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Abstract

The formation of white spot lesions, or enamel demineralization, around fixed orthodontic attach-
ments is a common complication during and following fixed orthodontic treatment, which marks the
result of a successfully completed case. This article is a contemporary review of the risk factors and
preventive methods of these orthodontics scars. Preventive programmes must be emphasized to all
orthodontic patients. The responsibility 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. Prophylaxis with topical fluoride application should be
implemented: high-fluoride toothpastes, fluoride mouthwashes, gels and varnishes during and after

the orthodontic treatment, especially for patients at high risk of caries.
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Introduction

The term "white spot lesion" (WSL) is
defined by Fejerskov et al. [1] as "the first sign
of caries lesion on enamel that can be detected
with the naked eye" and is used alongside the
terms "initial" or "incipient" lesions. Enamel
decalcification in the form of white spot lesions
is a common negative sequel of orthodontic
treatment in the absence of proper oral hygiene.
They appear as small lines along the bracket
periphery and in a few patients as large decal-
cifications with or without cavitations. The
presence of white spot lesions after removal of
orthodontic appliances is a discouraging fin-
ding to a specialty whose goal is to improve
facial and dental aesthetics. This article exami-

nes the prevalence, distribution and formation
of white spots after orthodontic treatment and
reviews their prevention and management in
the post-orthodontic phase.

Clinically, formation of white spots around
orthodontic attachments can occur as early as 4
weeks into treatment and their prevalence among
orthodontic patients ranges from 2% to 96%.
The labio-gingival area of the lateral incisors is
the most common site for WSL and the maxil-
lary posterior segments are the least common
site, with males affected more in comparison
with females [2]. Tufekci et al. concluded in
his clinical study that a sharp increase in the
number of WSLs occurred during the first 6
months of treatment and continued to rise at a
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slower rate to 12 months, thus in the initial
months of the treatment critical evaluation of
oral hygiene is recommended [3].

Mizrahi [4], in a study using the opacity
index scoring system, showed that the inci-
dence and severity of white spot lesions occur-
red on both the labial and the lingual surfaces
of teeth. There was a significant increase in the
prevalence on the cervical and middle thirds of
the crowns. The WSLs predominantly appear
on the lower and upper premolars, first molars,
maxillary and mandibular lateral incisors and
lower canines as a change of tooth structure
around the brackets basis or between the brac-
kets/bands and the gingival margin in the cer-
vical region and middle third of the teeth, under
the orthodontic wires. The frequency of WSLs
in orthodontically treated patients was in order:
lateral incisors, canines, first premolars, 2nd
premolars, central incisors. Other previous stu-
dies showed similar results, except those fin-
ding that the maxillary central incisors had a
greater frequency of WSLs than did the maxil-
lary second premolars. No significant different-
ces were found in WSLs incidence and preva-
lence between the right and left sides of the
maxilla and mandible [5-7].

A review of available literature on the
prevalence of WSLs revealed that most rele-
vant studies reported the presence of these lesi-
ons at the completion of orthodontic treatment.
Depending on the examination technique used,
the prevalence of WSLs varies. Gorelick et al.
[8], in their study using the visual examination
technique, reported that 50% of patients had
one or more WSLs at the end of treatment.
Boersma et al. [9], using quantitative light fluo-
roscopy, investigated the prevalence of WSLs
at the end of orthodontic treatment and reported
that 97% of subjects had one or more lesions.
In light of these studies, one may conclude that
demineralization is a significant clinical prob-
lem resulting in an unacceptable aesthetic pre-
sentation that, in some severe cases, may requ-
ire restorative treatment.

The first clinical evidence of the demine-
ralization is the WSL, which can potentially
become a cavitated carious lesion extending
even into the dentin. WSLs are non-fluoridated
opacities having a more defined shape and are
well differentiated from surrounding enamel
which is often located in the middle of the

tooth. The WSL has been defined as a "subsur-
face enamel porosity from carious deminerali-
zation" presenting itself as a "milky white opa-
city" when located on smooth surfaces. Beside
that fact that WSLs are a first step to destruct-
tion of the teeth, this enamel demineralization
associated with fixed orthodontic appliances
means other significant clinical problem for the
orthodontists [10]. After the introduction of
orthodontic fixed appliances into the oral cavi-
ty, a rapid shift in the bacterial flora of plaque
occurs. Higher levels of acidogenic bacteria are
present in the plaque, most notably Streptococ-
cus mutans and Lactobacilli. High levels of
bacteria are capable of decreasing the pH of
plaque in orthodontic patients to a greater extent
than in non-orthodontic patients [11]. There-
fore, the progression of caries is faster in pati-
ents with full orthodontic appliances. WSLs can
become noticeable around the brackets within
one month of bracket placement, although the
formation of regular caries usually takes at
least six months. These lesions are commonly
seen on the buccal surfaces of teeth around the
brackets, especially in the gingival region [12].

Prevention and Management of White

Spot Lesions (WSLs)

Patients wearing orthodontic appliances
should be considered as patients at risk, for
whom a preventive, prophylactic approach sho-
uld be implemented before, during and after the
orthodontic treatment [13, 14].

During the orthodontic treatment

The risk of enamel demineralization du-
ring fixed orthodontic treatment can be preven-
ted by: improving patient oral hygiene with
mechanical plaque control methods, using bon-
ding agent with fluoride, enhancing the enamel
resistance to the microbial acid by using topical
fluoride and additional methods using different
mechanisms.

Oral hygiene control

The most important prophylactic measure
to prevent the occurrence of WSLs in ortho-
dontic patients is implementing a good oral hy-
giene regimen. Good oral hygiene is thus more
important in orthodontic patients treated with
fixed appliances than in non-treated individu-
als. Mechanical plaque control by proper tooth
brushing is of paramount importance. A modi-
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fication of the standard toothbrush, use of dis-
closing solutions, and use of floss can help pati-
ents in attaining good oral hygiene. Use of a
power toothbrush or daily water irrigation in
combination with manual tooth brushing may be
a more effective method in reducing plaque accu-
mulation than manual tooth brushing alone [15].

Zabokova [16] in her study concluded
that improvement of oral hygiene was detected
in the group where preventive treatment with
Fluorogal was implemented statistically signifi-
cant difference between medium values of the
simplified oral hygiene index (OHI-S) before
and after orthodontic treatment, which was not
the case with control group. This finding might
be a result of explanation in the way of main-
tenance of oral hygiene (adequate and not ade-
quate oral hygiene). The subjects treated with
dental cream (GC Tooth Mousse) had signify-
cantly decreased the oral hygiene index at the
end of orthodontic treatment (1.49) in compari-
son with the beginning of the treatment, where
the average monthly value of the index of oral
hygiene was 1.55.

Besides oral hygiene at home, professsio-
nal prophylactic cleaning is designed to reduce
the bacterial load, enhance the efficacy of bru-
shing and facilitate cleaning by the patient.
Professional tooth cleaning two or three times a
year maintains a healthy mouth and reduces the
risk and number of teeth with caries. It allows
proper cleaning of the areas that are hard for
the patient to brush. The coronal surfaces can
be polished using fluoridated pastes of progres-
sively finer particle size, and elastomer poli-
shing cups or brushes, to impede the mechani-
cal retention of bacteria [17].

Fluoride in Bonding Agents

In general, the duration of orthodontic
treatment makes the patient an increased caries
risk for a prolonged period of time. As a result,
continuous fluoride release from the bonding
system around the bracket base would be extre-
mely beneficial. Glass ionomer cements (GICs)
were used as orthodontic bonding adhesives to
take advantage of their chemical bonding to tooth
structure and sustained fluoride release follo-
wing bonding. In an attempt to increase the bond
strengths of GICs, resin particles were added to
create resin modified GIC bonding systems.
These adhesives release fluoride as do conven-

tional GICs but also have higher bond strength
[18, 19]. It was found that light-cured pit and
fissure sealants placed on the labial surface
adjacent to bonded orthodontic brackets were
80% effective in preventing demineralization in
vitro and required no patient compliance [20].

Enhancing Enamel Resistance Using

Topical Fluorides

The favourable action of fluorides is now
well established. Different modes in which fluo-
rides have been documented to prevent WSL
are as follows: Fluoride Mouth Rinse, Fluoride
Gel, Fluoride Toothpaste, Fluoride Varnish,
Fluoride in Bonding Agents and Fluorides in
Elastomers. The fluoride ion has a preventive
effect against caries. It modifies bacterial meta-
bolism in dental plaque by inhibiting some en-
zyme processes, inhibits the production of acids
by acting on the composition of the bacterial
flora and (or) on the metabolic activity of mic-
ro-organisms, and reduces demineralization and
favours the remineralization of early carious
lesions by exerting a remineralization effect,
especially at low concentrations [21].

Fluoride enhances enamel remineraliza-
tion following orthodontic treatment. The cario-
static effect of topical fluoride is primarily due
to calcium fluoride (CaF2) formation. It has been
documented that a high fluoride concentration
in the enamel is less important than a moderate
increase in fluoride concentration in oral fluid.
Proper oral hygiene maintenance, combined with
daily use of topical fluoride, is found to signi-
fycantly reduce enamel decalcification. When
topical fluoride is applied on the tooth surface
(enamel/dentin), a CaF, — like material builds
up in plaque or in incipient lesions, which acts
as a reservoir and releases fluoride ions when
the pH is lowered during a caries attack [22—24].

Fluoride mouth rinses

Fluoridated mouth rinses containing 0.05%
sodium fluoride used daily have been shown to
significantly reduce lesion formation beneath
bands. While the proper use of these products
provides the patient with increased caries pro-
tection, patient compliance is required to use
mouth rinses. These mouth rinses have been
combined with antibacterial agents such as
chlorhexidene, triclosan, or zinc to improve
their cariostatic effect.
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Home use of topical fluoride agents needs
patient compliance. As a result, different non-
compliant topical fluoride delivery measures
have been implemented to prevent enamel de-
mineralization around orthodontic brackets.
After a systematic review, Benson recommend-
ded that the best method to prevent enamel
demineralization during fixed orthodontic treat-
ment is the daily use of 0.05% NaF mouth rinse
[25]. However, Hirschfield advocated the use
of an acidulated phosphate fluoride (APF)
mouth rinse to make enamel more resistant to
orthodontic induced decalcification [26]. Geiger
et al. reported a 25% reduction in the number
of WSLs using fluoride rinse [27] It was also
found that following 2 weeks use of sodium
fluoride (NaF) mouth rinse, with one rinse per
day, fluoride concentration in the saliva incre-
ased significantly [28]. A daily mouth rinse with
NaF (0.05% or 0.2%) and/or weekly rinse with
AFP (1.2%) have been found to reduce the inci-
dence of enamel demineralization during active
fixed orthodontic treatment [29].

Fluoride toothpastes

The regular use of fluoride toothpaste is a
very common recommendation by the ortho-
dontist, but it is shown to be inefficient in inhi-
biting white spot development around the ortho-
dontic brackets. As orthodontic patients are at
an increased caries risk, an appropriate level of
fluoride ions is needed to provide an anticaries
benefit by promoting enamel remineralization.
Thus for orthodontic patients fluoride concen-
tration below 0.1% in dentifrices is not recom-
mended. This is because when fluoride ions are
incorporated into the surface of enamel, a fluo-
roapatite crystal structure is formed that has a
lower solubility in the oral environment com-
pared with hydroxyapatite. Fluoride toothpas-
tes containing either sodium fluoride, mono-
fluorophosphate, stannous fluoride or a combi-
nation of these compounds are recommended.

Fluoride varnishes

Fluoride varnishes should be used in
weakly-motivated patients in an intensive treat-
ment schedule (three days running), repeated
every three or four months, or at least twice or
three times a year. The varnishes are thus used
as a preventive measure to reduce deminerali-
zation of the enamel around the brackets, pro-
mote the remineralization of the carious lesions

and avert further lesions. Fluoride varnishes
(Fluor Protector* with 1% difluorosilane and
0.1% F, Duraphat* with 2.2% F, Bifluoride*
with 5% F) are usually applied twice a year on
specific areas with incipient lesions on smooth
surfaces. These varnishes were developed to
adhere to the enamel surface for long periods
(up to 12 hours or more) and release their fluo-
ride slowly on the enamel surfaces [30]. The
use of fluoride varnishes has proven to be a
feasible and safe method of fluoride applica-
tion. Advantages of the fluoride varnish over
other topical fluoride regimens include provi-
ding fluoride protection of enamel despite pati-
ent noncompliance and delivering the fluoride
in a sustained manner over a longer period of
time. It has been reported that the application
of a fluoride varnish resulted in a 44.3% reduc-
tion in enamel demineralization in orthodontic
patients.

Azarpazhooh et al. [31] concluded that
over the 3-year follow-up period, application of
fluoride varnish every 6 months was the most
cost-effective method for high- and medium-
risk groups. He also concluded that the slow
release of fluoride was seen for periods of up to
6 months with Durafluor and Duraphat and the
greatest release occurred in the first 3 weeks
and a more gradual release thereafter. On the
basis of this observation, he supported the recom-
mendation of a twice-yearly application of sin-
gle-dose preparations. In contrast, some studies
advocate that an application every 90 days (tri-
monthly) would be sufficient to promote ade-
quate protection [32]. Demito et al. found there
was an increase of 32% in demineralization in
areas where varnish was not applied in compa-
rison with a 30-50% reduction in WSLs in areas
where Duraphat was applied twice annually [33].

Zabokova [34] in her study concluded
that the level of fluoride in enamel before and
after bonding the brackets with composite resin
(Dentaurum, Germany), and application of a
fluoride varnish was significantly increased.
Thus, the amount of fluoride in enamel before
fixing the brackets was 614 ppm. After 30 days
of fluoride varnish application the amount of
fluoride in enamel was 844 ppm, which was
statistically significantly higher than the initial
coverage of fluoride in enamel. These results
confirmed that fluoride varnish application is a
simple and fast technique that could be useful
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in preventing enamel demineralization associa-
ted with orthodontic treatment.

Use of Casein Phosphopeptides

Amorphous Calcium Phosphate

Enamel demineralization might be pre-
vented by the application of products contain-
ing Casein Phosphopeptides Amorphous Cal-
cium Phosphate (CPP-ACP). Reynolds repor-
ted that CPP-ACP, which is derived from milk
casein, was capable of being absorbed through
the enamel surface and could affect the demi-
neralization-remineralization processes [35].
Recently, research has shown that this activity
is due to a part of the casein protein called
CPP, which carries calcium and phosphate ions
'stuck’ to it, in the form of APP [36]. This com-
plex of CPP-ACP is an ideal delivery system for
bio-available calcium and phosphate ions. The
proposed anticariogenic mechanism of CPP-ACP
involves the incorporation of the nanocomple-
xes into dental plaque and onto the tooth sur-
face, thereby acting as a calcium and phosphate
reservoir. CPP-ACP has been shown to adhere
to the bacterial wall of microorganisms and tooth
surfaces [37]. When an intraoral acid attack
occurs, the calcium and phosphate ions are
released to produce a supersaturated concentra-
tion of ions in the saliva, which then precipitates
a calcium-phosphate compound onto the expo-
sed tooth surface [38]. A few studies showed that
daily applications of the remineralizing cream
could reverse the severity and visual appearance
of postorthodontic WSLs more effectively than
fluoride toothpaste. The use of CPP-ACP can
be more beneficial than fluoride rinse for post-
orthodontic remineralization [39-42].

After the orthodontic treatment

The treatment ends when the planned result
has been achieved. After the removal of the
brackets, not much is known about the treat-
ment and healing of WSLs. Although the role
of saliva in the physiological regression of the
WSLs is not to be ignored, many of the lesions
remain stable [43]. Often the first approach to
eliminate WSLs is remineralization. There are
several professionally and home applied products
in different forms: solutions, varnishes, cream
pastes and chewing gums for topical reminera-
lization treatment. They all contain fluorides
and/or casein phosphopeptide-amorphous cal-
cium phosphate, with evidence for varying deg-
rees of success to be found in the dental litera-

ture [44]. Remineralization procedures require
following strict oral hygiene measures, repe-
ated multiple applications, a treatment plan that
could take a long period of time and first of all,
the compliance of a motivated patient. After
debonding and using a strict protocol for remi-
neralization, the lesion progression is usually
limited with persistence of the WSLs, leading
to aesthetic impairment. Typically, if the lesion
is deep, only the superficial layer is reminerali-
zed, leaving the porous body of the lesion ref-
lecting its white colour from below. Further, if
the porous lesion is stained by discolouring
agents introduced into the oral cavity and the
remineralization treatment does not resolve the
problem, tooth whitening could be used, but
will require retreatment in time [45].

In one of the first clinical trials of CPP-
ACP cream used specifically for treatment of
postorthodontic WSLs, Bailey et al. [46] repor-
ted that use of CPP-ACP cream enhanced the
regression of WSLs compared with a placebo.
However, more recent clinical investigations
show less promising results. In a prospective,
randomized, and blind clinical study, Beerens
et al. [47] compared a fluoride-containing CPP-
ACP paste with a control paste in 54 subjects.
After a 3-month treatment period, they found
no advantage in the use of the fluoridated CPP-
ACP paste over regular oral hygiene in WSLs
regression as measured by Quantitative Light-
induced Fluorescence. Similarly, Brochner et al.
[48], in a prospective clinical trial using non-
fluoridated CPP-ACP paste, found WSL reg-
ression to be comparable with traditional tooth-
paste after a 4-week treatment period.

The paedodontist should then carry out a
careful examination of the entire mouth to diag-
nose and treat: any proximal caries; any caries
that have formed under the molar bands and in
areas where brushing between the brackets and
the gingival festoon has been deficient. Traces
of demineralization, which cannot be foreseen,
are often discovered at the end of treatment,
requiring continued preventive fluoride treat-
ment. In this case it is important to make topi-
cal applications of fluorides in a solution, gel
or varnish to facilitate surface remineralization
of incipient carious lesions [49, 50]. Another
study concerning remineralization with fluoride
after removal of orthodontic devices has shown
that the use of a fluoride toothpaste twice a day
leads to remineralization after 2 months, and
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combining fluoride toothpaste and fluoride gels
speeds up remineralization (1 month) [51].

Conclusion

WSLs are one of the common complica-
tions of fixed orthodontic treatment.

The responsibility of an orthodontist is to
minimize the risk of the patient having decalci-
fication as a consequence of orthodontic treat-
ment by educating and motivating the patients
for excellent oral hygiene practice.

Prophylaxis with topical fluoride applica-
tion should be implemented: high-fluoride tooth-
pastes, fluoride mouthwashes, gels and varni-
shes during and after the orthodontic treatment,
especially for patients at high risk of caries.
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Pe3zume

BEJIM TOYKECTH JIE3UU: TIPEBEHIINJA 1
KOOPIUHUPAILE 3A BPEME
HA OPTOJOHTCKHNOT TPETMAH

1
E¢xa KadoxoBa-bunounnosa,
. 2 .
JIunmja IlonmoBcka®, bunjana KanymeBcRa3,
. 4
Emuimja Credanoscka

' KinHika 3a IeTCKa M IPEBEHTHBHA CTOMATONOTH]A,

Cromaromnomku ¢akynTer, Y HuUBep3uteT ,,CB. Kupuin

u Meroauj*, Ckorje,

P. Makenonuja

2 Knunuka 3a 605ecTy Ha 3a0uTe U €H0IOHTOT,

CroMaTtonomku (akynrer, Y HUBEp3UTET

,»CB. Kupun u Meronuj“, Cxomje, P. Makenonuja
Knmnanka 3a nporetrka, CTOMATOJIOMKH (HaKyITeT,

Yuugsepsurer ,,CB. Kupwr u Meromuj“, Crorje, P.

Makenonuja

* Knnuuka 3a GOIECTH Ha yCTaTa H NapoIOHTOT,

CroMaTonomku (akynrer, Y HUBEp3UTET

,,CB. Kupui 1 Metoauj“, Ckonje, P. Makenonuja

Bemmre ToukecTH ne3MM Ha €MajIoOT OKOILY
(UKCHUTE OpPTONOHTCKHM amapaTtd IpeTcTaByBaat
gyecTa KOMIUIMKALMja 332 BpEME U 10 3aBPLIyBambETO
Ha OpPTOJOHTCKMOT TpeTMaH. TpydoT ru aHa-
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nu3upa QakTOpHTE Ha PHU3UK OJ Kapuec W Mep-
KHTE 3a IPEeBCHIIMja OJ1 MojaBa Ha Oelld TOYKECTH
ne3un. Bo mpeBeHTHBHara mporpama Tpeba na
O0uJaT BKIYYCHH CHTE MAIlMEHTH TMOJIOKHH Ha
OpPTOJIOHTCKH TPETMaH NPEKy HHWBHA eAyKaluja H
MOTHMBaIMja 3a OJpPXKYBame COJHMIHA OpaJiHa
xuruena. [lorpebHa e W amiuKanuja Ha TOIH-
KaTHU (QIIyOpHIHH

npenapatd W Toa: (IIyOpUIHU MAacTu 3a 3adu,
BOJMYKA 3a IUIaKHEHE, (QIyOpUAHH TENOBU U
JaKOBM 3a BpeMEe M MO 3aBpIIyBameTO Ha
OPTOJIOHTCKUOT TPETMaH, 0COOCHO Kaj MaIHeH-
TUTE CO BUCOK PH3HK O] Kapuec.

Knayuynu 300poBu: Oena TOuKecTa Je3Wja, OpaiHa
XWTHEHA, TONUKAIHHU (QIyOpHIH.



