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Objectives: This study aimed to assess the effect of extent of white spot lesions (WSLs)
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by the resin infiltration technique.
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after treatment, and 1, 3, and 6 months after treatment by using Easy Shade
spectrophotometer and taking standard digital photographs. The surface area of WSLs
was calculated on the photographs using MIP4Student software. Repeated Measures
ANOVA was used to compare color change (AE), and the Pearson’s correlation test was
applied to analyze the association between the extent of lesions and AE (alpha=0.05).

Results: A significant difference was found between the two groups in AE at different
Dental Research Center, Department of time point_s (P<0.05). Al;o, in both localized and generalizec_i lesions, ‘Fhe pret_reatment
Restorative and Cosmetic Dentistry, AE was significantly different from the AE values at different time points after
School of Dentistry, Mashhad treatment (P<0.001). However, the post-treatment AE values were not significantly
University of Medical Science, Mashhad, ~ different (P>0.05). The Pearson test showed an inverse correlation between the extent
Iran of lesions and AE (P<0.05).

Conclusion: The resin infiltration technique is successful in masking the WSLs, with a
durability of at least 6 months. Color correction by this technique is more favorable in
localized lesions.
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INTRODUCTION

White spot lesions (WSLs) are opaque chalky
white enamel lesions without cavities that lose
their translucency due to extensive porosity of
the subsurface following demineralization [1].
WSLs can be categorized into two groups of
pre-eruption and post-tooth eruption injuries.
Pre-eruption injuries include developmental
enamel lesions such as fluorosis, enamel

hypoplasia, molar-incisor hypomineraliza-
tion, drug-induced enamel demineralization,
traumatic hypomineralization, and infection
[2]. Localized areas of demineralization/
caries in non-orthodontic patients or lesions
associated with the use of orthodontic
appliances are classified under the category
of post-tooth eruption injuries [3]. They are
usually detected on the labial surface of
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anterior teeth and interproximal contact
areas as incipient class Il lesions in posterior
teeth [4].

The incidence of WSLs increased by 29.2%
from 1986 to 2012 [5]. They are among the
common side effects of orthodontic treatment.
Also, they can cause long-lasting adverse
effects on dental esthetics and quality of life
[3]. In addition to esthetic problems of the
anterior teeth, progression of demineralized
lesions on the outer tooth surface (in case of
poor oral hygiene) may increase the need for
restorative procedures [6].

Two protocols may be considered for
treatment of WSLs: stopping the progression
of lesions through remineralization and
improving their appearance [6]. Use of
fluoride compounds, antimicrobial agents
such as chlorhexidine, chitosan, chewing gums
containing xylitol, and application of casein
phosphopeptide amorphous calcium phos-
phate (CPP-ACP) compounds such as MI Paste
and MI Paste Plus are among the suggested
treatments for remineralization of lesions.
Micro-abrasion and external bleaching are
also recommended for improvement of the
esthetic appearance of WSLs [7]. The effects of
conservative treatments such as fluoride
therapy are unsatisfactory due to their limited
remineralizing effects and unpredictable
patient cooperation [3].

Resin infiltration is another method used to
prevent the progression of WSLs. This method
is based on application of a low-viscosity resin
with high surface tension and a small contact
angle [8]. The porosities in demineralized
enamel are filled with air (RI=1) and water
(RI=1.33), which seem opaque in comparison
to sound enamel. Since the pores are filled
with resin (RI=1.52) in resin infiltration
technique, the appearance of infiltrated
enamel becomes similar to that of the adjacent
sound enamel (RI=1.62) [9, 10].

The resin infiltration technique has several
benefits, including  improvement  of
mechanical stability of demineralized enamel],
preservation of the adjacent hard tissue,
permanent closure of surface micro-pores and
cavities, filling of deep demineralized cavities,
stopping the caries progression, reducing the
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risk of secondary caries, delaying the
restorative intervention for an extended
period of time, no risk of postoperative
sensitivity and pulpitis, reducing the risk of
gingivitis and periodontitis, improving
esthetics when applied to cover superficial
WSLs, and high patient acceptance [11].
Several studies have demonstrated the
effectiveness of the resin infiltration technique
for improvement of the esthetic appearance of
WSLs compared with remineralization agents
such as CPP-ACP or fluoride [12-14]. However,
some other studies concluded that this
technique might partially mask the white
appearance of WSLs, especially in
developmental lesions, and has uncertain
results in long-term follow-ups [9, 10].

There is a lack of evidence about the effect of
surface area of WSLs on the masking effect
and efficacy of the resin infiltration technique
for prevention of the progression of WSLs.
Therefore, this study aimed to assess the
effect of extent of WSLs on the esthetic
outcome (masking effect and durability) for 6
months after treatment by the resin
infiltration technique. The null hypotheses
tested in this study were as follows: (I) There
would be no significant color change (AE)
within each group over time after the
application of resin infiltrant, (II) there would
be no significant correlation between the
extent of WSLs and AE.

MATERIALS AND METHODS

This clinical trial was conducted at the
Restorative and Cosmetic Dentistry Department
of Dental School of Mashhad University of
Medical Sciences after it was methodologically
approved by the Ethics Committee of the
university (IRMUMS.sd.REC.1393.4). The study
was registered in the Iranian Registry of Clinical
Trials (IRCT20180624040223N1).

Sample size:

The sample size was calculated to be 57
patients to find a clinically relevant difference
between the two trial groups, according to a
study by Knosel et al, [15] considering the AE
threshold values in the treated group to be
X=5.65and S=3.83 (d =1, a error = 0.05, and
power of study = 85%). Eighteen patients with

2/11



Gholami s, et al.

79 lesions were selected among those referred
to the Restorative and Cosmetic Dentistry
Department of Dental School of Mashhad
University of Medical Sciences.

Inclusion criteria:

o Patients between 14 to 21 years

. Having inactive labial WSLs with a
smooth and shiny surface

o For post-orthodontic WSLs, over 3

months had to be passed since bracket removal.
Exclusion criteria:

. Active and cavitied lesions

. Deciduous teeth

. Restoration of teeth adjacent to WSLs
. Poor oral hygiene

Enrollment:

After explaining the treatment steps and ensuring
proper cooperation of the patients, the patients
signed informed consent forms and were
enrolled.

Intervention:

All patients initially received oral hygiene
instruction and were asked to use the same
toothbrush (Oral B, Classic care, India), dental
floss (Oral B, Classic care, India), toothpaste
(Colgate Max Fresh Cool Mint Flavor, Thailand),
and mouthwash (2% NaF daily) during the
treatment course. The patients were instructed
to minimize the consumption of colored foods
and drinks especially in the first days after
treatment.

The teeth were assigned to two groups of
localized and generalized lesions. Localized
WSLs were defined as lesions involving only part
of the buccal surface, allowing color
measurement of sound adjacent enamel (to
serve as control). Generalized lesions were
defined as WSLs involving the entire buccal
surface or most of it; therefore, color
measurement of the adjacent sound enamel was
not possible to serve as control.

Before the procedure, standard photographs
were obtained from all samples. A
cephalometric head frame was used for
standardization, and the camera was placed at a
certain distance (30 cm). In order to prevent the
effect of moisture on tooth color, the tooth
surface was air-dried for 30 seconds. Next,
digital photographs were obtained using a
Canon camera with a 100 mm lens with shutter
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speeds of 1/100, F29, ISO 100, and auto white
balance in a room with constant light.
Photography was performed by a trained
operator before and after treatments and at 1, 3,
and 6-month follow-ups. The photographs were
analyzed by Photoshop software version 8.

The characteristics of WSLs of each tooth were
plotted on a dental chart for each patient by
printing a magnified colored image of the lesion
and specifying the extent of the lesion and its
location for further precise evaluation of the
same area (Fig. 1).

Fig. 1. Specifying the extent and location of
white spot lesions

The color of teeth was also assessed using an
Easy Shade spectrophotometer. First, the Vita
Easy Shade spectrophotometer (Vident, Brea,
CA, USA) was calibrated by using a calibration
plate. All measurements were made under D65
standard conditions. For exact placement of
spectrophoto-meter on WSLs, a piece of wax
was placed precisely on the WSL area, and then
an initial putty impression was made from the
treated arch. Next, a window was created in the
mold using a copper ring with the same
diameter as the tip of the spectrophotometer (5
mm) over the desired area for color
measurements right at the middle of the
window. The tooth surface was dried with a
sterile gauze. Afterwards, the tip of the
spectrophotometer was placed at the window
perpendicular to the labial surface of the tooth to
measure the color parameters. In localized
lesions, the measurements were made for both
WSLs and the adjacent sound enamel. The color
parameters including L* a* and b* were
recorded. In generalized lesions, the assessment
of color parameters of the adjacent sound
enamel was not possible. Therefore, the L*, a*,
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and b* values before and after treatment were
measured to calculate the AE. Colorimetry was
performed twice to minimize measure-ment
errors in all samples, and the mean of the
obtained values was calculated and recorded as
the colorimetric results.

Next, the patients received protective glasses.
The tooth surface was cleaned with a rubber
cup, and OpalDam (Ultradent, South Jordan, UT,
USA) was placed to isolate the teeth (Fig. 2).
Then, resin infiltrant (Icon, DMG, Hamburg,
Germany) was applied according to the
manufacturer's instructions.

Fig. 2. Generalized white spot lesions in maxillary
incisors

The teeth were etched by Icon Etch (15%
hydrochloric acid) for 2 minutes, rinsed for 30
seconds, and air-dried for 10 seconds.
Afterwards, Icon Dry (99% ethanol) was applied
for 30 seconds and dried with an air syringe for
10 seconds. Subsequently, Icon Infiltrant was
applied on WSLs by a sponge applicator
provided in the kit for 3 minutes followed by
light-curing by a LED light-curing unit (Elipar
S$10,3M ESPE, USA) with a light intensity of 1200
mW/cm2 for 40 seconds. For standardized
application of Icon Etch, Dry, and Infiltrant for
each WSL, each syringe screw was rotated by
half a turn for each application (Fig. 3). After
applying resin, excess resin was removed with a
No. 12 scalpel. The patients were asked not to
eat colored foods or drinks for up to 24 hours.
Patient follow-up:

The patients were followed-up for 1, 3, and 6
months after treatment [15-17]. At each follow-
up session, standard photographs were
obtained for evaluation in Photoshop software,
and colorimetry was also performed by using
Easy Shade spectrophotometer.
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Fig. 3. White spot lesions were masked immediately
after resin application

Evaluation of AE by Easy Shade
spectrophotometer:

Localized lesions: After measuring the L*, a*, and
b* color parameters of WSLs and the control area,
the AE was calculated using the formula below:
AE =/ (AL)2 + (Aa)2 + (Ab)2

AE was calculated at the aforementioned time
points.

Data were statistically analyzed by repeated
measures ANOVA. Level of statistical significance
was set at P<0.05.

Generalized lesions:

Since measurement of color parameters of the
adjacent sound dentin was not possible, the L*, a*,
and b* color parameters measured before and
after treatment were placed in the formula to
calculate the AE caused by the application of ICON
(E1). At 1, 3, and 6 months, the color coordinates
were measured again and placed in the formula
to evaluate the color stability. Accordingly, E2, E3
and, E4 were calculated and analyzed by repeated
measures ANOVA.

Photographic evaluation:

In both localized and generalized groups, the L*,
a*, and b* values were measured using
Photoshop software version 8 and analyzed as
explained for the spectrophotometric data.
Measuring the extent of WSLs:

The extent of WSLs as the demineralized surface
area of the tooth [18] was measured by using
MIP4Student software. This software is an image
processor software with the full name of
"automatic system for detecting and measuring
quantitative parameters of metallographic
images" (Fig. 4).

Calibration of this software was performed by
entering the mean mesiodistal width of each
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tooth that was clinically measured. Afterwards, The number of treated generalized lesions was
the relationship between the extent of lesions 20 in two female patients. These lesions had
and the amount of AE was analyzed by the been caused by fluorosis. The Kolmogorov-
Pearson’s correlation test at 0.05 level of Smirnov test showed normal distribution of
significance. data.

The results were similar in both techniques for

RESULTS localized and generalized lesions. Tables 1-4

Fifty-nine localized lesions of 16 patients were show the mean, standard error, and standard
treated (6 males and 10 females). Thirty-seven deviation of AE. Repeated measures ANOVA
lesions had been caused by orthodontic demonstrated that after resin application, the AE
treatment, 14 lesions by hypoplasia, and 8 in both groups at all follow-up times was < 3.7.
lesions by fluorosis. Two patients (one female There was no significant difference when AE
and one male, three hypoplasticlesions, and four was compared at different follow-up times (P>
fluorosis lesions) were lost to follow-up. 0.05). However, AE differed significantly
Therefore, the number of analyzed teeth was between the baseline and the follow-up times (1,
reduced to 52 in 14 patients. 3, and 6 months) (P<0.001; Figs. 5-and 6).

Table 1. Mean, standard error, and standard deviation of AE in localized lesions as measured by a
spectrophotometer (N=52)

EO 21 1.7 5.8752 0.6 4.33
Ea 5.1 0.23 1.8750P 0.18 1.3
El 4.3 0.23 1.7627° 0.14 1.01
E3 4.3 0.1 1.5131b 0.13 0.98
E6 3 0.1 1.5477° 0.1 0.72

EO: before treatment and sound enamel; Ea: immediately after treatment and sound enamel; E1: one month after treatment and
sound enamel; E3: three months after treatment and sound enamel; E6: six months after treatment and sound enamel. The AE mean
values were significantly different between the a and b groups, but were not significantly different within the b group

Table 2. Mean, standard error, and standard deviation of AE in localized lesions (N=52) as measured by
Photoshop software

EPO 10 1.3 4.33462 0.27 1.95
EPa 6.7 0.11 2.0535P 0.19 1.43
EP1 5.1 0.12 1.8529p 0.17 1.29
EP3 4 0.11 1.9813b 0.12 091
EP6 8.2 0.2 2.3410P 0.26 1.89

EPO: before treatment and sound enamel; EPa: immediately after treatment and sound enamel; EP1: one month after treatment and
sound enamel; EP3: three months after treatment and sound enamel; EP6: six months after treatment and sound enamel. The AE
mean values were significantly different between the a and b groups but were not significantly different within the b group.
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Table 3. Mean, standard error, and standard deviation of AE in generalized lesions as measured by a
spectrophotometer

EGO 20 9.30 1.10 4.5590 a 0.53290 2.38318
EG1 20 3.40 0.11 1.4590 b 0.20772 0.92896
EG3 20 3.30 0.32 1.4080 b 0.19241 0.86046
EG6 20 3.00 0.12 1.2846 b 0.19660 0.87923

EGO: Before and immediately after treatment; EG1: One month after treatment and immediately after treatment; EG3: Three months
after treatment and immediately after treatment; EG6: Six months after treatment and immediately after treatmentThe AE mean
values were significantly different between the a and b groups, but were not significantly different within the b group

Table 4. Mean, standard error, and standard deviation of AE in generalized lesions as measured by Photoshop software

EGPO 20 9.00 1.70 4.3940 a 0.50717 2.26815
EGP1 20 5.10 0.50 2.1200b 0.27555 1.23232
EGP3 20 5.10 0.23 2.2025b 0.29373 1.31360
EGP6 20 3.80 0.25 1.9720b 0.20018 0.89522

EGPO: Before and immediately after treatment; EGP1: One month after treatment and immediately after treatment; EGP3: Three
months after treatment and immediately after treatment; EGP6: Six months after treatment and immediately after treatment. The AE
mean values were significantly different between the a and b groups but were not significantly different within the b group.
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Fig. 5. Left: AE of localized lesions evaluated by Easy Shade Spectrophotometer. Right: AE of localized lesions evaluated by
Photoshop software
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Fig. 6. Left: AE of generalized lesions evaluated by Easy Shade spectrophotometer, Right: AE of generalized lesions evaluated by
Photoshop software
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Relationship between the extent of WSLs
and AE:

The Pearson’s correlation test showed an
inverse correlation between the extent of
WSLs and AE (P<0.001). In other words, larger
(generalized) WSLs showed lower color
improvement (AE).

DISCUSSION

This study assessed the effect of extent of
WSLs on the esthetic outcome (masking
effect and durability) for 6 months after
treatment by the resin infiltration technique
using  spectrophotometry and  digital
photography. The results showed significant
color correction during the follow-up period
and an inverse correlation between the
extent of WSLs and AE; therefore, both
hypotheses were rejected.

The present results were in agreement with
the finding of Senestraro et al, [19] who used
Image ] software to measure the extent of
lesions and compared them during the
follow-up period. Torres and Borges [20] and
Neuhaus et al. [21] demonstrated an inverse
correlation between the depth of WSLs and
improvement of the esthetic appearance of
lesions by the resin infiltration technique.
Resin can be infiltrated to the depth of 620
um; if the lesion depth exceeds 620 pm, less
esthetic improvement would occur [21]. The
depth of resin penetration in the resin
infiltration technique highly depends on the
depth and morphology of the lesions,
especially in traumatic hypomineralization
discoloration. In cases with round lesions
with an acute angle with the enamel surface,
resin penetration at the margins is often
impaired, causing the edges to show, known
as the edge effect. This phenomenon occurs
because hydrochloric acid leads to more resin
penetration into the central parts of the
lesions. In WSLs due to fluorosis and caries,
the angle formed between the lesion and the
enamel surface is obtuse, allowing more resin
to penetrate [22].

This study showed the stability of improved
esthetic results during the six-month follow-
up, which was in line with previous studies on
fluorosis, post-orthodontic WSLs, and enamel
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developmental defects with follow-up times
from 6 to 45 months [23-25]. However, the
results of some in vitro studies were in
contrast to the present findings. In these in
vitro studies, the samples were immersed
entirely in coffee or wine [26, 27], while in the
present study, the patients were instructed
not to consume colored foods and drinks as
much as possible, especially in the first days
after ICON application.

In several studies, AE< 3.7 is considered as
clinically acceptable color difference.
However, when this value is higher than 1, it
can be observable by the laypeople in 50% of
the cases. From this viewpoint, the current
results demonstrated that the resin
infiltration  technique was  relatively
successful in esthetic improvement of WSLs
because the AE values in both groups were
higher than 1. Although all lesions were not
masked completely, all patients were
satisfied with the esthetic results of resin
infiltration. The same results were reported
about patient satisfaction by Youssef et al
[12].

Applying remineralizing agents such as
fluoride or CCP-ACP is the most common
method used to treat WSLs. [t should be noted
that remineralization of incipient caries by
the afore-mentioned agents is superficial, and
the body of lesions still remains decalcified
[28]. Therefore, the refraction rate of light in
the body part of WSLs is different from that in
the intact enamel, and the esthetic
appearance of WSLs does not improve.
However, caries progression may stop or
decelerate, and the depth and width of lesions
may decrease [29]. Resin infiltration stops
the progression of enamel lesions and
improves the esthetic appearance of WSLs on
the labial surface of the teeth [13]. Meyer-
Lueckel and Paris [8], and Paris and Meyer-
Lueckel [30] highlighted the cariostatic
effects of resin infiltration. Compared to the
remineralization techniques which require
several follow-up sessions, resin infiltration
treatment is completed within one session,
which is favorable for patients [12].

The  micro-abrasion techniques and
conservative composite restorations are
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other approaches for management of WSLs;
however, the resin infiltration technique is
far less invasive than these techniques [31].
In the resin infiltration technique, only 30 to
40 pm of enamel is eroded by etching with
hydrochloric acid [31], compared to 630 pm
of erosion in the micro-abrasion technique
[32]. Also, teeth infiltrated with resin indicate
lower roughness values and complete sealing
of the porosities compared with micro-
abraded teeth [33]. It has been mentioned
that the resin infiltration technique brings
about better esthetic results than the micro-
abrasion technique after 12 months of follow-
up [34].

The topographic characteristics of caries-
induced WSLs are similar to mild and
moderate fluorosis-induced hypomineraliza-
tion, traumatic hypomineralization, and
molar-incisor hypomineralization; thus, the
resin infiltration treatment has been
suggested for the above-mentioned cases [35,
36]. Gencer and Kirzioglu [37] evaluated
resin infiltration, and application of
tricalcium phosphate, and CPP-ACP on micro-
abraded teeth with fluorosis and hypo-
mineralization and reported that resin
infiltration yielded the most favorable results
in all cases, especially fluorosis cases.

One disadvantage of resin infiltration is the
possibility of staining of the area. Restorative
resins are prone to pigmentation due to
internal and external factors over time.
Pigmentation, bond degradation, and
material wear depend on the water sorption
rate of the material, degree of conversion of
monomers, and the adopted surface polishing
technique [38].

Plaque accumulation with subsequent
pigmentation causes the penetration of stains
into the resin [39]. Icon infiltrant is a light-
cure resin mainly consisting of TEGDMA,
which is susceptible to accelerated aging [40].
According to Sideridou et al, [41] TEGDMA is
a monomer with the highest water sorption
capacity. BIS-GMA and UDMA rank next.
However, Rey et al. [42] showed that ICON
has the least potential for discoloration
compared with other adhesives.

Application of an adhesive system for
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composite restoration is another concern. It
does not weaken the resin bond and
increases the adhesion of self-etching agents
[43]. It also has a protective effect against
demineralization [44]. Furthermore, both
self-etch and etch-and-rinse adhesive
systems can be used for future composite
restoration in resin infiltrated enamel [45].
Also, Simunovic Anicic et al. [46] evaluated
the effect of resin infiltration pretreatment on
orthodontic bonding, and showed that resin
infiltration technique did not decrease the
shear bond strength of orthodontic brackets.
In the present study, several post-
orthodontic WSLs were evaluated in patients
that over 3 months had passed since their
bracket removal. The time period of 3 months
was selected because the WSLs often
decrease in size and number from a few
weeks to 3 months following bracket removal
in case of strict adherence to oral hygiene
measures [47].

To measure the color change caused by resin
infiltration treatments, a reproducible and
reliable instrument for colorimetry is
required. According to Browning [48]
spectrophotometer is the most accurate
instrument for colorimetry. Therefore, Vita
Easy Shade compact spectrophotometer was
used in the current study, which is a small,
cordless, battery-powered, affordable
portable spectrophotometer [49]. This device
is extensively used to evaluate color change
and improvement in esthetic appearance of
the teeth [17]. Easy Shade
spectrophotometer requires precise
measuring to reduce errors during its
operation. Tooth surface convexity and teeth
with higher translucency may affect the
accuracy of spectrophotometry [50]. Hence,
two measurements were made for each tooth
in the present study, and the mean values
were calculated and reported.

Standardized clinical photography is a simple
and valid method for quantitative assessment
of the extent and color of lesions. According
to Edward Benson et al, [51] photography is
an objectively (visually) reproducible,
reliable, and accurate method. Photography
is commonly used for assessment of color
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change [12, 23, 24]. Therefore, in the current
study, this method was used under standard
conditions for color evaluation. The results
obtained from Easy Shade
spectrophotometer and photography were
similar.

One limitation of this study was short
duration of follow-up. Longer follow-up
periods would yield more reliable results
regarding the durability of treatment results.
Also, the response of WSLs to this treatment
may be different according to their various
etiologies (orthodontic treatment, trauma,
caries, etc.). Thus, separate evaluation of
lesions based on their etiology is
recommended in future studies. Another
notable point is that patients' diet can affect
the level of staining of lesions. Although
patients were asked not to consume colored
foods and drinks in the first days of
treatment, it was not possible to standardize
the diet of patients or monitor their
compliance. Further studies are
recommended on deeper lesions with longer
duration of erosion, and more frequent use of
resin infiltration with longer follow-ups to
study the aging phenomenon considering the
hydrophilicity of TEGDMA monomer.

CONCLUSION

The resin infiltration technique improved the
esthetic appearance of demineralized teeth
with sufficient durability for 6 months.
Furthermore, there was an inverse
correlation between the extent of lesions and
the level of their esthetic improvement.
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