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Abstract

Introduction. White spot lesion is a demineralization of the enamel that appears as
a white spot on the surfaces of the tooth. The cause of this spot is determined by the
activity of the bacterial plaque and it represents the initial stage of a carious lesion.
This lesion is a common side effect for patients with fixed orthodontic appliances
mainly because of the brackets’ position that favors the accumulation of plaque that
ultimately leads to the formation of the white spot.

Methods. We conducted a search on a single database, PubMed. “Orthodontic”,
“white spot lesions”, “enamel demineralization treatment” and “remineralization”
were the search terms used. We found 324 articles, but we took in consideration only

the ones from the last 10 years, which resulted in 223 articles.

Results. The first step after research was article selection: first by scrutinizing the
title and secondly by reviewing the abstracts or full texts. The exclusion criteria were:
meta-analysis, reviews, original articles regarding prevention of white spot lesions and
their prevalence or incidence. We included the articles that seemed relevant for the
treatment of white spot lesions, made either on extracted teeth either on orthodontic
patients. We found 75 articles to be eligible for this research and we eliminated 5
because of the lack of an abstract or full text and a further 22 were rejected because
they did not fit the aforementioned criteria.

Conclusion. Although some traditional methods for the treatment of white spot lesions
seem to have undesirable results, nowadays with new technologies and thorough
investigations in nanotechnology, the eradication of the lesion appears to be short term.
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Introduction

White spot lesion is a demineralization
of the enamel that appears as a patch on the
tooth surfaces [1]. Its cause is determined
by bacterial plaque activity and it represents
the initial stage of a carious lesion [2]. This
lesion is a common side effect for patients
with fixed orthodontic appliances mainly
because of the bracket’s position that
favors plaque accumulation that ultimately
leads to the formation of the white spot [3].

The most frequent surfaces, where
the white spot lesion appears, were the
buccal maxillary surface, around the
bracket and in the gingival area, according
to studies performed by Goerlick et al. [4].
Chapman et al. [3] concluded that white
spot incidence for the maxillary teeth was
higher for the lateral incisor (34%), similar
for canines (31%) and premolars (28%)
and lower for the central incisors (17%).

Orthodontic professionals still have
to confront this problem, mainly because
patients don’t take into consideration
particular brushing techniques required
and also other auxiliary means. Although
they frequently receive a full list of
instructions, they tend to be neglectful and
as a result white spot lesions occur [5].

Treatment of white spot lesions is
being debated for a while. Today it still
represents a controversial topic because of
a desperate need of a cure.

The aim of this literature review is to
identify and assess every treatment used in
achieving white spot lesion remineralization,
induced by fixed orthodontic appliances.

Material and methods

We conducted this search by using
asingle database: PubMed. “Orthodontic”,
“enamel

“white spot lesions”,
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demineralization treatment” and “remineralization” were
the terms used in the search. We found 324 articles, we
only considered the ones from the last 10 years, from 2007
onwards that gave us a total of 223 articles. The first step
was the article selection: first by scrutinizing the title and
secondly by reviewing the abstracts or full texts.

The exclusion criteria were: meta-analysis, reviews
and original articles regarding prevention of white spot
lesions and their prevalence or incidence.

We included papers that seemed relevant for the
treatment of white spot lesions, made either on extracted
teeth either on orthodontic patients. We found 75 articles to
be eligible for this research and we eliminated 5 because of
the lack of an abstract or full text. A further 22 were rejected
because they did not fit the aforementioned criteria (Figure 1).

324 articles

2. Exclusion

. ~ criteria 223 articles
Screening
- By abstract
By title or full text
75 articles 48
48 articles

Figure 1. Article selection method.

Results and discussion

Numerous treatment methods
represented in the figure below (Figure 2).

The most common preventive and remineralizing
agent used was fluoride. The safety of fluoride has been
proven with topical applications such as varnish, gels or
mouthwash [6].

Stafford et al. [7] made a research in which he tested
the application of fluoride varnish on orthodontic patients
and tried to evaluate its effect on white spot lesions. He
concluded that this treatment showed improvements by
reducing the lesions’ size during the first 6 months after
orthodontic appliance removal. Du et al. [8] also studied
the application of fluoride varnish(5% sodium fluoride,
Duraphat(®), Colgate) on these lesions after debonding.
They came to the same conclusion - the varnish helps
reduce white spot lesions after debonding and it should be
used as a preventive treatment. On the other hand, Majithia
et al. [9] compared the application of different varnishes
on artificially induced enamel demineralization, such as M7
Varnish™ (5% sodium fluoride varnish with Recaldent™

were used, as

(CPP-ACP) Technology, GC Corporation, Tokyo, Japan),
Premier® Enamel Pro® Varnish (5% sodium fluoride
varnish with ACP Formula, Premier Dental Products
Co., Canada) and Flor-Opal® Varnish White (5% sodium
fluoride varnish, Ultradent Products, Inc., USA).

They observed that three commercial varnishes had
some remineralization potential, but one of them was more
potent regarding enamel microhardness (M1 Varnish™). In
a study performed by Restrepo et al. [10] fluoride varnish,
chlorhexidin gel and daily home care were compared.
Results showed that fluoride varnish slows down the
progression of the lesion [10]. Another study, implemented
by He et al. compared fluoride varnish with fluoride film
for reconversion of white spot lesions [11]. He et al. [11]
suggested that fluoride varnish had a slightly better effect
while some patients experienced remineralization, certified
by a decrease in size and a lack of fluorescence in the
vicinity of the white spot lesion.

Fluoride tablets were also researched to test their
impact on these lesions. In the article written by Bansal et al.
[12] homeopathic tablets such as calcareafluoricain with a
dosage of 4 tablets twice a day, were evaluated on artificially
induced lesions. Utilizing SEM, some remineralization
effects were documented with an increased microhardness
value.

Some studies evaluated the effectiveness of
fluoridated chewing sticks. Miswaks. Baeshen et al. [13]
tested this approach and the effect of a specific chewing
stick on the white spot lesions on orthodontic patients. They
seem to have found some remineralizing potential [13].

Fluoridated milk was also tested. Skold-Larsson et
al. [14] concluded that daily use of fluoridated milk might
remineralize white spot lesions [14].

Gokce et al. [15] evaluated the effects of toothpaste
on white spot lesions by creating artificial lesions and
treating them with fluoride toothpaste (Colgate Total®),
Novamin toothpaste (Sensodyne® Repair and Protect) and
probiotic toothpaste (GD Probiotic Toothpaste®) [15]. The
Novamin toothpaste showed an increased fluorescence
compared to the others [15]. Agarwal et al. [16] made
an 8 week study, comparing fluoride toothpaste (Sodium
Fluoride EP 0.32% w/w 1450 ppm F, Colgate Total 12,
India) with non-fluoride toothpaste, on white spot lesions
in post-orthodontic patients. They noticed a significant
difference between these groups, as the one with the
fluoride toothpaste presented a reduced clinical index [16].
Various other toothpastes were tested on demineralized
teeth such as the study from Jo et al. [17], who compared
fluoride toothpaste, casein phosphopeptide amorphous
calcium phosphate complex (CPP-ACP) and functionalized
B-tricalcium phosphate (fTCP) containing toothpaste [17].
They seem to have found that sodium fluoride toothpaste
and CPP-ACP are more effective in reducing white spot
lesions [17]. On the contrary, Ballard et al. [ 18] who studied
three commercial toothpastes NovaMin (Dr. Collins Inc),
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Types of treatment

Figure 2. Percentage distribution of selected articles according to the treatment option utilized.

Prevident5000 (Colgate, New York, NY) and MIPastePlus
(GC America, Alsip, I1I) found no significant difference
between them regarding the lesions [18]. An interesting
study made by Mensinkai et al. [19] on three fluoride
toothpastes at different concentrations: 500 ppm F, 1100
ppm F and 500ppm F plus fTCP; showed that the 500 ppm
F plus fTCP produced 10 to 38% better mineral recovery
than the other two, while reducing the lesions’ size by 30%
and its depth by 52%. 500ppm F with fTCP seemed to have
comparable benefits with 1100 ppm F [19].

Fluoride toothpastes were improved over the years
by adding specific agents. A controversial agent would be
Zn, as it has some demineralizing and also remineralizing
properties. It can reduce enamel solubility, but it can also
reduce crystal growth of brushite, octacalcium phosphate
and hydroxyapatite [20,21]. After adding Zn to a fluoride
toothpaste, some researchers such as Ten Cate et al. [22],
observed a decrease in enamel demineralization and
concluded this couldn’t be attributed to direct contact
with the enamel. Other researchers such as Stephen
et al. [23] made a 3 year clinical trial on fluoride zinc
toothpaste at different concentrations. They noticed that Zn
had no influence on dental caries [23]. Lynch et al. [24]
performed further studies regarding zinc and fluoride, as
a remineralizing agent. They induced artificial carious
lesions on bovine teeth and simulated oral conditions,
concluding that zinc and fluoride combined showed better

remineralization effect compared to fluoride alone [23].

Another remineralizing agent researched was casein
phosphopeptide-amorphus calcium phosphate, a milk
derived protein [25]. The efficiency of casein is considered
unreliable according to studies by Karabekiroglu et al. [25]
and Robertson et al. [26] regarding MI Paste Plus (GC
America, Alsip, I11). Beerens et al. [27] and Zhou et al. [28]
showed some reduction or improvement in remineralization
of white spot lesions (GC Tooth Mousse, Recaldent, GC
Corporation). Other authors such as Huang et al. [29]
regarding MI Paste Plus (GC America, Alsip, IlI) and
Brochner et al. [30] regarding Tooth Mousse (GC Europe)
claimed that major changes regarding microhardness or
remineralization after casein use were not observed.

Recently, the use of fluoride with laser irradiation
became a specific field of interest to some researchers, such
as Fekrazad et al. [31], who studied the acid resistance of
the enamel surface around orthodontic brackets after laser
irradiation and fluoride application [31]. They concluded
that use of an erbium laser with fluoride had produced
better results in reducing enamel solubility compared to
fluoride alone.

Mahmoudzadeh et al. [32], conducted a study
regarding the effect of CO2 laser and fluoride varnish
on enamel surface microhardness. They divided teeth in
S different groups as follows: a control group, a fluoride
varnish group, a CO2 laser group, a laser before varnish
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group and a laser through varnish group. The conclusion
of this study was that enamel microhardness was highest
in the fluoride laser group [32]. Another study conducted
by Farhadian et al. [33] regarding the use of CPP-ACP
paste with or without laser suggested that there was no
synergistic remineralizing effect between the two and also
CPP-ACP alone or with laser did not produce an increase
of the microhardness [33].

Recent studies focused on the effect of the adhesives
used for bonding brackets by adding agents such as
bioactive glass or metal ions. In a study conducted by Lee
et al. [34], they obtained a remineralizing effect by use of a
primer with bioactive glass (BAG), BAG and silver or BAG
and zinc. The highest microhardness value was obtained
by the primer with BAG while the best remineralization
potential was achieved by the group with BAG and silver.
Another BAG study was conducted by Brown et al. [35]
that stated the possibility of remineralization and use of this
material for white spot lesion reversal [35]. Oz et al. [36]
researched in vivo, adhesives with antibacterial properties
and fluoride. Their study did not evidence any differences
between the group with the fluoride containing primer and
the conventional bonding group. Other interesting new
treatment options that were tested for enamel regeneration
are the use of stromtium doped nano hydroxyapatite
molecules. Krishnan et al. [37] developed such a study
where hydroxyapatite was synthesized and compared with
hydroxyapatite enriched with strontium [37]. It seemed that
hydroxyapatite offered a promising result for future enamel
repair or regeneration [37].

Brilliant results are published related to a novel
treatment offered by a self-assembling peptide pl1l-4. It
seems to achieve visual and microscopic changes on the
white spot lesion [38].

Further modalities for treatment of the white
spot lesion refer to a camouflage effect by use of resin
infiltration. According to Eckstein et al. [39], treatment of
white spot lesions depends on dimension, surface depth and
microhardness. They conducted a study by utilizing ICON
infiltration (DMG, Hamburg, Germany). and observed a
decrease in the lesion and durability. Other authors such as
Feng et al. [40], Senestraro et al. [41], Kndsel et al. [42],
Paris et al. [43], Feng et al. [44] seem to agree with the
resin infiltration technique because of its aesthetic capacity
as it masks the lesion. Ogodescu et al. [45] gained 92.5%
clinical stability with this type of treatment while Kim
et al. [46] produced a 61% masking of post orthodontic
decalcification lesions.

Benham et al. suggested using pit and fissure
sealants as a masking material for the lesions [47].

Gizani et al. [48] tried the effect of probiotics like
Lactobacillus reuteri. According to this research, it seems
that daily use of probiotics does not affect nor influence the
lesion or its growth [48].

Conclusions

The use of fluoride as varnish, toothpaste or in
various combinations with different agents seems to have
an impact in reducing these lesions. CPP-ACP presents
pros and cons, therefore further investigations are required
in order to establish a firm result. Use of laser and fluoride
definitely impacts enamel in a positive manner. Enriching
adhesives with different ions seems to have a good
influence while use of nanoparticles presented promising
results regarding enamel regeneration. There is also the
camouflage effect available, which provided excellent
aesthetic results.

Although some traditional methods for treating white
spot lesions seem to have undesirable results, nowadays
with new technologies emerging and with further insight
in nanotechnology, eradicating these lesions appears to be
achievable in the near future.
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