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ABSTRACT

Introduction: Resin infiltration technique is a promising option for treatment of incipient
enamel lesions, especially for patients with history of fixed orthodontic appliances. However, its
ability to resist aging under thermal influences in the oral cavity is still questionable. Aim of the
study: The present research aimed to inspect the ability of resin-infiltrated initial enamel lesions, to
resist aging under thermal challenge.

Materials and methods: Fifty extracted non-carious premolars were included in the present
study. Specimens were equally distributed into 5 groups, where group 1 included teeth with sound
enamel (control), while group 2 included teeth with decalcified untreated lesions. Specimens
of group 3 were subjected to Icon® resin infiltration after decalcification. For groups 4 and 5,
decalcified resin-infiltrated specimens were subjected to thermocycling (TC) at 5,000 or 10,000
cycles respectively. Surface evaluation parameters included surface microhardness and roughness.
Surface morphology was further evaluated using scanning electron microscope (SEM). For
statistical analysis, ANOVA and LSD tests were used.

Results: Resin-infiltrated enamel was more resistant to surface changes, under thermal
stresses, than the non-resin-infiltrated enamel. The resin surface showed high resistance to surface
degradation at thermal stress of 5000 cycles, while more deterioration started to appear at 10,000

cycles.

Conclusion: Resin infiltration has the ability to provide adequate protection to the demineralized
enamel against thermal attack of 5,000 thermal cycles. However, surface microcracks generated at
10,000 thermal cycles indicate that the material might further deteriorate on aging for more than

one clinical service year.
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INTRODUCTION

Caries develops as a result of dynamic periods

of demineralization and  remineralization.'
Demineralization takes place when enamel is
invaded by pathogenic bacteria that produce organic
acids, by fermentation of food debris. Subsequently,
calcium and phosphate minerals are dissolved
out of the enamel, by the action of acids, leaving
microporosities within the remaining enamel. If
the dissolved minerals are not compensated for by
successive remineralization process, this leads to
more caries progression.>® This process is more
pronounced in patients who are unable to maintain
adequate oral hygiene, such as handicapped children

or patients with fixed orthodontic appliances.*

Formerly, the most commonly used strategy
for treatment of incipient enamel caries included
enhancing enamel remineralization by using
calcium phosphate or fluoride-containing products.
Several reminerlizing products were introduced
to the markets since the year 2000, where their
mechanism of action was based on enhancing
the natural reminiralization property of saliva.’”’
Although this technique could be helpful to some
patients, yet, it was reported by some studies that
it is not generally recommended for all cases as it
doesn’t provide a general solution for controlling
dental caries.®’

In year 2009, Icon® product for caries infiltration,
was introduced in Germany, as an innovative option
for micro-invasive treatment of early carious
lesions without drilling. '° This technique applies a
low-viscosity light-curing unfilled resin composed
of triethylene glycol dimethacrylate (TEGDMA).
The high fluidity of this unfilled resin enables it to
easily infiltrate into the caries-produced porosity,
and thus, occluding the diffusion pathways of caries
producing acids. By this painless, non-drilling
technique, the resin can arrest progression of caries
with no need for unnecessary loss of healthy dental

tissue. "> !!
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Several studies were conducted to test Icon
resin infiltrant, and most of them have shown

promising results. '*'°

However, concerns are
still there regarding its ability to provide a long-
term protection against cyclic changes caused by
different oral conditions. Therefore, the present
research aimed to evaluate the effect of aging under
thermal cycles, on surface hardness and roughness
of Icon-treated incipient enamel lesions. Our null
hypothesis assumed that there were no statistically
significant differences between the tested groups

with thermocycling.

MATERIALS AND METHODS

Specimens’ preparation and grouping

Fifty non-carious upper and lower bicuspids, free
from cracks and defects, obtained from orthodontic
clinic, were cleaned and kept at room temperature
in 0.1% thymol. Roots were removed away with a
low speed diamond disc (Isomet ™, Buehler, Lake
Bluff, IL). Specimens were embedded in acryl resin
blocks leaving the relatively flat proximal surface

uncovered for evaluation.

Then, the prepared specimens (n=50) were
randomly divided into 5 groups (10 specimens

each) as follows:

1. Sound enamel (control).
2. Untreated lesion.

3. Resin-treated lesion.

4. Resin-treated lesion + thermocycled at 5000
cycles.

5. Resin-treated lesion + thermocycled at 10000
cycles.
Creation of incipient enamel lesions

Before embedding in acrylic blocks, enamel

lesions were artificially created on specimens of
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groups 2, 3,4 and 5 using an acidic demineralizing
solution (50 mM acetic acid, 3 mM KH2PO4, 3 mM
CaCI2_H20, 6m M methylhydroxydiphosphonate,
pH 4.95, 37 °C) as described by Subramaniam et

al 17

Specimens were immersed in the demineralizing
solution for 160 h, to create incipient lesions on
enamel surface.” Throughout the decalcification
procedures, pH was checked and adjusted using
10% HCl or 10 M KOH when needed. The
amount of demineralization was examined under
microscope to replace specimens with inadequate

enamel lesion.

Application of resin infiltrant

Specimens were coated with resin infiltrant
(IconVR, DMG, Hamburg, Germany) following the

guidelines of manufacturer:

1. Acid etching, using 15% hydrochloric acid gel
(IconVR -Etch, DMG, Hamburg, Germany) for

2 min.
2. Thorough washing and drying for 30 s.

3. Ethanol application (IconVR -Dry, DMG,
Hamburg,Germany) and drying.

4. Infiltrant application, removal of residual resin,
then curing with conventional halogen light (3
M Curing Light 2500, 3 M, USA) for 40 s.

5. Re-application and curing of resin infiltrant.
Thermocycling (TC)

For the thermocycling groups, a thermocycling
machine (THE-1100 thermocycler,SD Mechatronik,
Feldkirchen-Westerham, Deutschland) was used.
The thermocycler was programmed to perform
5000 cycles (group 4) or 10,000 cycles (group 5)
between two water baths at temperatures of 5°C and
55°C, respectively, with a dwell time of 30 seconds
at each temperature. "’
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Surface microhardness evaluation

Microhardness of the tested specimens was
measured using Shimadzu microhardness tester
(HMV-2T, Shimadzu Corporation, Kyoto, Japan)
with a Vickers elongated diamond pyramid indenter.
The tested surface was subjected to a constant load
of 50 g for 10 s dwell time. Three indentations were
made on the center of tooth surface and the mean
value considered as the Vickers Hardness Number
(VHN). %

Evaluation of surface roughness and morphology

A digital profilometer (Mitutoyo Surf Test SJ
210 Analyzer; Mitutoyo Corp, Japan) was used to
record surface roughness (Ra) values for all the
specimens. During measurement of Ra, a constant
load of 3.9 mm was applied to the diamond stylus
which traveled across the enamel surface at a speed
of 0.5 mm/s and a tracing distance of 8 mm. The
instrument calibration was made with a standard
reference specimen. The resolution of the recorded
data was 0.01 wm. The same procedure was con-
ducted for 3 times per specimen and the average
was determined as the mean roughness parameter
(Ra) value (um).

For further evaluation of surface morphology,
specimens from each group were randomly
selected and inspected with Scanning Electron
Microscope (SEM) (JEOL JSM-5200, Japan). The
selected specimens were firstly gold sputtered for
better image resolution, and then analyzed, at a

magnification of 2000 X.

Statistical analysis

Statistical analysis software (SPSS 12.0, SPSS,
Chicago, USA) was used to analyze the gathered
data. Data were further tested by one-way analysis
of variance (ANOVA) and LSD post hoc tests
for individual comparisons between groups, at a
significance level of 5%.
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RESULTS

Surface microhardness

Table 1 shows means and standard deviations for
VHN results. The sound enamel group displayed
the highest VHN value (244 .28), and the group of
untreated lesion showed the lowest value (103.96).
One way ANOVA test proofed a significant
difference among the tested groups (p<.0001). LSD
test showed significant difference between all resin-
treated groups (3, 4 and 5) and the sound enamel
(control) group (p<.0001). Comparing the thermo-
cycled groups (4 and 5) to the resin-treated group
without thermocycling (group 3), showed that the
10000 cycles (group 5) caused significant decrease
in VHN (p<.0001), while the 5000 cycles (group
4) caused an insignificant difference. However,
the surface microhardness of both thermo-cycled
resin-treated specimens (groups 4 and 5) were

TABLE (1) VHN results for all groups
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significantly higher than that of the untreated lesion
(group 2).

Surface roughness and topography

Table 2 represents means and standard deviations
collected from the Ra test. The highest Ra mean
value was recorded for group 2 of the untreated
lesion (1.88 um ), while group 3 of the resin-treated
specimens showed the lowest value (0.53 um). One
way ANOVA test indicated a significant difference
among the tested groups (p<.0001).

LSD test proofed significant difference between
all resin-treated groups (3, 4 and 5) and the group 2
(untreated lesion) (p<.0001). Significant difference
was also found between group 1 (control) and
group 5, while an insignificant difference was
found between group 1 and each of groups 3 and
4. Comparing the three resin-treated groups (3, 4

Groups
Mean + Sd F- value P- value LSD
1. Sound enamel (control) 24428 A £ 4.60
2. Untreated lesion 10396 +£7.23
3. Resin-treated 21496 8+ 16.07 132.96 <.0001 13.48
4. Resin-treated + TC 5000 201.76 B¢ £9.53
5. Resin-treated + TC 10000 190.64 € £9.97
Means with the same superscript letter are not significantly different at P < 0.05
TABLE (2) Ra results for all groups (um).
Groups Mean + Sd F-value P- value LSD
1. Sound enamel (control) 0.78 € £0.096 38.56 <.0001 0.2587
2. Untreated lesion 1.884+0.34
3. Resin-treated 053¢+ 0.11
4. Resin-treated + TC 5000 0.62°¢ + 0.083
5. Resin-treated + TC 10000 1078+ 022

Means with the same superscript letter are not significantly different at P < 0.05
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and 5) to the untreated lesion revealed significant

differences.

Scanning electron micrographs of the tested
groups are shown in Figure 1. In Figure 1.1, the
characteristic fish scales appearance of healthy
enamel can be obviously seen on the surface of
control specimen. While in Figure 1.2 the specimen

with untreated enamel lesion showed a sponge-like
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structure and severe enamel erosion. SE micrographs
of the resin-treated specimen in Figure 1.3 showed
less surface irregularities and smoother surface.
Figure 1.4 showed some surface porosity which is
still less extensive than that of the untreated lesion.
In Figure 1.5 surface microcracks and microfissures
could be observed on the resin-infiltrated lesions

after exposure to 10,000 thermal cycles.

&
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Fig. (1) SE micrographs (2000 X) showing enamel surface]
of all groups:

1. Sound enamel.

2. Untreated lesion.

3. Resin-treated lesion.

4. Resin-treated lesion + thermocycled at 5000 cycles.

5. Resin-treated lesion + thermocycled at 10000 cycles.
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DISCUSSION

Resin infiltration technique gained a good
reputation as a successful option for treat-

ment of incipient enamel lesions, especially
for patients with history of fixed orthodontic
appliances.'>?' Nevertheless, its ability to resist ag-
ing and degradation by different factors in the oral

cavity is still questionable. *

Thus, the current research was conducted to
estimate the capability of Icon resin infilrant to
resist degradation under the effect of thermal aging.
For this purpose, TC was conducted at 5,000 and
10,000 cycles respectively. It was stated by previous
studies that 5000 cycles of TC equal about half year
in service, while 10,000 cycles may be equal to one
year in clinical service.”** Surface microhardness
and roughness were selected as parameters for
evaluation in this study because changes in these
properties may contribute to more problems such
as staining and discoloration of resin-infiltrated
surfaces, plaque accumulation with subsequent
secondary caries formation or even failure of
restoration.”

Findings of the present study indicated a
positive effect of Icon resin on surface hardness of
decalcified enamel lesions, as the specimens with
Icon resin showed significantly higher VHN values
in comparison to specimens with untreated lesions.
Regarding the effect of thermocycling on Icon
surface, our results showed that 5000 thermal cycles
did not cause significant effect, while TC at 10000
cycles caused a significant reduction in surface
hardness of the resin-treated specimens. However,
even with TC at 10000 cycles, VHN of resin-treated
specimens was still significantly higher than that
of specimens with untreated lesion. The findings
of the current research came in agreement with
those reported by El-zankalouny et al. *, Torres
et al.? and Paris et al. ¥ in that the microhardness
of carious lesions was significantly increased with
resin infiltration when compared with untreated
artificial lesions.
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The ability of Icon resin to recover enamel
microhardness can be explained by the low viscosity
of the resin, which enables it to penetrate deeply
into enamel lesions immediately after treatment.
It seems that the infiltration resin has the ability to
encapsulate the remaining hydroxyapatite crystals
at the site of enamel lesion, giving a uniform resin-
hydroxyapatite complex which possessed a high
surface hardness.

Alternating temperature fluctuations in the oral
environment may enhance bond degradation be-
tween the infiltrating resin and enamel hydoxyapa-
tite because of differences in coefficients of thermal
expansion between them.**

Regarding surface roughness, our results
indicated that resin infiltration could provide
smoother enamel surface, as compared to untreated
lesions. On exposure to thermal challenge, Icon-
treated specimens could maintain smoother surface,
both at 5000 and 10,000 cycles. Further comparison
of the thermocycled groups revealed that Icon-
treated specimens with TC at 5000 cycles did not
show a significant difference from that of the sound
enamel. On the othe hand, 10,000 TC cycles caused
a significantly higher surface roughness of Icon-
treated enamel, when compared to sound enamel
surface. This may indicate that Icon starts showing
some sort of deterioration at this number of thermal
cycles. The increased surface roughness observed
on the resin-infiltrated lesions with aging in the
present study, may be attributed to internal and
thermal stresses generated by water sorption and

thermal expansion and contraction."”

The present results agreed with former studies**
which reported the ability of resin infiltrants to
provide and maintain smoother enamel surface.
However, other studies '*-*%3 came in contrast, as
they reported that surface roughness of resin-treated
enamel lesions were not ideal and might further
recede with aging. This contrast can be explained
by mismatching in the research conditions and
methods of evaluation.
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CONCLUSION AND RECOMMENDATION

Under conditions of the current study, it could
be reported that the Icon resin infiltration could
effectively improve and maintain surface hardness
and roughness of demineralized enamel lesions,even
after aging under thermal challenge of 5000 thermal
cycles. Nevertheless, at 10,000 thermal cycles,
surface microcracks and microfissures started to
generate on the surface of resin-infiltrated lesions,
which indicates that the material might further
deteriorate after aging in the oral environment for
more than one year. Further studies are needed to
evaluate its long term durability aginst different
factors encountered in the oral cavity, and to verify
the necessity for renewing the resin infiltration
after one year in service, as represented by 10,000
thermal cycles .
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