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INFORMATION ABSTRACT

After Orthodontic treatment, it's just as crucial to restore a healthy and normal
Article History tooth structure as it is to achieve the aims of Orthodontics. Orthodontic treatment

has the potential to cause some damage to dental enamel. Orthodontists should
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11t November 2021 dental hygiene habits and prophylaxis with topical fluorides, high-fluoride tooth-

paste, fluoride mouthwashes, gels, varnishes, fluoride-containing bonding materi-

Accepted 18" November 2021 45, fluoride-containing luting cement, and fluorides in elastomers. Other materi-

. . als and treatments include casein phosphopeptides-amorphous calcium phos-
Available online
1st December 2021 phate, probiotics, carbamide peroxide, polyols, sealants, microabrasion, resin

infiltration, antiseptics, and lasers, have recently been recommended. This article

reviews the current information regarding the various materials used to manage

KEYWORDS enamel demineralization and promote remineralization during and after ortho-

dontic treatment.

Remineralization

1. Introduction
Fluorides

Restoring a healthy and normal tooth structure after the end of Orthodontic
CPP-ACP treatment is as important as accomplishing the goals of Orthodontics. If ortho-
Probiotics dontic therapy is beneficial to the patient, the treatment advantages should sig-

nificantly outweigh any adverse sequelae that the treatment might cause [1]. The
Xylitol clinician should be aware of the problems during the treatment procedures to

] ] prevent, minimize, and manage the possible adverse effects of orthodontic treat-

Antiseptics

ment.
Lasers

Orthodontic procedures such as conditioning and etching of enamel, debonding
of brackets, removal of resin debris and resin cement from the enamel surface,
and enamel reduction or stripping are a few of the many causes of enamel dam-
age related to iatrogenicity [1]. The presence of fixed orthodontic appliances
causes an increasing number of retention sites due to brackets, bands, wires, and
other applications making cleaning teeth more difficult [2]. White spot lesions
(WSLs) result from prolonged plaque accumulation on the affected surface of the
teeth.
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Enamel damage can be considered an inevitable
sequela to orthodontic treatment, with various proce-
dures producing varied effects. Every orthodontic
practitioner should aim to minimize injuries to
enamel, helping improve the longevity of teeth and
dentition as a whole. It necessitates fundamental
knowledge of preventive dentistry principles and the

clinical skill to apply them properly [2].

Post orthodontic lesion's best course is to wait and
watch since most lesions tend to improve their
appearance over the first couple of years after
debonding [2]. These are managed first by beginning
and building on good oral habits and topical fluorides,
including high-fluoride toothpaste, fluoride mouth-
washes, gels, varnishes, fluoride-containing materials,
and elastic ligatures [3].

Recently, other materials and methods, including the
use of casein phosphopeptides-amorphous calcium
phosphate, antiseptics, polyols, probiotics, sealants,
laser, tooth bleaching agents, resin infiltration, and
microabrasion [2].

This review intends to compile the most relevant
materials and methods that may be useful for healing
and maintaining the integrity of the enamel during
Orthodontic treatment and post orthodontic treat-
ment.

They may even have a brown surface appearance due
to the formation of a remineralized layer in the outer
part of the enamel. Most WSL that are present after
orthodontic treatment have already undergone a
demineralization and remineralization cycle. Some of
the active lesions at the end of treatment have already
been some remineralization as well [6].

2. Remineralization

One of the essential biological elements determining
the intraoral neutralizing effects of acid exposure is
saliva. Saliva provides a steady source of calcium and
phosphate, which aids in the maintenance of supersat-
uration with respect to tooth minerals, preventing
tooth demineralization during low pH periods and
promoting tooth remineralization when the pH recov-
ers to neutral [4]. Saliva delivers fluoride to the tooth
surface constantly; salivary fluoride is an important
factor in avoiding tooth demineralization and promot-
ing remineralization [5]. Visible WSL present after
orthodontic treatment tends to decrease in area and
improve their appearance over the first couple of
years after debonding. The status of the lesions deter-
mines the potential for enhancement, with active
lesions having an improved prognosis than arrested
lesions. Active lesions are more porous and allow for
easier penetration of calcium and phosphorous into
the enamel during the remineralization process. In
contrast, arrested lesions often appear shiny white.

3. Promotion of Remineralization

3.1 Fluoride Toothpaste

Conventional Flouride toothpaste's efficacy (1,000
ppm) is contemplated these days; toothpaste with
higher fluoride concentrations (1,500-5,000 ppm)
have shown a more remarkable ability to inhibit
demineralization and promote remineralization. A
modified fluoride toothpaste technique involving twice
-daily brushing for 2 minutes followed by swishing
vigorously with toothpaste slurry for half a minute
without rinsing with water, and avoiding eating or
drinking for two hours, has also been shown to reduce
the incidence of new caries in orthodontic patients [7].

3.2 Fluoride Rinses

Daily 0.5% sodium fluoride rinse and fluoridated den-
tifrice are perhaps the most common fluoride regi-
mens recommended by orthodontists. For fluoride
rinses to be successful in the prevention of WSL, ortho-
dontic patients must use them consistently. Daily
mouth rinses with sodium fluoride (NaF) (0.05% or
0.2%) and/or weekly with acidulated phosphate fluo-
ride (1.2%) rinse have reduced the prevalence of
enamel demineralization during active fixed orthodon-

tic treatment [8].

Benson recommended that the best approach to pre-
vent enamel demineralization during fixed orthodontic
treatment is the daily usage of 0.05% NaF mouth rinse
[9]. Geigeret al reported a 25% reduction in the
number of WSL using a fluoride rinse. Using NaF
mouth rinse for two weeks, with one rinse per day, had
reported a significant increase in fluoride concentra-
tion in the saliva [10].

3.3 Fluoride gel

Many researchers have tried Stannous fluoride gels
(0.4%) during orthodontic treatment and reported
decreased enamel decalcification. Currently, Boyd
compared an 1100 ppm fluoride toothpaste with a dai-
ly 0.05 percent NaF rinse, or a 0.4 percent stannous
fluoride gel applied twice daily by a toothbrush to an
1100 ppm fluoride toothpaste alone. [11]. He also
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found that both the gel and rinse provide increased
protection against decalcification compared to tooth-
paste alone, but neither was superior.

3.4 Fluoride varnish

Fluoride varnish applied around orthodontic brackets
during treatment helps to reduce the extent and preva-
lence of WSL. Floor protector (1% difluorosilane and
0.1% F),Duraphat (5% NaF), duraflor (5% NaF) are the
commonly used Fluoride varnishes. Azarpazhooh
concluded that over the 3-year follow-up period, the
application of fluoride varnishes every six months was
the most cost-effective method for the high- and medi-
um-risk groups [12]. Demito et al. found an increase of
32% in demineralization in areas where the varnish
was not applied compared to a 30-50% reduction in
WSL's in areas where duraphat was applied twice
[13]. The
(polyurethane varnish) decreased WSL formation

annually use of Fluor Protector
under molar bands. Recently, chlorhexidine varnishes
contemplated reducing plaque accumulation and

enamel decalcification.

3.5 Fluoride-releasing bonding materials

In the late 1980s, Glass lonomer cement was replaced
as an alternative to the more commonly used compo-
site material for bracket bonding. The proposed bene-
fits of using glass ionomer cement included the lack of
need for pretreating the enamel with phosphoric acid
to create conditions for mechanical bonding, the re-
lease of fluoride over several months, and the possible
development of a modified, less cariogenic microflora
[14]. The cariostatic effect is mainly attributed to the
fluoride release of both glass ionomer and resin-
modified glass ionomer cement [15]. It occurred for
more extended periods and with greater fluoride
release levels than with fluoride-containing compo-
sites or compomer cement [15]. Glass lonomers
showed an initial burst of fluoride discharge that
rapidly declined to levels that are unlikely to have a
clinically significant effect on caries inhibition.

3.6 Fluoride in luting cements

It is best to use cement containing fluoride like GIC for
banding because fluoride-releasing types of cement
such as zinc polycarboxylate and resin-modified GIC
shown less enamel demineralization than zinc phos-
phate cement [16].

3.7 Fluoride in bonding agents

Bonding agents, which contain fluoride have the
potential for reducing enamel decalcification [17].
Bonding with GIC showed less WSL in 12-year follow-
up in comparison to the conventional composite mate-
rial. However, traditional fluoride-releasing cement,
glass-ionomer cement, and resin-modified GIC have
bond strengths that are substantially lower than those
of conventional resins. Recently, Bioactive glass (BAG)
materials entered the field of dentistry. They are sur-
face-active materials known to successfully release
ions (calcium, phosphate, and fluoride ions) in simulat-
ed body fluid. Manfred et al. and Brown et al. found
that BAG-Bond adhesives outperformed traditional
composites to help preserve the superficial enamel
hardness around orthodontic brackets and released
reservoir ions that decreased the chances of WSL
around brackets. As a result, these adhesives could be
used as biomimetic bonding agents [18].

3.8 Fluorides in elastomers

Fluoride-releasing elastomeric modules have also been
shown to effectively minimise plaque accumulation
and enamel decalcification around brackets in numer-
ous studies [19]. However, some authors concluded
that fluoridated elastomers did not affect the quantity
of disclosed plaque around orthodontic brackets. Even
the fluoride release from the fluoride-containing elas-
tic chain was high for the 1st week and decreased
significantly. Thus, it is good to prescribe Fluoridated
toothpaste and mouth rinses so that fluoridated elasto-
mers may imbibe fluoride from their environment
[20].

3.9 Antibacterial adhesives

The antibacterial activity of 12-methacryloyl-oxy-
dodecyl-pyridinium bromide incorporated in the anti-
bacterial adhesive systems demonstrated inhibition of
caries formation, especially along the enamel margins
[21]. Among the various metals, silver, since ages, has
been known for its antimicrobial activity against vari-
ous microorganisms. Traditional orthodontic adhe-
sives and appliances have been infused with silver
nanoparticles (AgNPs). The antibacterial effects of the
silver coating were demonstrated by the decreased
adherence of S. mutans and S. sobrinus to the ortho-
dontic brackets. The use of silver nanoparticles on the
surface of orthodontic brackets can help to prevent the
formation of tooth plaque and cavities during ortho-
dontic therapy [22]. In a study conducted by Wang X, a
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novel RMGIC was developed with NAg for the preven-
tion of white spot lesions. The results of the study
showed that RMGIC containing NAg had much stronger
antibacterial effects, and the incorporation of NAg into
RMGIC could combat white spot lesions both beneath
and away from the orthodontic brackets. These
advantages were achieved without compromising the
enamel shear bond strength and did not require any
patient compliance. So, the NAg-containing RMGIC
might be more effective in preventing white spot
lesions[23].

3.10 Casein Phosphopeptide-Amorphous Calcium
Phosphate

The role of casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) has helped decrease the inci-
dence of dental caries [24]. The topical anti-cariogenic
effect of dairy products in animal and human in situ
caries models has led to the production of casein phos-
pho-peptides (CPP) and their accepted ability to stabi-
lize calcium and phosphate in an amorphous state [25].
The CPP molecules contain a cluster of phosphoryl
residues which markedly increase the apparent solu-
bility of calcium phosphate by stabilizing amorphous
calcium phosphate (ACP) under neutral and alkaline
conditions. The localized CPP-ACP nano-complexes
subsequently act to buffer free calcium and phosphate
ions in the plaque fluid to maintain a state of supersat-
uration of ACP concerning enamel mineral, thereby
limiting enamel demineralization and enhancing
remineralization [24].

MI Paste (GC America, Alsip, IL, USA) is a product that
contains casein phosphopeptide ACP. This milk-
derived protein helps to promote high rates of enamel
remineralization. MI Paste Plus is the same product as
casein phosphopeptide ACP but also has 900 ppm of
fluoride. A recent randomized controlled trial demon-
strated that patients undergoing orthodontic treat-
ment who used MI Paste Plus nightly along with a fluo-
ride delivery tray for 3 to 5 minutes following brushing
showed fewer and less severe WSL than controls [26].
Hence, CPP-ACP might be incorporated into chewing
gums, lozenges, or creams. GC marketed it as a cream
for application on tooth surfaces twice a day after
brushing the teeth and refraining from drinking or
eating for 30 min after the application (Tooth Mousse,
Tooth Mousse Plus) (Fluor 900 ppm) [27]. For remin-
eralization post-orthodontic treatment WSLs, CPP-ACP
application may be more effective than fluoride rinse.

So, the CPP-ACP's ability to prevent the formation of
orthodontic WSLs in the long-term needs elucidation
[28].

3.11 Probiotics

The use of probiotics has been recently introduced to
dentistry. Still, the concept involves populating the oral
environment with noncariogenic microorganisms that
compete with cariogenic bacteria and periodontal
pathogens and reducing their numbers. Although data
are scarce on this topic and none specific to WSL
prevention, preliminary reports show potential for
materials such as ProBiora 3 (Oragenics, Tampa, FL,
USA) to positively influence the oral environment
reducing S. mutans and specific periodontal pathogens
[29]. It is hypothesized that probiotic strains interfere
with or inhibit other microorganisms, especially path-
ogens. Probiotic bacteria might enhance the effect of
fluoride in preventing dental caries [30]. The treat-
ment strategies conferred by probiotics are mainly
anticipated to be either by inhibition of specific patho-
gen adhesion, colonization and biofilm formation or by
altering the host immune response by inhibition of
collagenases, reduction of inflammation-associated
molecules [31].

3.12 Carbamide Peroxide

Carbamide peroxide, also known as urea-hydrogen
peroxide, is a water-soluble, white crystalline solid
compound consisting of hydrogen peroxide and urea.
There is evidence that urea increases salivary and
plaque pH. This increase in pH, together with the anti-
microbial effect of hydrogen peroxide, may reduce
plaque formation [7]. It enhances patients' compliance
with frequent use of carbamide peroxide whitening
agents during orthodontic treatment because of the
patient's perceived added benefits of tooth whitening.

3.13 Xylitol

Polyols are sweeteners that are weakly metabolized
(sorbitol) or not metabolized (xylitol) by cariogenic
bacteria. Evidence supports that xylitol is noncariogen-
ic, exhibits a dose- and frequency-dependent effect on
dental plaque and streptococci mutans, and is safe.
Thus, chewing xylitol (2 g of xylitol/socket) or polyols
after each meal (three times daily) for 10-20 min
increases the production of stimulated saliva, which
has higher phosphate and calcium concentrations than
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non-stimulated saliva [7]. Sengun reported that xylitol
lozenges significantly decreased the acidity of dental
plaque in fixed orthodontic appliance patients. It
helped neutralize the acidity of dental plaque after
sucrose consumption in patients undergoing fixed
orthodontic treatment [32].

3.14 Pit and fissure sealants

There is evidence to support that bonded resin barri-
ers such as pit and fissure sealants may protect against
the development of WSL. Filled resin sealants such as
Pro Seal (Reliance Orthodontic Products, Itasca, IL,
USA) may have the potential to provide even more
excellent protection as a physical barrier because of
their
unfilled resin sealants. Still, their removal after ortho-

increased wear resistance compared with

dontic treatment can be tedious and requires the use
of a high-speed rotary instrument [33]. Ultraseal XT
Plus sealant showed a significant reduction in enamel
demineralization during fixed orthodontic treatment
and should be considered for use to reduce white spot
lesions. This highly filled light-cured sealant effectively
sealed the enamel surfaces adjacent to orthodontic
brackets, resisted mechanical abrasion, and remained
well-attached. The DIAGNOdent may be useful for eval-
uating the severity, progression, and depth of white
spot lesions during orthodontic treatment [34].

3.15 Microabrasion

Microabrasion consists of chemical and mechanical
processing of the enamel surface by applying an abra-
sive slurry of 6.6% (Opalustre) or 6% (Whiteness RM)
hydrochloric acid with a brush. Microabrasion is a
helpful method for the treatment of post-orthodontic
WSLs [35].

3.16 Resin Infiltration

Resin infiltration of incipient carious lesions is a rela-
tively new approach that shows the possible ability to
improve the appearance of WSL. The idea behind resin
infiltration is that the porous nature of active WSL
allows a low-viscosity resin to permeate into the previ-
ously demineralized enamel matrix and fill in many of
the voids with resin rather than air or water. Resin
infiltration creates a refractory index that is more simi-
lar to healthy enamel. The result is an improvement in
the appearance of the lesion [36]. [con (DMG America,
Englewood, NJ, USA) is currently the only product on

the market that uses this approach. The clinical proto-
col involves etching of WSL with 15% hydrochloric
acid for 2 minutes under rubber dam isolation,
followed by thorough rinsing, desiccation of the enam-
el lesion with an ethanol drying agent, and then the
application of the very low-viscosity resin, removal of
gross excess, and light-curing for 40 seconds. This
approach seems more successful in partially arrested
lesions [36]. A comparative study by Annapurna Kan-
nan showed that Clinpro™ XT varnish showed signifi-
cantly better improvement than Icon® resin infiltration
in restoring the colour and lightness of the WSLs at 3
and 6 months. The fluorescence loss significantly
recovered with both the methods between immediate
application and at six months [37].

3.17 Antiseptics

Chlorhexidine is the most used antiseptic in dentistry.
It has proved very effective in controlling and manag-
ing biofilms in gingivitis. It is usually available as
mouthwashes, gels, or varnishes [7]. It affects cario-
genic flora and reduces streptococci mutans counts.
Chlorhexidine varnishes are more effective than gels
and mouthwashes. Various studies have shown the
efficacy of chlorhexidine varnishes in reducing the
prevalence of caries during orthodontic treatment,
while others have not demonstrated the effectiveness
of a varnish of 40% chlorhexidine [36].

3.18 Lasers

The application of Lasers increases enamel microhard-
ness and resistance to acid attack. The principal laser
usually used in preventive dentistry includes argon
lasers, CO2, Nd-YAG, and erbium YAG [38]. Irradiation
of enamel with argon laser beams decreases the
amount of demineralization up to 30%-50%. Kim et al.
reported that, apart from reducing enamel deminerali-
zation, laser beams lowered the dissolution threshold
pH value [39]. Laser beams resulted in changes in
surface morphology by improvement in enamel crys-
tallinity but maintained an intact enamel surface. The
application of argon laser beams (488 nm) significant-
ly decreased the mean lesion depth compared to visi-
ble light controls, supporting that irradiation with
argon laser beams might prevent the development of
WSLs during treatment [40].

3.19 Bleaching
Khoroushi et al. showed in an invitro study that a
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gentle, non-invasive bleaching procedure by incorpo-
rating three different biomaterials, including nano-
BAG, nano-hydroxyapatite, and nano-amorphous calci-
um phosphate, into bleaching agents might mitigate
the adverse effects of tooth bleaching and prevent the
irreversible changes in the enamel surface [41]. This
treatment modality should be reserved for patients
with good oral hygiene to mask inactive lesions when
natural remineralization is not complete [42].

4, Conclusion

Damage to dental enamel is one of the common com-
plications of fixed orthodontic treatment. The respon-
sibility of an orthodontist is to minimize the risk of the
patient having decalcification as a consequence of
orthodontic treatment by educating and motivating
the patients for excellent oral hygiene practice.

During and after orthodontic treatment, prophylaxis
with topical fluoride application should be used, high-
fluoride toothpaste, fluoride mouthwashes, gels, and
varnishes, especially for individuals at high risk of car-
ies. Ultimately, although scientists and/or clinicians
may discover new understanding, develop new tech-
nologies and products, but it's the responsibility of
patients and orthodontists to promote and use new
materials which help in maintaining enamel surface

integrity.
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