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Abstract

Orthodontic treatment is the main treatment procedure to achieve a well-aligned dental
arch and an esthetic smile. For this purpose, various types of removable or fixed orth-
odontic appliances are designed. However, each has their specific disadvantages. The
most important one is that orthodontic appliances especially the brackets and the ligation
mode create new retention areas in addition to blocking plaque-removing shear forces
arising from fluid flow and masticatory loads with a resultant undesired effect of accumu-
lation of dental plaque. Increased amount of dental plaque containing cariogenic bacteria
is the main etiologic factor in decalcification of enamel during orthodontic treatment.
This demineralization of the tooth surfaces results in appearance of white spots or even
caries. However, in the literature, there are conflicting results in the relationship between
orthodontic treatment and development of dental caries. Many preventive methods such
as topical fluoride application, using bonding materials releasing fluoride, using mouth
rinse with sodium fluoride, applying chlorhexidine, and so on were defined. The general
comment of the authors is that supplying an adequate oral hygiene has the main role in
prevention of demineralization-caries during orthodontic treatment. In the light of the
previous studies’ results, it can be concluded that professional application like a varnish
can be provided for patients who have high caries incidence.

Keywords: orthodontic treatment, conventional brackets, self-ligating brackets, enamel
demineralization, white spot lesion, dental caries, microbial colonization

1. Introduction

Malocclusions are not life-threatening conditions; however, they can affect the health of oral
tissues and may cause psychological and social problems [1]. Nonalignment of the teeth on
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Figure 1. Extreme enamel demineralization and cavitation.

the jaws may cause dental caries due to the accumulation of dental plaques resulting from
difficult-to-reach areas in the mouth. For this reason, dental caries is seen as an important
side effect of malocclusions. However, the fact that caries formation is directly related to indi-
vidual oral hygiene leads to many differences in results. There are studies reporting that there
is no significant association between malocclusion and caries formation [2, 3]. On the other
hand, other authors are reporting a negative correlation which notes that dental caries is less
common in individuals with malocclusions [4].

There are many orthodontic treatment methods based on the existing malocclusion type.
However, the common goal of all orthodontic treatment methods is to ensure that the teeth
are aligned properly on the jaws, as well as in harmony with each other. A balanced soft tissue
appearance and an esthetic smile are virtually the greatest passion of patients and orthodon-
tists. Fixed or removable orthodontic treatment appliances used for this purpose may cause
some undesirable side effects, as it may be seen in every treatment process. The most common
side effect of orthodontic treatments is that they cause changes in mouth flora due to the
formation of non-cleanable surfaces, and therefore they cause areas of decalcification on the
enamel and eventually periodontal diseases (Figure 1) [5-7].

In this chapter, effects of orthodontic treatments on the development of enamel decalcifica-
tion/caries were discussed in detail. The effects of bracket materials, designs, and different
ligations on the levels of cariogenic bacteria were evaluated, the associated microbiota were
discussed in conjunction to previous studies’ result. Additionally, the prevention methods
such as topical fluoride application, using bonding materials releasing fluoride, using mouth
rinse with sodium fluoride, applying chlorhexidine, and so on were evaluated.

2. Relationship between orthodontic appliances and dental caries

In conjunction to the malocclusion characteristics, many types of removable or fixed orthodontic
appliances are preferred for orthodontic treatments. However, in addition to their usefulness,
they may cause undesired side effects. The use of either fixed or removable orthodontic appli-
ance may affect the quantitative and qualitative distribution of the oral microbiota [5, 8]. After
the insertion into the mouth, the salivary proteins will adsorb on the surfaces of orthodontic
appliances, which play a considerable role in microbial adhesion. Their irregular surfaces act as
a retention area for bacterial biofilm. Additionally, the presence of the orthodontic appliances in
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the oral cavity limits the mechanical self-cleaning process providing by saliva and musculature
movement. With the resultant effect of all these factors, pH value of dental biofilm drops in the
presence of fermentable carbohydrates and accelerates the accumulation and maturation of
cariogenic biofilm. The biofilm especially contains Streptococcus mutans (S. mutans) which are
aciduric and acidogenic microorganisms and considered to be the primary etiologic factors of
dental caries [9].

2.1. Removable appliances

When the use of removable orthodontic appliances was assessed in terms of active dental car-
ies or tooth loss due to caries, no difference was reported between children with and without
removable orthodontic appliances. Oral hygiene in children with removable orthodontic appli-
ances was found to be as good as the oral hygiene of children without removable orthodontic
appliances. In another words, in terms of oral hygiene assessment, no difference was observed
between individuals using removable orthodontic appliances and those using no orthodon-
tic appliances [10]. In support, Karkhanechi et al. [11] reported that in patients treated with
removable orthodontic appliances (Figure 2), as indicated by the lower BANA test results,
the amount of anaerobic bacteria in supragingival plaque samples was lower due to the better
oral hygiene. No such risk was observed in removable orthodontic appliances. Instead, it was
found to be safer, especially in patients with poor oral hygiene control [8].

On the contrary, other authors [12, 13] reported the undesired effects of removable appliances
on tooth enamel. Batoni et al. [14] reported a higher amount of S. mutans in children using
removable appliances. Considering the acrylic removable appliances; there may be plaque
accumulation and even calculus on the unpolished acrylic surfaces, especially in noncompliant
patients. Acrylic structure of them may influence the proliferation of microorganisms when it
acts as a food deposit. Depending on its smoothness and size, it may provide plaque accumula-
tion that leads to enamel decalcification [9, 12, 14]. Addy et al. [15] showed that palatal plaque
scores were significantly higher in wearers of removable appliances compared with a control
group without orthodontic treatment. As these appliances mainly cover the lingual/palatal
surfaces of the teeth, plaque occurrence in that region tend to be higher than other sides.

Figure 2. Acrylic removable appliances.
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Lessaetal. [16] reported that S. mutans colonies were observed on all acrylic base plate in a week,
which showed that the acrylic surfaces of appliances act as a sponge for microbial colonization.
It has been noted that microorganisms can penetrate into the acrylic base of removable appli-
ances as deep as 1-2 mm, making disinfection difficult. For this reason, oral hygiene control
in patients wearing acrylic orthodontic removable appliances is essential. However, frequency
and skill of brushing the teeth is related mainly to patient compliance and awareness. Besides,
toothbrushes cannot clean the appliances completely. In addition to brushing, using antimi-
crobial agents for disinfection has been advised. Both methods need cooperation of the patient
[16]. Professional compliance-free methods are preferred to overcome these problems. For
this purpose, Farhadin et al. [12] evaluated the effect of silver (Ag*') nanoparticles added into
acrylic baseplates on the amount of S. mutans colonization. Ag* particles have been defined as
antimicrobial agents, which destroy bacterial membranes. The authors reported that including
Ag" nanoparticles into the acrylic plate had a strong antimicrobial effect against S. mutans. On
the other hand, the risk of silver toxicity has to be taken into consideration.

Different form the acrylic removable appliances, the thermoplastic appliances that are being
used both for the treatment, correction of the malocclusion, and retention purposes cover
all surfaces of the teeth and 1-2 mm of the gingiva (Figure 3). They might influence oral
microbial flora during the retention period because they avoid the cleaning effect of saliva on
tooth and oral mucosa; thus, colonization of S. mutans and Lactobacillus (LB) on dental surfaces
increase [13]. Also, Low et al. [17] reported that thermoplastic appliances had micro abrasions
and irregularities that might contribute to bacterial adhesion.

Figure 3. Thermoplastic appliance.

2.2. Fixed appliances

Compared to removable ones, fixed appliances pose a significant risk due to the changes in
the normal flora of oral cavity. It is noteworthy that plaque accumulation is greater in indi-
viduals treated with fixed orthodontic appliances compared to those treated with removable
ones [5, §, 11].

In fixed orthodontic treatment, orthodontic bands, and brackets, ligatures, and so on placed on
the teeth cause an increase in the number of plaque retention areas and also they result in dif-
ficulty in ensuring proper oral care. Also, they construct a barrier for the tooth enamel to plaque
removing shear forces arising from masticatory loads and fluid flow, so that dental plaque accu-
mulation and formation arises. In conjunction with poor oral hygiene, the number and percent-
age of oral microorganisms are tended to increase during fixed orthodontic treatment [18, 19].
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A significant increase in the amount of Porphyromonas gingivalis, S. mutans, Streptococcus sob-
rinus (S. sobrinus), Lactobacillus casei (L. casei), and Lactobacillus acidophilus (L. acidophilus) in
the saliva are observed with the start of the fixed orthodontic treatment [5, 20]. Among other
species, mainly S. mutans and Lactobacillus bacteria have high concentration in oral flora and
higher adhesion capacity on brackets and primarily responsible for dental caries [20, 21]. S.
mutans uses sugars and produces acids that cause enamel demineralization, which will even-
tually turn into cavitation. Although S. mutans increases in mouth flora especially with the
start of fixed orthodontic treatment, at the end of the treatment, there is a decrease because
oral hygiene can easily be attained after the debonding of fixed orthodontic appliances. On
the other hand, it has to be taken into consideration that the amount of S. mutans may increase
due to the formation of retention areas by fixed or removable appliances used for retention.

The plaque accumulation and microbial adhesion during orthodontic treatment with fixed
appliances depend on different variables [22]. Such as:

Bracket design and material (surface roughness of materials, surface free energies),
Material of ligation,

Proximity of the gingival sulcus to the bracket,

L A

Surface area of the labial enamel relative to the bracket,
5. Excess bonding around the bracket,
6. Position of the teeth in the dental arch,

7. Oral hygiene habits, poor decayed, missing, and filled tooth scoring (DMFES), and age.

2.2.1. Bracket design and material (surface roughness of materials, surface free energies)

Surface characteristics such as the surface roughness and surface free energy affect the amount
of bacterial adhesion to orthodontic materials. A rough surface provides suitable niches for
bacterial colonization, and a material with high free surface energy attracts more bacteria. In
bacterial retention, other than surface roughness of materials, surface free energies also play
a decisive role. It is stated that the most important factor initiating bacterial accumulation is
surface free energies [21, 23-27].

Various bracket types with differentiated morphological characteristics and physical proper-
ties showed different influence on the adhesion of dental plaque and that of the microbiota.
Given that, the porous structure of the material of the brackets would maintain an ecologic
niche for microorganism adherence and biofilm formation [28, 29]. The microorganisms
exhibited the highest adherence to the esthetic brackets (Figure 4a). In-vitro studies showed
that the affinity of the microorganism for metal brackets (Figure 4b) was significantly lower
than that for brackets made of plastic or porcelain [30].

The level of oral hygiene, diets, fluoridation, potential local differences in the saliva wetting,
and the presence of an early salivary pellicle might influence the amount of iatrogenic enamel
decalcification and/or white spot lesion (WSL). Considering the local differences in saliva wet-
ting and distribution by intraoral soft tissue dynamics, it may be hypothesized that labial and
lingual enamel areas may be differentiated in terms of WSL formation [31]. Wiechmann et al.
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Figure 4. Esthetic brackets (a), metal brackets (b).

[31] evaluated the incidence of WSLs in subjects treated with customized lingual multibracket
appliances and reported distinct reduction in WSLs when compared with previous reports of
enamel decalcification after conventional labial multibracket treatment [31].

2.2.2. Material of ligation

In addition to morphology and design of orthodontic brackets, the bracket ligation type may
provide an increased number of retention sites for microbial colonization. The effects of bracket
materials, designs, and various ligation modes on the levels of cariogenic microbiota have been
evaluated in the literature [1, 22, 23, 25, 32]. However, conflicting results were declared.

Teeth ligated with elastomeric ligatures have been found to attract higher numbers of bacteria
than steel wire ligations [32]. The elastomeric ligatures in the oral environment allow for the
adsorption of potassium and sodium in the initial phase followed by calcium and potassium
precipitations, which stabilize the formed film that accumulates the dental plaque [33]. For
this reason, it was suggested that the use of elastic ligatures should be avoided in patients
with inadequate oral hygiene [19]. On the contrary, Sukontapatipark et al. [34] reported that
the method of ligation did not appear to influence the bacterial quality on tooth. Similarly,
Forsberg et al. [32] reported no difference in the periodontal conditions of the treated patients
with either elastic or metallic ligatures. These results may be due to the frequent change of
the elastomeric ligatures on a monthly basis during the orthodontic treatment. Therefore, the
renewal of elastic ligature eliminates the previous bacterial attachment, and each time, a new
cycle of colony formation is initiated on new elastic rings.

To eliminate the undesired effect of ligation materials self-ligating (SL) brackets which rely
on mobile opening closing mechanism/clips rather than ligatures, to hold the arch wire in
place may be preferred [28]. Given that lack of ligature materials, SL brackets were expected
to have better values for periodontal status and caries development because of having less
retentive sites. In another words, SL brackets might be considered presumably hygienic.
On the contrary, the expected beneficial effect of the self-ligating brackets is not confirmed.
Even though the SL brackets eliminate the use of ligatures, they often consist of opening and
closing mechanisms, which may provide additional plaque retention sites. In addition, there
might be plaque and food impactions in the space under the closing mechanism, which could
not be brushed by the patient without opening the mechanism. Thus, a theoretical advantage
may be eliminated in reality [35].
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In literature, there are few studies with diverse results comparing the SL brackets with elasto-
meric ligated conventional brackets (CB) [36-38]. Some researchers defined that elastomeric
ligated CB causes more plaque accumulation and periodontal inflammation than SL brackets
[19, 36, 38]. However, others reported no significant difference [37]. On the contrary, higher
bacterial colonization and poorer periodontal health with SL brackets was also reported [39].
When the SL and CB with steel ligatures compared, it was revealed that SL brackets do not have
an advantage over CB with steel ligatures with respect to colonization of S. mutans and LB [40].

2.2.3. Proximity of the gingival sulcus to the bracket

Plaque formation is common in the gingival and lateral regions of the bracket base and behind
tie-wings. Following the fixed orthodontic application on the tooth surface, the most plaque
build-up is observed on tooth surfaces between the two brackets and behind the arch wire [34].

2.2.4. Surface area of the labial enamel relative to the bracket

Plaque accumulation is seen more in gingival region, and plaque accumulation is least seen in
the incisal parts of the teeth [41]. O’Reilly and Featherstone [42] noted that decalcification formed
immediately around the brackets and bands, not farther away along the buccal enamel surface.

2.2.5. Excess bonding around the bracket

In fixed orthodontic treatments, excessive composite around the bracket base are the most
suitable areas for plaque retention due to their rough surface structure. Surface free energy
characteristics play an important role in the initial S. mutans adhesion to orthodontic materi-
als. Many different adhesive agents, such as composite, compomer, and resin modified glass
ionomer cement, are used in bonding fixed orthodontic attachments to the teeth. It is a known
fact that bacteria accumulate more on adhesive agents rather than the brackets on the teeth.
The higher the surface free energy, the greater the bacterial retention on the material is. The
difference between surface free energies of the adhesive agents is all related to the chemical
structures, the hardening mechanisms, and the reactive activities on adhesive surfaces. In this
respect, composite, compomer, and resin modified ionomer cement can be listed in accor-
dance with the level of surface free energies from low to high [23, 24, 26, 27].

2.2.6. Position of the teeth in the dental arch

Buccal surfaces of the maxillary molars and the lingual surfaces of the mandibular molars
accumulate more plaque than other sites do [43]. At the posterior region, there might be greater
food impactions between archwire and soft tissue. In spite of the tendency for more effective
and thorough brushing of anterior rather than posterior teeth, maxillary and mandibular lat-
eral incisors were declared to have the highest incidence of white spot lesions (WSLs) [35, 44].

2.2.7. Oral hygiene habits, poor decayed, missing, and filled tooth scoring (DMFS) and age

Especially younger patients seem to have higher DMFS. The colonization of S. mutans pro-
gressively increases with age [45—49]. The highest amount of S. mutans colonization occurs at
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completion of the deciduous dentition, as the fissures and tight approximal contact areas between
deciduous molars provide suitable sites [49]. Previous researches have reported increased caries
activity in preadolescents and adolescents compared with young adults [45, 46]. The composi-
tion and amount of salivary secretion may vary with age, and thus, the bacterial adherence may
differ [47].

In a study [48] in which caries evaluations were made from the mixed dentition stage to the
permanent dentition stage, patients were treated with both removable and fixed orthodon-
tic appliances. It was reported that at the end of the treatment, no difference was observed
between patients who received an orthodontic treatment and those received no orthodontic
treatment in terms of decayed, missing, and filled tooth scoring (DMEFS) results. However, it
should be noted that patients with a high pre-treatment DMFS score, especially in the first
molar teeth and the second premolar teeth, form the high risk group, and these individuals
must be included in prophylaxis programs [48].

3. Methods for preventing caries during fixed orthodontic treatment

Iatrogenic decalcification of tooth enamel and the development of visible WSLs are unde-
sirable side effects of orthodontic treatment with fixed appliances. This enamel decalcifica-
tion undermines the esthetic appearance even though the correction of the malocclusion is
achieved (Figure 5).

Prevention and treatment of WSLs have become matters of concern among orthodontists. There
are many approaches to prevent the accumulation of dental plaque and subsequent enamel
demineralization around brackets and bands. Fluoride releasing glass ionomer cement or resin-
based composite and fluoridated elastomers have been presented. However, the success in the
prevention of demineralization is questionable [50, 51]. Subsequent oral hygiene procedures,
such as daily sodium fluoride mouth rinses, may effect protection of enamel demineralization,
but the patients” compliances may play important role [52].

Methods to prevent caries in orthodontic patients can be examined under three headings:

1. Struggle against microbial agents; plaque removal and plaque control, use of probiotics,
vaccinations.

2. Increasing tooth resistance; fluoride and chlorhexidine applications, casein derivatives,
laser applications.

3. Regulation of diet; diet control, restriction of the intake of sucrose-containing foods and

beverages, use of non-cariogenic sweeteners, and phosphate supplement.

3.1. Struggle against microbial agents

The best policy to prevent periodontal diseases and caries is daily removing of the dental
plaque on the teeth. For this purpose, numerous interventions exist, including mechanical,
chemical, and biological methods.
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Figure 5. White spot lesions occurred due to fixed orthodontic treatment.

3.1.1. Mechanical methods

Mechanical methods of plaque control involve tooth brushing and interdental cleaning with a
wide range of products currently available. Powered toothbrushes are a new high-tech solu-
tion to remove dental plaques. Powered toothbrushes with a rotation oscillation action remove
plaque more than manual brushes. Other forms of powered brushes produce a less consistent
reduction of plaque [53, 54]. The use of a powered toothbrush, especially with an orthodontic
brush head, may be of benefit in promoting gingival health and can be recommended for orth-
odontic patients with fixed appliances. A comparison between the two electric brush heads
shows that the orthodontic brush head removes greater plaque than does the regular brush
head. Difference of the amount of plaque removed is about 9% between regular brush head
and orthodontic brush head, the latter is better in cleaning [55, 56]. Additionally, sonicare
brush has been found significantly more effective in reducing supragingival plaque than the
manual brush. Improvement in clinical signs, such as reduction in bleeding on probing and
pocket depth during orthodontic treatment, is more common in sonicare brushes when used
twice daily for 2 min [57]. However, when used three times daily for 2 min, no superiority was
observed among ultrasonic, electric, and manual toothbrushes, on microbiologic parameters
in orthodontically banded molars [58].

3.1.2. Chemical methods

Commonly used chemical plaque control agents are flour, chlorhexidine, cetylpyridinium chlo-
ride, listerine, and triclosan. Chemical methods utilize compounds such as toothpastes and
mouth rinses [59]. Fluoride containing toothpastes commonly contain 0.76% sodium monofluo-
rophosphate or 0.22% sodium fluoride. It has been reported that this type of toothpaste reduces
tooth decay by 20%. The fluoride concentration of toothpastes should be over 1000 ppm and
toothpastes with higher fluoride concentrations are more effective. Daily use of high-fluoride
toothpastes can significantly reduce the prevalence and incidence of enamel lesions during
the treatment of adolescents with fixed orthodontic appliances [60]. Additionally, daily use of
fluoride mouthwashes, which contains 0.05% sodium fluoride, is recommended. Daily rinsing
for 1 min with these mouthwashes provides a 50% tooth decay reduction [61]. There is no
consensus about the risks associated with using fluoride toothpaste (due to fluorosis) and also
about the effect of chronic ingestion of excessive amounts of fluoride in young children [62].
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The use of dentifrices with a lower concentration of chlorhexidine (0.50%) was found to be
effective for treating gingivitis and bleeding without the risk of tooth staining in orthodontic
patients [63].

A 0.2% chlorhexidine gluconate mouth rinse is another type of mouthwashes used to prevent
rinse plaque formation and enamel lesions. Compared to fluoride-containing mouthwashes,
it is superior in terms of bacterial plaque inhibition and the control of pathogenic organisms.
However, chlorhexidine has adverse effects such as tooth and soft tissue staining associated
with long-term use [64-66].

The essential oil-containing mouth rinse, Listerine, is effective in reduction of plaque accumula-
tion as well. However, it was mentioned to be less effective than chlorhexidine gluconate [67, 68].

The other chemical compound Triclosan is one of the most commonly used samples of chlo-
rinated diphenyl ether as an antibacterial agent. It has been proved in clinical studies that
toothpastes containing triclosan and zinc citrate reduce dental plaque [69].

3.1.3. Biological methods

Biological methods on the other hand consist of probiotics and vaccines, which have recently
gained popularity and are being researched extensively. Food and Agriculture Organization
and the World Health Organization defined probiotics in 2001 as “live microorganisms which,
when administered in adequate amounts, confer health benefits on the host.” Probiotics must
prevent the proliferation of cariogenic bacterial species, especially Streptococci and Candida
species, on teeth surface. This property of probiotics of neutralizing acidic condition helps in
the management of caries [70, 71].

In probiotics-related studies on orthodontics, a reduction in the amount of Streptococcus has
been reported; however, no positive effect on white spot lesions has been observed [72, 73].

There is no tooth decay in the areas where the plaque is removed. By effective plaque control
achieved by oral hygiene, gingival inflammation is eliminated and remineralization of the
enamel surface is ensured. Plaque control requires a little skill and much motivation. The typi-
cal order of oral hygiene is defined as flossing, tooth brushing, and mouth rinsing. However,
by changing the order of brushing and mouthwash stages, more use of fluoride via toothpaste
residues left on the tooth after brushing can be obtained. However, very few numbers of
children and adults practice ideal tooth brushing.

Most children spend less than 1 min for tooth brushing and do not brush 38% of the tooth
surface, especially those involving lingual surfaces. Adults spend 45-90 s [74, 75]. Thus, using
only standardized general prophylactic measures, the development of enamel demineraliza-
tion during fixed orthodontic treatment is a frequent undesired side effect. Taking this into
consideration, improved prophylactic measures, possibly including more stringent in office
protocols such as fluoride varnish, are required [76].

3.2. Increasing tooth resistance

Trace amounts of fluoride increase the demineralization resistance of the tooth structure and
are of particular importance in tooth decay prevention. The use of fluoride to reduce caries
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risk was first achieved by fluoridation of drinking water, and then used in diets, toothpastes,
mouthwashes, and professional topical applications [77]. However, fluoride is listed in class
4 drug group, which is a highly toxic drug group. A daily dose of 1-3 mg fluoride has been
reported as the appropriate dose and reported to be quite safe. Even though 5-10 g of sodium
fluoride (2.5-5 g fluoride) intake is fatal for an adult, much less of this amount has toxic effects
for children [61].

Topical fluorides (2% sodium fluoride, 8% stannous fluoride, and 1.23% acid fluid phosphate)
are used by dentists in the form of solutions or gels. The solutions can be applied directly to
the cleaned teeth for 4 min, and the gel forms can be applied directly or by means of plastic,
wax, or polystyrene spoons. With these types of applications, tooth decay can be reduced by
40% [78].

It is not clear yet which type of fluoride application is more effective, but it is indicated that
fluoride mouthwashes (0.05% sodium fluoride) are more effective [52, 79].

Additionally, fluoride varnishes are among the successful applications in professional anti-
caries methods. The first developed products to prevent caries were Duraphat (5% sodium
fluoride in a colophony base, Colgate Oral Pharmaceuticals Inc., Canton, MA) and Fluor protec-
tor (a clear, transparent polyurethane lacquer containing 0.1% weight fluoride ion as difluo-
rosilane; Ivoclar Vivadent, Inc., Amherst, NY). Fluorinated varnishes are safer, easier to apply,
and have more fluoride concentration on the enamel surface compared to other topical fluoride
applications [80-82]. They are effective bactericidal and anti-caries agents. Since fluorinated
varnishes harden when they come into contact with moisture, the isolation of the applied zone
is not necessary. Calcium fluoride builds up on the surface and usually forms fluoroapatite. The
high concentration of fluoride on the surface can provide fluoride storage for remineralization
[78]. In vitro and in vivo fluoride varnishes studies on orthodontics reported a reduction in the
mean areas and depths of enamel lesions adjacent to brackets. Researchers noted that the teeth
treated with a single application of a fluoride varnish, exhibited 40-50% less enamel deminer-
alization than the controls [83-85]. Two or three applications per year have been found to be
effective [86, 87]. In addition, it has been reported that they cause a decrease in the number of S.
mutans in plaques and saliva [88]. Even though fluoride varnish is one of the most concentrated
fluoride products, they defined to be safer; no acute toxicity has been reported [89, 90].

As another method use of fluoride releasing adhesive can decrease the formation and the
severity of enamel demineralization surrounding the orthodontic brackets with independent
of patient cooperation as well. Sustained release of a low level of fluoride leads to the forma-
tion of a calcium-fluoride layer at the enamel surface. This layer can provide fluoride for rem-
ineralization and calcium for neutralization of the acid attack [91, 92]. All the methods used
for fluoride application are effective to some degree. The goal of clinicians is to design the
most effective combination for each patient, which should be made according to the patient’s
co-operation status, age, decay history, general health, and oral hygiene.

Similar to fluoride, chlorhexidine is also an agent with an antimicrobial activity. It is available in a
varnish form as well as in a mouthwash form. Chlorhexidine varnishes increase remineralization
and reduce the occurrence of S. mutans [93, 94]. In addition, chlorhexidine-containing varnish is
effectivein the reduction of gingival inflammation and of plaque accumulation adjacent to the band
and brackets [95]. Researchers noted that high-frequency application of chlorhexidine-containing
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varnish did not result in a greater suppression of S. mutans than low frequency application. At the
same time, the varnish effect is indiscernible 2 months after application [96].

Various antimicrobial agents are also used to prevent caries. In some rare cases, antibiotics are
used, but they are not preferred considering their systemic effects [97, 98].

Casein phosphopeptides amorphous calcium phosphate (CPP-ACP) is a product derived from
milk and has anticariogenic activity. During the orthodontic treatment, monthly application
of CPP-ACP paste on teeth does not completely prevent WSL development, but it signifi-
cantly decreases the number of WSL [99]. Using of CPP-ACP with fluoride (MI paste plus, GC
America, Alsip, Ill) by a fluoride tray for a minimum of 3-5 min each day at night after brushing
prevents the development of new WSL during orthodontic treatment and decreased the num-
ber of WSL already present [100]. CPP-ACP is not only available as a paste for home use but
also in the form of varnish in combination with fluoride, chewing gum, mouth rinses, lozenges,
dentifrices, spray, and energy drinks. The varnish containing CPP-ACP is shown to be more
effective than the fluoride varnish to prevent WSL around orthodontic brackets [101-103].

In recent years, the use of argon laser because of its ability to bond brackets in just 5 s has a
promising potential in orthodontics. In addition to reducing the chair-time, one of the other
beneficial effects is strengthening the enamel to acid attacks. Laser beams resulted in changes
in surface morphology, but maintained an intact enamel surface. An in vitro study showed
that orthodontic brackets cured with the argon laser could be effective in reducing enamel
decalcification and had similar yielded bond strengths with the conventional light-cured
brackets [104]. Similarly, an in vivo study showed that argon laser irradiation was effective in
reducing enamel decalcification during orthodontic treatment [105].

Nanoparticles (NPs), the insoluble particles smaller than 100 nm in size, are also being used
in health. Especially, nanosilver particles, in the form Ag*, are introduced to be antimicrobial
agents given that destroying bacterial membranes through direct contact. Two broad strategies
exist to prevent microbial adhesion and/or enamel demineralization during the fixed orthodon-
tic treatment. These are including certain NPs, such as nanofillers, silver, TiO,, SiO,, hydroxy-
apatite, fluorapatite, fluorohydroxyapatite, into orthodontic bonding materials or acrylic resins
and coating surfaces of brackets and bands. Information of using nanotechnology is lacking;
thus, further investigation to assess possible toxicity related to the NP sizes is required [106-108].

3.3. Regulation of diet

Responsibilities of the dentist or assistant staff to the patient for whom dietary modification is
desired are as follows: guidance, providing information, motivation, and encouragement. The
patients with braces should be advised about the importance of including foods like fruits,
vegetables, grains, and cereals in their diet rather than taking foods such as cakes, pastries,
carbonated beverage, and so on, which are high in simple sugars and fats [109-111].

The sucrose taken as part of the diet has two damaging effects on the plaque. First, the frequent
intake of sucrose-containing foods provides a stronger S. mutans colonization and increases
the plaque’s potential for caries-formation. Second, the mature plaque frequently exposed to
sucrose metabolizes sucrose faster than organic acids, which results in dense and long-lasting
low plate pH values. Caries activity is stimulated by the frequency rather than the amount of
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sucrose taken. The objectives of the diet guide are to identify the sources of sucrose and acidic
food in the diet and to reduce the frequency of their consumption. Despite this knowledge, diet
change is far from being a very successful method against tooth decay because of the difficul-
ties in providing patient motivation. However, more successful results can be obtained with
simple suggestions such as avoiding sugary foods in the form of snacks and avoiding acidic
drinks [109, 110]. Additionally, the use of Polyols (the sweeteners that are weakly metabolized
(sorbitol) or not metabolized (xylitol) by cariogenic bacteria) is beneficial. Xylitol lozenges can
be sucked after a sucrose challenge, which will neutralize the acidity of dental plaque [111].

4. Conclusion

1. Removable appliances are rather safer than the fixed ones in terms of causing iatrogenic
enamel decalcification.

2. The design and the material of orthodontic brackets as well as the ligation methods may
provide an increased number of retention areas. Thus, facilitating dental plaque accumula-
tion and consequently increased levels of oral microbiota.

3. If there is a good oral hygiene, bracket and ligation type may not cause caries formation.
Oral hygiene has the main role in prevention of the iatrogenic demineralization/caries dur-
ing orthodontic treatment.

4. Patients with a high pre-treatment DMFS score form the high-risk group and, these individ-
uals must be included in professional prophylaxis programs during orthodontic treatment.

Finally, it can be said that although there is an increase in the number of microorganisms in
the oral flora following the placement of orthodontic appliances, this cannot play an effec-
tive role in the caries formation providing that the oral hygiene is well maintained and the
amount of dietary sugar is reduced. Home-care prophylaxis methods should be advised to all
orthodontic patients. Additionally, patients’ oral hygiene statue and DMFS score have to be
evaluated carefully at the beginning of the orthodontic treatment, and professional varnish
application can be preferred, if required.

Conflict of interest

There is no conflict of interest to declare.

Author details

Gamze Metin-Giirsoy* and Fatma Deniz Uzuner
*Address all correspondence to: gamgursoy@gmail.com

Department of Orthodontics, Faculty of Dentistry, Gazi University, Ankara, Turkey

67



68 Dental Caries - Diagnosis, Prevention and Management

References

[1]

2]

[5]

[6]

[7]

[%]

[10]

[11]

[12]

Taylor KR, Kiyak A, Huang GJ, Greenlee GM, Jolley CJ, King G]J. Effects of malocclusion
and its treatment on the quality of life of adolescents. American Journal of Orthodontics
and Dentofacial Orthopedics. 2009;136:382-392. DOI: 10.1016/j.ajod0.2008.04.022

Feldens CA, Dos Santos Dullius Al, Kramer PF, Scapini A, Busato AL, Vargas-Ferreira F.
Impact of malocclusion and dentofacial anomalies on the prevalence and severity of
dental caries among adolescents. Angle Orthodontist. 2015;85:1027-1034. DOI: 10.2319/
100914-722.1

Gaikwad SS, Gheware A, Kamatagi L, Pasumarthy S, Pawar V, Fatangare M. Dental caries
and its relationship to malocclusion in permanent dentition among 12-15 year old school
going children. Journal of International Oral Health. 2014;6(5):27-30

Hafez HS, Shaarawy SM, Al-Sakiti AA, Mostafa YA. Dental crowding as a caries risk fac-
tor: A systematic review. American Journal of Orthodontics and Dentofacial Orthopedics.
2012;142(4):443-450. DOI: 10.1016/j.ajod0.2012.04.018

Liu H, Sun ], Dong Y, et al. Periodontal health and relative quantity of subgingival
Porphyromonas gingivalis during orthodontic treatment. Angle Orthodontist. 2011;81(4):
609-615. DOI: 10.2319/082310-352.1

Lucchese A, Gherlone E. Prevalence of white-spot lesions before and during orthodontic
treatment with fixed appliances. European Journal of Orthodontics. 2013;35(5):664-668.
DOI: 10.1093/ejo/cjs070

Tufekci E, Dixon JS, Gunsolley JC, Lindauer S]. Prevalence of white spot lesions during
orthodontic treatment with fixed appliances. Angle Orthodontist. 2011;81(2):206-210.
DOI: 10.2319/051710-262.1

Petti S, Barbato E, Simonetti D'AA. Effect of orthodontic therapy with fixed and remov-
able appliances on oral microbiota: A six-month longitudinal study. New Microbiologica.
1997;20(1):55-62

Pithon MM, Santos RLD, Alviano WS, Ruellas ACDO, Araujo MTDS. Quantitative assess-
ment of S. mutans and C. albicans in patients with Haas and hyrax expanders. Dental Press
Journal of Orthodontics. 2012;17(3):1-6. DOI: 10.1590/52176-94512012000300006

Krupinska-Nanys M, Zarzecka J. An assessment of oral hygiene in 7-14-year-old children
undergoing orthodontic treatment. Journal of International Oral Health. 2015;7(1):6-11

Karkhanechi M, Chow D, Sipkin J, et al. Periodontal status of adult patients treated
with fixed buccal appliances and removable aligners over one year of active orthodontic
therapy. Angle Orthodontist. 2013;83(1):146-151. DOI: 10.2319/031212-217.1

Farhadian N, UsefiMashoof R, Khanizadeh S, Ghaderi E, Farhadian M, Miresmaeili A.
Streptococcus mutans counts in patients wearing removable retainers with silver nano-
particles vs those wearing conventional retainers: A randomized clinical trial. American
Journal of Orthodontics and Dentofacial Orthopedics. 2016;149(2):155-160. DOI: 10.1016/
j-ajodo.2015.07.031



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

The Relationship between Orthodontic Treatment and Dental Caries
http://dx.doi.org/10.5772/intechopen.76470

Turkoz C, CanigurBavbek N, Kale Varlik S, Akca G. Influence of thermoplastic retainers
on Streptococcus mutans and Lactobacillus adhesion. American Journal of Orthodontics
and Dentofacial Orthopedics. 2012;141(5):598-603. DOI: 10.1016/j.ajod0.2011.11.021

Batoni G, Pardini M, Giannotti A, et al. Effect of removable orthodontic appliances on
oral colonisation by mutans streptococci in children. European Journal of Oral Science.
2001;109(6):388-392. DOI: 10.1034/j.1600-0722.2001.00089.x

Addy M, Shaw WC, Hansford P, Hopkins M. The effect of orthodontic appliances on
the distribution of Candida and plaque in adolescents. British Journal of Orthodontics.
1982;9(3):158-163

Lessa FC, Enoki C, Ito 1Y, Faria G, Matsumoto MA, Nelson-Filho P. In-vivo evaluation
of the bacterial contamination and disinfection of acrylic baseplates of removable orth-

odontic appliances. American Journal of Orthodontics and Dentofacial Orthopedics.
2007;131(6):705 €711-705 e707. DOI: 10.1016/j.ajod0.2006.09.042

Low B, Lee W, Seneviratne CJ, Samaranayake LP, Hagg U. Ultrastructure and morphol-
ogy of biofilms on thermoplastic orthodontic appliances in 'fast' and 'slow’ plaque form-
ers. European Journal of Orthodontics. 2011;33(5):577-583. DOL: 10.1093/ejo/cjq126

Naranjo AA, Trivino ML, Jaramillo A, Betancourth M, Botero JE. Changes in the subgin-
givalmicrobiota and periodontal parameters before and 3 months after bracket place-
ment. American Journal of Orthodontics and Dentofacial Orthopedics. 2006;130(3):275
€217-275 e222. DOI: 10.1016/j.ajod0.2005.10.022

Turkkahraman H, Sayin MO, Bozkurt FY, Yetkin Z, Kaya S, Onal S. Archwire ligation tech-
niques, microbial colonization, and periodontal status in orthodontically treated patients.
Angle Orthodontist. 2005;75(2):231-236. DOI: 10.1043/0003-3219(2005)075<0227:ALTMC
A>2.0.CO;2

Rosenbloom RG, Tinanoff N. Salivary Streptococcus mutans levels in patients before, dur-
ing, and after orthodontic treatment. American Journal of Orthodontics and Dentofacial
Orthopedics. 1991;100(1):35-37. DOI: 10.1016/0889-5406(91)70046-Y

Fournier A, Payant L, Bouclin R. Adherence of Streptococcus mutans to orthodontic brack-
ets. American Journal of Orthodontics and Dentofacial Orthopedics. 1998;114(4):414-417.
DOI: 10.1016/S0889-5406(98)70186-6

Jurela A, Repic D, Pejda S, et al. The effect of two different bracket types on the salivary
levels of S mutans and S sobrinus in the early phase of orthodontic treatment. Angle
Orthodontist. 2013;83(1):140-145. DOI: 10.2319/030612-187.1

Ahn SJ, Lim BS, Lee SJ. Surface characteristics of orthodontic adhesives and effects on
streptococcal adhesion. American Journal of Orthodontics and Dentofacial Orthopedics.
2010;137(4):489-495. DOI: 10.1016/j.ajod0.2008.05.015

Lee SP, Lee SJ, Lim BS, Ahn SJ. Surface characteristics of orthodontic materials and their
effects on adhesion of mutans streptococci. Angle Orthodontist. 2009;79(2):353-360. DOI:
10.2319/021308-88.1

Papaioannou W, Gizani S, Nassika M, Kontou E, Nakou M. Adhesion of Streptococcus
mutans to different types of brackets. Angle Orthodontist. 2007;77(6):1090-1095. DOI:
10.2319/091706-375.1

69



70 Dental Caries - Diagnosis, Prevention and Management

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

Quirynen M, Bollen CM. The influence of surface roughness and surface-free energy on
supra- and subgingival plaque formation in man. A review of the literature. Journal of
Clinical Periodontology. 1995;22(1):1-14. DOI: 10.1111/j.1600-051X.1995.tb01765.x

Weitman RT, Eames WB. Plaque accumulation on composite surfaces after various finis-
ing procedures. The Journal of the American Dental Association. 1975;91(1):101-106. DOI:
10.14219/jada.archive.1975.0294

doNascimento LE, Pithon MM, dosSantos RL, et al. Colonization of Streptococcus mutans
on esthetic brackets: Self-ligating vs conventional. American Journal of Orthodontics
and Dentofacial Orthopedics. 2013;143:72-77. DOI: 10.1016/j.ajod0.2012.07.017

Mattousch TJ, van derVeen MH, Zentner A. Caries lesions after orthodontic treatment
followed by quantitative light-induced fluorescence: A 2-year follow-up. European
Journal of Orthodontics. 2007;29(3):294-298. DOI: 10.1093/ejo/cjm008

Brusca MI, Chara O, Sterin-Borda L, Rosa AC. Influence of different orthodontic brackets
on adherence of microorganisms in vitro. Angle Orthodontist. 2007;77(2):331-336. DOI:
10.2319/0003-3219(2007)077[0331:10DOB0O]2.0.CO;2

Wiechmann D, Klang E, Helms HJ, Knosel M. Lingual appliances reduce the incidence
of white spot lesions during orthodontic multibracket treatment. American Journal of
Orthodontics and Dentofacial Orthopedics. 2015;148(3):414-422. DOI: 10.1016/j.ajodo.
2015.05.015

Forsberg CM, Brattstrom V, Malmberg E, Nord CE. Ligature wires and elastomeric rings:
Twomethods of ligation, and their association with microbial colonization of Streptococcus
mutans and Lactobacilli. The European Journal of Orthodontics. 1991;13(5):416-420. DOI:
10.1093/ejo/13.5.416

Quirynen M, Marechal M, Busscher H, el-Abiad M, Arends ], Van Steenberghe D. The influ-
ence of surface characteristics on the early bacterial colonization of intra-oral hard surfaces.
Journal of Clinical Dentistry. 1988;1 Suppl A:A14-A19. DOI: 10.1080/08927019109378209

Sukontapatipark W, el-Agroudi MA, Selliseth NJ, Thunold K, Selvig KA. Bacterial colo-
nization associated with fixed orthodontic appliances. A scanning electron microscopy
study. European Journal of Orthodontics. 2001;23(5):475-484. DOI: 10.1093/ejo/23.5.475

Pandis N, Vlachopoulos K, Polychronopoulou A, Madianos P, Eliades T. Periodontal con-
dition of the mandibular anterior dentition in patients with conventional and self-ligat-
ing brackets. Orthodontics andCraniofacial Research. 2008;11(4):211-215. DOI: 10.1111/
j-1601-6343.2008.00432.x

Lara-Carrillo E, Montiel-Bastida NM, Sanchez-Perez L, Alanis-Tavira J. Effect of orth-
odontic treatment on saliva, plaque and the levels of Streptococcus mutans and Lactobacillus.
Medicina Oral Patologia Oral y CirugiaBuca. 2010;15(6):€924-€929. DOI: 10.4317/med-
oral.15.€924

Pandis N, Papaioannou W, Kontou E, Nakou M, Makou M, Eliades T. Salivary Streptococcus
mutans levels in patients with conventional and self-ligating brackets. European Journal
of Orthodontics. 2010;32(1):94-99. DOI: 10.1093/ejo/cjp033



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

The Relationship between Orthodontic Treatment and Dental Caries
http://dx.doi.org/10.5772/intechopen.76470

Pellegrini P, Sauerwein R, Finlayson T, et al. Plaque retention by self-ligating vs elasto-
meric orthodontic brackets: Quantitative comparison of oral bacteria and detection with
adenosine triphosphate-driven bioluminescence. American Journal of Orthodontics and
Dentofacial Orthopedics. 2009;135(4):426 e1-426 9. DOI: 10.1016/j.ajod0.2008.12.002

vanGastel ], Quirynen M, Teughels W, Coucke W, Carels C. Influence of bracket design
on microbial and periodontal parameters in vivo. Journal of Clinical Periodontology.
2007;34(5):423-431. DOI: 10.1111/j.1600-051X.2007.01070.x

Uzuner FD, Kaygisiz E, Cankaya ZT. Effect of the bracket types on microbial coloni-
zation and periodontal status. Angle Orthodontist. 2014;84(6):1062-1067. DOI: 10.2319/
111813-844.1

Klukowska M, Bader A, Erbe C, et al. Plaque levels of patients with fixed orthodontic
appliances measured by digital plaque image analysis. American Journal of Orthodontics
and Dentofacial Orthopedics. 2011;139(5):e463-e470. DOI: 10.1016/j.ajod0.2010.05.019

O'Reilly MM, Featherstone JD. Demineralization and remineralization around orth-
odontic appliances: An in vivo study. American Journal of Orthodontics and Dentofacial
Orthopedics. 1987;92(1):33-40. DOI: 10.1016/0889-5406(87)90293-9

Furuichi Y, Lindhe ], Ramberg P, Volpe AR. Patterns of de novo plaque formation in the
human dentition. Journal of Clinical Periodontology. 1992;19(6):423-433. DOI: 10.1111/
j-1600-051X.1992.tb00673.x

Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot formation after bonding
and banding. American Journal of Orthodontics and Dentofacial Orthopedics. 1982;81(2):
93-98. DOI: 10.1016/0002-9416(82)90032-X

Al Maaitah EF, Adeyemi AA, Higham SM, Pender N, Harrison JE. Factors affecting demin-
eralization during orthodontic treatment: A post-hoc analysis of RCT recruits. American
Journal of Orthodontics and Dentofacial Orthopedics. 2011;139(2):181-191. DOI: 10.1016/;.
ajod0.2009.08.028

Chapman JA, Roberts WE, Eckert GJ, Kula KS, Gonzalez-Cabezas C. Risk factors for inci-
dence and severity of white spot lesions during treatment with fixed orthodontic appli-
ances. American Journal of Orthodontics and Dentofacial Orthopedics. 2010;138(2):188-194.
DOI: 10.1016/j.ajod0.2008.10.019

Ristic M, VlahovicSvabic M, Sasic M, Zelic O. Clinical and microbiological effects of fixed
orthodontic appliances on periodontal tissues in adolescents. Orthodontics andCranio-
facial Research. 2007;10(4):187-195. DOI: 10.1111/j.1601-6343.2007.00396.x

Soumas V, Kiliaridis S, Staudt CB. Is caries in the early mixed dentition associated with
caries development during orthodontic treatment? Journal of Biosciences and Medicines.
2015;3:25-32. DOI: 10.4236/jbm.2015.311003

Tenovuo J. The microbiology and immunology of dental caries in children. Reviews in
Medical Microbiology. 1991;2:76-82

Miura KK, Ito IY, Enoki C, Elias AM, Matsumoto MA. Anticariogenic effect of fluoride-
releasing elastomers in orthodontic patients. Brazian Oral Research. 2007;21(3):228-233.
DOI: 10.1590/51806-83242007000300007

71



72

Dental Caries - Diagnosis, Prevention and Management

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[61]
[62]

Ortendahl T, Thilander B, Svanberg M. Mutans streptococci and incipient caries adjacent
to glass ionomer cement or resin-based composite in orthodontics. American Journal
of Orthodontics and Dentofacial Orthopedics. 1997;112(3):271-274. DOI: 10.1016/S0889-
5406(97)70255-5

Benson PE, Parkin N, Dyer F, Millett DT, Furness S, Germain P. Fluorides for the preven-
tion of early tooth decay (demineralised white lesions) during fixed brace treatment. Coch-
rane Database Systematic Reviews. 2013;12:CD003809. DOI: 10.1002/14651858.CD003809.
pub3

Robinson PG, Deacon SA, Deery C, et al. Manual versus powered toothbrushing for oral
health. Cochrane Database Systematic Reviews. 2005;2:CD002281. DOI: 10.1002/14651858.
CD002281.pub2

Yaacob M, Worthington HV, Deacon SA, et al. Powered versus manual toothbrushing for
oral health. CochraneDatabaseSystematic Reviews. 2014;6:CD002281. DOI: 10.1002/1465
1858.CD002281.pub3

Borutta A, Pala E, Fischer T. Effectiveness of a powered toothbrush compared with a
manual toothbrush for orthodontic patients with fixed appliances. The Journal of
Clinical Dentistry. 2002;13(4):131-137

Erbe C, Klukowska M, Tsaknaki I, Timm H, Grender ], Wehrbein H. Efficacy of 3
toothbrush treatments on plaque removal in orthodontic patients assessed with digital
plaque imaging: A randomized controlled trial. American Journal of Orthodontics and
Dentofacial Orthopedics. 2013;143(6):760-766. DOI: 10.1016/j.ajod0.2013.03.008

Ho HP, Niederman R. Effectiveness of the Sonicare sonic toothbrush on reduction of
plaque, gingivitis, probing pocket depth and subgingival bacteria in adolescent orth-
odontic patients. Journal of Clinical Dentistry. 1997;8:15-19

Costa MR, daSilva VC, Miqui MN, Colombo AP, Cirelli JA. Effects of ultrasonic, electric,
and manual toothbrushes on subgingival plaque composition in orthodontically banded
molars. American Journal of Orthodontics and Dentofacial Orthopedics. 2010;137(2):
229-235. DOI: 10.1016/j.ajod0.2008.03.032

Haas AN, Pannuti CM, Andrade AK, et al. Mouthwashes for the control of supragingi-
val biofilm and gingivitis in orthodontic patients: Evidence-based recommendations for
clinicians. Brazilian Oral Research. 2014;28(spe):1-8. DOI: 10.1590/1807-3107BOR-2014.
vol28.0021

Sonesson M, Twetman S, Bondemark L. Effectiveness of high-fluoride toothpaste on
enamel demineralization during orthodontic treatment-a multicenter randomized con-
trolled trial. European Journal of Orthodontics. 2014;36(6):678-682. DOI: 10.1093/ejo/cjt096

Newbrun E. Cariology. 3rd ed. Chicago: Quintessence; 1989

Marinho VC, Higgins JP, Sheiham A, Logan S. Fluoride toothpastes for preventing den-
tal caries in children and adolescents. Cochrane Database Systematic Review. 2003;1:
CD002278. DOI: 10.1002/14651858.CD002278



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

The Relationship between Orthodontic Treatment and Dental Caries
http://dx.doi.org/10.5772/intechopen.76470

Oltramari-Navarro PV, Titarelli JM, Marsicano JA, et al. Effectiveness of 0.50% and
0.75% chlorhexidine dentifrices in orthodontic patients: A double-blind and random-

ized controlled trial. American Journal of Orthodontics and Dentofacial Orthopedics.
2009;136(5):651-656. DOI: 10.1016/j.ajod0.2008.01.017

Dehghani M, Abtahi M, Sadeghian H, Shafaee H, Tanbakuchi B. Combined chlorhexi-
dine-sodiumfluoridemouthrinse for orthodontic patients: Clinical and microbiological
study. Journal of Clinical and Exprimental Dentistry. 2015;7(5):e569-e575. DOI: 10.4317/
jced.51979

Kumar S, Patel S, Tadakamadla ], Tibdewal H, Duraiswamy P, Kulkarni S. Effectiveness
of a mouthrinse containing active ingredients in addition to chlorhexidine and triclosan
compared with chlorhexidine and triclosan rinses on plaque, gingivitis, supragingival
calculus and extrinsic staining. International Journal of Dental Hygiene. 2013;11(1):35-40.
DOI: 10.1111/j.1601-5037.2012.00560.x

VanLeeuwen MP, Slot DE, Van derWeijden GA. Essential oils compared to chlorhexidine
with respect to plaque and parameters of gingival inflammation: A systematic review.
Journal of Periodontology Online. 2011;82(2):174-194. DOI: 10.1902/jop.2010.100266

Quintas V, Prada-Lopez I, Donos N, Suarez-Quintanilla D, Tomas I. Antiplaque effect of
essential oils and 0.2% chlorhexidine on an in situ model of oral biofilm growth: A ran-
domised clinical trial. PLoS One. 2015;10(2):e0117177. DOI: 10.1371/journal.pone.0117177

Tufekci E, Casagrande ZA, Lindauer S], Fowler CE, Williams KT. Effectiveness of an essen-
tial oil mouthrinse in improving oral health in orthodontic patients. Angle Orthodontist.
2008;78(2):294-298. DOI: 10.2319/040607-174.1

Chen F, Wang D. Novel technologies for the prevention and treatment of dental car-
ies: A patent survey. Expert Opinion on Therapeutic Patents. 2010;20(5):681-694. DOI:
10.1517/13543771003720491

Caglar E, Cildir SK, Ergeneli S, Sandalli N, Twetman S. Salivary mutans streptococci and
lactobacilli levels after ingestion of the probiotic bacterium Lactobacillus reuteri ATCC
55730 by straws or tablets. Acta Odontologica Scandinavica. 2006;64(5):314-318. DOI:
10.1080/00016350600801709

Nase L, Hatakka K, Savilahti E, et al. Effect of long-term consumption of a probiotic bac-
terium, Lactobacillus rhamnosus GG, in milk on dental caries and caries risk in children.
Caries Research. 2001;35(6):412-420. DOI: 10.1159/000047484

Gizani S, Petsi G, Twetman S, Caroni C, Makou M, Papagianoulis L. Effect of the pro-
biotic bacterium lactobacillus reuteri on white spot lesion development in orthodontic
patients. European Journal of Orthodontics. 2016;38(1):85-89. DOI: 10.1093/ejo/cjv015

Jose JE, Padmanabhan S, Chitharanjan AB. Systemic consumption of probiotic curd and
use of probiotic toothpaste to reduce Streptococcus mutans in plaque around orthodontic
brackets. American Journal of Orthodontics and Dentofacial Orthopedics. 2013;144(1):
67-72. DOI: 10.1016/j.ajod0.2013.02.023

73



74 Dental Caries - Diagnosis, Prevention and Management

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

AlMulla AH, Kharsa SA, Birkhed D. Modified fluoride toothpaste technique reduces car-
ies in orthodontic patients: A longitudinal, randomized clinical trial. American Journal
of Orthodontics and Dentofacial Orthopedics. 2010;138(3):285-291. DOI: 10.1016/j.ajodo.
2010.04.016

Sjogren K, Birkhed D, Rangmar B. Effect of a modified toothpaste technique on approxi-
mal caries in preschool children. Caries Research. 1995;29(6):435-441. DOI: 10.1159/0002
62111

Enaia M, Bock N, Ruf S. White-spot lesions during multibracket appliance treatment:
A challenge for clinical excellence. American Journal of Orthodontics and Dentofacial
Orthopedics. 2011;140(1):e17-e24. DOI: 10.1016/j.ajod0.2010.12.016

DenBesten PK. Biological mechanisms of dental fluorosis relevant to the use of fluo-
ride supplements. Community Dentistry and Oral Epidemiology. 1999;27(1):41-47. DOI:
10.1111/j.1600-0528.1999.tb01990.x

Newbrun E. Topical fluorides in caries prevention and management: A north American
perspective. Journal of Dental Education. 2001;65(10):1078-1083

Benson PE, Parkin N, Millett DT, Dyer FE, Vine S, Shah A. Fluorides for the prevention
of white spots on teeth during fixed brace treatment. Cochrane Database Systematic
Review. 2004;3:CD003809. DOI: 10.1002/14651858.CD003809.pub2

Koch G, Petersson LG. Caries preventive effect of a fluoride-containing varnish (Dura-
phat) after 1 year's study. Community Dentistry and Oral Epidemiology. 1975;3(6):262-
266. DOI: 10.1111/j.1600-0528.1975.tb00321.x

Seppa L. Fluoride varnishes in caries prevention. Medical Principles and Practice. 2004;
13(6):307-311. DOI: 10.1159/000080466

Staley RN. Effect of fluoride varnish on demineralization around orthodontic brackets.
Seminer in Orthodontics. 2008;14:194-199. DOI: 10.1053/j.s0d0.2008.03.004

Farhadian N, Miresmaeili A, Eslami B, Mehrabi S. Effect of fluoride varnish on enamel
demineralization around brackets: An in-vivo study. American Journal of Orthodontics
and Dentofacial Orthopedics. 2008;133(4 Suppl):595-598. DOI: 10.1016/j.ajod0.2006.09.050

Nalbantgil D, Oztoprak MO, Cakan DG, Bozkurt K, Arun T. Prevention of demineral-
ization around orthodontic brackets using two different fluoride varnishes. European
Journal of Dentistry. 2013;7(1):41-47

Todd MA, Staley RN, Kanellis MJ, Donly KJ, Wefel JS. Effect of a fluoride varnish on
demineralization adjacent to orthodontic brackets. American Journal of Orthodontics
and Dentofacial Orthopedics. 1999;116(2):159-167. DOI: 10.1016/S0889-5406(99)70213-1

Seppa L, Tolonen T. Caries preventive effect of fluoride varnish applications performed
two or four times a year. Scandinavian Journal of Dental Research. 1990;98(2):102-105.
DOI: 10.1111/j.1600-0722.1990.tb00947 .x



[87]

[89]

[90]

[91]

[92]

[93]

[95]

[96]

[97]

[98]

The Relationship between Orthodontic Treatment and Dental Caries
http://dx.doi.org/10.5772/intechopen.76470

Vivaldi-Rodrigues G, Demito CF, Bowman SJ, Ramos AL. The effectiveness of a fluo-
ride varnish in preventing the development of white spot lesions. World Journal of
Orthodontics. 2006;7(2):138-144

Ogaard B, Larsson E, Henriksson T, Birkhed D, Bishara SE. Effects of combined applica-
tion of antimicrobial and fluoride varnishes in orthodontic patients. American Journal of
Orthodontics and Dentofacial Orthopedics. 2001;120(1):28-35. DOI: 10.1067/mod.2001.114644

Ekstrand J, Koch G, Petersson LG. Plasma fluoride concentration and urinary fluoride
excretion in children following application of the fluoride-containing varnish Duraphat.
Caries Research. 1980;14(4):185-189. DOI: 10.1159/000260452

Milgrom P, Taves DM, Kim AS, Watson GE, Horst JA. Pharmacokinetics of fluoride in
toddlers after application of 5% sodium fluoride dental varnish. Pediatrics. 2014;134(3):
e870-e874. DOI: 10.1542/peds.2013-3501

Raji SH, Banimostafaee H, Hajizadeh F. Effects of fluoride release from orthodontic
bonding materials on nanomechanical properties of the enamel around orthodontic
brackets. Dental Research Journal (Isfahan). 2014;11(1):67-73

Suebsureekul P, Viteporn S. Release of fluoride from orthodontic adhesives and pen-
etration into enamel. Journal of Orofacial Orthopedics. 2017;78(3):185-192. DOI: 10.1007/
s00056-016-0072-y

Beyth N, Redlich M, Harari D, Friedman M, Steinberg D. Effect of sustained-release
chlorhexidine varnish on Streptococcus mutans and Actinomycesviscosus in orthodontic
patients. American Journal of Orthodontics and Dentofacial Orthopedics. 2003;123(3):
345-348. DOI: 10.1067/mod.2003.19

Ogaard B, Larsson E, Glans R, Henriksson T, Birkhed D. Antimicrobial effect of a chlorhex-
idine-thymol varnish (Cervitec) in orthodontic patients. A prospective, randomized clini-
cal trial. Journal of Orofacial Orthopedics. 1997;58(4):206-213. DOI: 10.1007/BF02679961

Paschos E, Limbach M, Teichmann M, et al. Orthodontic attachments and chlorhexidine-
containing varnish effects on gingival health. Angle Orthodontist. 2008;78(5):908-916.
DOI: 10.2319/090707-422.1

Derks A, Frencken ], Bronkhorst E, Kuijpers-Jagtman AM, Katsaros C. Effect of chlorhexi-
dine varnish application on mutans streptococci counts in orthodontic patients. American
Journal of Orthodontics and Dentofacial Orthopedics. 2008;133(3):435-439. DOI: 10.1016/j.
ajodo.2007.10.024

Hill TJ, Sims J, Newman M. The effect of penicillin dentifrice on the control of dental car-
ies. Journal of Dental Research. 1953;32(4):448-452. DOI: 10.1177/00220345530320040201

Johnson RH, Rozanis J. A review of chemotherapeutic plaque control. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology. 1979;47(2):136-141. DOI: 10.1016/0030-
4220(79)90168-3

75



76  Dental Caries - Diagnosis, Prevention and Management

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

Esenlik E, UzerCelik E, Bolat E. Efficacy of a casein phosphopeptide amorphous cal-
cium phosphate (CPP-ACP) paste in preventing white spot lesions in patients with
fixed orthodontic appliances: A prospective clinical trial. European Journal of Paediatric
Dentistry. 2016;17(4):274-280

Robertson MA, Kau CH, English JD, Lee RP, Powers ], Nguyen JT. MI paste plus to pre-
vent demineralization in orthodontic patients: A prospective randomized controlled
trial. American Journal of Orthodontics and Dentofacial Orthopedics. 2011;140(5):
660-668. DOI: 10.1016/j.ajod0.2010.10.025

Divyapriya GK, Yavagal PC, Veeresh D]J. Casein phosphopeptide-amorphous calcium
phosphate in dentistry: An update. International Journal of Oral Health Sciences.
2016;6:18-25. DOI: 10.4103/2231-6027.186660

Pithon MM, Dos Santos MJ, Andrade CS, et al. Effectiveness of varnish with CPP-
ACP in prevention of caries lesions around orthodontic brackets: An OCT evaluation.
European Journal of Orthodontics. 2015;37(2):177-182. DOI: 10.1093/ejo/cju031

Thakkar PJ, Badakar CM, Hugar SM, Hallikerimath S, Patel PM, Shah P. An in vitro
comparison of casein phosphopeptide-amorphous calcium phosphate paste, casein
phosphopeptide-amorphous calcium phosphate paste with fluoride and casein phos-
phopeptide-amorphous calcium phosphate varnish on the inhibition of demineralization
and promotion of remineralization of enamel. Journal of Indian Society of Pedodontics
and Preventive Dentistry. 2017;35(4):312-318. DOI: 10.4103/JISPPD.JISPPD_308_16

Noel L, Rebellato J, Sheats RD. The effect of argon laser irradiation on demineraliza-
tion resistance of human enamel adjacent to orthodontic brackets: An in vitro study.
Angle Orthodontist. 2003;73(3):249-258. DOI: 10.1043/0003-3219(2003)073<0249: TEOALI>
2.0.CO;2

Anderson AM, Kao E, Gladwin M, Benli O, Ngan P. The effects of argon laser irradia-
tion on enamel decalcification: An in vivo study. American Journal of Orthodontics and
Dentofacial Orthopedics. 2002;122(3):251-259. DOI: 10.1067/mod.2002.126596

Borzabadi-Farahani A, Borzabadi E, Lynch E. Nanoparticles in orthodontics, a
review of antimicrobial and anti-caries applications. ActaOdontologicaScandinavica.
2014;72(6):413-417. DOI: 10.3109/00016357.2013.859728

Metin-Gursoy G, Taner L, Akca G. Nanosilver coated orthodontic brackets: In vivo anti-
bacterial properties and ion release. European Journal of Orthodontics. 2017;39(1):9-16.
DOI: 10.1093/ejo/cjv097

Metin-Gursoy G, Taner L, Baris E. Biocompatibility of nanosilver-coated orthodontic
brackets: Anin vivo study. Progress in Orthodontics. 2016;17(1):39. DOI: 10.1186/s40510-
016-0152-y

Ajmera AJ, Tarvade SS, Patni VR. A systematic nutritional and dietary guideline for
orthodontic patients. Journal of Orthodontic Research. 2015;3:88-91. DOI: 10.4103/2321-
3825.150875



The Relationship between Orthodontic Treatment and Dental Caries 77
http://dx.doi.org/10.5772/intechopen.76470

[110] Maheshwari S, Tariq M, Gaur A, Jiju M. A systematic nutritional and dietary guideline
for orthodontic and orthognathic surgery patients. Indian Journal of Orthodontics and
Dentofacial Research. 2017;3:136-140. DOI: 10.18231/2455-6785.2017.0027

[111] Sengun A, Sari Z, Ramoglu SI, Malkoc S, Duran I. Evaluation of the dental plaque pH
recovery effect of a xylitol lozenge on patients with fixed orthodontic appliances. Angle
Orthodontist. 2004;74(2):240-244. DOI: 10.1043/0003-3219(2004)074<0240:EOTDPP>
2.0.CO;2



ntechOpen

ntechOpen



