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Abstract
Objective The present review systematically analyzed clinical studies investigating the efficacy of resin infiltration on postorthodontic or non-post-orthodontic, white spot lesions (WSL), or fluorosis.
Materials Five electronic databases (Central, PubMed, Ovid MEDLINE, Ovid EMBASE, LILACS) were screened. Article
selection and data abstraction were done in duplicate. No language or time restrictions were applied. Outcomes were visualtactile or DIAGNOdent measurements.
Results Eleven studies with 1834 teeth being affected in 413 patients were included. Nine studies were randomized control trials,
one a prospective cohort study, and one had an unclear study design. Meta-analysis could be performed for “resin infiltration vs.
untreated control,” “resin infiltration vs. fluoride varnish,” and “resin infiltration without bleaching vs. resin infiltration with
bleaching.” WSL being treated with resin infiltration showed a significantly higher optical improvement than WSL without any
treatment (standard mean difference (SMD) [95% CI] = 1.24 [0.59, 1.88], moderate level of evidence [visual-tactile assessment])
and with fluoride varnish application (mean difference (MD) [95% CI] = 4.76 [0.74, 8.78], moderate level of evidence
[DIAGNOdent reading]). In patients with fluorosis, bleaching prior to resin infiltration showed no difference in the masking
effect compared to infiltration alone (MD [95% CI] = − 0.30 [− 0.98, 0.39], moderate level of evidence).
Conclusion Resin infiltration has a significantly higher masking effect than natural remineralization or regular application of
fluoride varnishes. However, although the evidence was graded as moderate, this conclusion is based on only very few wellconducted RCTs.
Clinical relevance Resin infiltration seems to be a viable option to esthetically mask enamel white spot lesions and fluorosis.
Keywords Resin infiltration . White spot lesions . Fluorosis . Post-orthodontic . Fluoride varnish . Review . White spots . Tooth
sealants . Fixed orthodontic appliances . Enamel microabrasion . Meta-analysis

Introduction
Enamel opacities occur as a consequence of damage of the
dental follicle during eruption, disturbances during enamel
development or cariogenic activity in the case of improper
oral hygiene [1]. The latter often associated with fixed
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orthodontic appliances since fixed elements represent an additional retention opportunity for biofilm and therefore increase the caries risk [2, 3]. Due to their whitish, opaque,
and chalky appearance caused by mineral loss in enamel [4],
these lesions are often termed white spot lesions (WSL). The
appearance of WSL can be physically explained by the stronger scattering of light within the subsurface demineralized
enamel as a result of air and saliva inclusions in comparison
to the surrounding healthy enamel [5] and can persist for more
than 10 years after removal of the orthodontic appliances [6],
thus, being an esthetic burden for the patients [7], especially
when anterior teeth are affected.
These white spot lesions remineralize once the brackets
have been removed. Although fluoride-containing agents
can be used to enhance remineralization, the esthetic
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appearance is usually not sufficiently improved [8]. Several
preventive strategies have been employed to avoid the initiation, to arrest or reverse the progression, or to mask the WSL.
During treatment with fixed elements, sealants or bonding
agents — being applied before [9] or after [10] the fixed elements are bonded — as well as fluoride- or chlorhexidinecontaining mouthwashes [11] as well as casein phosphor peptide amorphous calcium phosphate containing pastes (CPPACP) [12] have been proposed. Furthermore, after the removal of the fixed elements fluoride-containing agents [8], CPPACP-containing pastes [13] or bioactive glasses can be used
to enhance remineralization [14] have been shown to enhance
remineralization. However, all these strategies cannot
(completely) prevent the development of white spot lesions
[12, 15] or treatment options have not yet been tested under
clinical situation. The esthetic appearance most often remains
impaired [13, 16]. Microabrasion represents another treatment
option which is most suitable for very superficial lesions. In
the case of deeper lesions, concave tooth surfaces may result
[17]. Direct and indirect restorations also lead to satisfactory
and predictable results, but these should be used mainly in
cavitated lesions [18].
By resin infiltration, the microporous enamel areas of noncavitated initial carious lesions are obturated by low-viscosity
light-cured resins (infiltrants) [19], thus, inhibiting further caries progression [19, 20]. Apart from caries inhibition, resin
infiltration is also able to mask white spot lesions [21]. As
the refractive index of the infiltrant (1.52) is close to the index
of enamel/apatite (1.62), as opposed to the indices of water
(1.33) and air (1.00), light scattering is reduced with increasing degree of infiltration [22, 23].
A recent systematic review not only highlighted that resin
infiltration seems to be a feasible option for color masking of
enamel whitish discolorations [24], but also highlighted the
lack of (randomized controlled) trials and the inadequate
follow-up periods to assess the long-term results of this technique. However, in the last 5 years, several new (randomized
controlled) trials have been published. Therefore, the aim of
this systematic review and meta-analysis was to critically
summarize the literature and evaluate the long-term efficacy
of resin infiltration therapy with regard to esthetic appearance
and long-term stability of the results.

Materials and methods
Review design
No study registration is necessary for this review. This review
was conducted and reported according to the PRISMA statement [25]. The PICOS model was used to define the in- and
exclusion criteria and, thus, to structure the clinical research
question [26] (Table 1). Thus, the present review aimed at

systematically retrieving and analyzing clinical studies investigating the efficacy of resin infiltration to mask WSL or
fluorosis.

Search strategy
Detailed search strategies were developed and appropriately
revised for each database, considering the differences in controlled vocabulary and syntax rules by two authors (S.B.,
K.D.) (the search strategies for Medline/PubMed are shown
in Supplementary material Table 1). The following electronic
databases were searched to find reports of relevant published
studies:
&
&
&
&
&

The Cochrane Central Register of Controlled Trials
(CENTRAL) (up to December 31, 2019);
MEDLINE (PubMed) (1946 to December 31, 2019);
Ovid MEDLINE (In-Process & Other Non-Indexed
Citations, December 31, 2019;
Ovid EMBASE (1947 to December 31, 2019)
LILACS (1982 to December 31, 2019)

Two authors (S.B., K.D.) independently reviewed title and
abstract using these search strategies. The reviewers were not
blinded to the identity of the journal names or article authors,
their institutions, or the results of their research. No language
or time restrictions were applied. A detailed sequence of filtering search results to include relevant articles can be found in
the Supplementary material. In order to further identify potential articles for inclusion, grey literature was searched in the
register of clinical studies hosted by the US National Institutes
of Health (www.clinicaltrials.gov), the multidisciplinary
European database (www.opengrey.eu), the National
Research Register, and Pro-Quest Dissertation Abstracts and
Thesis databases. Agreement concerning study inclusion or
data extraction was achieved by consultation and discussion
with a third author (D.K.). Selected articles were screened fulltext. Cross-referencing was performed to identify further articles to be assessed.

Data collection
Two authors performed data extraction independently and in
duplicate (S. B., K. D.). The following data were collected in
predefined excel sheets: author/title/year of study, study affiliation data, study type and setting, design of the study, number/age/gender of patients, intervention applied, inclusion
criteria and outcome definitions, outcome assessed with all
relevant clinical variables (visual-tactile, laser fluorescence,
colorimetric analysis, overall lesion size), drop-outs, followup (maximum follow-up over all groups was used), sources of
funding, trial registration, and publishing of the trial’s
protocol.
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Table 1
P
I
C
O

PICOS schema: population (P), intervention (I), comparison (C), outcomes (O), and study design (S)

-

Participants: patients of any age with WSL or fluorosis
Intervention: resin infiltration
Control: any other (placebo) treatment or untreated control
Outcome: primary: any esthetic outcome; secondary: patient-related outcome measures (PROMs) such as pain, satisfaction, discomfort, quality of
life indicators, and economic factors
S - Studies: randomized controlled clinical trials (RCTs), prospective controlled clinical trials (CCTs), prospective and retrospective cohort studies,
and studies with split-mouth and parallel-arm designs

For longitudinal studies and clinical trials presented in different journals or in different publication years, results were
presented within one column.
In case of missing data, it was attempted to contact the
corresponding author via e-mail. Studies without enough data
for meta-analyses were kept in the systematic review but excluded from the meta-analyses.

Data synthesis and grading
Meta-analyses were to be conducted if studies with similar
comparisons reported the same outcomes. For continuous variables, the primary measures of effect between treatment and
control groups were the mean differences (MD) for studies
using the same outcome and standardized mean differences
(SMD) for studies using the same construct but different
scales.
Statistical heterogeneity was assessed using a chi2 test and
the I2 statistic [27]. Fixed or random-effects meta-analysis was
performed depending on heterogeneity (I2 < 35%: fixedeffects; I2 > 35%: random-effect) [28]. Risk of bias for interventional, randomized controlled trials (RCTs) was performed
using the Risk of Bias 2.0. tool [29] and for interventional,
non-randomized controlled trials using the ROBINS-I tool
[30]. Grading of evidence was performed according to the
GRADE network levels using Grade Profiler 3.6 [31].
Publication bias was assessed by Funnel plots [32].
To avoid unit-of-analysis errors, the guidelines outlined by
the Cochrane collaboration (chapter 9.3.4.) were followed
[33]. Therefore, baseline data were compared with data of a
single time point (mostly longest follow-up period).

Results
A total of 334 studies were initially identified, and after title
and abstract screening, 28 studies were assessed for eligibility. After full-text screening, 16 studies were excluded
(Fig. 1, Supplementary material Table 2). Eventually, 11
studies with 1834 teeth being affected in 413 patients, 8–
30 years of age, were included. Nine studies were randomized control trials [34–42], one a prospective cohort study
[43], and one did not report if it was a randomized or non-

randomized study [44], all of which investigated the efficacy of resin infiltration on post-orthodontic [34, 37, 39,
41–43] or non-post-orthodontic [35, 36] white spot lesions
or fluorosis [38, 40, 44]. Resin infiltration was compared to
fluoride varnish [35, 36, 42, 43], untreated control [34, 36,
39, 41], microabrasion [37, 44], or bleaching [38, 40]. The
outcomes were described using DIAGNOdent values [35,
36, 42, 43], spectroscopy [37, 39, 42, 44], colorimetric
values [40], ICDAS II [41, 43] /LAA-ICDAS scores [36],
or a modified enamel decalcification score [34].
Furthermore, visual analog scales (VAS) were used to evaluate the change/improvement in esthetics [38, 41] or patients’ oral health-related quality of life [40]. An overview
of the main characteristics of the included studies is presented in the Supplementary material Table 3.
Meta-analyses were performed for studies with similar interventions and outcome measures investigated in more than
one study. Although analysis showed that a meta-analysis
could be performed for resin infiltration vs. untreated control
[34, 36, 39, 41] and for resin infiltration vs. fluoride varnish
[35, 36, 42, 43], one study in each comparison had to be
excluded since not all information required for recalculation
was reported [36] or the inclusion criteria of the lesions were
inconsistent [42]. Even if not differentiating between untreated controls and fluoride varnish controls, no further study
could have been included in meta-analysis. Either data were
not reported for recalculation (e.g., color difference (ΔE
values) [42]) or data were presented insufficiently — e.g.,
reporting an ordinally scaled outcome (ICDAS II score) by
using values for continuous outcome [43].
WSL being treated with resin infiltration showed a significantly higher optical improvement than WSL being
remineralized by saliva without any additional treatment
(SMD [95% CI] = 1.24 [0.59, 1.88], visual-tactile assessment)
[34, 39, 41] (Fig. 2). Furthermore, WSL being treated with
resin infiltration showed a significantly higher optical improvement than WSL being treated with fluoride varnish
(MD [95% CI] = 4.76 [0.74, 8.78], DIAGNOdent readings)
[35, 36, 43] (Fig. 3). However, baseline values and cut-off
points for DIAGNOdent classification within the comparison
as well as within each study varied widely.
Three studies investigated the masking effect of resin infiltration in patients with fluorosis [38, 40, 44]. Here, resin
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Fig. 1 Study flow
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(n = 0)
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removed
(n = 334)
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(n = 0)

Titles/abstracts arcles
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(n = 334)
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studies had no control group (n=8)
studies had no esthec outcomes
(n=2)
studies had no numeric esthec
outcomes (n=2)
study had no clinical outcomes
(n=1)

Studies included in quantave
synthesis (meta-analysis)
(n = 8)

Forest plot of comparison: resin inﬁltraon vs. untreated control, for outcome: opcal improvement using visual-tacle assessment at 4
weeks - 6 months follow up me

Fig. 2 Quantitative meta-analyses for the comparison resin infiltration vs.
untreated control. Standardized mean differences (SMD) (and 95% confidence intervals (95% CI)) were calculated since studies used the same

construct but different scales. Forest plots, heterogeneity parameter (I2),
as well as overall statistics (Z, P) are given
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Forest plot of comparison: resin inﬁltraon vs. ﬂuoride varnish, for outcome: opcal improvement using DIAGNOdent readings at 3 - 6
months follow up me

Fig. 3 Quantitative meta-analyses for the comparison resin infiltration vs.
fluoride control. Mean differences (SMD) (and 95% confidence intervals
(95%CI)) were calculated since studies used the same construct and same

scales. Forest plots, heterogeneity parameter (I2), as well as overall statistics (Z, P) are given

infiltration alone was compared to either (1) bleaching plus
resin infiltration [38, 40], (2) bleaching without any further
treatment [38], or to microabrasion [44]. When teeth were
bleached a few days before they were infiltrated, no improvement in the masking effect could be observed compared to
infiltration alone (SMD [95% CI] = − 1.53 [− 4.75, 1.70],
patient/dentist satisfaction) [38, 40] (Supplementary material
Figure 1), whereas a significantly higher masking effect was
observed for resin infiltration alone compared with bleaching
alone (MD [95% CI] = 3.97 [3.33, 4.61], dentist satisfaction)
[38]. However, the effect of bleaching before infiltration was
not analyzed and, thus, remains unclear.

microabrasion, or bleaching, has been extracted. The outcomes were described using DIAGNOdent, spectroscopy,
photographic images, as well as ICDAS II/LAA-ICDAS
scores or a modified enamel decalcification score. The median
follow-up period was only 6 months with a range between
1 day [38] and 12 months [37]. This reflects that obviously
no “gold standard” protocol to analyze masking effects has
been agreed yet. However, the present meta-analysis also
showed that resin infiltration has a significantly higher
masking effect than natural remineralization or regular application of fluoride varnishes.
Regardless of the used outcome, resin infiltration showed a
significantly higher optical improvement of WSL than
remineralization alone (untreated WSL) as well as significantly higher optical improvement than the regular application of
fluoride varnishes. Only in one study, fluoride varnish provided optical results comparable to resin infiltration [42].
However, in this study, inconsistencies of the inclusion
criteria of the lesions were reported. Furthermore, after fluoride application, the optical improvement required up to 6
months, whereas after resin infiltration, a subsequent improvement could be observed.
In the included studies, the follow-up periods ranged between 1 day and 12 months with a median follow-up time of 6
months. Although it can be expected that natural
remineralization from saliva can be enhanced with a study
design which lasts at least 21 days [46, 47] — which was
the case for all studies except one [38] — even a 6 months
follow-up period seems to be rather short when compared to
the advised 3 year follow-up for direct restauration and the
advised 5 year follow-up for indirect restauration [48].
However, the short follow-up periods may be explained by
two facts: (1) the use of resin infiltration to mask WSL is a
relatively new technique, and (2) in case of a masking effect in

Quality assessment
Of the 11 trials, quality of 2 was assessed as low [37, 38], of 7
rated with concerns [35, 36, 40–42, 44, 45] and of another 2 as
high risk of bias [34, 43] (Fig. 4). Most of the studies did not
report adequately the randomization process or any methods
of allocation concealment. However, a blinded outcome assessor was recruited in most of the studies, where blinding of
the doctors or the patients was not feasible.
Grading of evidence for meta-analyses showed moderate
level of evidence for resin infiltration compared to untreated
controls or to fluoride varnish and for resin infiltration with or
without prior bleaching (Supplementary material Table 4).

Discussion
In this systematic review, the effect of resin infiltration on
white spot lesions and fluorosis has been critically summarized. A wide variety of studies, in which resin infiltration
was compared to fluoride varnish, untreated control,

Bias domains for intervenonal,
non-randomized controlled trials

Bias domains for RCTS
Randomizaon process
Deviaon from intended intervenon
Missing outcome data
Measurement of the outcome
Selecon of the reported results

Gencer and Kirzioglu , 2019

Senestraro et al., 2013

Schoppmeier et al., 2018

Knösel et al., 2013

Kannan et al., 2019

Gugnani et al., 2017

Gu et al., 2019

Gozeci et al., 2019

Giray et al., 2018

Cronan et al., 2012

Cici et al. 2018

Clin Oral Invest

-

?

?

?

+ + + +
+ + + +
+ - ? +
? - + +

+
+
+
+
+

+ ? ? ? ?
+ + + + +
+ + + + +
+ ? + + +
+ + + + +

Bias due to confounding

Bias due to deviaon of
intervenons

+
+
+

Biasdue to missing data

-

Bias in measurement of outcomes

+

Bias due to selecon of parcipants
Bias in classiﬁcaon of intervenons

Bias in selecon of the resported
results
Overall bias

- -

?

?

+ +

?

?

?

?

-

Overall bias

-

Fig. 4 Risk of bias assessment. a For interventional, randomized controlled trials (RCTs) Risk of Bias 2.0 tool and b for interventional, non-randomized
controlled trials the ROBINS-I tool was used

the test group (resin infiltration) and no masking effect in the
(untreated or treated) control group, it might be necessary to
also infiltrate the control teeth after a predefined observation
period to obtain an ethical approval [39, 49]. In one of the
mentioned studies [39], WSL being infiltrated were followed
up to 3.8 years. After a mean (non-controlled) follow-up period of 2.8 years, a significant masking effect could still be
observed when compared to the situation before infiltration,
but no significant difference could be observed between 0.5
and 2.8 years after infiltration. Nonetheless, studies with longterm follow-ups are still required to confirm the stability of the
esthetic results.
The results of the present meta-analyses are also consistent
with several non-controlled trials [21, 39, 50, 51]. After observation periods of 1 week and 12 months, more than 351
infiltrated post-orthodontic WSL in more than 79 patients
were significantly masked. However, only a few studies reported if the significant improvement in the visual appearance
of the WSL was subjectively satisfying [21, 49, 50] or if (more
objective) a reduction of the colorimetric value ΔΕ below 3.7
— the threshold for perception from a common social distance
[52] — could be achieved [21, 37]. In the first study, for at
least 98 teeth being etched once or twice the results were
satisfying, whereas no information was given on the 123 teeth
being etched three times [21]. However, in this group, 37% of
the lesions showed a reduction of ΔΕ below 3.7. In the second
study, patients receiving infiltration were the most satisfied
patients compared to the patients in both control groups (natural remineralization and professional fluoride application)
[49]. However, no numeric results were presented. In the third
study, 61% of the lesions were completely masked and 33%

partially [50], and in the fourth study, a reduction of the ΔΕvalues below 3.7 was reported [37].
For post-orthodontic, WSL lesions were infiltrated after
bracket removal. However, not all studies reported the time
between bracket removal and infiltration [21, 34, 37, 41, 42,
45, 49, 50] and only in a few studies, teeth were infiltrated
within 1 year after brackets removal [21, 42, 45, 49]. One of
these studies reported that the time interval between bracket
removal and infiltration seems to play an important role to
effectively mask white spot lesions [45]. The shorter this time
interval, the more successful the masking effect appears to be.
Consequently, the question as how the masking effect could
be further improved by infiltration during orthodontic treatment was raised. Until now, this question has only be investigated in one case report [53] (being presented by the manufacturer of Icon) and one non-controlled trial [54]. In both
publications, after diagnosing WSL during orthodontic treatment, WSL were infiltrated without interrupting the orthodontic treatment. However, this approach has not yet been further
analyzed although the results were promising.
Colorimetric analysis with imaging software and spectrophotometry or digital photographic cameras was widely used
for outcome assessment. Using these methods, each color is
described in the CIE L*a*b* color system: It records colorimetric parameters three-dimensionally: lightness (L*), greenred chromaticity (a*), and blue-yellow chromaticity (b*) [22],
and the color difference ΔΕ is defined by the CIE76 formula
[22]: the square root of the sum of the squared differences of
each of the three color values between two different points.
Consequently, a perfect color match would give the value of 0.
However, it has to be noted that values obtained with the use
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of a photographic camera can differ to these obtained with a
spectrophotometer [55]. This can presumably also be seen in
the present review. After resin infiltration, an increase of the
L*-value was observed for some studies using a spectrophotometer [42, 44], whereas a decrease of the L*-value was
observed for studies using a photographic camera [21, 40]
and for some studies using a spectrophotometer [45]. The
different behavior of the L*-value can be attributed to the fact
that spectrophotometer measures light absorption and that L*values increase as less light gets scattered within the lesion,
after the infiltrant is applied. Contrastingly, on digital photographs, L*-values decrease as the lesion appears less white
after treatment. Consequently, when comparing colorimetric
values, the measures used to calculate the values should be
kept in mind, especially when absolute values are compared.
DIAGNOdent has been accepted for its reproducibility and
sensitivity over conventional radiography in primary occlusal
caries in vitro [56, 57] and in vivo [58]. It has also been
evaluated for secondary caries adjacent to amalgam restorations or composite restorations [59]. However, contradictory
results on the evaluation for DIAGNOdent readings under
restorative materials have been reported [60, 61]. Although
DIAGNOdent readings seem to show the same sensitivity
and specificity as digital radiographs [61], the reading can be
affected by dental materials [60]. In respect to low-viscosity
resins (e.g., resin infiltration), it has not been analyzed yet if
DIAGNOdent readings are affected by the low-viscosity resin
and if there is a correlation between the DIAGNOdent value
and optical outcomes (e.g., ΔE-values). Only one in vitro
study analyzed if the DIAGNOdent values correlate with subjective visual assessments and laser fluorescence readings
[62]. Although the esthetic appearance of the artificial lesions
was significantly improved according to the visual assessment, no difference in the DIAGNOdent values was recorded
between before and after infiltration. This is also in agreement
with unpublished data of the authors: No correlation between
the change of DIAGNOdent values and colorimetric values
(ΔE) or the subjective assessment could be observed when
investigating infiltration. Consequently, even if several studies
used DIAGNOdent measurements to measure the masking
abilities [35, 36, 42, 43, 49], the results of the respective studies have to be interpreted with caution.
In the included studies, infiltration was performed according to the manufacturer’s recommendation. Even the number
of etching steps varied within the manufacturer’s specification
(maximum number of 3 procedures). Only in one study, 55
teeth (out of 111) were etched more than three times [45].
Nonetheless, in most of the studies, the number of etching
procedures was predefined by the study protocol [34–36,
40–44], and only in a few studies, the number of etching
procedures was individualized by using the re-wetting process
[37, 38, 45]. Thus, it might be speculated that the significant
masking effect being observed in the present meta-analysis

could have been further improved, if a more individualized
etching protocol had been used in all studies.

Conclusion
Resin infiltration has a significantly higher masking effect
than natural remineralization or regular application of fluoride
varnishes. Thus, it seems to be a viable option to esthetically
mask enamel white spot lesions and mild to medium fluorosis.
However, although the evidence was graded as moderate, this
conclusion is based on only few well-conducted RCTs with
moderate to high risks of bias.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00784-021-03931-7.
Funding Open Access funding provided by Universität Bern.

Declarations
Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.
Informed consent For this type of study, formal consent is not required.
Conflict of interest The authors declare no competing interests.
Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1.

2.

3.

4.

Ekstrand KR, Martignon S (2013) Visual–tactile detection and assessment. In: Meyer-Lueckel H, Paris S, Ekstrand KR (eds) Book
title. Thieme Verlag KG, Stuttgart
Hadler-Olsen S, Sandvik K, El-Agroudi MA, Ogaard B (2012) The
incidence of caries and white spot lesions in orthodontically treated
adolescents with a comprehensive caries prophylactic regimen: a
prospective study. Eur J Orthod 34:633–639. https://doi.org/10.
1093/ejo/cjr068
Gorelick L, Geiger AM, Gwinnett AJ (1982) Incidence of white
spot formation after bonding and banding. Am J Orthod 81:93–98.
https://doi.org/10.1016/0002-9416(82)90032-x
Heymann GC, Grauer D (2013) A contemporary review of white
spot lesions in orthodontics. J Esthet Restor Dent 25:85–95. https://
doi.org/10.1111/jerd.12013

Clin Oral Invest
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kidd EA, Fejerskov O (2004) What constitutes dental caries?
Histopathology of carious enamel and dentin related to the action
of cariogenic biofilms. J Dent Res 83(Spec No C):C35–C38.
https://doi.org/10.1177/154405910408301s07
Shungin D, Olsson AI, Persson M (2010) Orthodontic treatmentrelated white spot lesions: a 14-year prospective quantitative follow-up, including bonding material assessment. Am J Orthod
Dentofac Orthop 138(136):e1–e8; discussion 136-7. https://doi.
org/10.1016/j.ajodo.2009.05.020
Ogaard B, Rolla G, Arends J (1988) Orthodontic appliances and
enamel demineralization. Part 1. Lesion development. Am J Orthod
Dentofac Orthop 94:68–73
Sardana D, Zhang J, Ekambaram M, Yang Y, McGrath CP, Yiu
CKY (2019) Effectiveness of professional fluorides against enamel
white spot lesions during fixed orthodontic treatment: a systematic
review and meta-analysis. J Dent 82:1–10. https://doi.org/10.1016/
j.jdent.2018.12.006
Hammad SM, Knosel M (2016) Efficacy of a new sealant to prevent white spot lesions during fixed orthodontic treatment: a 12month, single-center, randomized controlled clinical trial. J Orofac
Orthop 77:439–445. https://doi.org/10.1007/s00056-016-0052-2
Fornell AC, Skold-Larsson K, Hallgren A, Bergstrand F, Twetman
S (2002) Effect of a hydrophobic tooth coating on gingival health,
mutans streptococci, and enamel demineralization in adolescents
with fixed orthodontic appliances. Acta Odontol Scand 60:37–41.
https://doi.org/10.1080/000163502753471989
Bock NC, Seibold L, Heumann C, Gnandt E, Roder M, Ruf S
(2017) Changes in white spot lesions following post-orthodontic
weekly application of 1.25 per cent fluoride gel over 6 months-a
randomized placebo-controlled clinical trial. Part I: photographic
data evaluation. Eur J Orthod 39:134–143. https://doi.org/10.
1093/ejo/cjw060
Andersson A, Skold-Larsson K, Hallgren A, Petersson LG,
Twetman S (2007) Effect of a dental cream containing amorphous
cream phosphate complexes on white spot lesion regression
assessed by laser fluorescence. Oral Health Prev Dent 5:229–233
Bailey DL, Adams GG, Tsao CE, Hyslop A, Escobar K, Manton
DJ, Reynolds EC, Morgan MV (2009) Regression of postorthodontic lesions by a remineralizing cream. J Dent Res 88:
1148–1153. https://doi.org/10.1177/0022034509347168
Bakhsh TA, Bakry AS, Mandurah MM, Abbassy MA (2017)
Novel evaluation and treatment techniques for white spot lesions.
An in vitro study. Orthod Craniofacial Res 20:170–176. https://doi.
org/10.1111/ocr.12193
Wiechmann D, Klang E, Helms HJ, Knosel M (2015) Lingual
appliances reduce the incidence of white spot lesions during orthodontic multibracket treatment. Am J Orthod Dentofac Orthop 148:
414–422. https://doi.org/10.1016/j.ajodo.2015.05.015
Willmot DR (2004) White lesions after orthodontic treatment: does
low fluoride make a difference? J Orthod 31:235–242; discussion
202. https://doi.org/10.1179/146531204225022443
Wong FS, Winter GB (2002) Effectiveness of microabrasion technique for improvement of dental aesthetics. Br Dent J 193:155–158.
https://doi.org/10.1038/sj.bdj.4801511
Sadowsky SJ (2006) An overview of treatment considerations for
esthetic restorations: a review of the literature. J Prosthet Dent 96:
433–442. https://doi.org/10.1016/j.prosdent.2006.09.018
Meyer-Lueckel H, Paris S (2008) Improved resin infiltration of
natural caries lesions. J Dent Res 87:1112–1116. https://doi.org/
10.1177/154405910808701201
Chatzimarkou S, Koletsi D, Kavvadia K (2018) The effect of resin
infiltration on proximal caries lesions in primary and permanent
teeth. A systematic review and meta-analysis of clinical trials. J
Dent 77:8–17. https://doi.org/10.1016/j.jdent.2018.08.004
Kobbe C, Fritz U, Wierichs RJ, Meyer-Lueckel H (2019)
Evaluation of the value of re-wetting prior to resin infiltration of

post-orthodontic caries lesions. J Dent 91:103243. https://doi.org/
10.1016/j.jdent.2019.103243
22. Wierichs RJ, Kogel J, Lausch J, Esteves-Oliveira M, MeyerLueckel H (2017) Effects of self-assembling peptide P11-4, fluorides, and caries infiltration on artificial enamel caries lesions
in vitro. Caries Res 51:451–459. https://doi.org/10.1159/
000477215
23. Houwink B (1974) The index of refraction of dental enamel apatite.
Br Dent J 137:472–475. https://doi.org/10.1038/sj.bdj.4803346
24. Borges AB, Caneppele TM, Masterson D, Maia LC (2017) Is resin
infiltration an effective esthetic treatment for enamel development
defects and white spot lesions? A systematic review. J Dent 56:11–
18. https://doi.org/10.1016/j.jdent.2016.10.010
25. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew
M, Shekelle P, Stewart LA (2015) Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 4:1. https://doi.org/10.1186/2046-4053-4-1
26. Miller SA, Forrest JL (2001) Enhancing your practice through
evidence-based decision making: PICO, learning how to ask good
questions. J Evid Based Dental Pract 1:136–141. https://doi.org/10.
1016/S1532-3382(01)70024-3
27. Higgins JPT, Thompson SG (2002) Quantifying heterogeneity in a
meta-analysis. Stat Med 21:1539–1558. https://doi.org/10.1002/
sim.1186
28. Gostemeyer G, da Mata C, McKenna G, Schwendicke F (2019)
Atraumatic vs conventional restorative treatment for root caries
lesions in older patients: meta- and trial sequential analysis.
Gerodontology 36:285–293. https://doi.org/10.1111/ger.12409
29. Sterne JAC, Hernán MA, McAleenan A, Reeves BC, Higgins JPT
(2020) Chapter 25: Assessing risk of bias in a non-randomized
study. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li
T, Page MJ, Welch VA (eds). Cochrane Handbook for Systematic
Reviews of Interventions version 6.1 (updated September 2020).
Cochrane. Available from www.training.cochrane.org/handbook
30. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND,
Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I,
Carpenter JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A,
Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D,
Rothstein HR, Sandhu L, Santaguida PL, Schünemann HJ, Shea B,
Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters
E, Wells GA, Whiting PF, Higgins JP (2016) ROBINS-I: a tool for
assessing risk of bias in non-randomised studies of interventions.
BMJ 355:i4919. https://doi.org/10.1136/bmj.i4919
31. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, AlonsoCoello P, Schunemann HJ, Group GW (2008) GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. Bmj 336:924–926. https://doi.org/10.1136/bmj.39489.
470347.AD
32. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in
meta-analysis detected by a simple, graphical test. BMJ 315:629–
634
33. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
Welch VA (eds) (2020) Cochrane Handbook for Systematic
Reviews of Interventions version 6.1 (updated September 2020).
Cochrane. Available from www.training.cochrane.org/handbook
34. Cronan CA (2012) Clinical evaluation of treatment of white spot
lesions with icon. Master thesis, The University of Alabama at
Birmingham
35. Giray FE, Durhan MA, Haznedaroglu E, Durmus B, Kalyoncu IO,
Tanboga I (2018) Resin infiltration technique and fluoride varnish
on white spot lesions in children: preliminary findings of a randomized clinical trial. Niger J Clin Pract 21:1564–1569. https://doi.org/
10.4103/njcp.njcp_209_18
36. Gozetici B, Ozturk-Bozkurt F, Toz-Akalin T (2019) Comparative
evaluation of resin infiltration and remineralisation of noncavitated

Clin Oral Invest

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

smooth surface caries lesions: 6-month results. Oral Health Prev
Dent 17:99–106. https://doi.org/10.3290/j.ohpd.a42203
Gu X, Yang L, Yang D, Gao Y, Duan X, Zhu X, Yuan H, Li J
(2019) Esthetic improvements of postorthodontic white-spot lesions treated with resin infiltration and microabrasion: a splitmouth, randomized clinical trial. Angle Orthod 89:372–377.
https://doi.org/10.2319/041218-274.1
Gugnani N, Pandit IK, Gupta M, Gugnani S, Soni S, Goyal V
(2017) Comparative evaluation of esthetic changes in nonpitted
fluorosis stains when treated with resin infiltration, in-office
bleaching, and combination therapies. J Esthet Restor Dent 29:
317–324. https://doi.org/10.1111/jerd.12312
Knosel M, Eckstein A, Helms HJ (2019) Long-term follow-up of
camouflage effects following resin infiltration of post orthodontic
white-spot lesions in vivo. Angle Orthod 89:33–39. https://doi.org/
10.2319/052118-383.1
Schoppmeier CM, Derman SHM, Noack MJ, Wicht MJ (2018)
Power bleaching enhances resin infiltration masking effect of dental
fluorosis. A randomized clinical trial. J Dent 79:77–84. https://doi.
org/10.1016/j.jdent.2018.10.005
Senestraro SV, Crowe JJ, Wang M, Vo A, Huang G, Ferracane J,
Covell DA Jr (2013) Minimally invasive resin infiltration of
arrested white-spot lesions: a randomized clinical trial. J Am Dent
Assoc 144:997–1005. https://doi.org/10.14219/jada.archive.2013.
0225
Kannan A, Padmanabhan S (2019) Comparative evaluation of
Icon(R) resin infiltration and Clinpro XT varnish on colour and
fluorescence changes of white spot lesions: a randomized controlled trial. Prog Orthod 20:23. https://doi.org/10.1186/s40510019-0276-y
Ciftci ZZ, Hanimeli S, Karayilmaz H, Gungor OE (2018) The efficacy of resin infiltrate on the treatment of white spot lesions and
developmental opacities. Niger J Clin Pract 21:1444–1449. https://
doi.org/10.4103/njcp.njcp_235_18
Gencer MDG, Kirzioglu Z (2019) A comparison of the effectiveness of resin infiltration and microabrasion treatments applied to
developmental enamel defects in color masking. Dent Mater J 38:
295–302. https://doi.org/10.4012/dmj.2018-074
Knosel M, Eckstein A, Helms HJ (2013) Durability of esthetic
improvement following Icon resin infiltration of multibracketinduced white spot lesions compared with no therapy over 6
months: a single-center, split-mouth, randomized clinical trial.
Am J Orthod Dentofac Orthop 144:86–96. https://doi.org/10.
1016/j.ajodo.2013.02.029
Neuhaus KW, Lussi A (2009) Casein phosphopeptide–amorphous
calcium phosphate (CPP-ACP) and its effect on dental hard tissues.
Schweiz Monatsschr Zahnmed 119:110–116
Leach SA, Lee GT, Edgar WM (1989) Remineralization of artificial
caries-like lesions in human enamel in situ by chewing sorbitol
gum. J Dent Res 68:1064–1068
Hickel R, Roulet JF, Bayne S, Heintze SD, Mjor IA, Peters M,
Rousson V, Randall R, Schmalz G, Tyas M, Vanherle G (2007)
Recommendations for conducting controlled clinical studies of dental restorative materials. Science Committee Project 2/98–FDI
World Dental Federation study design (Part I) and criteria for

evaluation (Part II) of direct and indirect restorations including
onlays and partial crowns. J Adhes Dent 9(Suppl 1):121–147
49. Jumanca D, Atena G, Podariu A, Ardelean L, Rusu L (2012)
Infiltration therapy—an alternative to fluoride varnish application
for treatment of white spot lesion after fixed orthodontic treatment.
Rev Chim 63:783–786
50. Kim S, Kim EY, Jeong TS, Kim JW (2011) The evaluation of resin
infiltration for masking labial enamel white spot lesions. Int J
Paediatr Dent 21:241–248. https://doi.org/10.1111/j.1365-263X.
2011.01126.x
51. Feng CH, Chu XY (2013) Efficacy of one year treatment of icon
infiltration resin on post-orthodontic white spots. Beijing Da Xue
Xue Bao 45:40–43
52. Johnston WM, Kao EC (1989) Assessment of appearance match by
visual observation and clinical colorimetry. J Dent Res 68:819–822.
https://doi.org/10.1177/00220345890680051301
53. Meyer-Lückel H, Wierichs R, Shikh Ali F (2019) Masking and
arresting of caries during treatment with brackets. In: Icon
Smooth Surface - Case reports. DMG, Hamburg, pp 16–19
54. Ogodescu A, Ogodescu E, Talpos S, Zetu I (2011) Resin infiltration
of white spot lesions during the fixed orthodontic appliance therapy.
Rev Med Chir Soc Med Nat Iasi 115:1251–1257
55. Anand D, Surendra Kumar GP, Anand D, Sundar M, Sharma R,
Gaurav A (2016) Shade selection: spectrophotometer vs digital
camera—a comparative in-vitro study. Ann Prosthodont Restor
Dent 2:73–78
56. Lussi A, Imwinkelried S, Pitts N, Longbottom C, Reich E (1999)
Performance and reproducibility of a laser fluorescence system for
detection of occlusal caries in vitro. Caries Res 33:261–266. https://
doi.org/10.1159/000016527
57. Shi XQ, Welander U, Angmar-Månsson B (2000) Occlusal caries
detection with KaVo DIAGNOdent and radiography: an in vitro
comparison. Caries Res 34:151–158. https://doi.org/10.1159/
000016583
58. Lussi A, Megert B, Longbottom C, Reich E, Francescut P (2001)
Clinical performance of a laser fluorescence device for detection of
occlusal caries lesions. Eur J Oral Sci 109:14–19. https://doi.org/10.
1034/j.1600-0722.2001.109001014.x
59. Rodrigues JA, Neuhaus KW, Hug I, Stich H, Seemann R, Lussi A
(2010) In vitro detection of secondary caries associated with composite restorations on approximal surfaces using laser fluorescence.
Oper Dent 35:564–571. https://doi.org/10.2341/09-332-l
60. Hitij T, Fidler A (2008) Effect of dental material fluorescence on
DIAGNOdent readings. Acta Odontol Scand 66:13–17. https://doi.
org/10.1080/00016350701810641
61. Kositbowornchai S, Sukanya C, Tidarat T, Chanoggarn T (2013)
Caries detection under composite restorations by laser fluorescence
and digital radiography. Clin Oral Investig 17:2079–2084. https://
doi.org/10.1007/s00784-012-0908-9
62. Markowitz K, Carey K (2018) Assessing the appearance and fluorescence of resin-infiltrated white spot lesions with caries detection
devices. Oper Dent 43:e10–e18. https://doi.org/10.2341/16-153-l
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

