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Abstract

ZZ Çiftçi, S Hanimeli, H Karayilmaz, ÖE Güngör

Objectives: The aim of this study was to evaluate the changes in opacities
by applying resin infiltrate to developmental enamel opacities and
applying resin infiltrate or fluoride varnish to white spot lesions (WSLs).
Materials and Methods: A total of 132 teeth with WSLs and developmental
enamel opacities were included in the study. WSLs were treated with resin
infiltrate (Group 1) and fluoride varnish (Group 2), and developmental enamel
opacities were treated with only resin infiltrate (Group 3). Lesions were
evaluated in accordance with International Caries Detection and Assessment
System (ICDAS II) criteria and DIAGNOdent Pen scores before applying
the material (T0), just after the application (T1), and after 1 month (T2) and
3 months (T3). Results: A significant decrease in DIAGNOdent Pen scores
was observed in all the groups and the most important decrease was seen in
Group 2 (P < 0.05). A significant decrease in ICDAS II scores was observed
in Groups 2 and 3 (T0–T1) and Group 1 (T1–T2) (P < 0.05). Conclusion:
DIAGNOdent pen scores decreased and the lesion was partially masked after
resin infiltrate was applied to treat developmental enamel opacities; the resin
infiltrate application, however, was more successful than fluoride varnish on
WSLs. Treating WSLs with resin infiltrate was a good option due to shorter term
esthetic recovery and high patient satisfaction.
Keywords: Camouflage effect, developmental enamel opacities, fluoride varnish,
resin infiltration, white spot lesions

Introduction

O

paque lesions on the teeth, which can be white,
yellow, or brown and include variations in
translucency of the enamel, are qualitative defects
characterized by normal thickness and a smooth surface.[1]
In general, these lesions are classified as developmental
enamel opacity, white spot lesions (WSLs), and dental
fluorosis.[2] White lesions of the teeth can develop due to
several factors and create esthetic problems for patients.
Enamel opacity can be difficult to overcome for both
dentists and patients economically and psychologically
besides its biological features.[3]
WSLs are caused by demineralization of the enamel and
are defined as subsurface porosity localized at smooth
surface. WSLs are also described as the most important
detrimental effect of fixed orthodontic treatments.[4]
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In recent studies, the incidence of a WSL in at least
one tooth of a patient was 46%–73% following fixed
orthodontic
treatment.[5,6]
Therefore,
approaches
to prevent or treat WSLs are of high importance,
particularly during and after fixed orthodontic treatment.
WSLs are generally treated with natural remineralization
from saliva, but in advanced lesions remineralization
through saliva does not provide sufficient progress in
esthetic and structural features.[7,8] Some researchers
have suggested that WSLs cannot be totally eliminated,
whereas others claim that the improvement can take
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5–12 years.[9,10] Therefore, treatments to stop the process
and/or remineralization are required for WSLs, which
are the first step before cavitation. Topical fluoride
applications are preferred as the first option to treat
WSLs by most clinicians. Studies have shown that
this approach is mostly effective but can cause esthetic
problems.[11,12] The other treatment approaches for
white lesions such as microabrasion, vital bleaching,
and direct and indirect composite resin applications
can also be used to treat WSLs. Sealant and adhesive
restorative materials do not connect directly to the
enamel surface and penetrate the tissue without the need
to prepare the intact enamel surface. Abrasive agents,
such as hydrochloric acid and pumice, are used during
the microabrasion technique, which is the most preferred
treatment option, and a significant part of the enamel is
eroded.[13‑15]
Low‑viscosity resins have become a current issue
for WSLs because the efficiency of preventive
methods to stop and treat initial caries is limited
and invasive attempts can cause loss of sound tooth
structure.[16,17] The new treatment approach supports the
tissue mechanically and prevents nutritional support
by restraining decay‑causing microorganisms in the
lower layers of the lesion and decreased porosity.[18]
Additionally, as the refraction index of the resin used in
the infiltration technique is very close to that of enamel,
it masks WSLs for a long time, enabling restoration
of lost translucency.[19] On the other hand, infiltrating
materials can penetrate into demineralized enamel
because of their low viscosity and are advantageous
in the treatment of developmental hypomineralized
enamel defects.[20] However, limited studies are
available on this subject.
The aim of this study was to evaluate the changes in
lesions’ structure and masking the opacity of lesions
on vestibular surfaces of permanent upper incisors
(i) by applying resin infiltrate to developmental enamel
opacities and (ii) applying resin infiltrate or fluoride
varnish to WSLs caused by fixed orthodontic treatment.

Materials and Method
A total of 137 teeth from 68 patients (age 8–16 years)
who applied to Akdeniz University, Faculty of
Dentistry, Department of Pediatric Dentistry, with a
complaint of WSLs due to fixed orthodontic treatment
and developmental enamel opacities on the vestibular
surfaces of permanent upper incisors, were included
in the study. The inclusion criteria of the patients are
shown in Table 1.
The ethics council approval required for our study was
acquired from Antalya Education and Research Hospital

Clinical Studies Ethics Council (14.05.2015‑60/6) and
approved consent was taken from the parents of the
participants.
The study groups were formed randomly [Figure 1]. The
first group included patients who had developmental
enamel opacities on the vestibular surfaces of permanent
upper incisors. The second and third groups were
patients who were treated with active fixed orthodontic
treatment for at least 1 year and had WSLs on their
permanent upper incisors. Resin infiltrate was applied to
Groups 1 and 2, and fluoride varnish was applied only
to Group 3.
All patients in the study were given oral hygiene
training. Food and beverages that can cause staining of
the teeth or acid erosion were described and the patients
were recommended not to consume them. All patients
in the study were recommended to use toothpaste
with 1,500 ppm fluoride and manual toothbrushes, and
patients were warned to avoid other fluoride sources
during the study such as using fluoridated dental floss
and mouth rinse.
Teeth were polished and plaque was removed before
the procedure. Teeth were isolated and scored according
to International Caries Detection and Assessment
System (ICDAS) II criteria by visual inspection.[21] A
laser fluorescence examination was carried out with
DIAGNOdent pen (KaVo Dental Corporation, Biberach,
Germany). Measurements were carried out according
to the manufacturer’s instructions after calibration with
a special ceramic piece. After isolating a tooth with a
cotton roll and drying the tooth with air spray, the
sapphire end of the equipment was vertically placed on
the area and three different sections of the lesion surface
were measured. The highest level was recorded as the
laser fluorescence score.
Resin infiltrate that hardens by light curing was applied
to patients’ teeth in Groups 1 and 2 according to the
manufacturer’s instructions. After the lips were excluded
with a mouth retractor, the gingiva of the relevant teeth
was isolated with a gingival barrier. A 15% HCl solution
was applied to the lesions on the teeth with a special
end for 2 min. Then, the teeth were washed for 30 s and
dried with air spray containing no oil or water. Ethanol
was applied to the surface of the lesion for 30 s and
dried with the same air spray to remove water on the
enamel pores. Resin infiltrate was circularly applied
to dried surfaces through a special end for 3 min to
increase penetration into the pores. After the materials
were removed from interproximal areas with dental
floss, light polymerization was applied for 40 s. The
resin infiltrate was replaced on the teeth for 1 min, and
light polymerization was applied.
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Fluoride varnish was applied to patients’ teeth in
Group 3. After patients’ teeth were isolated with a
mouth retractor, a fluoride varnish was applied to the
surface of the teeth with a brush. The application was
completed by waiting 2–3 min as the material covered
all teeth surfaces. The patients were told not to brush
their teeth or consume hard and sticky food requiring
chewing except liquid and soft food for the next 4 h.
Lesions on the incisors were evaluated in accordance
with ICDAS II criteria and DIAGNOdent Pen scores for
all three groups before applying the material (T0), just
after the application (T1), and after 1 month (T2) and
3 months (T3). All material applications in the study
besides DIAGNOdent pen and ICDAS II evaluations
were carried out by the same researcher who was blind
as to group allocation of the subjects. An intraexaminer
reliability test was performed by a re‑evaluation of a
random sample (10%) of the material.
Statistical analyses

SPSS software (SPSS 18.00 for Windows, Chicago,
IL, USA) was used for descriptive statistics, reliability
analysis, and comparison tests of the collected data.
Student’s t‑test was used in comparison to quantitative
if the parametric conditions are provided. The analysis
of variance was used for repeated measurements of
the groups and Tukey’s HSD multiple comparison
test for subgroup comparisons. Kruskal–Wallis,
Mann–Whitney U, Wilcoxon, and Chi‑square tests were
used for examining qualitative data and comparing the
groups when the parametric conditions are not provided.
The results were evaluated in 95% confidence interval
and P < 0.05 significance level.

Intrarater reliability was evaluated for DIAGNOdent
Pen and ICDAS II measurements in prestudy groups,
and Kappa values of DIAGNOdent Pen and ICDAS II
measurements, were 0.96 and 0.98, respectively.
Table 1: Inclusion criteria of the patients

There must be developmental enamel opacity or white spot lesions
which are coded as 1 and 2 in accordance with ICDAS II criteria in
at least one permanent upper incisors
No findings of fluorosis or amelogenesis imperfecta in the affected teeth
No smoking habits
Systemically healthy
No advanced gingival diseases or periodontal tissue losses due to
plaque accumulation
Free of cavitated lesions which require restoration accompanied by
sensibility in the affected teeth
Affected teeth must not have internal or external staining or
anatomic or morphologic structural defect
No applied treatment on masking or remineralization for opaque
lesions before
ICDAS=International Caries Detection and Assessment System

Table 2: Distribution of study groups by gender
Gender
Female
Male
Total (patients)
Total (teeth)

Group 1
n%

Group 2
n%

Group 3
n%

Total
n%

19 28.8%
8 12.1%
27 40.9%
41 31%

14 21.2%
7 10.6%
21 31.8%
51 39%

8 12.1%
10 15.2%
18 27.3%
40 30%

41 62.1%
25 37.9%
66 100%
132 100%

Results
A total of 137 teeth from 68 patients (41 females and
27 males) were included in our study, but two patients
in Group 3 were excluded because they did not come
to control sessions. Thus, the study was carried out with
66 patients (41 females and 25 males; age 8–16 years).
The number of teeth in Groups 1, 2, and 3 was 41, 51,
and 40, respectively [Table 2].

a

b

Figure 1: Schematic presentation of the study groups
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Figure 2: The changes in DIAGNOdent Pen measurements (a) and
ICDAS II scores (b) with time
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Table 3: Description of DIAGNOdent Pen scores among
subjects of three groups at various time intervals of
observation

Groups

Time

Group 1

T0
T1
T2
T3

DIAGNOdent
scores
(mean±SD)
12.92±5.25
6.43±4.34
5.93±3.45
5.76±3.46

Group 2

T0
T1
T2
T3

11.02±2.63
3.31±1.70
3.18±1.32
3.22±1.32

Group 3

T0
T1
T2
T3

12.25±2.73
7.45±3.10
6.55±2.41
6.00±2.42

Comparison between
different measurement times
Comparison
P
0.001
T0‑T1
0.001
T0‑T2
0.001
T0‑T3
0.024
T1‑T2
0.008
T1‑T3
T2‑T3
0.051
0.001
T0‑T1
0.001
T0‑T2
0.001
T0‑T3
T1‑T2
0.146
T1‑T3
0.302
T2‑T3
0.322
0.001
T0‑T1
0.001
T0‑T2
0.001
T0‑T3
0.001
T1‑T2
0.001
T1‑T3
0.001
T2‑T3

SD=Standard deviation

Table 4: Description of ICDAS II scores among subjects
of three groups at various time intervals of observation

Groups

Time

ICDAS
II scores
(mean±SD)
1.93±0.26
1.39±0.63
1.36±0.62
1.36±0.62

Comparison between
different measurement times
Comparison
P
0.001
Group 1
T0
T0‑T1
0.001
T1
T0‑T2
0.001
T2
T0‑T3
T3
T1‑T2
0.993
T1‑T3
0.993
T2‑T3
1.000
0.001
Group 2
T0
1.55±0.50
T0‑T1
0.001
T1
0.55±0.61
T0‑T2
0.001
T2
0.53±0.58
T0‑T3
T3
0.53±0.58
T1‑T2
0.989
T1‑T3
0.989
T2‑T3
1.000
T0
1.85±0.36
T0‑T1
1.000
Group 3
0.041
T1
1.85±0.36
T0‑T2
0.041
T2
1.57±0.59
T0‑T3
0.041
T3
1.57±0.59
T1‑T2
0.041
T1‑T3
T2‑T3
1.000
ICDAS=International Caries Detection and Assessment System;
SD=Standard deviation

The changes in DIAGNOdent Pen measurements and
ICDAS II scores with time are shown in Figures 2a and 2b.
T0 measurements were not different between the
groups according to DIAGNOdent Pen and ICDAS

a

b

c

Figure 3: Pictures of the subjects of study groups over 3 months.
(a) Group 1: developmental enamel opacities + resin infiltrate,
(b) Group 2: white spot lesions + resin infiltrate, and (c) Group 3: white
spot lesions + fluoride varnish. In Group 2, teeth numbers 11, 21, and 22
which have cavitated caries lesions were restored with composite resin
after resin infiltrate application

II scores. A significant decrease in DIAGNOdent Pen
scores was found observed in the groups. The most
important decrease was seen in Group 2 followed by
Groups 1 and 3. Although there was a decrease in all
groups, the decrease in only Group 2 was not significant
when T1, T2, and T3 results were compared. Group 3
decrease was significantly different when T2 and T3
scores were compared [Table 3].
ICDAS II scores were decreased after 3‑month
follow‑up in all groups [Figure 3]. A significant
decrease in ICDAS II scores was observed in
Groups 1 and 2, which were treated with resin
infiltrate. Although T1–T2 ICDAS II scores of these
two groups decreased slightly, no significant difference
was observed. No visual change was detected
between T0 and T1 scores in teeth of Group 3, but
a significant decrease between the T1 and T2 scores
was observed. None of the scores changed between
T2 and T3 [Table 4].

Discussion
In this randomized and controlled clinical study,
changes in lesions were evaluated after applying resin
infiltrate to developmental enamel opacities and WSLs
as well as a fluoride varnish to WSLs, over 3 months.
Hypomineralized and demineralized teeth surfaces
were evaluated according to ICDAS II criteria and
DIAGNOdent pen measurements, which have a
good correlation, after considering the studies that
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recommend using technology‑based methods and visual
evaluation together.[22]
White enamel lesions can be either noncarious or
carious. Hypomineralization lesions are usually limited
to a few teeth (typically, anterior teeth) or generalized
throughout the dentition, covering the entire tooth
surfaces and have smooth, shiny appearance; WSLs are
associated with plaque accumulation and appear rough,
opaque, and porous.[23] To avoid confusion, we chose
WSLs from patient whose fixed orthodontic treatment
was over recently.
Minimally invasive approaches, which aim to preserve
the maximum amount of healthy tooth tissues, have
become important for treating WSLs on teeth and
improving the esthetics as part of preventive dentistry.
These approaches are easily tolerated by patients and are
preferred to restorative treatments.
WSLs can naturally remineralize by taking minerals
from the saliva without the need for any treatment, but
this approach can provide little improvement on the
esthetic and structural properties of deeper lesions.[7,8]
Enaia et al.[24] showed that 57.1% of WSLs improved,
26% remained the same, and 16.7% became worse after
a 1‑year follow‑up without any treatment. It is clear
that masking the opaque appearance will take a long
time during remineralization using spontaneous and low
fluoride agents, as lesions can progress and patients can
fail to cooperate.
Several studies have shown that topical fluoride
treatment is effective for remineralizing WSLs and a
fluoride varnish is an easy‑to‑use and reliable method.
Fluoride varnishes are thought to be more advantageous
as they enable a more controlled fluoride release and
require a shorter period for application when compared
with traditional methods and fluoride gels.[25,26] Therefore,
we evaluated the effects of 5% NaF varnish on WSLs
over 3 months in our study. According to our results,
a significant and continual decrease in DIAGNOdent
pen measurements was observed during the 3‑month
follow‑up. Therefore, we concluded that fluoride
varnish can help decrease WSLs in accordance with
other studies. Çehreli[19] stated that high‑concentration
topical fluoride applications quickly precipitate minerals
on the enamel surface and block the superficial pores
associated with the underlying surface pores of the
demineralized lesion. This hypermineralized layer limits
remineralization of the subsurface lesion body, so the
lesion clinically preserves its opaque appearance as a
deep lesion and cannot always be totally remineralized
to change this translucent feature. The decrease in
DIAGNOdent pen and visual scores during T2 and T3
control sessions was significant when compared with
1448

other groups and can be explained with this point of
view. The control period was limited to 3 months and
continuous fluoride applications provided better results.
A resin infiltrate was used to treat WSLs. A limited
number of studies have shown that resin infiltrate
provides a better recovery, particularly for deep lesions,
as resin infiltrate penetrates deeper with a shorter effect
period after treatment compared with treatments using
fluoride or casein phosphopeptide–amorphous calcium
phosphate remineralization.[27‑29] Similarly, this study
determined that resin infiltrate, which had favorable
effects just after application, was more efficient compared
with fluoride varnish according to DIAGNOdent pen
and ICDAS scores. These favorable effects were
maintained over the 3 months, therefore we concluded
that they were sustainable. In accordance with our results,
Knosel et al.[16] reported no difference in lesion findings
at the end of 6 months and Eckstein et al.[17] found no
difference at the end of 12 months.
The resin infiltrate technique not only stopped the
progress and recovered the WSLs but also penetrated the
affected enamel in the developmental opacities.[20,30‑32]
Few studies have evaluated in vivo conditions despite
promising short‑term reports. Our study concluded that
the resin infiltrate enabled a significant decrease in both
opaque lesions and DIAGNOdent scores in line with
previous studies. The decrease was not high as in WSLs,
which received resin infiltrate and the view was partially
masked. Munoz et al.[32] reported that resin infiltrate
penetrates into active decay lesions when compared with
inactive lesions, which is caused by the more porous and
thinner surface layer of active lesions. The researchers
stated that developmental opacities cannot be totally
masked through resin infiltration systems because they
have a thicker surface, similar to inactive decay lesions.
In our study, a significant decrease in opaque lesions was
found after applying the resin infiltrate when compared
with WSLs. A significant difference was found between
months 1 and 3 of the follow‑up. Kim et al.[30] also
reported that 1‑week measurements of developmental
defects that received resin infiltrate were significantly
lower than measurements just after infiltration. The
reason why resin infiltrate presented a different result for
developmental lesions is a subject for future studies.

Conclusions
In our study, resin infiltrate application was more
successful than fluoride varnish on WSLs. Although
fluoride varnish effect on WSLs continued with time,
the effect of resin infiltrate was visible just after treating
both the developmental enamel opacities and WSLs.
We concluded that a long‑term continuous fluoride
application is required to provide the same effect in
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WSLs according to resin infiltrate. Treating WSLs
with resin infiltrate was a better decision due to shorter
term esthetic recovery and high patient satisfaction.
DIAGNOdent pen scores decreased and the lesion was
partially masked, which enabled promising results as an
invasive method after resin infiltrate was applied to treat
developmental enamel opacities.
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