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Protective Effect of
Resin Coating
on the Microleakage of
Class V Restorations
Following Treatment with
Carbamide Peroxide In Vitro

HYu** QLie*TAttin * Y Wang*

Clinical Relevance

Carbamide peroxide treatment increased the microleakage of Class V conventional
glass-ionomer cement and resin modified glass-ionomer cement restorations. The resin
coating is an effective method to avoid bleaching-induced microleakage without affect-

ing the bleaching outcome.

SUMMARY

This in vitro study evaluated the effects of a resin
coating on the microleakage of Class V restora-
tions due to bleaching. One-hundred and sixty
Class V cavities were randomly restored with one
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of four different restorative materials (n=40): a
compomer (Dyract AP), a conventional glass-
ionomer cement (Ketac Molar Easymix), a resin
modified glass-ionomer cement (Fuji II LC) and a
resin composite (Filtek Z350). For each kind of
material, 40 restorations were divided into four
subgroups: bleached with resin coating (group
BC), bleached without resin coating (group B),
immersed in artificial saliva with resin coating
(group SC), immersed in artificial saliva without
resin coating (group S). In groups B and BC, the
specimens were bleached with 10% carbamide
peroxide gel for eight hours daily, while groups
SC and S were stored in artificial saliva instead.
After 28-day treatment, all the samples were sub-
jected to a dye penetration test using the multiple-
sectioning technique. In addition, one more test
was performed to investigate the color difference
between the coated and uncoated tooth surface
after bleaching. There was a statistically signifi-
cant increase in cervical microleakage in the
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group B specimens of Fuji Il LC and Ketac Molar
Easymix compared to their respective control
specimen (group S). These effects on microleak-
age were not found in the bleached specimens
with resin coating (group BC). There was also no
visually-detectable color difference between the
coated and uncoated tooth surface. In conclu-
sion, resin coating is an effective method for
avoiding the bleaching-induced microleakage of
glass-ionomer cement.

INTRODUCTION

Tooth bleaching is becoming a common and popular
treatment in dentistry.! Among all the bleaching tech-
niques, nightguard vital bleaching (sometimes also
referred to as at-home bleaching), using a moderate
concentration of carbamide peroxide (CP), has been
considered to be the safest, most cost-effective and
patient-pleasing method for improving the smile’s
appearance.? Usually, the application of nightguard
vital bleaching involves two hours twice a day or
overnight wear of a custom-made tray. The entire treat-
ment takes at least two weeks to complete.’? Meanwhile,
daily clinical practices frequently encounter restora-
tions in teeth planned for bleaching. Long-term bleach-
ing has inevitably led to an increased potential for the
broad exposure of restorative materials to bleaching
agents.’ Crim has reported an increase in microleakage
at the dentin margins of Class V resin composite
restorations following exposure to home bleaching
agents.” Likewise, in another study, it was found that
the microleakage of resin composite restorations occurs
in both pre- and postoperative bleaching groups.°
However, recent studies show that bleaching had no
influence on the microleakage of Class V tooth-colored
restorations.”® Apart from microleakage, other detri-
mental effects of bleaching on both restorative materi-
als and tooth-hard tissues (surface and subsurface soft-
ening, increased surface roughness and substance
loss)? have been reported. Although the effects of
bleaching on tooth-colored restorative materials are
still controversial, in some cases, replacement of the
restoration after tooth bleaching is advised due to poor
post-treatment color match and the degraded proper-
ties of the restorative material.**** It should be noted
that, during the procedure, the bleaching-induced
effects, such as increased microleakage, might lead to a
series of clinical problems, including bacterial accumu-
lation, staining and pulp damage.**

Although some concerns have been raised over
bleaching agents inducing deleterious effects on dental
materials, the importance of pre-bleaching surface pro-
tection seems to be underestimated. In the literature,
the protective effects of resin varnish against bleaching
agents has been demonstrated by a previous study.'”
Generally speaking, resin coating is considered to be
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beneficial in reducing marginal staining and enhancing
marginal integrity.'™"” Resin coating could potentially
eliminate the effects of bleaching agents on the
microleakage of tooth-colored restorative materials.
Moreover, it has been documented that resin-based var-
nishes, which are indicated for the treatment of dental
hypersensitivity, did not reduce the bleaching outcome
of the underlying enamel.” This finding showed that
resin is a diffusible barrier towards bleaching agents.
However, to date, relatively little information is avail-
able. Therefore, this in vitro study evaluated the effects
of resin coating on the bleaching of dental materials.
Three null hypotheses were proposed: 1) bleaching has
no effect on the microleakage of restorative materials;
2) resin coating has no influence on bleaching on the
microleakage of restorative materials; 3) resin coating
of enamel does not affect the outcome of bleaching.

METHODS AND MATERIALS

The current study protocol was approved by the
WHUSS (School of Stomatology, Wuhan University)
Institutional Review Board. Four types of tooth-colored
restorative materials were tested: a conventional glass-
ionomer cement (CGIC), a resin-modified glass-
ionomer cement (RMGIC), a polyacid-modified compos-
ite (compomer) and a resin composite. For all the mate-
rials, shade A3 was selected. The materials, the product
names and the manufacturers are listed in Table 1.

Specimen Preparation

Ninety previously extracted, caries-free human molars
were collected for this study. One cavity preparation
per buccal and lingual surface (two cavity preparations
total per tooth) with a mesiodistal width of 4 mm, an
occlusogingival height of 3 mm and a depth of 2 mm,
were prepared on the buccal and lingual surfaces of
each tooth. The cavities were placed with the occlusal
margin located 1.5 mm coronal from the cemento-
enamel junction (CEJ) and the gingival margin located
1.5 mm apical from the CEJ. The cavities were pre-
pared using the diamond bur (TF-21 and TF-21F, Mani,
Tochigi, Japan) in a high-speed handpiece cooled with
an air-water spray. Each diamond bur was discarded
following the preparation of five cavities. The dimen-
sions of each cavity were then measured with a peri-
odontal probe to maintain uniformity. All cavosurface
angles were kept at 90 degrees.

For each type of restorative material, 40 Class V
restorations were prepared. The 40 restorations were
further submitted to four subgroups randomly (n=10):
bleached with resin coating (group BC); bleached with-
out resin coating (group B); immersed in artificial sali-
va with resin coating (group SC); immersed in artificial
saliva without resin coating (group S). In each tooth,
the buccal and lingual cavities were randomly restored
with one of the four restorative materials.
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Table 1: Materials Used in This Study

Material Code Batch Type Main Composition Manufacturer

resin composite

Material Code Batch Type Main Composition Manufacturer
Ketac Molar KM 294466 Conventional Polycarboxylic acid, 3M ESPE AG,
Easymix glass-ionomer aluminum-calcium-lanthanum Seefeld, Germany
cement fluorosilicate glass
UDMA, TCB resin,
Alkanoyl-poly-methacrylate,
Dyract AP DY 604010300 Polyacid-modified strontium-fluoro-silicate glass, strontium Dentsply DeTrey GmbH,
composite fluoride, photo initiators, butyl hydroxy Konstanz, Germany
toluene, iron oxide pigments
Fuji I LC FJ 610033 Resin-modified Powder: fluoroaluminosilicate; Liquid: GC Corp, Tokyo, Japan
glass-ionomer polyacrylic acid, HEMA
cement
Filtek Z350 Z350 6088A3 Nano-hybrid Combination of aggregated zirconia/silica 3M ESPE,

cluster filler, Bis-GMA, UDMA, TEGDMA

St Paul, MN, USA
and Bis-EMA

For the cavities restored with CGIC (KM), Ketac
Conditioner (3M ESPE, Seefeld, Germany) was applied
to the cavity for 10 seconds. The cavity was rinsed with
water for 20 seconds, then air-dried. Subsequently, KM
was mixed and placed into the cavities in one incre-
ment. The restoration was then left undisturbed for
eight minutes. Finally, the surface of the restoration
was coated with a protective varnish (Ketac Glaze, 3M
ESPE). Before restoring the cavities with RMGIC (FJ),
Fuji Conditioner (GC, Tokyo, Japan) was applied over
the enamel and dentin surfaces for 20 seconds. The cav-
ities were then rinsed with water for 20 seconds and
air-dried. FJ was mixed and placed into the cavities in
one increment, then light-cured for 40 seconds.
Subsequently, the surfaces of the restoration were
sealed with Fuji Varnish (GC). Before application of the
compomer (DY), one layer of Prime & Bond NT
(Dentsply DeTrey, Konstanz, Germany) was applied
over the cavity surfaces for 20 seconds, gently air-dried
from a dental syringe for five seconds and light-cured
for 10 seconds. DY was applied in a single increment
and light-cured for 40 seconds. For the resin composite
restoration (Z350), enamel and dentin was etched with
37% phosphoric acid (Scotchbond Etchant Gel, 3M
ESPE, St Paul, MN, USA) for 15 seconds and rinsed for
10 seconds. Excess water was removed using a cotton
pellet. Immediately after blotting, one coat of adhesive
(Single Bond 2, 3M ESPE) was applied and light-cured
for 10 seconds. Z350 was then placed in one increment
and light-cured for 40 seconds.

Subsequent to the restoration fabrication, all the
teeth were stored in deionized water at 37°C for 24
hours. Following storage in deionized water, the
restorations were polished by the same operator, using
medium, fine and superfine discs (Sof-Lex, 3M ESPE)
rotating in one direction. Finally, all the teeth were
placed in 37°C artificial saliva for one month to simu-
late the aging process of the restoration. The artificial
saliva was mixed according to the formulation given by

Wataha and others.” The artificial saliva was renewed
daily.

Immediately after storage in artificial saliva, the
restorations in groups BC and SC were lightly air-dried
and coated with one layer of Seal & Protect (Dentsply)
for 20 seconds. Then, the coating was air-thinned and
light-polymerized for 20 seconds. The second layer was
applied in the same manner. The coating area covered
the restoration and approximately 1 mm beyond the
margin of the restoration.

Bleaching Procedure

Before bleaching, the root of each tooth was sealed with
epoxy resin. For groups BC and B, the restorations
were exposed to 10% CP (Opalescence PF 10%,
Ultradent Products, Inc, South Jordan, UT, USA) for
eight hours daily in a humid 37°C atmosphere. Applied
to the whole crown was a 0.5-mm thick layer of bleach-
ing gel. During this period, the specimens from groups
SC and S were stored in artificial saliva. After eight
hours of bleaching, the samples were rinsed with deion-
ized water for 30 seconds and stored in artificial saliva
for the remainder of the day (16 hours). During the 28-
day treatment, toothbrushing was performed twice a
day using a customized brushing machine for one
minute (60 strokes, brushing force 2 N). During the
toothbrushing process, the sample was kept in a 33%
paste/water (w/w) slurry of Crest Total dentifrice
(Procter & Gamble, Cincinnati, OH, USA)

Microleakage Measurement

After 28-day treatment, all the specimens were subject-
ed to a thermocycling regimen of 1000 cycles main-
tained at 5°C and 55°C with an immersion time of 30
seconds and a five-second transfer time between baths.
Then, the entire tooth, except for 1 mm beyond the mar-
gin of the restoration, was coated with two layers of nail
varnish (Quick Shine, Zhejiang Cosmetic, Zhejiang,
China). The restoration surfaces were examined visual-
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ly under a stereomicroscope (Stemi SV11 Apo, Carl
Zeiss, Inc, Maple Grove, MN, USA) after thermocycling
to check whether the surface coatings were intact. The
teeth were then soaked in 0.5% basic fuchsin dye
(Shanghai MED, Shanghai, China) for 24 hours. After
rinsing under deionized water, each tooth was embed-
ded with epoxy resin and sectioned in a buccal-lingual
direction along its long axis using a low-speed saw
(IsoMet, Buehler, Chicago, IL, USA). Each tooth was
cut into five sections (400 um thickness). Subsequently,
the sectioned surfaces of each specimen were polished
with wet carborundum papers progressively (1200- and
2400-grit). Both sides of each tooth section were exam-
ined visually with a stereomicroscope at 50x magnifica-
tion. The measurements were performed by two opera-
tors who were blind to the specimen preparation. Two
evaluators independently scored the coded specimens,
and any discrepancies were discussed. If no agreement
could be achieved, a third-party opinion was sought.

The following scale was used to assess the extent of
dye penetration at the tooth-restoration interface.

Microleakage at the enamel walls was rated on a
scale from O to 3, where 0 = no microleakage; 1 = dye
penetration within the enamel of the occlusal wall; 2 =
dye penetration reaching the dentin of the occlusal wall
up to the axial wall and 3 = dye penetration spreading
along the axial wall. Microleakage at the dentin walls
was rated on a scale from 0 to 3, where 0 = no
microleakage; 1 = dye penetration up to halfway along
the gingival wall; 2 = dye penetration within the gingi-
val wall up to the axial wall without reaching the axial
wall and 3 = dye penetration spreading along the axial
wall. The medians of the dye penetration measure-
ments were then calculated for both the cervical and
occlusal margins of the materials tested.

Additional Color Measurement

In order to investigate the possible effects of resin coat-
ing on tooth color changes due to bleaching, an experi-

Color measurement

Figure 1. Diagram of color measurement on the
coated enamel and uncoated enamel surfaces
(C: coating). Note that the color measurement
was made before placement of the resin coating
and after removal of the resin coating.
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ment was performed on 20 additional Class V restora-
tions (for each material n=5). The samples were pre-
pared and treated (coated and bleached) in the same
manner as described above. After 28-day treatment, the
resin coatings of the 20 samples were carefully removed
with fine and superfine Sof-Lex discs. As shown in
Figure 1, the color differences of the coated tooth sur-
face (the tooth surface surrounding the restoration) and
the uncoated tooth surface (2 mm beyond the occlusal
margin of the restoration) were evaluated using a spec-
trophotometer (PR-650 Spectra Scan, Photo Research,
Inc, Chatsworth, CA, USA) before (measured before
coating) and after bleaching. This procedure has been
described in detail elsewhere."* Briefly, the spectropho-
tometer and optic light cable (positioned at a 45° angle
right and left to the vertical plane) provided an optical
configuration of 0° observation and 45° illumination to
the object. The spectrophotometer was standardized to
91.4 mm from the measured objects with a measure-
ment aperture of 1.5 mm. The standardized illumina-
tion source D65 and 2° observer configuration were
used. For all color measurements, spectral reflectance
was obtained from 380 to 780 nm, with 2 nm interval,
and subsequently converted to Commission
International de I'Echairage (CIE) L*, a* and b* val-
ues. Prior to measuring, the spectrophotometer was
calibrated with a white reflectance standard tile sup-
plied by the manufacturer. The CIE L* a* and b* val-
ues were then used to calculate the color differences
using the following formula®: AE = (AL*+ Aa*+ Ab?)"?

Furthermore, three senior prosthodontists conducted
the visual evaluation on the tooth surfaces, with the
restoration covered by a neutral grey plate. The evalu-
ators were then asked to evaluate whether the color of
the tooth surface was uniform.

Statistical Analysis

The data was analyzed using the SPSS statistical soft-
ware package (SPSS 13.0 for Windows, SPSS, Chicago,
IL, USA). The scores of the microleakage tests were
analyzed with the Kruskal-Wallis test to identify sta-
tistical differences in marginal microleakage among
the four groups. The sealing quality at the occlusal and
cervical margins in each group was compared with the
Mann-Whitney test and the p-values were adjusted
with the Bonferroni method. All statistical analyses
were carried out at a significance level of 0.05.

RESULTS

For all specimens with a surface coating, the resin coat-
ing remained intact after bleaching and thermocycling.

None of the groups tested in the current study com-
pletely eliminated microleakage (Figure 2). In most
cases, the group SC samples showed relatively lower
microleakage scores compared with the group S sam-
ples. For all the materials tested, among the four
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Figure 2. Medians of the microleakage scores of all the materials tested
at the occulsal and cervical margins. The error bar represents the 25%-
75% percentiles. Significant differences were marked with *. Note that
the 25% and 75% percentiles of group BC, SC and B from Fuiji Il LC are
the same as their medians.

groups, there were no statistically significant differ-
ences in microleakage scores at the occlusal margins.
With regard to the cervical margins, no significant dif-
ferences were observed in microleakage scores among
the four groups of compomer and resin composite.
However, for CGIC and RMGIC, the group B specimens
showed the worst marginal sealing. The group B specimens
exhibited significantly greater cervical microleakage, as
compared with the group S samples (bleaching effect).
Moreover, the groups BC and SC specimens demonstrat-
ed the same microleakage scores. Statistically signifi-
cant differences were found at the cervical margins
between the groups BC and B (coating effect against
bleaching).

With regard to visual assessment, 100% of the speci-
men surfaces were considered uniform in color. In addi-
tion, the color differences (AE) after bleaching between
the coated and uncoated tooth surfaces measured by

Operative Dentistry

the spectrophotometer were all under 1.8, suggesting
that the color differences were not visually perceptible
(Table 2).

Based on the above results, the two null hypotheses,
that bleaching has no effect on the microleakage of den-
tal materials and resin coating has no influence on the
microleakage of bleached dental materials, were reject-
ed. The third null hypothesis, that the resin coating
does not affect bleaching outcome, was accepted.

DISCUSSION

A restoration is usually not bleached immediately after
preparation, therefore, in contrast to previous stud-
ies,***the specimens were kept in 37°C artificial saliva
for one month before bleaching. To some extent, this
was done to simulate the clinical situation. The most
common method in microleakage testing is to use a sin-
gle, midline section of the tooth. However, this may not
be representative of the total microleakage distribu-
tion.?? Thus, the multiple-sectioning method was
applied in the current study in order to overcome the
shortcomings of the single-section method.

In the literature, microleakage has been defined as
the “clinically undetectable” passage of bacteria, fluids,
molecules or ions between a cavity wall and the
restorative material applied to it. This can occur due to
deterioration of the tooth-restoration interface, differ-
ences between thermal expansion coefficients of mate-
rial-tooth tissue or polymerization shrinkage, causing
staining, possible recurrent caries and restoration
replacement.* Thus, it would be advantageous to find
a way to protect the restoration during bleaching.

In the current study, the treatment of Class V
restorations with bleaching gels had no effect on enam-
el microleakage regardless of whether or not their sur-
faces were coated. This finding is in accordance with
previous studies.”” Moreover, bleaching effects on cer-
vical (dentin) microleakage depended on the materials
tested and the surface being coated with Seal &
Protect. For compomer and resin composite, no bleach-

Table 2: Means and Standard Deviations (SD) of the Coated Enamel Surface and Uncoated Enamel Surface Before and After
Bleaching
Coated Enamel Surface Uncoated Enamel Surface
Materials L* a* L* a* b* AE
Filtek Z350 Baseline 73.47(1.11) 0.50(0.09)  15.83(2.36) 73.52(0.50) 0.44(0.06) 15.32(1.81)  1.32(0.16)
Bleached 78.05(2.08) 1.13(0.17)  10.05(0.74) 79.18(2.33) 0.93(0.10) 9.40(0.65) 1.55(0.21)
Dyract AP Baseline 73.24(1.41) 0.53(0.08)  15.44(0.93) 74.03(0.55) 0.43(0.10) 15.31(0.93)  1.36(0.49)
Bleached 77.98(2.54) 1.09(0.16)  10.16(0.55) 78.93(2.61) 0.89(0.12) 9.29(0.54) 1.43(0.40)
Ketac Molar Baseline 73.80(1.48) 0.48(0.10)  15.65(1.68) 73.84(0.29) 0.45(0.05) 15.42(1.44)  1.06(0.55)
Easymix
Bleached 76.75(1.71) 1.08(0.14)  10.60(0.52) 77.93(1.43) 0.91(0.14) 9.42(0.51) 1.76(0.66)
Fuiji Il LC Baseline 73.01(1.72) 0.51(0.11)  15.13(1.31) 73.80(0.92) 0.43(0.07) 15.18(1.09)  1.52(0.36)
Bleached 78.75(3.10) 0.97(0.12)  9.85(0.79) 79.58(2.84) 0.85(0.10) 9.55(0.62) 1.27(0.52)
AE: color difference between the coated enamel surface and uncoated enamel surface
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ing effects on the cervical microleakage were detected.
In contrast, an increase in cervical microleakage of
RMGIC and CGIC was found in group B, compared to
group S, indicating detrimental effects of CP treat-
ment. It has been shown that microleakage occurs as a
result of the presence of marginal gaps between the
restoration and cavity wall.® Thus, the fact that
microleakage occurred at the cervical margin suggests
discontinuity between the restoration and dentin fol-
lowing bleaching. This may be due to the bleaching
effects on either the restoration, the tooth structure or
both. In support of this hypothesis, several studies
have determined that bleaching results in significant-
ly greater effects on the surface and subsurface struc-
ture of both tooth and restoration, compared to their
respective controls.’** However, such deleterious
potential of CP was not found at the enamel margins
of RMGIC and CGIC. The reason could be the differ-
ence in composition of enamel and dentin. Dentin con-
tains less mineral and more organic matrix, which
might easily be affected by bleaching agents.” It has
been shown that hydrogen peroxide could affect the
organic and inorganic components of dentin, causing
the denaturation of proteins. These morphological
changes could also reduce the performance of resin
bonded restorations.”

With regard to RMGIC and CGIC, no bleaching
effects on cervical microleakage were found in speci-
mens with resin coating, suggesting that the resin
coating eliminated any bleaching effects on the cervi-
cal microleakage of RMGIC and CGIC. This might be
due to its ability to create a uniform layer, which pre-
vented contact between CP and the restoration sur-
faces. However, this hypothesis needs to be clarified in
further studies.

In accordance with a previous study,” the resin coat-
ing of the materials remained intact during the 28-day
treatment procedure. In order to investigate the influ-
ence of resin coating on tooth color changes due to
bleaching in the additional test, the coating was
removed by Sof-Lex discs after bleaching and complete
removal of the resin coating was confirmed by obser-
vation under stereomicroscope. After bleaching, there
was a slight increase in the a* values, indicating that
there was more red in the tooth color. Further studies
are needed to clarify this phenomenon. Moreover,
minor loss of enamel might happen and it can influ-
ence the results. However, given the fact that the color
change of bleached teeth might highly relate to color
change of the subsurface dentin,® a slight loss in
enamel thickness seems to not be a critical issue. In
the current study, no clinically relevant color differ-
ence between the coated and uncoated part of the tooth
after removal of the surface coating was detected.
Interestingly, the color differences between these two
parts after bleaching were similar to the data before
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bleaching. This phenomenon could be mainly due to
the strong penetration ability of CP.'®!

Based on the findings of the current study, both den-
tists and patients should be aware of the potential
effects of bleaching on existing tooth-colored restora-
tions. Bleaching agents should not be used indiscrimi-
nately when tooth-colored restorations are present. The
authors recommend applying a resin coating as surface
protection to avoid possible microleakage when bleach-
ing teeth with glass-ionomer cements. After bleaching,
the coating can be easily removed by polishing.

The results of the current in vitro study highlight the
need to protect the restoration during the bleaching
process. However, it must be noted that the results of
this study must be interpreted with caution, because
the bleaching process might be influenced by the pres-
ence of pellicle and saliva in the oral cavity. Thus, con-
trolled clinical studies would be particularly valuable
for enhancing the understanding of these effects.

CONCLUSIONS

Under the limitations of this in vitro study, the follow-
ing conclusions can be drawn:

1) Significant cervical microleakage of RMGIC and
CGIC was found after bleaching with 10% CP
gel.

2) Resin coating can decrease the detrimental
effects of bleaching gel on the cervical
microleakage of RMGIC and CGIC.

3) After bleaching, no difference in color occurred
with use of the resin coating.
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