the pH cycling procedure, each specimen was visually examined and

qualitative notations were made regarding the appearance appearance of WSL'’s.

Microhardness Measurements

After visual examination, each specimen was individually embedded in clear €poXy resin.
The teeth were sectioned with a diamond wafering blade perpendicular to the long axis, through
the center of the bracket slot, and serially polished, ending with 4000 grit silicon carbide
polishing paper. For each specimen, either the mesial or distal surface was chosen at random for

cross-sectional microhardness testing.

A microhardness tester (Duramin 5, Struers Inc., Westlake, Ohio) with a Knoop diamond
under a 25 gram load for 5 seconds was used for the microhardness analysis. 25 grams was
chosen to avoid enamel fracture at superficial depths, and measurements were taken to the mesial
or distal side of the bracket based upon random assignment. A total of 36 indentations were
made at predetermined depths across the lesion as shown in Figure 1. Indentations were created
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at distances ranging from 200 um to 1000 um from the bonding agent, with indentation columns
separated by 100 pm. An alternating step-wise pattern was used, starting at 25 or 50 um from
the surface, and extending to 175 or 200 um from the surface. In this way, four indentations

were made at each 100 pm distance away from the bracket adhesive.

Also, indentations were made in the isolated enamel directly beneath the bracket at
depths of 25 um to 200 um, replicating the same alternating stepwise pattern of indentations seen
within the lesion. These indentations were made to create a baseline microhardness
measurement for each specific tooth at different depths from the enamel surface. The
indentations taken within the lesion were normalized by dividing their Knoop Hardness Number
by the corresponding Knoop Hardness number measured beneath the bracket. This normalized

value is expressed as a ratio of change in microhardness.

Following the microhardness measurements, thin sections of samples were observed with
an environmental scanning electron microscope (FEI Quanta 200 ESEM), in backscattered

electron imaging mode without coating.

Statistical Analysis

For each specimen, indentations made within the lesion were expressed as a ratio of
change in microhardness. Two-way ANOVAs (SAS for Windows, version 9.1) were used to
compare pooled results at specific indentation sites between groups and pooled indentations all

from the same depth between experimental groups. Statistical significance was set at p <.05.
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Results

Visual observation prior to embedding the samples revealed that teeth bonded with a TB-
XT showed the most apparent WSL’s, and teeth bonded with BAG-GIC showed the least

apparent WSL’s.

Figure 2(a-d), shows the pooled mean normaiized microhardness value for each
experimental group at the recorded location across the lesion. Note the scale differences used to

aid in visualizing differences.

When comparing individual microhardness measurements, TB-XT showed significantly
more demineralization than BAG-GIC and FO-LC at a depth of 25 or 50 pum for all distances
from the bonding agent (p<0.05). TB-XT was also the most demineralized at a depth of 75 pm,
at all distances from the bracket adhesive (p<0.05) except 1000 um. No significant differences

in micronardness measurements were found at a depth of 100 pm.

FO-LC showed significantly more demineralization than BAG-GIC at 25 pm beneath the
enamel surface, at all distances from the bonding adhesive (p<0.05) except 400 pm. FO-LC also
showed significantly more demineralization than BAG-GIC at 50 pm from the surface, only at
900 pm away from the adhesive (p=0.0193) and at 75 um from the surface, only at 1000 pum

away from the adhesive (p=0.0076).

When comparing pooled measurements taken at the same depth across the lesion, the
following patterns of demineralization are apparent (Table 1). TB-XT had the most
demineralization of all groups at depths of 25, 50, and 75 pum from the surface (p<0.0001). FO-
LC had significantly more demineralization than BAG-GIC at 25 pm and 75 pm from the
surface (p<0.0001). All other pooled depths showed statistically similar demineralization.
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Figure 3 shows backscattered electron imaging of a representative sample, demonstrating

an intact enamel surface with subsurface zones of demineralization.

Discussion

Indentations were taken starting at 200 pm from the adhesive because the adhesive
primer from the TB-XT samples occasionally flowed beneath the adhesive tape. Therefore,
accidental coverage of the enamel surface precluded microhardness measurements at these
distances. Also, indentations made at depths greater than 100 pm from the enamel surface
showed statistically similar results to measurements taken at 100 pum, so they are omitted from
the discussion. All indentations taken at the same distance from the adhesive were not pooled
together for statistical analysis. This is because the greatest decrease in microhardness was
observed at superficial depths, and a large range of microhardness changes is observed when

pooling together superficial and deeper measurements.

The present study measured relative changes in microhardness, which has been shown to
be proportional to enamel mineral content [Featherstone et al., 1983]. Since WSL’s form in
areas of demineralization and low enamel mineral content [Featherstone, 2004], microhardness
measurements provide a reliable indication for potential WSL lesion development. WSL’s form
in superficial enamel, as superficial calcium and phosphate ions are the first to diffuse out of the
enamel during the process of demineralization [Featherstone, 2004]. Figure 2 shows that TB-XT
allowed significantly greater decrease in microhardness at nearly all measurements within 75 pm
of the surface, but showed no significant difference at a depth of 100 pm. This explains why the

samples bonded with TB-XT had the most superficial demineralization and visually showed the
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most apparent WSL’s. Conversely, this also explains why the samples bonded with BAG-GIC

had the least superficial demineralization, while visually showing the least apparent WSL’s.

It has been demonstrated that innate fluoride release from orthodontic bonding agents
reduces demineralization adjacent to orthodontic appliances [Donly et al., 1995; Benelli et al.,
1993]. Figure 2 shows how samples bonded with fluoride-releasing FO-LC showed significantly
less demineralization than TB-XT at nearly all indentations within 75 um of the surface. It
should be noted, however, that FO-LC showed similar demineralization to TB-XT at 1000 pm
from the adhesive, 75 um from the surface. At this distance from the adhesive, FO-LC shows
increased demineralization and the protective effect of fluoride release appears to be less

effective.

Although fluoride release reduces demineralization, it would be more beneficial for the
bonding agent to concurrently release calcium and phosphate, since these ions are intimately
involved in the remineralization process [Featherstone, 2000]. This explains why BAG-GIC,
with its ability to additionally release calcium, and phosphate, resulted in the least superficial
demineralization as well as some areas which appeared to be more mineralized than the control
enamel. The measurements which showed a relative increase in microhardness were at the
locations closest to the BAG-GIC adhesive, and therefore closest to the reservoir of available
calcium and phosphate ions. When looking at more distant measurements, BAG-GIC also had
the least demineralization at slightly deeper depths when approaching 1 mm from the adhesive.
This suggests that the addition of calcium and phosphate may provide a further-reaching

protective effect for enamel adjacent to orthodontic appliances.
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The pooled results from the same depth (Table 1) showed that BAG-GIC had
significantly less demineralization than all other groups at depths of 25 and 75 pm. These results
further demonstrate the importance of calcium and phosphate release, and correlate well with
another study [Uysal et al., 2010], which showed significantly less superficial demineralization
with a calcium and phosphate-releasing orthodontic composite at superficial depths. The biggest
difference when compared to the present study was that Uysal et al studied a bonding agent

containing amorphous calcium phosphate (ACP) instead of BAG.

The ideal bonding agent for orthodontics should have sustained ion release to aid in the
protection against demineralization while demonstrating sufficient bond strength. The
recognized beneficial effects of calcium and phosphate release have led to the development of
bonding agents containing ACP, which have the ability to release calcium and phosphate.
However, ACP composites may have mechanical instability and inferior strength when
compared to glass-reinforced composites [Skrtic et al., 2004]. Several studies evaluating the
shear bond strength of brackets bonded with ACP composite have been performed. One study
suggested that the use of ACP would result in a greater tendency for early bracket debonds
[Foster et al., 2008], and another study suggested that ACP had insufficient bond strength to
withstand normal orthodontic forces [Dunn, 2007]. Also, ACP has also shown a significant
decrease in bond strength when used as a lingual retainer adhesive [Uysal et al., 2009]. Thus,
ACP appears to have favorable ion-release, but insufficient bond strength. Conversely, BAG has
a demonstrated ability to release calcium and phosphate selectively at a low pH [Crowe et al.,
2008], while providing acceptable shear bond strength [Personal correspondence]. With these

important characteristics, BAG-containing adhesives show potential for orthodontic applications.
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pH cycling to evaluate carious lesion development has been extensively performed [ten
Cate and Duijsters, 1982; O’Reilley and Featherstone, 1987]. We selected this method to
evaluate the novel BAG-GIC bonding agents under development in our laboratory as it has been
shown to correlate well with conditions associated with 1 month of fixed orthodontic appliance
use in vivo [Featherstone et al., 1986]. Six hours of daily exposure to a demineralization
solution is intended to simulate the average amount of time a patient experiences an acid
challenge, which creates enamel dissolution and ultimately the formation of WSL’s adjacent to

orthodontic appliances.

An alternating step-wise pattern of microhardness indentations was chosen as the most
appropriate method, as we anticipated observing a two-dimensional gradient of change in
microhardness. Vertically, the most superficial enamel was expected to show the most
demineralization. Horizontally, the ion-release from BAG-GIC and FO-LC created a gradient
with the greatest localized ion concentration adjacent to the bonding agent. Therefore, for BAG-
GIC and FO-LC, we expected to observe differences in microhardness changes which were

dependent on the distance away from the ion-releasing adhesives.

Of the bonding agents tested, only BAG-GIC and FO-LC have the capacity for
significant ion release [Cooley et al., 1989; Crowe et al., 2008], and this undoubtedly related to
why they both showed much less demineralization than TB-XT. Since the design of this study
did not include an additional daily fluoride regimen, it can be assumed that the most readily
available ions to prevent demineralization originated from the bonding agent. For this reason,
the use of BAG-GIC may be most advantageous in patients with poor oral hygiene, as they may
show unpredictable compliance with topical fluoride or fluoride mouth rinses [Dgaard et al.,
1988b] and therefore would benefit from the intrinsic ion release.
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In summary, we conclude:

1- TB-XT was associated with significantly greater superficial demineralization than FO-LC and

BAG-GIC in vitro.

2- FO-LC and TB-XT were associated with significantly greater superficial demineralization,
and significantly more superficiai demineralization at distances approaching 1 mm from the

adhesive, than BAG-GIC in vitro.

3- Patients with poor oral hygiene may benefit from orthodontic bonding agents that release

calcium, phosphate, and fluoride.
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Legends/Headings:

Figure 1: Microhardness measurement pattern. The measurement locations consisted of nine
columns, each with four indentations. Indentation points started at a distance of 200 pm from the
adhesive, extending to 1000 pm away from the bonding adhesive, and were separated by 100 pym
increments. The most superficial indentation at 200 um from the adhesive began at 25 um from
the enamel surface, with three subsequent indentations each extending 50 pum deeper into the
enamel until a final depth of 175 pm was measured. The adjacent column at 300 pm away from
the adhesive began at 50 um from the enamel surface, with each subsequent indentation
extending 50 um deeper into the enamel until a final depth of 200 pm was measured. This

alternating step-wise pattern was repeated until the furthest distance of 1000 pm was measured.

Figure 2: Mean normalized microhardness of indentations taken at depths of 25 pm (a), 50 um
(b), 75 pum (c), and 100 pm (d) from the enamel surface. Standard error bars are shown. Note

the scale differences used to aid in visualizing differences.

Figure 3: Scanning electron micrograph image of a representative lesion, demonstrating intact
enamel surface with darker regions of subsurface demineralization. Microhardness indentations

are visible as faint horizontal lines.

Table 1: Comparison of all pooled measurements taken at the same depth, ranging from 25 pm to

100 pm from the enamel surface.
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Figures:
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Figure 2
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Figure 2

Indentations made at 50 um from the enamel surface
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Figure 2

Indentations made at 75 um from the enamel surface
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Figure 2
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Tables

Table 1

Observed
Bonding Agent 1 | Bonding Agent 2 | Depth (um) | Demineralization | P -value
BAG-GIC FO-LC 25 BAG-GIC < FO-LC | <.0001
BAG-GIC TB-XT 25 BAG-GIC <TB-XT | _ 4001
FO-LC TB-XT 25 FO-LC<TB-XT | < o901
BAG-GIC FO-LC 50 BAG-GIC =FO-LC | 0.2770
BAG-GIC TB-XT 50 BAG-GIC <TB-XT | . g0
FO-LC TB-XT 50 FO-LC<TB-XT | <001
BAG-GIC FO-LC 75 BAG-GIC <FO-LC | o181
BAG-GIC TB-XT 75 BAG-GIC <TB-XT | 00
FO-LC TB-XT 75 FO-LC<TB-XT | . 0901
BAG-GIC FO-LC 100 | BAG-GIC =FO-LC | 0.3702
BAG-GIC TB-XT 100 | BAG-GIC=TB-XT | 0.3510
FO-LC TB-XT 100 FO-LC=TB-XT | 0.9668
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Introduction

White spot lesions are a common consequence of orthodontic treatment. They are the
first visible sign of the process of demineralization, and the precursor to carious lesions. They
are troublesome, as they often occur on the labial surface of maxillary anterior teeth [Gorelick et
al., 1982; Mizrahi, 1983]. They may regresss naturally after bracket removal, but rarely
disappear altogether [@gaard and ten Bosch, 1994], leading to esthetic consequences and
restorative concerns for the post-orthodontic patient [Pgaard et al., 1989]. Since white spot
lesions have potential esthetic consequences, their development should be of great concern to

every orthodontist, as patients seeking orthodontic treatment often desire esthetics results.
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Prevalence of WSL.’s

Early studies investigated the overall caries experience of orthodontic patients and found
that although the total number of carious lesions did not differ significantly from an untreated
population, a greater proportion of buccal and lingual lesions were detected [Wisth and Nord,
1977]. Since then, many studies have been performed, providing a wide range of prevalence
from 2-96%. This large variation is due to several factors, including: whether idiopathic enamel
lucencies were included or excluded, the variety of methods used to assess and score the
presence of decalicification, and the use or otherwise of a fluoride regime during treatment
[Mitchell, 1992]. Some studies are longitudinal, and some studies are cross sectional. In a cross
sectional study design (post-orthodontic patients compared to patients who have not had
orthodontics), the prevalence quoted is artificially increased since it is difficult to distinguish
between idiopathic white spots and decalicification [Mitchell, 1992]. Using this example, it is

easy to see how study design can greatly influence the reported prevalence of white spot lesions.

The teeth which are cited as being most commonly affected vary between studies. Early
studies involving patients whose treatment involved bonded appliances (as opposed to full
banded appliances) showed that maxillary incisors and mandibular first molars had the highest
prevalence [Gorelick et al., 1982]. Another study by Mizrahi, 1983 not only named the most
commonly affected teeth, but also the location within those teeth. This study reported that
macxillary incisors and first molars were most commonly affected, with opacities found
particularly on the cervical and middle thirds of the affected teeth. In contrast, other studies have
shown that the first permanent molars in both arches have the highest prevalence [Dgaard et al.,

1989], or that the maxillary lateral incisors, canines, and mandibular premolars have the highest
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prevalence [Geiger et al., 1988]. All of these varying reports within the literature of white spot

lesion prevalence and location exist because of a lack of standard detection protocol.
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Etiology of WSL’s

Oral Hygiene

The carious process depends on the presence of bacteria and sugar in high enough
concentrations to be in the immediate proximity to enamel for sufficient amounts of time
[Murray, 1989]. Orthodontic patients have several factors which predispose them to
demineralization by influencing the conditions listed above. Studies have found that plaque
build-up is more common in the presence of orthodontic attachments, as these attachments can
make physical plaque disruption more difficult [Ciancio et al., 1985]. This study also found that

the plaque build up was most prevalent between the orthodontic attachment and the gingival

margin, which correlates with the location of enamel opacities stated by Mizrahi in 1983.

The area between the orthodontic attachment and the gingival margin, which has been
described as retentive for plaque [Lundstrom and Krasse, 1987], creates a localized environment
which favors the colonization of bacteria which are associated with the initiation and
development of caries, namely lactobacilli and Streptococcus mutans [Leverett et al., 1993].

This layer of plaque not only harbors the bacteria, but it also provides a physical barrier,
preventing the diffusion of acid away from the enamel and the infusion of calcium and phosphate
for remineralization of the enamel [Saloum and Sondhi, 1987]. Since orthodontic patients have
more areas which are retentive for plaque, their oral hygiene is even more important for the

prevention of white spot lesion development.

Diet

The frequency and total amount of ingested fermentable carbohydrates plays a key role in
the development of caries. Frequent consumption of sugary foods or drinks has been shown to
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be the most damaging, as following sugar intake the pH of plaque drops below the critical level
of 5.5 for about 20 minutes [Mitchell 1992]. Fixed appliances restrict the ability of the tongue
and saliva to wash away and dislodge food debris, which naturally removes the carbohydrates
from the oral environment. As result, patients are advised to consume more fruits, vegetables,
and starchy “staple” foods such as grains, bread and potatoes and to minimize their intake of

foods and drinks containing sugar to decrease the incidence of caries [Moynihan, 2002].

Appliance Design

It is generally thought that increasing the size of the orthodontic appliance makes it
proportionally more difficult for the patient to remove plaque from the remaining tooth enamel.
This is not necessarily true, however, for orthodontic bands. If well cemented, orthodontic bands
have a protective effect on the enamel and a study by Gorelick et al., 1982 found that there was
no difference in white spot prevalence between banded or bonded teeth. Orthodontic bands are
only are problematic if the band luting fails, leaving leaky margins which make the enamel
beneath the band susceptible to extensive demineralization [Zachrisson, 1975]. It should be
noted, however, that orthodontic bands favor plaque accumulation adjacent to the gingival
margin [Ciancio et al., 1985], which often results in gingival inflammation [Boyd and Baumrind,
1992], and therefore orthodontic bonding instead of banding appears to be a safer alternative
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