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Can Orthodontic Adhesive Systems Inhibit the Formation
and Development of White Spot Lesions During Fixed
Orthodontic Treatment? A Systematic Review

Marwan El Helou?2 / Sandra ChakarP / Emmanuel Nicolas¢ / Elias Estephand / Frederic Cuisiniere /

Stéphane Barthélemif

Purpose: This study aims to assess whether orthodontic bonding systems prevent orthodontic-induced white spot le-
sions (OIWSLs), exploring efficacy and identifying associated factors through a comprehensive systematic review of exist-
ing evidence.

Materials and Methods: The study complied to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Two evaluators screened records, and data were extracted on orthodontic bonding systems, out-
comes, and participant characteristics from PubMed/MEDLINE, Cochrane Library, and EM Premium. The search equation
focused on white spot lesions and orthodontic bonding. Only in-vivo studies and clinical trials on humans were included,
while in-vitro studies were excluded. The risk of bias was assessed using Cochrane’s RoB2 tool for RCTs and ROBINS-I tool
for non-randomized studies, evaluating key domains related to bias.

Results: The systematic review, including 12 articles with 550 participants and 2,000 teeth, revealed that bonding with
nanoparticles of nCaF,-primer and amorphous calcium phosphate-containing adhesives effectively reduced WSLs. In
contrast, one-step adhesive without primer (GC Ortho Connect™) was associated with higher and more severe WSLs. Fluo-
ride-releasing primers (Opal Seal™ and Clearfil™) did not exhibit an advantage in demineralization reduction. The inclusion
of TiO, nanoparticles in two studies yielded conflicting results on antibacterial effects.

Discussion: Various nanoparticles incorporated into adhesives or primers exhibit promise in preventing white spot le-
sions in fixed orthodontic treatment. However, the used evaluation methods, such as clinical examinations or advanced
imaging, significantly impact result interpretation. The effectiveness of orthodontic adhesives in preventing WSLs should

balance between biocompatibility, bond strength and demineralization control tailored to patient-specific needs.
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Orthodontic induced white spot lesions (OIWSLs), indicative
of enamel demineralization, have long been a prevalent
concern during fixed orthodontic treatment. These lesions,
which manifest as milky white opaque areas on teeth, pose es-
thetic and oral health challenges during and after treatment.22
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OIWSLs are associated with a wide range of orthodontic pa-
tients, with prevalence estimates spanning from 11% to as high
as 46%.38 The occurrence of white spot lesions is associated
with various factors, including plaque accumulation, dietary
habits, salivary composition, and changes in the oral bacterial
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environment, particularly during orthodontic treatment. As
plague bacteria generate acidic byproducts, enamel demin-
eralization arises, leading to the formation of WSLs. These le-
sions typically appear within 4 weeks of treatment initiation
and can affect a broad spectrum of orthodontic patients, pre-
dominantly occurring on the labio-gingival surfaces of lateral
incisors, with males displaying a higher susceptibility.33 Orth-
odontic appliances including brackets, wires, and bands create
retention sites for plaque, significantly elevating the risk of
WSL formation, particularly in adolescents undergoing fixed
orthodontics. Additionally, adhesives used for bracket bonding
can create irregularities or gaps where plaque and bacteria can
accumulate more readily.2!

While various treatment methods after appliance removal
have been proposed, including microabrasion and resin infil-
tration,28 the most effective approach still lies in the preven-
tion of their occurrence through good oral hygiene practices
and the application of remineralizing agents such as fluoride
and casein phosphopeptide-amorphous calcium phosphate
(CPP-ACP).1 However, the effectiveness of in-office topical ap-
plications or home rinse programs is hindered by drawbacks
such as extended chair time at the office or unpredictable pa-
tient compliance.®

In-vitro studies have shown that incorporating antimicrobial
agents in the adhesives helps inhibit microbial growth, particu-
larly of cariogenic bacteria like Streptococcus mutans. Addition-
ally, biopolymers exhibit strong antimicrobial properties and
may further reduce plaque formation and the risk of enamel
demineralization, thereby possibly inhibiting the development
of white spot lesions during orthodontic treatment.42

Despite persistent efforts to prevent the clinical occurrence
of WSLs, it remains uncertain whether the bonding methods or
bonding agents included in the composite resin or primer used
in fixed orthodontics can halt the appearance and progression
of OIWSLs. Although this issue has a profound clinical signifi-
cance, a comprehensive systematic review that explores the
relationship between orthodontic bonding systems and WSL
formation and development is absent.

The objective of this systematic review is to synthesize find-
ings from clinical trials in order to answer the following ques-
tions: Can orthodontic bonding methods or bonding additives
effectively prevent the emergence and progression of WSLs in
vivo, and if so, what specific characteristics or factors contrib-
ute to their efficacy? By rigorously analyzing the available evi-
dence, our aim is to provide answers about a potential connec-
tion between orthodontic bonding systems and WSLs.

MATERIALS AND METHODS

Protocol and Registration

This systematic review adhered to the 2020 statement of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.26 Prior to commencing the review
process, the authors formulated a comprehensive methodology
protocol. Furthermore, to ensure transparency and credibility,
this review was registered on the CRD York website PROSPERO
and assigned the protocol number CRD42023460183.

242

Eligibility Criteria

Inclusion criteria

1. Study design: only interventional studies on humans will be
included (in-vivo studies, controlled trials and RCTs).

2. Participants: studies involving young patients undergoing
fixed orthodontic treatment, regardless of gender will be
included.

3. Intervention: studies investigating the effects of different
orthodontic bonding systems (adhesive materials, bonding
protocols, etc.) on the formation and development of white
spot lesions will be included.

4. Comparison: studies must include at least two different
types of orthodontic bonding systems for comparison pur-
poses. This could involve variations in adhesive materials,
bonding protocols, or other bonding-related factors.

5. Outcome: the primary outcome of interest is the occurrence,
severity, or progression of white spot lesions. Studies report-
ing objective measures, such as clinical examinations, radio-
graphic assessments, or quantitative assessments of lesion
size and depth, will be included.

6. Language: studies published in English or French will be
considered to ensure effective comprehension and inter-
pretation.

7. Date: Only studies published within the last 5 years will be
included.

Exclusion criteria

Non-interventional study designs such as observational stud-
ies, case reports, and non-clinical research were to be ex-
cluded. The review would also exclude animal studies as well
as topics unrelated to fixed orthodontic treatment, including
the formation of WSLs in removable aligners, lingual brackets,
or around fixed retainers. Furthermore, studies investigating
the effects of topical varnish application around braces would
not be considered. To prevent data duplication, only the most
comprehensive or recent publication of the same randomized
controlled trial would be incorporated.

Information sources

The search to identify relevant studies was conducted using
the following sources, with searches extending up to October
2023 for each: PubMed/MEDLINE, Cochrane Library (including
CENTRAL), and EM Premium.

Search Strategy

The search strategy involved a combination of relevant key-
words and MeSH terms related to orthodontic bonding systems
and white spot lesions. The search equation was adapted to
match the specific syntax and indexing of each database. For
PubMed/MEDLINE, the equation was (white spot lesion OR
dental white spot) AND (orthodontic bonding OR orthodontic
adhesive OR fixed orthodontic). In Cochrane Library (including
CENTRAL), the equation was ((“white spot lesion” OR “dental
white spot”) AND (“orthodontic bonding” OR “orthodontic ad-
hesive” OR “fixed orthodontic”)). Similarly, in EM Premium, the
equation used was ((white spot lesion OR dental white spot)
AND (orthodontic bonding OR orthodontic adhesive OR fixed
orthodontic)). The last search was conducted in October 2023,
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Fig1 Flowchart
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and all studies identified up to that date were considered for
inclusion in the review.

Selection and Data Collection Process

To determine whether a study met the inclusion criteria for the
review, a two-step screening process was employed by two in-
dependent reviewers (MEH and SC). Initially, a preliminary tri-
age was conducted based on the title and abstract of each re-
cord. If a paper appeared to address the research question
during this initial assessment, a full reading of the paper was
performed to make the final decision regarding its inclusion or
exclusion in the review. Data was subsequently collected by the
same two independent reviewers. Any disagreements between
the two reviewers regarding the inclusion or exclusion of spe-
cific information or articles were resolved through discussion
and consensus.

Data Extraction and Results Presentation
The outcomes for which data were sought were as follows:

Primary outcome:

Orthodontic bonding system efficacy in preventing white spot
lesions.

doi: 10.3290/j.jad.b5781299

Secondary outcomes:
White spot lesion occurrence and prevalence in patients under-
going orthodontic treatment.

Participant characteristics: data on participant demograph-
ics, including age, gender, and baseline oral health conditions.

Intervention characteristics: details of the orthodontic
bonding systems used, including the type, treatment duration,
and any specific protocols followed.

Data collection was based on the information present in the
included studies, and if any outcome data were not reported,
this was noted as a limitation in the article.

The data extraction process from the selected studies in-
volved the collection and tabulation of the following informa-
tion: study titles, author(s), publication year, study design, inter-
vention, evaluation method, results, and authors’ conclusions.

Risk of Bias Assessment

To assess the study quality according to research designs, spe-
cific tools were employed for each study type. For randomized
clinical trials, we utilized Cochrane’s revised tool for assessing
the risk of bias (RoB), which assesses key domains such as ran-
domization, allocation concealment, blinding, and others to
gauge the risk of bias.35 In the case of non-randomized studies
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Table 1 Summary of study characteristics and outcomes

Author, year of publication,
reference number

Study design

Objective(s)

Participants

Intervention

Al Tuma et al
20233

Single-center,
double-blinded,

To compare enamel demineralization
around orthodontic brackets bonded

31 patients aged 17.9 + 2.45 years
(7 males, 24 females) for a total of 310

Dental arches were divided into four
quadrants, with random allocation of

split-mouth, with nCaF; primer versus a control teeth evaluated either the nCaF; primer or the control
randomized primer Transbond primer to each quadrant
clinical trial

Alshammari et al Triple-blinded To assess the clinical impact of an 26 patients aged 12-35 years (12 males The dental arches were divided into four

20196 randomized adhesive containing amorphous calcium and 14 females) for a total of 255 teeth quadrants, and each of the six anterior

clinical trial phosphate (ACP) on the reduction of WSL evaluated teeth in these quadrants was randomly
around orthodontic brackets over a assigned either the ACP light-cure
6-month duration adhesive or the control Transbond XT
adhesive
Atilla et al Single-center, To quantitatively assess the impact of 51 patients aged 14.73 + 1.71 years Patients were randomly divided into two
20207 single-blind, indirect bracket bonding utilizing a (26 males and 25 females) groups: the control group received direct
two-arm parallel flowable composite material, on the bonding (DB) using the Transbond XT
randomized formation of WSL adhesive, while the intervention group
controlled trial received indirect bonding (IB) using a
flowable adhesive, Opal Bond MV
Benson et al Multicenter, To evaluate the impact of resin-modified 197 patients aged 15.5 + 3.3 years Patients were randomly divided into two
20198 single-blind, glass-ionomer cement (RM-GIC) on groups: the control group where brackets
randomized reducing WSLs during fixed orthodontic were bonded with resin adhesive
controlled trial treatment. (Transbond XT), while the intervention
To compare bracket failure rates between group was bonded using light-cured
RM-GIC and composite resin RM-GIC

Comertetal Prospective To compare the effectiveness of a 56 patients divided into two groups. Group 1 received Opal Seal primer during

202012 clinical study fluoride-filled primer (Opal Seal) and a Group 1 consisted of 28 patients, with an orthodontic bonding
conventional primer in preventing WSLs. average age of 15.8 years. Group 2 received a conventional primer
To evaluate the survival rate of Group 2 included 28 patients, with an (Transbond XT primer)
orthodontic brackets bonded with both average age of 14.9 years. In total, The same adhesive and brackets were
primers 560 tooth surfaces were studied in each applied in both groups

group
Farzanegan et al Double-blind To assess the impact of incorporating 24 patients were equally divided into two Control group: Bracket bonding using
202114 randomized chitosan nanoparticles (NPs) and TiO, groups. The article does not specify age Transbond XT adhesive.
clinical trial NPs into orthodontic adhesive on or gender details of participants Experimental group: bracket bonding
Streptococcus mutans counts and was conducted with Transbond XT
enamel mineral content during fixed containing 1% chitosan and 1% TiO, NPs.
orthodontic treatment Specifically, the study focused on a total
of 48 upper second premolars and
48 maxillary lateral incisors
Mollabashi et al Split-mouth To evaluate the impact of a TiO, 40 patients aged 12-25 years receiving This intervention involved bonding
202223 randomized nanoparticle-modified composite on fixed orthodontic treatment TiO,-modified composite (1 wt.%) to
controlled clinical reducing Streptococcus mutans lateral incisor brackets and evaluating its
trial population and preventing WSLs around effects on reducing S. mutans and
brackets cytotoxicity over a 6-month period in
comparison to a control quadrant
Horan et al Single-center, To compare the development of WSLs 75 healthy patients aged between 17 and Group 1 (3M Transbond XT):
202317 double-blind, during fixed orthodontic therapy among 25 years were randomly assigned to Conventional, three-step adhesive
three-arm, a conventional three-step bonding three equal groups preceded by acid etching
randomized system, a self-etching primer bonding Group 2 (3M Transbond Plus): Self-etch
clinical trial system, and a one-step adhesive bonding primer, mixing acid and primer
system Group 3 (GC Ortho Connect): One-step
adhesive preceded by acid etching

Ozetal Split-mouth, To compare the long-term effectiveness 35 patients aged 14.4 years (12 females, Clearfil (CF) group: Used Clearfil Protect

201924 clinical trial of an antibacterial monomer-containing 23 males) Bond with fluoride release and
primer versus a conventional primer for antibacterial properties
preventing demineralization around Transbond (TB) group: Used Transbond
brackets. XT Primer, a conventional primer. Both
To record the clinical bond failure rates groups had patients as their own control
of the brackets using a split-mouth design

Ozetal In-vivo study To compare the effectiveness of an 15 patients (5 males and 10 females) with The study used three adhesives:

201725 antibacterial fluoride-releasing adhesive, an average age of 14.7 years, required Clearfil Protect Bond (fluoride-releasing
fluoride-recharging adhesive, and orthodontic bicuspid extraction. Total of and antibacterial), Opal Seal (fluoride-
conventional orthodontic adhesive in 45 bicuspids to be examined releasing), and Transbond XT
preventing enamel demineralization (conventional). Three premolars per

patient were randomly bonded, and after
8 weeks, they were micro-CT scanned
post-extraction

Tanetal Split-mouth, To investigate the effects of adhesive 30 patients (20 females and 10 males) Using a split-mouth design, both APC

202036 clinical trial precoated (APC) and flash-free (absence between the ages of 12 and 18 years flash-free and conventional ceramic
of excessive adhesive material) brackets brackets were bonded randomly in each
on enamel demineralization patient

Yetkiner et al Randomized To compare adhesive flash-free (FF) and 50 adolescents (14.23 +0.15 years) Patients randomly distributed to receive

201940

controlled clinical
trial

adhesive precoated (APC) brackets in
terms of enamel demineralization

(FF) or (APC) ceramic brackets in the
maxillary right or left quadrants
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Evaluation methods

Outcome

Authors’ conclusions

DIAGNOdent pen scores (before treatment, at 1, 3, and 6 months).
Streptococcus mutans count (at 1, 3, and 6 months)
Photographic images (before and after treatment)

Statistically significant scores in favor of the nCaF; primer at T1, T3, and T6
(p-value =0.000).

Statistically significant difference in bacterial count between the two primers
only at T1 (p-value = 0.000)

No significant differences in the WSLs photographic scores of the control group
with the contralateral nCaF; group before and after bonding

nCaF; primer reduces demineralization and
S. mutans count but no significant
difference at a clinical level after bracket
debonding

DIAGNOdent pen scores were obtained immediately after bonding
(T0), at 1-month post-bonding (T1), and at 6 months post-bonding
(T2), at mesial, distal, incisal, and gingival sites

For each group, the demineralization variation (AD) was calculated
as the change from the baseline demineralization score (T0) to the
highest score observed at either T1 or T2

At T1, the control group had an average demineralization score of 3.39 (+1.29),
whereas the ACP group had a notably lower average score of 2.58 (+1.11)
(p-value of 0.000)

At T2, the control group had an average score of 4.32 (+2.32), while the ACP
group continued to exhibit a lower average score of 3.41 (+1.11) (p-value of
0.000)

ACP-containing adhesives reduce enamel
demineralization in orthodontic treatment
compared to regular adhesives

A quantitative light-induced fluorescence (QLF) camera system
was used before and after treatment (T0 and T1). Image analysis
with specialized software assessed four parameters:

- AF (%): Percentage of fluorescence loss indicating lesion depth.
- AFmax (%): Loss of maximum fluorescence intensity

- AQ (%px?): Product of lesion area representing lesion volume

- WS Area (px?): Lesion area with AF < 5%

Increased demineralization in DB Group: The DB group exhibited significantly
higher loss of fluorescence and degree of demineralization compared to the IB
group between T0 and T1, with notable differences in specific quadrants (p
<0.05 for AF and AF max)

Lesion size and volume differences: The DB group displayed a significant loss of
fluorescence in maxillary lateral incisors and larger lesion areas (WS area) than
the IB group. Additionally, the mandibular left quadrant showed increased loss
of fluorescence and degree of demineralization in the DB group (p < 0.05 for AQ
and WS area)

Indirect bonding and flowable composites
reduce WSL formation more effectively

Three sets of digital photographic images taken before and after
treatment (right buccal segment, left buccal segment, and frontal
view)

First-time bond failure counts anterior to first molars

No differences were observed in the proportions of patients experiencing new
WSLs or first-time bracket failures when participants were bonded with either
resin adhesive or RM-GIC (p > 0.05)

Resin-modified glass ionomer doesn’t
reduce new WSLs or cause less bond
failures

WSL severity assessment:

Digital images were used, and WSL severity was rated from 0 to 3
WSL Severity Score:

The DIAGNOdent device provided numerical scores for assessing
WSL severity

WSL area calculation:

Imaging software calculated the areas of WSLs

Clinical failure rate:

Records were kept for first-time bracket failures during treatment

WSL severity in digital photographs: no significant difference between the two
groups (p >0.05)

DIAGNOdent measurements: Opal Seal group showed fewer WSLs compared to
the Transbond group, with initial demineralization rates of 1.3% and 3.9%, and
caries lesion rates of 0.2% and 1.3%, respectively (p <0.03)

WSL Area Calculation: There was no significant difference in the WSL area
between the two groups, with the mean WSL area measuring 161.3 mm2 in the
Opal Seal group and 1361.2 mm?2 in the conventional group

Bracket failure rates: No significant differences were observed in bracket failure
rates among different primers, dental arches, bracket types, or sexes

Fluoride-releasing primer shows no
advantage in reducing demineralization
over control

S. mutans count measurement:

Real-time PCR on enamel samples from premolars and incisors
Enamel mineral content measurement:

Utilization of VistaCam iX camera for quantifying enamel
fluorescence. Assessment of enamel health at 8 points near
brackets. Both evaluations were made at 1 day, 2 months, and
6 months after bonding

S. mutans count measurement:

Control group: no significant difference between all timepoints for both areas
Experimental group: significant decrease in S. mutans count was observed at
the time points of 1 day, 2 months, and 6 months for both maxillary lateral
incisor (p =0.01) and maxillary second premolar teeth (p = 0.001)

Enamel mineral content:

there were no significant differences in enamel mineral content between the
experimental group and control group at all time points

Chitosan and TiO, nanoparticles in
orthodontic composites exhibit
antibacterial properties

S. mutans colony count (PCR)

DIAGNOdent score

These evaluations were conducted at four time points (T0, T1, T3,
and T6) over a period of one to 6 months after bonding
orthodontic brackets

S. mutans colony count (PCR)

No statistically significant difference between the S. mutans populations on the
control and test sides at any time point

DIAGNOdent score

Mean readings were significantly greater on the control side than on the
experimental side (p <0.001) at all time points except at baseline

TiO, nanoparticles in orthodontic
composites may prevent bracket-induced
demineralization; antibacterial effects
insignificant

QLF Imaging: at start of treatment (T0), 2 months (T1), and 4
months (T2)

Outcomes: AF% (mineral loss), WSL surface area (pixels), new
lesions, and AFMax (%, deepest point)

Photographic images taken with Canon EOS 550D:

Adjusted image size and orientation

Visual and software-based assessment for decalcification signs

Group 2 (3M Transbond Plus) had a significantly higher incidence of WSLs than
Group 1 (3M Transbond XT) (p <0.05)

Group 3 (GC Ortho Connect) showed a significantly higher incidence than both
groups (p <0.001)

Group 3 (GC Ortho Connect) also had larger lesion areas and deeper lesions
compared to other groups (p <0.001)

The lack of primer in the one-step adhesive
bonding group contributed to the
development of a larger number of and
more severe WSLs

WSL severity: Assessment: Digital images were taken before and after
orthodontic treatment, and WSL severity was rated from 0 to 3

WSL area calculation: Imaging software calculated the areas of WSLs
(Image J version 2.0)

Clinical failure rate: Records were kept for first-time bracket failures
during treatment

The incidence of WSLs in the Clearfil (CF) group was 8.03%, while in the
Transbond (TB) group, it was 9.24% with no significant difference (p = 0.82)
No statistically significant difference in bond failure rates was observed
between quadrants bonded with Clearfil (CF) and those bonded with the
conventional primer (p =0.316)

Antibacterial monomer primer shows no
significant difference in demineralization
reduction efficacy

Micro-CT scanning: Digital sectional images were acquired and
analyzed using ImageJ software

There was no significant difference among the WSL rates of the Clearfil, Opal
Seal, and Transbond XT adhesives (p > 0.05)

The WSL volume was lower in the Opal Seal group than in the Clearfil and
Transbond XT groups, but there was no significant difference among the
groups (p >0.05)

No significant differences found in
preventive effects of adhesives over 8
weeks

DIAGNOdent scores:

Categorization based on scores. Measurements were obtained at four
sites. Records were obtained immediately after bonding (T0),

1 month after bonding (T1), and 6 months after bonding (T2)

Intergroup evaluation showed that there were no statistically significant
differences in demineralization measurements between all sides of the
conventional and flash-free brackets at all the time intervals (p >0.05)

APC flash-free and conventional brackets
show similar effects on enamel

QLF imaging:

To assess enamel demineralization with a specialized camera
Baseline (T0) measurements were taken before bracket placement.
Changes in fluorescence (AF) were determined by comparing
sound and demineralized areas after debonding

AF values (TO-debonding) were not statistically significantly different between
the groups

Flash-free brackets do not clinically reduce
WSL but do reduce pathogenic bacteria

doi: 10.3290/j.jad.b5781299
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of interventions, we employed the ROBINS-I tool, which com-
prehensively evaluates study quality across domains like bias
in selection of participants, bias in measurement of outcomes,
and bias in the selection of reported results.34

RESULTS

Study Selection

Using our defined search equation, the search process began by
identifying 158 records through the examination of titles. Sub-
sequently, abstracts were reviewed for relevance, leading to the
selection of 13 records for full-text assessment. During the full-
text assessment phase, one study was excluded as it was in fact
an in-vitro study, which did not align with our predefined inclu-
sion criteria.18 Ultimately, 12 studies were included in our sys-
tematic review.12-25 The flowchart is shown in Figure 1.

Study Characteristics
Table 1 gives a concise overview of the outcomes and specific
findings for each study.

The review included diverse study designs, such as single-
center and multicenter randomized clinical trials (RCTs) with
variations like double-blind, triple-blinded, split-mouth, and
two- or three-arm parallel designs. It also encompassed pro-
spective clinical studies and in-vivo investigations. Objectives
ranged from comparing bonding systems to assessing the long-
term effectiveness of antibacterial primers and the clinical im-
pact of fluoride-releasing adhesives on enamel demineraliza-
tion during fixed orthodontic treatment.

Our review comprised 550 participants from various studies,
ages 12 to 35, representing diverse demographics and involv-
ing over 2,000 teeth and tooth surfaces. Interventions featured
quadrant-specific primer allocation, diverse adhesive applica-
tions, and both direct and indirect bonding methods, showcas-
ing a comprehensive array of orthodontic bonding techniques.
Primary evaluation methods included quantitative light-in-
duced fluorescence (QLF) imaging, DIAGNOdent scores, Strep-
tococcus mutans counts, photographic images, real-time poly-
merase chain reaction (PCR), and micro-CT scanning.

Methodological Approaches of the Studies

Based on methodology, studies can be categorized into three
groups. In the first group is where the authors modified the
adhesive components, Al Tuma et al incorporated nCaF; into a
primer to reduce WSL,3 while Alshammari et al added ACP to
the adhesive.5 Mollabashi et al introduced TiO, nanoparticles
to the composite,?3 and Farzanegan et al combined TiO; and
chitosan.14 Conversely, other articles explored diverse types of
adhesives; Benson et al compared modified glass ionomer to
resin adhesive,8 Horan et al assessed three bonding systems,17
and Oz et al compared antibacterial Clearfil monomer to a con-
ventional adhesive.2425 Comert et al contrasted Opal Seal (flu-
oride-filled primer) with a conventional primer.12 Lastly, stud-
ies compared bonding techniques, such as Atilla et al
comparing direct and indirect bonding,” Tan et al, and Yetkiner
et al evaluating precoated flash-free brackets to conventional
techniques.36:40
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Main Outcomes and Results

Based on the effectiveness of additives or bonding methods on
WSLs during orthodontic treatment, four categories have been
identified (Table 1).

Effective in reducing WSLs

e nCaF2-primer: Effective in suppressing S. mutans count and
WSLs count with DIAGNOdent.3

e Amorphous calcium phosphate-containing adhesives: Advan-
tageous in minimizing enamel demineralization.6

¢ Indirect bonding with flowable composites: More effective
in inhibiting WSL formation than direct bonding methods.”

Ineffective in reducing WSLs

Absence of primer in the one-step adhesive bonding group (GC
Ortho Connect): Contributes to a higher number and more
severe WSLs.17

Similar effects

Resin-modified glass ionomer: Not more effective than conven-

tional resin bonding in reducing new WSLs.8
Fluoride-releasing primers (Opal Seal and Clearfil): Do not

demonstrate an advantage in demineralization reduction.12.24.25
APC flash-free and conventional brackets: Show similar ef-

fects on enamel, with flash-free brackets reducing pathogenic

bacteria without a clinical reduction in WSLs.36.40

Mixed results
TiO2 in two studies shows conflicting results on antibacterial
effects.14.23

Risk of Bias in Studies
The ROBINS-I tool was applied for bias assessment in the re-
viewed studies (Table 2). Comert et al displayed a moderate
overall risk, attributed to low bias in most domains but moder-
ate bias due to monthly Opal Seal application in one group.12
Oz et al (2019) had a moderate overall risk, with low bias in
most domains but introducing a moderate risk of fluor “con-
tamination” in a split-mouth design.2* Oz et al (2017) presented
a serious overall risk, characterized by a mix of moderate to
low bias and serious risk linked to a short intervention period
and multiple Opal Seal applications.25 Tan et al demonstrated
an overall low risk, showcasing low bias across all domains.36
Using the Rob2 tool (Table 3), bias assessment across vari-
ous studies revealed predominantly low risks, with Alshammari
et al,b Farzanegan et al,24 Horan et al,17 and Yetkiner et al%0 dis-
playing low risks across all domains, while Atilla et al” and Mol-
labashi et al23 showed some concerns. In contrast, Benson et
al8 had an overall high risk, primarily associated with con-
founding and selection bias.

DISCUSSION

In response to the growing need for patient-independent
methods to prevent and address white spot lesions and caries
in fixed orthodontic treatments, various studies have explored
the modification of orthodontic composites and primers using
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Table 2 ROBINS-I bias assessment
summary

Risk of bias domains
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Domains: Judgement
D1: Bias due to confounding.

D2: Bias due to selection of participants. @ serious
D3: Bias in classification of interventions. 2) Moderate
D4: Bias due to deviations from intended interventions.

DS5: Bias due to missing data. ® Low

D&: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Table 3 Rob2 bias assessment
overview

Risk of bias domains
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. Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended interventi @ ricn
D3: Bias due to missing outcome data. =) Some concems
D4: Bias in measurement of the outcome.
DS: Bias in selection of the reported result. . Low

antimicrobial nanomaterials. While these studies offer insights
into potential solutions, it’s crucial to recognize that effective
plague control by the patient remains a cornerstone in pre-
venting WSLs during orthodontic treatment. Plaque accumula-
tion around brackets and wires creates an environment condu-
cive to enamel demineralization, ultimately leading to the
formation of WSLs.21 Therefore, it’s imperative to emphasize
the indispensable role of patient-centered oral hygiene prac-
tices to actively lower the risk of WSL development. This under-
scores the comprehensive approach required to address WSLs
in orthodontic care, integrating both patient-centered strat-
egies and innovative material modifications.

Discussion of the Main Findings

Calcium fluoride nanoparticle primer

The included study reveals that the nCaF; primer effectively
reduces demineralization and suppresses S. mutans following
bracket bonding. However, no significant clinical difference was

doi: 10.3290/j.jad.b5781299

observed at debonding.12 While the authors categorized the
primer as successful in reducing white spot lesions, caution is
warranted due to the split-mouth design. Cross-contamination
of fluoride from one side to the other may have occurred, po-
tentially diminishing the clinical significance of WSL prevalence
on the control side. This influenced the decision to classify the
RoB arising from the randomization process as moderate.

In the context of incorporating nanoparticles into an exist-
ing primer, a pertinent question arises about potential effects
on cytotoxicity and bond strength. The same authors have ad-
dressed this concern in a previous article. In their study, the
new primer was found to exhibit acceptable cytotoxicity levels
and satisfactory mechanical properties, as demonstrated by
testing shear bond strength and an Adhesive Remnant Index.*

Amorphous calcium phosphate adhesives

The triple-blinded RCT highlights the positive impact of an ACP
adhesive on reducing enamel demineralization in early fixed
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orthodontic treatment, indicating potential benefits for pre-
venting OIWSLs.6 Notably, ACP exhibits a beneficial feature: at
neutral or high pH levels in the mouth, it remains as ACP. How-
ever, during a carious attack when the pH drops to or below
5.8, ACP is converted to hydroxyapatite (HAP) and precipitates,
effectively replacing the HAP lost due to acid, which adds a
protective element against acidic challenges.!3 Despite these
promising findings, a concern arises from the limited literature
on how adding ACP affects the mechanical properties of the
adhesive on the enamel bond. Additionally, the study acknowl-
edges limitations, including its short duration relative to the
long-term nature of enamel demineralization and incomplete
consideration of factors such as oral hygiene, cultural influ-
ences, and dietary patterns.

Indirect bonding with flowable composites

According to Atilla et al, the indirect bonding (IB) technique,
utilizing flowable composite adhesive, appears more effective
in preventing white spot lesion formation.” The authors high-
light IB’s advantages such as precise bracket placement, re-
duced chair time, contamination, and treatment duration com-
pared to direct bonding (DB). The authors add that flowable
composite, a key component in IB, contributes to its success by
facilitating better penetration into acid-etched enamel, result-
ing in lower Adhesive Remnant Index, and enhanced mechani-
cal adhesion. This composite type also exhibits a reduced risk
of bonding failures, decreasing the need for bracket reposition-
ing and rebonding. The study underscores the efficacy of IB in
minimizing WSL formation, highlighting the added benefits of
flowable composite in achieving superior bonding outcomes
during orthodontic treatment. However, these findings are
contradicted by a systematic review comparing DB and IB,20
indicating insufficient evidence to support the superiority of IB
in bracket placement and failure rates, thus challenging the
main advantage proposed by Atilla et al.”

Resin-modified glass ionomer
The study of Benson et al found no evidence that using resin-
modified glass-ionomer cement (RM-GIC) over light-cured com-
posite for bonding brackets reduces the incidence of new de-
mineralized lesions or bond failures in fixed orthodontic
appliances.8 A parallel systematic review and meta-analysis,
encompassing five randomized controlled trials and four non-
randomized controlled trials, echoed these findings. This com-
prehensive analysis revealed no significant difference in the
incidence of WSLs or bond failure between orthodontic brack-
ets bonded with RM-GIC versus conventional composite.19

It appears that, despite promising in-vitro tests demonstrat-
ing fluoride release, recharge, and subsequent release, there is
currently no clinical evidence supporting the use of RM-GIC.

Fluoride-releasing primers

Overall, fluoride-releasing primers such as Opal Seal and
Clearfil Protect Bond lacked a significant clinical advantage in
preventing white spot lesions in the evaluated contexts, sug-
gesting a need for further research to comprehensively assess
their efficacy in diverse orthodontic scenarios.12,24.25

Future developments in primer technology should focus on
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optimizing fluoride concentration, release kinetics, and overall
efficacy to better address the prevention of WSLs during orth-
odontic treatment.

TiO, nanoparticles

Farzanegan et al chose chitosan and TiO; nanoparticles for
orthodontic adhesives due to their antimicrobial properties
and biocompatibility. Their study demonstrated a significant
reduction in Streptococcus mutans counts and enamel mineral
content.|n contrast, Mollabashi et al used TiO, for antibacte-
rial and remineralizing effects, showing effective demineraliza-
tion prevention but not statistically significant antibacterial
effects.23 Differences in experimental design may explain the
contradictions, emphasizing the need for standardized re-
search methods.

Despite both articles asserting the biocompatibility of TiO,
nanoparticles, there is other evidence that suggests the con-
trary. Products for oral use must be biocompatible, raising con-
cerns about the incorporation of titanium particles for en-
hanced antibacterial effects. A 2016 literature review linked
TiO, nanoparticles to oxidative stress, histopathological
changes, carcinogenic effects, genotoxicity, and immune sys-
tem disruptions. Consequently, the use of these materials in
human contexts should either be avoided or closely regulated
to mitigate potential health risks.30

Self-adhesive orthodontic resin (GC Ortho Connect™)

Modern adhesive systems, exemplified by those that integrate
primer with bonding composite, simplify orthodontic bonding,
reducing steps from three to two. This not only saves time, min-
imizes errors, and decreases residual adhesive on enamel post-
debonding,! potentially averting white spot lesion develop-
ment - an objective in Horan et al’s randomized controlled
trial.17 However, the study implies that the absence of primer
contributed to more numerous and severe WSLs. Thus, the find-
ings suggest that lacking primer may not prevent WSL occur-
rence and may even lead to more significant lesions during
fixed orthodontic therapy. Particularly, the one-step adhesive
system group exhibited the highest number of newly developed
WSLs, mineral loss, and lesion area, highlighting the negative
impact of the absence of the primer layer on etched enamel.

Adhesive precoated flash-free brackets

The study of APC flash-free brackets is of interest due to recent
advancements in material science and the introduction of adhe-
sive precoated brackets that eliminate the need for excessive
adhesive removal.15 These brackets use a nonwoven mat
soaked with low-viscosity adhesive resin, providing benefits
such as shorter chair time, adequate bond strength, and quicker
clean-up. Additionally, researchers have explored potential ad-
vantages, including protective effects against demineralization,
and improved oral hygiene by reducing retentive sites for plaque
accumulation.16 Clinical trials by Tan et al revealed no signifi-
cant differences in enamel demineralization and periodontal
health between APC flash-free and conventional brackets.36 The
study by Yetkiner et al found comparable plaque quantity but a
composition with fewer pathogenic bacteria around adhesive
flash-free brackets compared to conventional brackets.40
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Despite the APC flash-free brackets having several advan-
tages, to this date, research has not established any added
value in using APC flash-free brackets for high-risk patients
prone to white spot lesions.

Evaluation Methods

Various methods are used to assess demineralization lesions
during fixed orthodontic treatment, each with its own advan-
tages and disadvantages.

Clinical examinations, which directly observe and evaluate
the teeth, provide a practical and real-time assessment. How-
ever, maintaining consistency among different examiners
throughout a lengthy clinical trial can be challenging, impact-
ing reliability.27

Photographic evaluations offer the advantage of allowing
clinically relevant assessments of before-and-after images, en-
abling multiple masked assessors to evaluate simultaneously.
This method avoids the need for continuous calibration of clin-
ical judges but relies on subjective visual judgment. The use of
multiple assessors is essential to enhance reliability, as unani-
mous agreement may be challenging to achieve.?

Fluorescent techniques, such as QLF, provide a sensitive
and quantitative approach, validated against destructive meth-
ods like transverse microradiography. QLF can detect demin-
eralization early, even before it is visually apparent. However, it
may be overly sensitive, potentially overestimating the preva-
lence of demineralization. Additionally, specialized equipment
is required.2

Microcomputed tomography (micro-CT), a three-dimen-
sional analysis method, calculates lesion volumes without dam-
aging sample surfaces, enabling repeated scanning and sensi-
tivity measurements. However, its drawbacks, including the
necessity for tooth extraction and limitations in non-extraction
orthodontic treatment, along with high costs, long scanning
times, and extended data analysis, limit its generalizability.25

Real-time PCR is a valuable method for counting S. mutans
and offers distinct advantages in microbial analysis. Its quanti-
tative nature enables the precise measurement of bacterial
abundance. However, drawbacks of real-time PCR include cost,
susceptibility to inhibitors, specialized equipment needs, po-
tential contamination risk, and the complexity of data analysis,
limiting its widespread use. The limited correlation with clinical
significance and changes in white spot lesions is a major limita-
tion. The technique primarily focuses on quantitative mea-
sures, often lacking a direct reflection of the actual impact on
oral health outcomes and treatment efficacy.23

Due to methodological differences and varying sensitivities,
a bonding method may appear more or less effective in pre-
venting white spot lesions. Attention to proposed results is cru-
cial for accurate interpretation.

Limitations of Evidence

Assessing methodological heterogeneity and intervention
variability

The RoB assessments employing ROBINS-I and Rob2 tools sug-
gest heterogeneous methodological quality among studies.
Those with low risk, exemplified by Tan et al,3¢ likely yield more
dependable results. Conversely, studies with moderate or serious

doi: 10.3290/j.jad.b5781299

risk, like Oz et al,2> may possess limitations affecting result reli-
ability. High-risk studies, including Benson et al,8 raise substantial
concerns about internal validity and result credibility, underscor-
ing the importance of discernment when interpreting findings
across the spectrum of bias in these intervention studies.

Moreover, upon thorough review, a meta-analysis was not
performed due to pronounced heterogeneity in intervention
across the included studies. The diverse nature of interven-
tions, ranging from fluoride addition to various adhesive
agents, introduces a substantial level of variability. Addition-
ally, the use of different evaluation methods across studies fur-
ther contributes to methodological diversity, making it chal-
lenging to draw meaningful comparisons and synthesize
results in a comprehensive manner.

Evaluation of the Review Process

The methodology demonstrates robustness by adhering to
PRISMA guidelines, incorporating a comprehensive protocol,
and ensuring transparency through PROSPERO registration.
Well-defined inclusion/exclusion criteria, diverse information
sources, and a comprehensive search strategy enhance preci-
sion. The dual-reviewer screening process, consistent data ex-
traction, and clear outcome delineation add rigor. Specific RoB
assessment tools tailored to study types reflect a nuanced ap-
proach. These methodological strengths collectively contribute
to the reliability, transparency, and comprehensiveness of our
systematic review.

Other Emerging Nanoparticles
In addition to the reviewed literature, various nanoparticles are
undergoing in-vitro testing for their efficacy in preventing white
spot lesions and inhibiting bacterial growth in orthodontic ap-
plications. Zinc oxide nanoparticles (ZnO NPs) and Chitosan
Nanoparticles have demonstrated notable antibacterial effects
against S. mutans, S. sanguis, and Lactobacillus acidophilus.*?
Copper oxide nanoparticles (CuO NPs) exhibit antimicrobial
properties in orthodontic adhesives.37 Furthermore, ongoing
studies explore the potential of nanoparticles like silver/hydroxy-
apatite (Ag/HA NPs)31 and curcumin nanoparticles (curcumin
NPs) for their antimicrobial activities,3? indicating a promising
field to prevent WSLs in orthodontic patients. Continued re-
search is crucial for advancing these potential applications.
Alongside the examined nanoparticles, ongoing in-vitro in-
vestigations assess the effectiveness of orthodontic bonding
resins enriched with bioactive glass for remineralizing enamel
and managing white spot lesions during orthodontic treat-
ment. A systematic review studied the efficacy of such resins,
encompassing seven in-vitro studies. This review consistently
showcased the superiority of bioactive glass resins in promot-
ing remineralization compared to the control group. While pro-
ducing positive results, the review noted a limitation, primarily
involving in-vitro studies, emphasizing the necessity for stan-
dardized in-vivo studies with a more uniform protocol to re-
duce heterogeneity.>

Considerations Beyond WSLs Prevention

To our knowledge, this literature review is the first to under-
score the importance of adhesive selection based on patient-
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specific risk factors, aiming to find a balance between demin-
eralization control and orthodontic treatment success. While
the effectiveness of orthodontic adhesives and primers in pre-
venting WSLs is a crucial factor, it should not be the only con-
sideration in choosing bonding materials. Inadequate bond
strength may result in frequent bracket-to-enamel bond fail-
ures, while excessive bond strength can potentially harm the
enamel surface during debonding.10 Reynolds recommends a
minimum bond strength ranging from 5.9 to 7.9 MPa for suc-
cessful clinical bonding.2% Unfortunately, the shear bond
strength is not sufficiently emphasized in the included articles.
This is a very important criterion because even if an adhesive
proves to be more effective in reducing WSLs, its utility dimin-
ishes if the addition of antibacterial agents negatively influ-
ences bonding performance.

Moreover, products intended for use in the oral cavity
should be biocompatible and devoid of potential harm. This is
particularly noteworthy when incorporating nanoparticles
aimed at enhancing antibacterial effects, which may not always
align with the criteria of non-toxicity and biocompatibility.

CONCLUSION

In conclusion, various nanoparticles, such as nCaF,, ACP, and
TiO, may play a role in preventing white spot lesions during
fixed orthodontic treatment. Evaluation methods, including
clinical examinations, photographic assessments, and advanced
imaging techniques, impact result interpretation. The effective-
ness of orthodontic adhesives in WSL prevention should con-
sider patient-specific factors, balancing demineralization con-
trol and bond strength. While ongoing research explores
additional nanoparticles, caution is needed to ensure biocom-
patibility and adherence to safety standards in oral applications.
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