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In Vitro Progression of Artificial
White Spot Lesions Sealed

With an Infiltrant Resin

R Gelani � AF Zandona � F Lippert
MM Kamocka � G Eckert

Clinical Relevance

Infiltration of initial in vitro enamel lesions by resin seems to reduce or even stop the
progression of carious lesions.

SUMMARY

This study assessed the ability of an infiltrant

resin (Icon, DMG Chemisch-Pharmazeutische

Fabrik GmbH, Hamburg, Germany) to prevent

artificial lesion progression in vitro when used

to impregnate white spot lesions and also

assessed the effect of saliva contamination on
resin infiltration. Enamel specimens (n=252)
were prepared and covered with nail varnish,
leaving a window of sound enamel. After
demineralization (pH 5.0; four weeks), speci-
mens were divided into six groups (n=42 per
group): group 1, 2% fluoride gel (positive
control); group 2, resin infiltrant; group 3,
resin infiltrant + fluoride gel; group 4, no
treatment (negative control); group 5, resin
infiltrant application after saliva contamina-
tion; and group 6, resin infiltrant + fluoride gel
after saliva contamination. Specimens from
each group were cut perpendicular to the
surface, and one-half of each specimen was
exposed to a demineralizing solution for an-
other four weeks. The other half was set aside
as a record of initial lesion depth and was used
later in the determination of lesion progres-
sion. Lesion progression and infiltrant pene-
tration were measured using confocal laser
scanning microscopy (CLSM) and transverse
microradiography (TMR). For lesion depth,
based on CLSM, groups 2 and 3 showed the
least changes when submitted to demineral-
ization challenge, followed by group 1, then
groups 5 and 6, and finally group 4. There were
no significant differences between groups 2
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and 3 or groups 5 and 6 in their ability to
inhibit further lesion progression (p,0.05).
Based on TMR, groups 2 and 3 also showed
the fewest changes when submitted to demin-
eralization challenge, followed by group 5,
then groups 1 and 6, and finally group 4. In
terms of mineral loss as measured by TMR, all
groups that contained fluoride (groups 1, 3,
and 6) show less percentage change in mineral
loss than the groups that did not contain
fluoride (groups 2, 4, and 5). It can be conclud-
ed that infiltrant penetration into early enam-
el lesions inhibited further demineralization
in vitro, especially in the presence of fluoride.
Saliva contamination decreased the ability of
the infiltrant to prevent further demineraliza-
tion, but the presence of fluoride seemed to
counteract this effect.

INTRODUCTION

Dental caries is one of the most prevalent chronic
diseases globally, with individual susceptibility
lasting a lifetime. Early recognition of the disease
process (before cavitation) is important to implement
intervention in an attempt to stop and even reverse
the disease process (remineralization of the non-
cavitated lesion).1 Within the modern concept of
dental caries management, prevention and hard-
tissue preservation are the primary goals, and
dentists are encouraged to prefer a more conserva-
tive and biological rather than a surgical approach.1

Common nonoperative treatment for enamel caries
includes fluoride application, sealants, and behav-
ioral modification. For pits and fissures, mainly on
the occlusal surfaces of permanent molars, sealing
with light-curing resins has been shown to be an
effective preventive measure.2,3 A promising alter-
native therapy to arrest caries lesions on proximal
surfaces might be the infiltration of subsurface
lesions with low-viscosity, light-curing resins. Early
white spots have increased enamel porosity. Since
porosities of enamel caries lesions act as diffusion
pathways for acids and dissolved minerals, infiltra-
tion of these pores with low-viscosity resins might
occlude the pathways and thus hamper or arrest
caries progression.4 These same porosities can also
be the ideal loci for infiltration of adhesives.5

Reduction in pore volume after the sealing of
artificial initial enamel lesions has been reported in
several studies5-14 either by dental adhesives15-17 or
by fissure sealants. However, dental sealants and
adhesives are not optimized for high penetrability
and have therefore shown only superficial penetra-

tion into natural enamel lesions.18 Special resins,
optimized for rapid capillary penetration (so-called
infiltrants), penetrate significantly deeper.19 In
laboratory experiments, resin-infiltrated enamel
lesions without a covering resin coat showed a
significantly reduced lesion progression in a demin-
eralizing environment compared to untreated le-
sions.14,15 The aim of caries infiltration is to saturate
the porous lesion body with a low-viscosity resin
(infiltrant) that is subsequently hardened with blue
light.4,18,19 Thereby, diffusion pathways for cario-
genic acids are blocked and lesions sealed. However,
in contrast to conventional caries sealing,20,21 with
this technique, the diffusion barrier is created inside
the lesion and not on the surface, facilitating clinical
application, especially in the interproximal space.22

Recently, a resin based on this concept was intro-
duced to the market (Icon, DMG Chemisch-Pharma-
zeutische Fabrik GmbH, Hamburg, Germany). This
material, composed of triethylene-glycol-dimethacry-
late–based resin, bisphenol A glycerolate dimeth-
acrylate, camphorquinone, and ethyl 4-(dimethyl-
amino) benzoate and ethanol, has an extremely high
penetration coefficient that facilitates deeper pene-
tration. However, little is known about the perfor-
mance of the new infiltrant resin on the progression
of white spot lesions23 or the effect that salivary
contamination might have on the penetration of the
infiltrant. Studies show that one second of contact
between saliva and etched enamel is enough to
noticeably modify enamel topography.24 Further-
more, Taskonak and Sertgoz reported that etched
enamel absorbs salivary components, decreasing
surface energy and impairing potential adhesion.25

Therefore, it can be assumed that infiltrant, as it is
based on the same principle, would likely suffer the
same consequences of saliva contamination.

As a noninvasive treatment, the use of topical
fluoride associated with plaque removal is indicated
to promote lesion remineralization.26 Remineraliza-
tion is the natural repair process for noncavitated
lesions and relies on calcium and phosphate ions,
assisted by fluoride, to rebuild a new surface on
existing crystal remnants in subsurface lesions
remaining after demineralization. Fluoride ions
incorporate into remineralizing enamel/dentin,
changing carbonated apatite to a fluoroapatite-like
form that is more acid tolerant and makes the hard
tissues more acid resistant.26 To date, there are no
data comparing the preventive effect of resin
infiltrant, fluoride application, or a combination of
the two on lesion progression. Therefore, the purpose
of this study was to assess the in vitro ability of an
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infiltrant resin to impregnate artificial white spot
lesions to prevent lesion progression when done
alone and also in conjunction with fluoride treat-
ment. Additionally, as a secondary objective, this
study assessed the effect of saliva contamination on
resin infiltration. The null hypotheses tested were 1)
that caries progression was not altered by the
different treatments tested 2) that there was no
effect of saliva contamination on resin infiltration.

METHODS AND MATERIALS

Sample Preparation

Enamel slabs (approximately 5 3 5 mm2) were
prepared from the facial aspect of bovine incisors
stored in an aqueous 0.1% thymol solution. The slabs
were cut from the middle third of the labial coronal
surfaces. Initially, the pulpal surface of the slabs was
flattened in a grinding machine (Roto-Pol31/Roto-
Force4 polishing unit, Struers, Westlake, OH, USA).
Next, the external/experimental surface was sequen-
tially flattened with 500-, 1200- and 4000-grit silicon
carbide grinding papers (MD-Fuga, Struers) and
then polished (1-lm diamond suspension; Struers).
Specimens with white spots, cracks, or any other
defect were discarded. The remaining specimens
were mounted on an acrylic rod with sticky wax, and
their baseline surface microhardness (SMH) was
determined by the mean length (Lb) of five indenta-
tions placed 100 lm apart from each other in the
center of the specimen using a Knoop diamond
indenter with a load of 50 g and a dwell time of 15
seconds (2100 HT, Wilson Instruments, Norwood,
MA, USA).27 Only specimens with baseline SMH
between 300 and 350 KHN were selected for the
study (n=252).

Preparation of Caries-Like Lesions

The enamel surface of each specimen was partly
covered with acid-resistant nail varnish, leaving an
experimental window of sound enamel of about 5 3 3
mm. Specimens were then demineralized using a
hydroxyethylcellulose (HEC) acid gel. The gel was
prepared by adding HEC (Sigma 54290, Cellosize
QP-40, 80-125 cP, at a ratio of 140 g/L) to a pH 5.0–
adjusted solution containing 0.05 M lactic acid. The
solution was continuously stirred until the HEC was
partially hydrolyzed (about 30 minutes). The gel was
then poured into a container and placed into an
incubator set at 378C for about 24 hours. Specimens
were placed into a second, sealable container, and
fully hydrolyzed (ie, clear) HEC gel was poured over
them. The specimens were demineralized at 378C for
four weeks. The SMH of the enamel specimens was

measured again (SMH1). Indentations were spaced
100 lm from each other and from the baseline
indentation sites.

Treatment of White Spot–Like Lesions

All specimens were balanced according to micro-
hardness values (SMH1) and divided into six groups
(n=42 per group; Figure 1). In group 1 (positive
control), enamel specimens were treated with a
fluoride gel (2% NaF, neutral ssodium fluoride) for
4 minutes, which was removed by rinsing the
specimens under running distilled water for 2
minutes. For all groups that received the infiltrant
(groups 2, 3, 5, and 6), the indirect staining
technique28 was used prior to application of the
infiltrant: the surface was dried with compressed air
for five seconds and etched for five seconds with 37%
phosphoric acid, and specimens were stored in an
ethanolic solution of 0.1% Rhodamine B isothiocya-
nate (RITC) for 12 hours to dehydrate and label all
accessible porosities with the red fluorophore. Be-
cause etching with phosphoric acid removes the
surface layer in bovine teeth,9 HCl was not used.
Group 2 specimens were dried using compressed air
for 10 seconds, and pure infiltrant (ICON pre-
product) was applied onto the lesion surface. In
order to ensure that inhibition of lesion progression
was achieved only by infiltration of the lesion body
and not by a superficial resin layer, after five
minutes resin surplus was removed from the surface
using a cotton roll, and the material was then light
cured for 60 seconds (530 mW/cm2; Astralis 5; Ivoclar
Vivadent,Schaan Liechtenstein). To bleach all red
fluorophore that had not been enclosed by infiltrant,
specimens were stored in 30% hydrogen peroxide
solution for 12 hours at 378C. Subsequently, speci-
mens were washed with water for 60 seconds. Group
3 specimens were first treated the same way as
group 2, and then fluoride gel (2% NaF, neutral
sodium fluoride) was applied for 4 minutes. Subse-
quently, the fluoride gel was removed by rinsing in
distilled water for two minutes. Group 4 specimens
served as the negative control and received no
treatment. Group 5 specimens were treated the
same way as group 2 (dry, acid etch, and label with
red fluorophore) and then exposed to saliva before
placing the resin infiltrant (after the acid-etching
step). Stimulated, frozen pooled whole human saliva
collected under Indiana University Institutional
Review Board (IRB) approval (IRB no. 1105005588)
was microbrushed onto the selected specimens, left
undisturbed for five seconds, and gently air blown
for three to five seconds. Subsequently, resin
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infiltrant application and storing specimens in 30%
hydrogen peroxide took place as previously de-
scribed.

In group 6, specimens were dried, acid etched,
labeled with red fluorophore, and then exposed to
saliva. The resin infiltrant application and storing in
30% hydrogen peroxide took place after the saliva
exposure. This was followed by a four-minute
application of fluoride gel (2% NaF, sodium fluoride
gel), which then was removed by rinsing in distilled
water for 2 minutes.

In order to evaluate the progression of sealed
lesions in a demineralizing environment, specimens
from each group were cut perpendicular to their
surface using a hard-tissue microtome yielding two
halves for each lesion. One-half of each specimen
(initial half) was set aside to be used later as a record
of initial lesion depth when determining lesion
progression. For the remaining specimen halves
(demineralization half), the cut surface of each
specimen was covered with nail varnish and treated
as per above, and the specimens exposed to the

hydroxyethylcellulose gel for another four weeks to
simulate a cariogenic environment.

Confocal Laser Scanning Microscopy and
Transverse Microradiography

The nail varnish covering the cut surface of each of
the demineralization specimen halves was removed
with acetone. For examination by confocal laser
scanning microscopy and transverse microradiogra-
phy (TMR), thin sections (100 lm) of both initial and
demineralization halves of each specimen were
prepared. First, specimens were observed using a
confocal laser scanning microscope (Olympus Fluo-
view FV1000 MPE, Olympus, Center Valley, PA,
USA) at the Indiana Center for Biological Microsco-
py (Indianapolis, IN, USA). To visualize the pore
structures of the uninfiltrated portion of the lesions,
both halves of each specimen were immersed in 50%
ethanol solution containing 100 lM sodium fluores-
cein (Sigma Aldrich, Saint Louis, MO, USA) for 10
minutes. Subsequently, specimens were thoroughly
washed in deionized water for three minutes and

Figure 1. Schematic representation of specimen preparation.
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visualized with a confocal laser scanning microscope;
a 488-nm excitation light and 500-545-nm emission
filter band was used to visualize fluorescein isothio-
cyanate, and a 559-nm excitation laser and 570-650-
nm emission filter band was used for RITC. Images
were recorded with a lateral resolution of 1024 3

1024 pixels (635 3 635 lm) and analyzed using
Metamorph imaging software (Molecular Devices,
Downingtown, PA, USA).

At three defined points per image (depending on
the lesion depth indicated by a 50-lm grid), both
initial lesion depth and resin penetration depth were
measured and their mean values calculated. The
lesion depth was defined as the distance from the
surface of the specimen to the point where the prism
cores were no longer fluorescent.14 Lesion depth was
measured for each specimen individually. In the case
of complete infiltration, the initial lesion depth was
the same as the resin penetration depth. If the lesion
depth could not be exactly determined in ‘‘demin’’
halves due to complete infiltration, it was assumed
that the lesion had not progressed. Subsequently,
thin sections were examined using TMR.29 Lesion
depths as well as integrated mineral loss for both
lesion halves were measured using TMR software
(TMR for Windows, version 2.0.27.2, Inspektor
Research System, Amsterdam, The Netherlands).
Lesion progression was then evaluated by subtract-
ing lesion depths of paired ‘‘initial’’ halves from
‘‘demin’’ halves.15 The outcomes measure was depth
of penetration of the resin infiltrant for both halves
of the specimens and lesion depth and mineral loss
on both halves of the specimens.

Statistical Analysis

For each treatment group, the significance of the
lesion depth and mineral loss changes between the
treatment and demineralization periods was tested
using Wilcoxon signed rank tests. The treatment
groups were compared for differences in percentage

change in lesion depth and percentage change in
mineral loss using Wilcoxon rank sum tests. Resin
penetration depth was calculated as the average
penetration from the two halves of each specimen.
Penetration depth was also compared between
groups using Wilcoxon rank sum tests.

RESULTS

With the new indirect staining technique, the
confocal microscopic images obtained in dual fluo-
rescence mode showed red-infiltrated structures
(RITC), whereas porous structures (noninfiltrated
part of the lesion) appeared green due to staining
with NaFl. Nonporous structures, like sound enam-
el, showed no fluorescence and were displayed dark.

A total of 10 specimens were damaged during
preparation for TMR. Thus, averages of 39-40
specimens from each group were analyzed by TMR.
Based on confocal lesion depth, group 2 (resin
infiltrant) and group 3 (resin infiltrant þ fluoride)
showed the fewest changes when submitted to the
demineralization challenge, followed by group 1
(fluoride), group 5 (saliva contamination þ resin
infiltrant), and group 6 (saliva contamination þ
resin infiltrant þ fluoride), then group 4 (negative
control, no treatment; Table 1). There were no
significant differences between groups 2 and 3 or
groups 5 and 6 in their ability to inhibit further
lesion progression.

When analyzing lesion depth using TMR, group 2
(resin infiltrant) and group 3 (resin infiltrant þ
fluoride) showed the fewest changes when submitted
to the demineralization challenge, followed by group
5 (saliva contamination þ resin infiltrant), then
group 6 (saliva contamination þ resin infiltrant þ
fluoride) and group 1 (fluoride), then group 4
(negative control, no treatment; Table 2).

In terms of mineral loss as measured by TMR, all
groups that included fluoride (groups 1, 3, and 6)

Table 1: Change in Confocal Lesion Depth After Demineralization Challenge

Group n Confocal Lesion Depth (in lm)

Initial Mean (SE) After-Challenge Mean (SE) % Changea Mean (SE)

1. Fluoride (F) 42 110.1 (2.7) 146.4 (4.1) 33.9 (3.1) A

2. Icon 42 116.2 (3.3) 121.0 (3.2) 4.3 (0.6) B

3. Icon þ (F) 42 106.9 (3.1) 111.0 (3.1) 4.0 (0.6) B

4. No treatment 42 109.7 (2.2) 172.3 (3.7) 58.3 (3.3) C

5. Saliva contamination þ Icon 42 116.1 (3.7) 165.0 (5.3) 42.3 (2.2) D

6. Saliva contamination þ Icon þ (F) 42 108.4 (3.2) 155.1 (4.8) 43.4 (2.7) D

a Percentage change after challenge within group significantly different at p,0.0001.
Statistical significance between groups indicated by different letters (p�0.008).
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showed less percentage change in integrated mineral

loss than the groups that did not include fluoride

(groups 2, 4, and 5; Table 2). Resin penetrated

significantly deeper in group 2 (resin infiltrant;
p=0.0041) than in group 3 (resin infiltrant þ
fluoride), but there were no other statistically
significant differences in penetration depth among
other groups (Table 3). Although saliva did not
interfere with the penetration of resin, the resin
layer was not homogeneous, as seen in Figure 2, and
thus there was greater lesion progression in saliva-
contaminated groups (Tables 1 through 3).

DISCUSSION

Resin infiltration of enamel lesions aims to reduce or
even stop the progression of white spot lesions based
on the available clinical and laboratory stud-

Table 2: Change in Transverse Microradiography Lesion Depth and Mineral Loss Measurements After Demineralization
Challenge

Group n TMR Lesion Depth (in lm) TMR Mineral Loss (in vol% 3 lm)

Initial Mean
(SE)

After-Challenge
Mean (SE)

% Changea

Mean (SE)
Initial Mean

(SE)
After-Challenge

Mean (SE)
% Changea

Mean (SE)

1. Fluoride (F) 41 155.1 (1.8) 197.1 (3.0) 27.6 (2.2) A 2267 (49) 3076 (111) 37.2 (5.1) A

2. Icon 40 187.4 (3.3) 190.9 (3.4) 1.9 (0.3) B 2546 (70) 3910 (109) 57.1 (5.5) B

3. Icon þ F 42 195.1 (3.6) 197.3 (3.5) 1.2 (0.2) B 2852 (87) 3605 (87) 31.4 (5.0) A

4. No treatment 39 155.2 (2.4) 221.8 (4.1) 43.8 (3.0) C 2467 (61) 3991 (133) 63.8 (5.8) B

5. Saliva contamination þ Icon 40 177.5 (3.0) 207.5 (3.2) 17.8 (2.2) D 2477 (63) 3811 (101) 57.1 (5.5) B

6. Saliva contamination þ Icon þ F 40 151.9 (3.4) 187.8 (3.1) 24.9 (2.2) A 2428 (82) 3259 (70) 39.7 (5.3) A

a Percentage change after challenge within group significantly different at p,0.0001.
Statistical significance (p�0.03) between groups indicated by different letters.

Table 3: Measurements of Infiltrant Resin Penetration by
Confocal Microscopea

Group n Lesion
Depth

Infiltrant Resin
Penetrationa

Icon 42 116.2 (3.3) 112.8 (2.9) A

Icon þ F 42 106.9 (3.1) 103.0 (2.9) B

Saliva contamination þ Icon 42 116.1 (3.7) 110.1 (3.3) AB

Saliva contamination þ Icon þ F 42 108.4 (3.2) 106.0 (2.5) AB

a Statistical significance (p=0.004) between groups indicated by different
letters.

Figure 2. Representative confocal laser scanning microscopy (CLSM) images of corresponding lesion halves of all groups. On the images of the
‘‘demin’’ half. the extent of the corresponding baseline lesion is indicated by a dotted line. Group 1 shows slight progression of lesion, and groups 2
and 3 infiltrated the complete lesion body with resin. Here, no progression of lesion depth could be observed using CLSM. Group 4, the untreated
control in the ‘‘demin’’ half, progressed significantly compared to the baseline. In groups 5 and 6, the lesion is not homogeneously infiltrated, and
progression of lesion depth could be observed. Notice the inhomogeneity of the resin layer in groups 5 and 6; the inhomogeneous layer of resin tags
appears as a mix of red and green (ie, yellow) or more green.
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ies.11,15,19,23,30,31 This novel technique might bridge
the gap between noninvasive and minimally invasive
treatment of initial dental caries, postponing as long
as possible the need for a restoration.23 Fluoride’s
ability to inhibit or even reverse the initiation and
progression of dental caries is well documented.32 As
a prophylactic, the frequent use of fluorides for the
noninvasive treatment of initial enamel lesions is
generally recommended, and remineralization of the
lesion may be obtained by improving the patient’s
oral hygiene and the use of fluoride toothpaste. The
aim of the current study was to evaluate the
synergistic effect of treatment with the resin infil-
tration technique and remineralization of enamel
caries with fluoride gel on the progression of initial
dental caries. According to the results of this study,
all the treatments tested hampered lesion progres-
sion although at different levels. The first null
hypothesis of the study was rejected, as caries
progression differed among the different treatments
(fluoride, resin infiltration þ fluoride, or resin
infiltration). After the new acid challenge, lesion
depth values for the groups treated with resin
infiltrant and resin infiltrant þ fluoride were similar
and exhibited less change than specimens in the
group treated with fluoride only (Tables 1 and 2).
This is in agreement with other studies indicating
that resin infiltration can assist in hampering the
progression of dental caries.19,28,30 However, in
relation to mineral loss, the resin infiltrant þ
fluoride group showed less change in mineral loss
values compared with the resin infiltrant group
alone (Table 2).

To date, no study has shown the effect of saliva
contamination on resin infiltration. In this investi-
gation, when the lesions were contaminated with
saliva prior to the application of the resin infiltrant,
there was no effect on the penetration of the
infiltrant. However, due to saliva contamination,
the lesion was not homogeneously infiltrated, and
the lesions were not protected from further progres-
sion (Tables 1 and 2). Thus, in agreement with a
previous study, this indicates that not only a deep
infiltration but also a homogeneous resin layer
within the lesion body is essential for a leakproof
seal.14 In terms of mineral loss, group 6 (saliva
contamination þ resin infiltration þ fluoride)
showed less change in mineral loss than group 5
(saliva contamination þ resin infiltration), indicat-
ing that in the presence of fluoride, saliva contam-
ination did not have a strong negative effect.
Although short-term contamination with saliva did
not alter the penetration of the infiltrant, it reduced

the ability of resin infiltration to hamper the
progression of early enamel lesions, and thus proper
isolation should be performed during application of
resin infiltrant. In case of inadvertent saliva con-
tamination, an application of topical fluoride is
recommended. It should be taken into consideration
that an artificial bovine enamel lesion model was
used and that the mean lesion depths of the initial
lesions were on average 110 lm. This limits the
validity of the study because, under clinical situa-
tions, the enamel lesions to be resin infiltrated are
usually deeper (500-900 lm).19 More studies are
needed to confirm the efficacy of resin infiltration in
conjunction with fluoride treatment in clinical
conditions.

CONCLUSION

Resin infiltrant, especially in combination with
fluoride, has great potential for inhibiting further
progression of small white spot lesions. Saliva
contamination can negatively affect lesion progres-
sion, but fluoride can counteract this effect.
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