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Abstract

Low viscosity resins (infiltrants) have been shown to pene-
trate the lesion body of natural caries lesions almost com-
pletely in vitro. However, penetration depths (PD) have not
been evaluated in vivo. Therefore, the aim of the present
study was to evaluate the penetration of an infiltrant into
proximal caries lesions in primary molars after different ap-
plication times using an ex vivo model. 59 proximal lesions
from 34 children were randomly allocated to one of the ap-
plication times and were infiltrated under clinical conditions
for 1, 3, or 5 min. After extraction or exfoliation (n =48), teeth
were sectioned perpendicular to their surfaces and lesion
depths (LD) as well as lesion areas (LA) were evaluated using
polarized light microscopy. PD and penetration areas (PA)
were measured on scanning electron microscopic images.
Percentage penetration depth (PPD) and percentage pene-
tration area (PPA) were calculated. The mean (+SD) LD and
LA were 596 * 203 pm and 4.03 £ 2.75 x 10° um?, respec-
tively. PPD ranged from 70 to 80% and PPA from 54 to 60%.
Longer application times did not result in significantly deep-

er or more complete penetration (p > 0.05; ANOVA). In con-
clusion, proximal caries lesions in primary molars can be in-
filtrated in vivo to a similar extent as observed previously in
vitro. Moreover, 1-min application of the infiltrant led to PD
and homogeneity similar to those observed with longer ap-

plication times up to 5 min. Copyright © 2012 S. Karger AG, Basel

The prevalence of children with initial proximal caries
in primary molars varies from 33 to 75% in low and high
caries prevalence groups, respectively [Anderson et al.,
2005; Nobre Dos Santos et al., 2005; Lillehagen et al.,
2007]. In the absence of cavitation a noninvasive approach
based on plaque control, fluoridation, and dietary coun-
seling has been recommended [Kidd and Fejerskov, 2004].
However, if good compliance of the patient cannot be
achieved, proximal lesions often progress and require re-
storative treatment [Mejare, 2000; Vanderas et al., 2006].

Fissure sealants are effective in arresting noncavitated
caries lesions in occlusal surfaces [Griffin et al., 2008;
Bakhshandeh et al., 2011; Borges et al., 2011]. Promis-
ing results were observed after sealing proximal caries
with fissure sealants, adhesives, or polyurethane patches
[Martignon et al., 2006, 2010; Alkilzy et al., 2011]. More-
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over, for clinical sealing of proximal lesions, two visits are
required: the first to separate teeth with orthodontic elas-
tic rings and the second for sealant application [Marti-
gnon et al., 2010].

In contrast to sealing where a protective coat is created
on the enamel surface, infiltration aims to penetrate a low
viscosity resin into the lesion body [Meyer-Lueckel and
Paris, 2008a]. It has been shown in vitro [Meyer-Lueckel
and Paris, 2008b] and in situ [Paris and Meyer-Lueckel,
2010] that a covering resin coat on the enamel surface is
not essential to inhibit caries progression. However, only
shallow penetration of adhesives was observed in natural
caries lesions in vitro [Meyer-Lueckel and Paris, 2008a].
Furthermore, the efficacy of caries infiltration in reduc-
ing caries progression has been reported in clinical stud-
ies [Ekstrand et al., 2010; Paris et al., 2010; Martignon et
al., 2012; Meyer-Lueckel et al., 2012].

In laboratory studies, a 5-min application time of the
infiltrant resulted in the best penetration results [Meyer-
Lueckel and Paris, 2008a]. In vitro studies [Meyer-Lue-
ckel et al., 2011] showed that 3-min application was suf-
ficient to infiltrate the lesion body of natural caries le-
sions in permanent teeth almost completely. In primary
molars, although a tendency for deeper penetration of the
infiltrant after longer application times was observed,
enamel lesions were nearly completely infiltrated already
after 1 min in vitro. Thirty-second application resulted in
significantly shallower penetration depths (PD) of the in-
filtrant [Paris et al., 2011b].

As in vitro studies are not able to mimic the clinical
situation completely, the current study aimed to evaluate
the PD of an infiltrant applied in vivo on proximal lesions
in primary molars after different application times. This
is the first study to evaluate resin infiltration depths using
an ex vivo model. The overall hypothesis of the present
study was that with longer application times significant-
ly deeper and more complete penetration of the infiltrant
into natural proximal caries lesions in primary molars
would be observed.

Materials and Methods

This study was designed as an ex vivo study with a randomized
design and blind assessment. Ethical approval was given by the
Ethics Committee of the University of the State of Rio de Janeiro,
Brazil (2225-CEP/HUPE).

Sample
123 children (aged 9-12 years) were screened from January to
December 2010 at the pediatric dental clinic at the University of
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the State of Rio de Janeiro and at the University of Brasilia, both
situated in Brazil. They were referred to bitewing examination
because they had one or more active caries lesions as detected vi-
sually. Based on bitewing radiographs, children who presented at
least one initial proximal carieslesion in a primary molar that was
expected to exfoliate within the next 12 months were considered
eligible for the study. Proximal lesions (fig. 1a, d) were visually as-
sessed by two calibrated investigators with the naked eye using a
light box. Caries lesions were scored as radiolucency into the out-
er half of enamel (E1), the inner half of enamel (E2), the outer
third of dentin (D1), the middle third of dentin (D2), and the in-
ner third of dentin (D3). In case of disagreement a consensus was
achieved. Teeth having E2 and D1 lesions and being in contact
with the respective adjacent tooth were included in the study.
Cavitated (into dentin) caries lesions as assessed by visual-tactile
examination were excluded. At maximum one proximal caries le-
sion per tooth was selected. The aims of the study were explained
to parents before they gave written informed consent.

The sample size was calculated on the basis of a pilot evalua-
tion of the current data after having included 15 lesions of which
14 could be assessed in vitro. The sample size calculation based
on the mean percentage penetration depths (PPD) of these 14 le-
sions (n = 4-6 per group) revealed that 33, 14, and 94 specimens
were needed to obtain significant differences between 1/3-min,
1/5-min, and 3/5-min application times, respectively (o = 0.05;
1 - B =0.8; 2 test). Thus, the goal was to assess at least 14 caries
lesions for each application time, which resulted in 14 X 3 groups
= 42 caries lesions. We assumed a dropout and technical failure
rate of 30%, resulting in a sample of 60 caries lesions.

59 proximal caries lesions from 34 children (mean age 9.8 *
0.8 years) were treated. Three lesions were classified as El, 36 as
E2, and 20 as D1. Three E1 lesions were included in the sample
because they were just between E1 and E2 and the patients pre-
sented active caries in other tooth surfaces.

Intervention

Lesions were allocated to one of three application times (1, 3,
or 5 min) using computer-generated randomly permuted blocks
of size 9 (sealed in envelopes) by an assistant. When more than
one lesion was selected in the same child, lesions were considered
following the sequence of examination from tooth 55 to tooth 65
and from tooth 75 to tooth 85. Eighteen lesions were treated for
1 min, 21 for 3 min, and 20 for 5 min.

Proximal caries lesions were treated with the infiltration tech-
nique using Icon (DMG, Hamburg, Germany) by one trained in-
vestigator according to the manufacturer’s instructions except for
variation of the application time (1, 3, or 5 min) and single infil-
trant application (manufacturer recommends second applica-
tion). The clinical procedure was as follows: (1) topical anesthesia
on the gingival papilla followed by local anesthesia on the gingival
papilla (only if necessary in order to apply the clamp on the first
permanent molar sufficiently); (2) application of a rubber dam;
(3) insertion of the plastic wedge for immediate tooth separation;
(4) surface etching for 120 s with 15% HCI gel using the foil ap-
plicator included in the treatment kit, which protects the adjacent
surface from the acid; (5) rinsing with a water spray for 30 s;
(6) drying with compressed air for 30 s; (7) desiccation of the le-
sion with 100% ethanol for 30 s and subsequent air blowing for
30's; (8) application of the infiltrant for 1, 3, or 5 min using the foil
applicator; (9) removal of excess material from the lesion surface
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Fig. 1. Arrows indicate a radiological D1 (outer third of dentin) caries lesion on the distal surface of tooth 54 (a)
and an E2 (inner enamel) caries lesion on the distal surface of tooth 64 (d). Arrowheads indicate the limits of
the LA and PA of both caries lesions in polarized microscopic images (b, ) and SEM images (c, f), respectively.
Almost complete (c) as well as partial (f) infiltration could be observed after 5- and 1-min application of the
infiltrant, respectively.

by air blowing and dental floss; (10) light curing of the infiltrant
with blue light for 60 s (350-500 mW/cm?, UltraLux; Dabiatlante,
Ribeirao Preto, Brazil).

Teeth were either extracted immediately after treatment (if
roots were almost completely reabsorbed or for orthodontic rea-
sons) or followed until they could be extracted or were naturally
exfoliated. Teeth were stored in 0.1% thymol solution.

In the follow-up visits, children and parents were questioned
about possible adverse effects such as tooth pain or any discom-
fort in soft tissues around the infiltrated teeth.

Analysis of the PD of the Infiltration

Proximal caries lesions were scored by direct visual examina-
tion using ICDAS criteria [Pitts, 2004] by one trained examiner.
For further analysis teeth were embedded in acrylic resin, and
130- to 150-pm transversal thin sections were prepared (Band-
Saw-300cl; Exakt-Apparatebau, Norderstedt, Germany). Tooth
sections were polished up to a 100-pm thickness (Mikroschleif-
system-400cs, abrasive paper 1,200, 2,400, and 4,000; Exakt-Ap-
paratebau) and examined with polarized light microscopy (Mi-
crophot-FXA; Nikon, Tokyo, Japan). Sections showing the deep-
est part of each lesion were selected for measurement of the
maximum lesion depth (LD) and lesion area (LA) (AxioVision-3.1;
Carl Zeiss, Oberkochen, Germany). LD was measured along the
enamel prisms from the tooth surface up to the deepest point of
the lesion in the enamel (fig. 1b, e). Subsequently, the same sec-
tions were etched with 10% HCI solution for 30 s, washed with
deionized water, dried at room temperature for 24 h, and analyzed
using scanning electron microscopy (SEM) in backscattered elec-
tron mode (Philips-XL30; Eindhoven, The Netherlands) [Paris et
al., 2009]. On the SEM images the PD of the infiltrant (along the
enamel prisms at the deepest point of the lesion) and the infil-
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trated area (PA) were measured (AxioVision-3.1) (fig. 1c, f). Mea-
surements of LD and PD were done blindly regarding the applica-
tion time.

Statistical Analyses

The PPD (PPD = PD/LD X 100) and the percentage penetra-
tion area (PPA =PA/LA X100) were calculated. PD, PPD, and PPA
were compared between the applications times. Subgroup analy-
sis was done for lesions with LD =400 pwm. Normal distribution
was checked (Shapiro-Wilk test). Differences in LD, PD, PPD, and
PPA were analyzed using one-way ANOVA and t tests (SPSS-19.0;
Chicago, Ill., USA). The level of significance was set at 5%. In-
traexaminer reliability for measurements of LD, LA, PD, and PA
was assessed by repeated analysis of 20 lesions using the intraclass
correlation coefficient (ICC).

Results

At the follow-up visits none of the children reported
pain or any other discomfort related to the infiltrated
teeth. Of the 59 treated teeth, 22 were extracted immedi-
ately after infiltration, 14 were extracted/exfoliated in the
first 5 months, and 18 were extracted 6-12 months after
infiltration. Five teeth could not be collected because par-
ents did not keep them after exfoliation. Six teeth broke
during preparation. The final sample consisted of 48
teeth (table 1).
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Table 1. Data of the 59 proximal lesions (by application time), in-
cluding the final sample (n = 48) and the lost teeth (n = 11)

Sample (n = 59) Lost Final
. . . sample
Imin 3min 5min  broken dropout (n = 48)
(n=6) (n=5)

Tooth

1st molar 10 5 8 3 2 18

2nd molar 8 16 12 3 3 30
Jaw

Upper 9 11 10 3 1 26

Lower 9 10 10 3 4 22
Surface

Mesial 2 5 4 1 3 7

Distal 16 16 16 5 2 41
X-ray score

El 1 1 1 1 0 2

E2 12 14 10 3 3 30

D1 5 6 9 2 2 16
Time to extraction or exfoliation

Immediately 5 9 8 0 20

<5 months 3 6 5 1 NA 13

>5 months 10 6 7 3 15
ICDAS score*

1 4 3 3 1 NA 9

2 8 10 9 1 26

3 3 5 1 2 7

4 1 0 3 1 3

5 1 1 2 1 3

E1 = Radiolucency confined to the outer half of enamel; E2 =
radiolucency in the inner half of the enamel; D1 = radiolucency
in the outer third of dentin; NA = information not available.

2 Direct visual examination after extraction/exfoliation.

The mean (£SD) LD and LA were 596 * 203 wm and
4.03 £ 2.75 x 10° pm?, respectively, for all lesions (n =
48). For lesions with LD =400 pm (n = 39) the overall
mean LD and LA were 665 = 153 pm and 4.63 £ 2.68
X 10° wm?, respectively. No differences regarding LD or
LA between the three groups differing in application
times were observed (p > 0.05; ANOVA; table 2). Mea-
surements showed a high degree of intraexaminer repro-
ducibility (ICC 0.980-0.996).

The infiltrant penetrated rather deeply in most of the
proximal caries lesions even after a 1-min application
time (table 2). No significant differences between the
groups were observed (p > 0.05; ANOVA; table 2). The
mean PPD ranged from 70 to 80% and the mean PPA
from 54 to 60% for all lesions. Similar results were ob-
served for lesions with LD =400 pwm. Longer application
times did not result in significantly deeper percentage
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Fig. 2. Mean (error bars: 95% confidence intervals) PPD and PPA
of the infiltrant for the three application times for all lesions and
for lesions with LD =400 pm (p > 0.05; ANOVA). n = Number of
teeth.

penetration (p > 0.05; fig. 2). PPD and PPA did not differ
significantly between lesions confined radiographically
into enamel (E1+E2) (74 = 21 and 57 * 26%, respective-
ly) compared with those extending into dentin (D1) (76
+ 17 and 58 * 19%, respectively) (p > 0.05; t test).

PPD and PPA were also compared between teeth ex-
tracted/exfoliated within shorter (<5 months) or longer
(>5 months) periods of time, but no significant differ-
ences were observed (p > 0.05; t test). PPD and PPA were
76 * 18 and 59 * 24%, respectively, for teeth extracted/
exfoliated at <5 monthsand 71 * 23 and 52 * 25%, re-
spectively, for those that remained longer in the oral cav-

ity.

Discussion

This was the first ex vivo study to investigate the pen-
etration of an infiltrant into proximal caries lesions. Al-
though in vitro studies have shown that natural proximal
lesions can be almost completely infiltrated [Meyer-
Lueckel and Paris, 2008a; Meyer-Lueckel et al., 2011; Par-
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Table 2. Means (+SD) of the maximum LD, LA, PD, and PA of the infiltrant with respect to the various application times for all

lesions and for lesions with LD >400 wm

Application  All lesions Lesion with LD >400 pwm
time, min
n  depth, pm area, X 10° pm? n  depth, pm area, X 10° pm?
LD PD LA PA LD PD LA PA
1 13 551202 387206 3.13+x1.53 1.72%*1.06 10 632%136 451%x190 3.70x1.14 2.07%£0.95
19 577x200 418*186 391x2.17 222%x1.93 15 655%142 476X 164 4.51%x2.02 2.68*1.93
5 16  654%208 520*181 490%3.82 2.76%£2.13 14 701%£177 559*153 543%3.79 3.05%x2.13

No significant differences were observed between application times (p > 0.05; ANOVA). n = Sample size per group.

is et al., 2011a], it was necessary to confirm these findings
in vivo, since in vitro studies cannot mimic the clinical
situation completely. Nonetheless, the current study cor-
roborated that proximal lesions in primary molars could
be relatively homogeneously infiltrated even after a 1-min
application time. Thus, the hypothesis that longer appli-
cation times of 3 or 5 min result in significantly deeper
and more complete penetration of the infiltrant has to be
rejected at an adequate power at least for the comparison
of 5- and 1-min application times.

The PD of the infiltrant has been usually evaluated
with confocal laser scanning microscopy using staining
techniques with tetramethylrhodamine isothiocyanate
in vitro [Meyer-Lueckel and Paris, 2008a]. However, due
to toxic effects it is not possible to use the same staining
technique under in vivo conditions. Therefore, an alter-
native method employing SEM was used in the current
study. This method has been used to measure the pene-
tration of resins into artificial caries lesions previously
[Davila et al., 1975; Gray and Shellis, 2002]. Moreover, the
results obtained with the staining technique were highly
correlated to those using the SEM, thus providing similar
outcomes [Paris et al., 2009]. In the present study, the
measurement of LD and infiltration depth showed high
intraexaminer reproducibility.

In comparison to in vitro studies [Meyer-Lueckel and
Paris, 2008a; Meyer-Lueckel et al.,, 2011] the PPD in the
current study was slightly lower but still reached 70-80%
on average. In general, around 60% of LA of all specimens
were penetrated by the infiltrant, indicating moderate
homogeneity. Under clinical conditions the presence
of saliva proteins and remnants of biofilm inside the
enamel porosities might inhibit complete infiltration.
Although lower infiltration depths in comparison to in
vitro results were somehow expected, good penetration
of the infiltrant was observed.
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In contrast to a previous in vitro study using perma-
nent teeth [Meyer-Lueckel et al., 2011], longer application
times (3-5 min) did not result in significantly deeper or
more homogeneous infiltration compared with 1 min.
The results of the present study were similar to a previous
in vitro study using primary teeth [Paris et al., 2011b]. For
both, a tendency towards a deeper PD after longer appli-
cation times was observed. In the present study a lower
predictability of penetration was observed after a 1-min
application time due to a wider range of PPD compared
to 3- and 5-min application times. Nonetheless, no sig-
nificant difference was found between the 1-min applica-
tion time in comparison with 3 or 5 min.

As the LD limits the penetration of the infiltrant,
shallower lesions might be infiltrated completely more
rapidly than deeper ones. To limit the influence of LD
on the results a subanalysis was done with lesions deep-
er than 400 pwm. Even among the deeper lesions, a rela-
tively high percentage penetration of the infiltrant was
observed independently of the application time. As the
penetrability of the infiltrant also depends on the poros-
ity volume of the lesion, active lesions are certainly more
easily infiltrated. The thinner surface layer is more eas-
ily abraded during acid etching exposing almost com-
pletely the more porous structure in the subsurface.
Children recruited for the current study had moderate
to high caries experience, being considered at high risk
for the development and progression of proximal caries
in primary molars [Vanderas et al., 2006]. Therefore, we
estimate that the proximal lesions were active and high-
ly porous. This might have contributed to the observed
relatively deep penetration after only a 1-min applica-
tion.

In deeper noncavitated caries lesions already reaching
the dentin, it might be speculated that the fluid from the
dentin tubules could impede proper desiccation of the
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enamel and inhibit infiltration. However, in the current
study infiltration depth was very similar in enamel
(E1+E2) and dentin lesions (D1), showing that radio-
graphic dentin involvement was not a factor that resulted
in hampered infiltration of the enamel. It is worth men-
tioning that proximal lesions restricted to enamel radio-
graphically are most likely extended into dentin histo-
logically [Espelid and Tveit, 1986]. However, as the clini-
cal indication for caries infiltration is based on the LD
according to X-ray, it is relevant to confirm that D1 le-
sions can be properly infiltrated.

After extraction/exfoliation, most of the proximal
caries lesions (35/48) were noncavitated, confirming
that the micro-invasive treatment had been properly
indicated. Not surprisingly, some of these lesions were
scored as ICDAS 1 probably because the resin penetra-
tion into the enamel subsurface may have partially
masked the whitish appearance of the lesions [Kim et
al., 2011]. On the other hand, 3 lesions were scored as
ICDAS 5. As these 3 teeth scored as ICDAS 5 were not
extracted immediately after infiltration, it is unclear if
they were cavitated when they were treated or if they
progressed to cavitation during the next months in situ.
Additionally, 5 of 10 lesions scored as ICDAS 3 or 4 were
not extracted right after infiltration. Thus, they might
have shown micro-cavities when they were treated or
had progressed during the in situ period of the study.
Prior to infiltration based on radiographic and visual-
tactile examination, these teeth were considered as be-
ing noncavitated. However, it might be possible that
some of the cavities were not detected clinically. It
should be kept in mind that the proportion of cavitated
lesions in primary molars can reach almost 30% among
D1 lesions [Pitts and Rimmer, 1992].
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