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Summary
Objective. To evaluate the efficiency of various interven-
tions performed before and during orthodontic treatment 
which aim to reduce the incidence of WSL.
Materials and methods. Using PRISMA guidelines in 
search of clinical trials published between 2017 and 
2022, a literature analysis was performed. This search 
was conducted using following Medical Subject Heading 
(MeSH) terms in 2 databases:  "prevention and control" 
AND "Orthodontics" AND "Tooth Demineralization". 
Supplementary, a manual search was conducted in Go-
ogle Scholar. 
Results. The literature search resulted in a total of 3626 
study articles, of which 8 publications were used in the 
present review, according to a selection based on the pre-
established eligibility criteria. The review showed that F 
varnish, 10% Xylitol varnish had positive outcomes in 
comparison with placebo. 0.44% APF formulated daily 
oral rinse and nanosilver mouthwash were better than 
0.2% NaF weekly rinse and CHX, F mouthwashes res-
pectively. NovaMin toothpaste, MIPP and MIV, exami-
ned in different studies, proved no significant difference 
over regular F toothpaste. MIV compared to ProSeal 
provided no statistically significant between-group diffe-
rences as well. Clinpro 5000 provided superior protection 
against enamel decalcification when compared to Clinpro 
Tooth Creme and MI Paste.
Conclusion. The white spot lesions have improved, re-
gressed, or eliminated with topical agents including F, 
Xylitol, or CPP-ACP during the fixed orthodontic treat-
ment. In order to determine the most effective therapeu-
tic approach for the treatment of surface and subsurface 

demineralization of the enamel, more research is needed 
to provide scientific proof.

Introduction 
Fixed orthodontic appliances are the most commonly 

used type of appliance in orthodontics. Although they are 
reliable for an effective treatment, there are some adverse 
effects related to their usage. 

White spot lesions (WSL) that are caused by deminerali-
zation of enamel, occur indeed frequently after orthodontic 
treatment, with some reports of numerous teeth affected, 
and approximately a third of orthodontic patients have at 
least one white spot lesion which is aesthetically unpleasant 
and may become permanently damaging [1]. The principal 
cause for development of the lesion is plaque stagnation in 
the highly susceptible areas of the tooth surface (adjacent to 
the appliance, especially cervically, between the brackets/
bands/tubes and marginal gingiva) [2]. 

Acids from acidogenic bacteria in plaque, most nota-
bly Streptococcus mutans (S. mutans) start to diffuse into 
the tooth and demineralize subsurface enamel as long as 
conditions for bacterial growth are maintained. Eventually, 
the intact enamel surface will crumble and cavitate if the 
demineralization process is not stopped [3]. WSLs exhi-
bit enamel porosity from carious demineralization, which 
clinically appears as a whitish opacity on the tooth surface 
[4]. After starting orthodontic treatment, these lesions can 
develop very quickly (in some cases, within a month).  In 
comparison, non-orthodontic patients develop these lesions 
in at least 6 months [5]. Considering all these factors, it may 
also become a reason for the dissatisfaction of the patient 
due to esthetic appearance. 

There have been numerous studies performed to find a 
solution of preventing caries around fixed orthodontic ap-
pliances. Some of the studies have focused on the bonding 
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of brackets to the tooth surface [6,7], some described the 
differences between the buccal and lingual brackets, their 
impact to caries development [8]. However, the prevention 
of orthodontically induced tooth demineralization using 
topical agents in the form of rinses, varnishes or gels re-
mains the easiest and most accessible way for the patients 
to avoid white spot lesions [9]. Interventions applied prior 
and during orthodontic treatment might prevent cavitation 
and subsequent invasive procedures. The post-orthodontic 
treatment sometimes might be too late to keep it at the first-
stage carious lesion. Few latest reviews have reported that 
additional appropriately powered, double-blind, randomized 
controlled trials are necessary to ascertain the most effective 
ways to prevent WSLs in patients receiving orthodontic tre-
atment [10,11]. Therefore, clinicians should have a huge 
interest in making the possibility of WSL occurrence reduced 
to a minimum and have comprehensive knowledge about the 
existing prevention methods.  

The aim of this study was to gather up to date informa-
tion from randomized control trials and evaluate the effici-
ency of various interventions performed before and during 
orthodontic treatment which aim to reduce the incidence 
of WSL.

Methods
This systematic review was registered in the International 

Prospective Register of Systematic Reviews (PROSPERO 
CRD42022356724) and was conducted and reported follo-
wing international guidelines [12].

Focus question. The focus question was developed 
according to the population, intervention, comparison, and 
outcome (PICO) design (Table 1).

Data source and search strategies. An electronic search 
was performed in online databases PubMed and the Science 
Direct for articles published between September 2017 and 
September 2022. This search was conducted using Medical 
Subject Heading (MeSH) terms. The search was undertaken 
with the following terms: “prevention and control” AND 
“Orthodontics” AND “Tooth Demineralization”. Supple-
mentary, a manual search was conducted in Google Scholar. 

Selection of studies. Following the elimination of du-
plicates, the abstracts in the resulting publication were eva-
luated for eligibility in accordance with the inclusion and 
exclusion criteria in the first step of data selection. The study 
selection process was done by three independent reviewers.

The reviewers compared their results and resolved diffe-
rences through discussion, consulting the fourth person when 
consensus could not be reached. The person was an experi-
enced senior reviewer. Full-text articles were screened and 

finally, reports were obtained for all the studies that were 
deemed eligible for inclusion in this paper.

Inclusion criteria. Studies written in English; Studies 
regarding the information on orthodontically induced WSL 
interventions prior and during the orthodontic treatment;
Patients of any age undergoing orthodontic treatment; Stu-
dies in which participants had at least 1 clinically visible 
lesion; Articles published in the preceding 5 years (2017-
2022); Human studies.

 Exclusion criteria. Patients not on orthodontic treat-
ment; In vitro and animal studies; Patients undergoing any 
non-remineralizing therapy for WSLs treatment; Case re-
ports; Systematic reviews.

Data extraction. Descriptive and quantitative informa-
tion including study design, sample size, patient age, inter-
vention method, follow-up periods, outcomes and conclu-
sions were independently extracted by three authors.

Assessment of methodological quality. The quality of 
included study protocols was assessed after study selection 
by investigating full-text articles. The Cochrane Collabora-
tion’s two-part tool was used to assess the risk of bias across 
the studies, evaluating random sequence generation, allo-
cation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, 
selective reporting, and other bias [13].

Data synthesis. A narrative synthesis of the results was 
made. The data of interest were collected and put into a table 
in order which was described earlier. Meta analysis was not 
performed due to high heterogeneity of studies.

Results
Study selection. A total of 3626 articles which were up 

to 5 years old were identified in the online search engine. 
Following the removal of duplicates and the review of article 

Component Description

Population (P) Patients undergoing orthodontic treatment.

Intervention (I) Interventions for orthodontically induced white 
spot lesions.

Comparison (C) Comparison between different intervention 
methods.

Outcome (O) Intervention effectiveness - regression or di-
sappearance of lesions 

Study design (S) Randomized controlled trials.
Focus question What are the most effective remineralization 

therapies for the patients undergoing orthodon-
tic treatment?

Table 1. The focus question development according to the PICOS 
study design
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titles and abstracts, 17 articles 
were chosen. The present re-
view uses 8 articles that meet 
all the selection criteria. The 
study selection process was 
illustrated in a flowchart in 
Figure 1. 

Study characteristics. All 
selected studies were rando-
mized controlled trials, in-
cluding two double-blinded 
[17,18]. 

Fundamental data extrac-
ted from individual studies 
are presented in Table 1. A 
total of 615 patients with ages 
ranging from 12 to 35 were 
included in the studies. The 
average number of patients 
per study was approximately 
77  patients (with a minimum 
of 37 and a maximum of 148 
patients).  Patient follow-up 
periods ranged from 2 weeks 
after the intervention to 2 ye-
ars. 

All of the studies [14-21] 
received ethical approval 
from their ethical committee/
review board.

Demineralization was 
evaluated and measured with 
different techniques including 
visual assessment (Internatio-
nal Caries Detection and As-
sessment System (ICDAS), 
enamel decalcification index 
(EDI), prevalence of WSL),  
and DIAGNOdent pen value.
The findings of each study’s 
evaluation and the main con-
clusions were also extracted 
and summarized in Table 1.

Methodological Quality 
Assessment of Included Stu-
dies.

The Cochrane collabora-
tion’s two-part methodology 
[13] was used to assess the 
risk of bias (Figure 2). The 

Figure 1. PRISMA selection criteria flow chart

Figure 2. Risk of bias
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studies that were reviewed all had a medium to high level of bias when 
assessing “blinding of personnel.” The primary investigators could not 
be blinded due to operational constraints, and the interventions applied in 
separate groups were too diverse to be concealed, therefore even though 
all studies did not meet the “personnel blinding” criteria, they are not dee-
med to be of low quality. Also, studies did not show a conflict of interest 
between the authors.

Among the 8 included studies, 5 randomized controlled trials [14-18] 
evaluated the effects of fluorides, of which two evaluated the effect either 
of Ammonium F [14] or single F containing varnish [15] compared with 
placebo and Xylitol varnish, two included studies compared the effect 
between fluoride, nanosilver or CHX mouthwash [16, 17], and one assessed 
the effect of different F containing pastes [18]. 

In a study that evaluated the efficacy of Ammonium F varnish with 
intraoral photography, studies observed a significant reduction (P < 0.05) in 
the number of WSLs in the test group concerning WSL Score 3 (excessive 
white spot formation (thicker bands)) [14]. Both the fluoride and 10% xy-
litol groups in the other study had significantly lower DIAGNOdent mean 
readings at T2 and T3 than the placebo group. However, at any moment, 
there was no discernible difference between 20% xylitol and placebo [15]. 
One study was conducted to compare nanosilver, 0.05% CHX and  0.05% 
F mouthwashes. At T2 and T3, there was a significant difference between 
the groups in the gingival, incisal and mesial surfaces with lower number 
of WSLs in nanosilver group compared to F and CHX groups, but no 
significant difference in the distal surface [17]. Pilli et al. [16] conducted 
a study to compare the efficacy of a weekly once regime of NaF mouth 
rinse with APF daily mouth rinse.  Intergroup comparison of mean severity 
white spot lesions (ICDAS scores) showed the significant difference at the 
T1, T2 and T3 time points, indicating the 0.44% APF formulated daily 
oral rinse is more effective than the weekly once regimen of 0.2% NaF 
oral rinse. The properties of calcium sodium phosphosilicate bioactive 
glass commercially called NovaMin in a toothpaste were evaluated in 
the study  by Mollabashi et al. [18] comparing simple F toothpaste with 
both NovaMin and F containing toothpaste. The DIAGNOdent pen scores 
decreased significantly in both groups, but NovaMin toothpaste did not 
show significantly better results; therefore, there is no interaction between 
NovaMin and F for remineralisation of WSLs at different observation 
intervals in orthodontic patients.

3 articles [19-21] compared the effects of fluorides with phosphopepti-
des compounds: 1 compared Clinpro5000 and Clinpro Tooth Creme with 
MI PastePlus [21] and another 2 [19, 20] compared MI Varnish either with 
ProSeal sealant or with simple F toothpaste. 

In comparison with Clinpro 5000, Clinpro Creme showed higher levels 
of EDI (significant at the 95% level) whereas MI Paste exhibited marginal 
significance (at the 90% level) in having a higher decalcification index 
than Clinpro 5000 [21]. Other 2 articles studied the effectiveness of MI 
Varnish. Rechmann et. al [19] investigated whether daily MIPP and quar-
terly MIV application versus twice-daily 1100ppm F toothpaste is more 
effective. The mean percentage of sites per patient with an EDI score > 0 
in the MIPP+MIV group (T0: 44.4%, T1: 46.1%, T2: 47.9%, T3: 55.2%) 
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was slightly lower than in F toothpaste group at every time 
point, except for 12th month (T0: 49.1%, T1: 48.4%, T2: 
53.3%, T3: 54.1%), but mean EDI sum score differences at 
each time point were not statistically significant. Coequal 
results for ICDAS scores were found, only salivary F levels 
were significantly higher at 12 months for the MIPP+MIV 
than for the control group (0.20 ± 0.26 versus 0.04 ± 0.04 
ppm). The other study investigated the efficacy of the same 
MI Varnish compared to ProSeal (PS) sealant in prevention 
of WSL. The incidence of patients (50% for PS vs 35% for 
MIV) and teeth (17.5% vs 12.5%) developing WSLs were 
higher in the PS than in the MIV group, but the differences 
were not reported as statistically significant, suggesting both 
materials provided similar protection against WSLs during 
fixed orthodontic treatment.

Discussion
Despite current achievements in caries prevention, one of 

the biggest issues faced by clinicians is the prevention and 
control of demineralization during orthodontic treatment. 
Current dentistry is focused on a preventative strategy rather 
than invasive restorations of carious lesions, therefore, early 
detection of WSL is important when considering the short 
period of time during which WSLs can form and become 
irreversible. The leading techniques for evaluating WSLs 
are following: the optical caries monitor, DIAGNOdent™ 
pen [22], quantitative laser and light-induced fluorescence 
(QLF), digital imaging with fiber-optic transillumination 
and computer analysis of digital images [23,24]. However, 
budget constraints limit these methods from being used in 
the majority of studies. Six out of eight studies included 
in this review used visual evaluation and digital intraoral 
photographs for WSL assessment [14,16,17,19-21]. These 
methods tend to underestimate the actual prevalence of ena-
mel demineralization due to remains of bonding materials, 
moisture contamination, and blurry/overexposed pictures 
[14]. This evaluation should, wherever possible, be conduc-
ted using quantitative techniques, such as Diagnodent [25,26]  
and QLF [27] - the widely used and approved technique for 
evaluating WSL. In study, it’s critical to assess lesions in 
order to standardize the diagnosis using the same scales, such 
as ICDAS (International Caries Detection and Assessment 
System) or EDI (Enamel Decalcification Index) [28].

A requirement for inclusion in this review was the pre-
sence of a control group study design, such as another agent 
as a control, a placebo, or no intervention. Under ideal cir-
cumstances a positive (another agent or placebo) and a nega-
tive (no treatment) control group should always be included 
[29]. This standardization study design might strengthen the 
evidence by improving the probability of quantitative com-

parison studies and reducing research bias. In certain studies, 
the number of participants is limited. However, due to the 
restriction of this limitation to some patient groups, this issue 
can be addressed with the standardization of methodologies. 

It should be noted that some studies included in this 
review did not consider other fluoride sources [18,20,21]. 
Other authors included data of other fluoride sources in 
their studies [14-17,19], however, in this review it is not 
standardized. This factor might influence the results, since 
combination of additional fluoride (e.g. toothpaste) and re-
mineralization agent can provide synergistic effect on WSL 
treatment [30].

Over the last five years, a lot of experimental studies 
have been conducted to assess the efficacy of various remi-
neralization technologies used after debonding of  ortho-
dontic appliances. However, the lack of studies appraising 
the efficacy of remineralization methods during orthodontic 
treatment is a huge limitation of this review.

The advantage of this review is that all selected studies 
were randomized controlled trials with the low risk of bias. 

It is noticeable in almost all studies included in this re-
view that remineralizing techniques reduce the white spot 
lesions (size or visual appearance). In some clinical studies, 
it was proved that high-concentration fluoride varnish is 
effective remineralization method, however, the main finding 
of the present studies was that the fluoride varnish could 
alleviate but not totally prevent the development of WSLs 
during treatment with fixed orthodontic appliances [14,15]. 
The similar to F varnish effect of 10% Xylitol varnish was 
found in the investigation by Najafi et al. [15] The prolonged 
release of xylitol from this concentration, in line with a study 
by Pereira et al. [31], may be responsible for the minimal 
changes in mineral loss from the start of the treatment up to 
the sixth month in the 10% xylitol group, and  the high con-
centration of 20% xylitol appeared to be similar to placebo 
varnish due to curtailed time in the saliva [Pereira]. Some 
scientists reported that fluoride and CHX combination is 
more effective than fluoride alone for dental caries preven-
tion and keeping a healthy microbiome during orthodontic 
treatment [32]. However, reversible adverse effects, such 
as impaired taste sensation [33], tooth staining [34], and 
occasional mucus membrane irritation [33], could be asso-
ciated with prolonged use of CHX application. In the other 
study the effectiveness of acidulated fluoride used daily was 
greater compared to neutral fluoride used once a week [35]. 
The explanation for this outcome might be that solutions 
with a low pH increase calcium fluoride (CaF2) formation 
as well as the regular application boosts the effectiveness of 
intervention [35,38]. Therefore, compared to neutral NaF, 
acidulated fluoride formulations provide more calcium flu-
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oride to the enamel within a short period of time. 
Recent scientific studies assessed the impact of CPP-ACP 

on WSL remineralization. It has been proved that the com-
bination of casein phosphopeptide and amorphous calcium 
phosphate (CPP-ACP) can reduce WSLs [37,38]. Comparing 
casein phosphopeptide-amorphous calcium phosphate flu-
oride (CPP-ACP) and tricalcium phosphate fluoride (TCP-
F), TCP-F provided better results in remineralization than 
CPP-ACP [17,21]. Rechman et al. [19] concluded that there 
is no difference between daily application of CPP-ACP to-
gether with quarterly application of CPP-ACFP and fluoride 
toothpaste twice a day. However, some studies discovered 
that applying CPP-ACP and other fluoride remineralization 
products (regular 1100 ppm fluoride toothpaste, 5% NaF 
varnish) provided significant reduction in the number, size, 
and activity of WSLs in comparison to fluoride [39-40]. 
Finally, comparing MI Varnish and ProSeal there was no 
significant difference, however Flynn et al. [20] suggested 
that deviations likely would have been statistically significant 
with larger sample numbers.

Almost all studies come to the conclusion that the white 
spot lesions have improved, regressed, or disappeared, when 
applying supplements containing F, Xylitol or CPP-ACP 
during the fixed orthodontic treatment.  

Poor methodology, inconsistent measurements, and diffe-
rent materials that were examined made it impossible to do 
a quantitative study and assess the precise properties of the 
tested materials.
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INTERVENCIJOS PRIEŠ ORTODONTINĮ GYDYMĄ 
IR JO METU, SIEKIANT PAŠALINTI BALTAS 

EMALIO DĖMES
N. Spaičytė, I. Gudelevičiūtė, I. Migonienė, A. Vasiliauskas

Raktažodžiai: CPP-ACP, fluoridai, prevencija, gydymas, bal-
tos emalio dėmės.

Santrauka
Tikslas − įvertinti įvairių intervencijų, atliekamų prieš orto-

dontinį gydymą ir jo metu, veiksmingumą, siekiant sumažinti baltų 
emalio dėmių dažnį. 

Medžiaga ir metodai. Naudojant PRISMA gaires, buvo atrinkti 
klinikiniai tyrimai, paskelbti 2017-2022 m., ir atlikta literatūros 

analizė. Paieška buvo atlikta anglų kalba, naudojant šiuos medi-
cinos dalyko antraštės (angl. Medical Subject Headings, MeSH) 
terminus Pubmed ir Cochrane Library (Table 2) duomenų bazėse: 
„prevention and control“ IR „Orthodontics“ IR „Tooth Deminera-
lization“. Be to, Google mokslinčiuje buvo atlikta rankinė paieška. 

Rezultatai. Atlikus literatūros paiešką, iš viso buvo gauti 3626 
straipsniai, iš kurių šioje apžvalgoje panaudotos 8 publikacijos,  
atitikusios atrankos  tinkamumo kriterijus. Apžvalga parodė, kad 
fluoro lakas, 10 proc. ksilitolio lakas, davė teigiamų rezultatų, pa-
lyginti su placebu. 0, 44 proc. APF kasdienis burnos skalavimas ir 
nano sidabrinis burnos skalavimo skystis buvo geresni, nei atitin-
kamai 0,2 proc. NaF savaitinis skalavimas ir CHX, F burnos ska-
lavimo skysčiai. NovaMin dantų pasta, MIPP ir MIV, ištirti skir-
tinguose tyrimuose, neparodė reikšmingo skirtumo nuo įprastinės 
F dantų pastos. MIV, palyginti su ProSeal, taip pat neparodė sta-
tistiškai reikšmingų skirtumų tarp grupių. Clinpro 5000 suteikė ge-
resnę apsaugą nuo emalio demineralizacijos, palyginti su  Clinpro 
Tooth Creme ir MI Paste.

Išvada. Emalio pažeidimai pagerėjo, regresavo arba išnyko, gy-
dymo fiksuotais ortodontiniais aparatais metu naudojant vietinius 
preparatus, įskaitant F, Xylitol arba CPP-ACP. Siekiant nustatyti 
efektyviausią terapinį emalio  paviršinės ir gilesnės demineralizaci-
jos gydymo metodą, reikia daugiau tyrimų, kad būtų galima atlikti 
kiekybinį tyrimą ir tiksliai įvertinti išbandytų medžiagų savybes.
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