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ABSTRACT

Aim: To evaluate the effect of 37% carbamide peroxide on the 
bond strength of conventional or resin-modified glass-ionomer 
cements when used as a cervical barrier in endodontically-
treated teeth.

Materials and methods: After root canal instrumentation and 
obturation, 40 specimens of the cement-enamel junction were 
obtained after transversal root canal sectioning from human 
extracted canines. The root canal specimens were standardized 
and filled with the following materials (n = 10, each group): G1: 
zinc phosphate (control), G2: Ketac glass-ionomer, G3: vitrebond 
glass-ionomer or G4: GC GL glass-ionomer. After 24 hours, the 
specimens were subjected to an application of 37% carbamide 
peroxide for 21 days, changed each 7 days and stored in an 
artificial pulp chamber. The specimens were then submitted to 
push-out bond strength testing with an electromechanical test 
machine (EMIC) and the failure mode in each specimen was 
analyzed with confocal microscopy (LEXT). 

Results: G3 and G4 showed higher bond strengths values 
than the other groups (p < 0.05), and were similar to each other 
(p > 0.05). G1 showed the lowest bond strength value (p < 0.05). 
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Conclusion: Glass-ionomer cements showed higher bond 
strength values than the zinc phosphate cement, and resin-
modified glass-ionomer cements presented the highest push-out 
values to root canal dentin (GC, GL and Vitrebond).

Clinical significance: Glass ionomer cements are recommended 
to use as cervical barrier materials before the internal dental 
bleaching, but its efficiency is questionable.
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INTRODUCTION

The cervical barrier is a protection procedure performed 
between the root canal obturation and the pulp chamber 
before internal bleaching in order to hinder the peroxides 
diffusion in the radicular apical and extra-radicular 
directions. Several restorative materials, endodontic 
sealers, bioceramic or calcium silicate-based materials 
were recommended to this objective.1

These materials should present satisfactory adhesion 
to the radicular dentin and not degrade after the internal 
dental bleaching procedures, mainly after the use of 
hydrogen peroxide and its derivatives.1 The glass-
ionomer cements are the most recommended material to 
be used as cervical barrier due to its adhesion properties 
to enamel and dentin, thermal expansion coefficient 
similar to tooth structure and fluoride release.2,3 However, 
its efficacy has only been evaluated by leakage tests.4
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Despite its recognized properties, the conventional-
glass ionomer cements have some disadvantages, such as 
lack of sufficient mechanical strength and toughness.3,5 
These cements are mechanically poor due to the weak 
bonding between the glass particles and the polyacid 
matrix, and the same does not occur in the composites due 
to the presence of the silane.6 In order to improve these 
mechanical properties, the resin-modified glass-ionomer 
cement containing hydrophilic monomers and polymers 
like HEMA was developed with higher adhesion to the 
tooth structure.3,7,8 This property is owed to the increase 
of the material cohesive strength to the dentin.9

In vital dental bleaching using hydrogen peroxide 
does not increase significant deleterious effects on the 
glass-ionomer cement structure, but the full maturity 
stage of the aluminum matrix polycarboxylate formation 
must be completed, especially for the conventional 
glass ionomer, which can take from 24 to 48 hours to be 
accomplished.10,11

However, in vital dental bleaching the contact time of 
the hydrogen peroxide with the glass-ionomer cement are 
short and predetermined, unlike the internal bleaching 
protocols, where the hydrogen peroxide remains during 
the whole treatment.12-14 On the other hand, there are no 
studies evaluating the effects of hydrogen or carbamide 
peroxide on adhesion from conventional or resin-
modified glass-ionomer cements in radicular dentin, 
when used as a cervical barrier.

The aim of this study was to evaluate the push-out 
bond strength of a conventional glass-ionomer cement 
(Ketac) and two resin-modified glass-ionomers (GC Gold 
Label and Vitrebond) in the cervical dentin, when used 
as cervical barrier material after internal dental bleaching 
using 37% carbamide peroxide.

Materials and Methods

Human maxillary canines extracted for periodontal 
disease were selected for this study. After cleaning, 
the external root surfaces were radiographed from the 
mesiodistal and buccolingual directions and 40 teeth 
with similar root canal anatomy were selected. The teeth 
were stored in 1% thymol solution at 4°C. The cavity 
accesses were prepared and the working length was 
determined by the insertion of a # 15 K-file into the root 
canal until the end of the file was visible at the apex. 
One millimeter was subtracted from this measure and 
defined as the instrumentation length. Initially, # 3 and # 
4 Gates Glidden drills (Maillefer, Ballaigues, Switzerland) 
were used to flare the coronal third root. The root canals 
were instrumented with a ProTaper Rotary System 
(Dentsply-Maillefer, Ballaigues, Switzerland) until the F5 
instrument, according to the manufacturer’s instructions.

The canals were irrigated with 5 ml of 2.5% NaOCl 
in each instrument change. As a final irrigation, the 
root canals were irrigated with 5 ml of 17% EDTA 
(Biodynamics, Londrina, PR, Brazil) and kept in the root 
canal for 3 minutes and again irrigated with 5 ml of 2.5% 
NaOCl. The root canals were immediately dried with 
paper points and filled with an epoxy-based sealer (AH 
Plus; Dentsply DeTrey GmbH, Konstanz, Germany) and a 
F5 gutta-percha point by single cone technique. The gutta-
percha was cut at the tooth cervical level and the cavity 
access were restored with provisional cement (Coltosol; 
Coltene, Rio de Janeiro, RJ, Brazil). The teeth were stored 
in artificial saliva (Farmácia Ação, Araraquara, São Paulo, 
Brazil) for 7 days at 37°C.

The dental crowns were then removed with a double-
sided diamond disk, 1 mm below the cementoenamel 
junction, under distilled water irrigation. The roots were 
placed inside a plastic matrix (20 mm length × 16.7 mm 
internal diameter) and the cervical face was positioned 
1 mm below the plastic matrix external surface and 
embedded in polyester resin (Maxi Rubber, Diadema, São 
Paulo, Brazil). All specimens remained intact for 24 hours. 
After resin polymerization, the samples were ground 
using silicon carbide papers (Norton, Lorena, São Paulo, 
Brazil) with # 600 abrasiveness with a polishing machine 
(AROTEC, Cotia, São Paulo, Brazil) until exposure of the 
root cervical face. Forty slices with 2 mm thickness at 
the cementoenamel junction were obtained transversely 
of each root with a slow-speed diamond saw (Isomet; 
Buehler Ltd., Lake Bluff, IL, USA).

The root canal diameter of each slice was standardized 
using a low-speed handpiece and a #703 steel conical 
bur (Vortex, Prod. Dentistry, São Paulo, Brazil) attached 
to the arm of the surveyor 12. The root canal diameters 
were standardized as: larger diameter = 1.65 mm, smaller 
diameter = 1.40 mm. The specimen preparation was 
carried out under distilled water irrigation. After this step, 
all specimens were observed with a stereomicroscope 
(S8APO; Leica Microsystems, Wetzlar, Germany) at 20× 
magnification to assess their integrity and the quality of 
the preparation.

The specimens were randomly divided in 4 groups 
(n = 10, each group), according to the used material: 
G1: (control), zinc phosphate cement (SS White, Rio 
de Janeiro, Brazil), the material was handled and 
immediately inserted into the root canal of the prepared 
specimen; G2: (Ketac Molar), the dentin was previously 
conditioned with polyacrylic acid for 10 seconds and 
irrigated with 5 ml of distilled water. In sequence, 
the glass-ionomer cement was handled and inserted 
into the root canal; G3: (Vitrebond), the cement was 
handled and immediately inserted into the root canal 
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and light cured with a LED system (Ultra Blue IS 600, 
DMC, São Carlos, São Paulo, Brazil) for 30 seconds; G4: 
(GC Light-cured Gold Label Universal Restorative), 
etching agent (GC Dentin Conditioner; GC Corporation, 
Tokyo, Japan) was applied for 20 seconds on the 
dentin, washed with distilled water and dried with air 
and, in sequence glass-ionomer cement was inserted 
into the root canal and light cured for 20 seconds, 
as described for G3. All materials were handled according 
to the manufacturers’ recommendations. Table 1 shows 
the compositions of the used in present study.

After the preparation filling, the cements were 
protected with propylene glycol gel (KY, Johnson and 
Johnson, São Paulo, Brazil) and stored at 37°C and 
95% humidity for 24 hours. Next, the specimens were 

individually placed into a metal device (10 mm length × 
16.7 mm internal diameter) and 37% carbamide peroxide 
was applied over the coronal face of each specimen 
(Whiteness Superendo; FGM Produtos Odontológicos, 
Joinville, SC, Brazil) for 21 days and replaced each 7 
days. The metal devices were kept closed at 37°C during 
all experiment. Figures 1A to D shows the specimen 
preparation sequence.

After this period, the slices were washed and ground 
smooth using #600 silicon carbide papers (Norton, 
Lorena, São Paulo, Brazil) and fixed to the metallic 
apparatus so that the side with the smaller diameter of 
the root canal faced upwards. The tip of the plunger used 
for load application in the push-out test had a diameter 
of 1.3 mm and was aligned perpendicularly to the upper 

Figs 1A to D: Sequence of specimen preparation for the push-out bond strength test: (A) tooth resin inclusion, (B) preparation of the 
cervical barrier, (C) root canal preparation and (D) the specimen device to receive the bleaching agent (37% carbamide peroxide)

Table 1: Chemical composition, manufacturer and origin of cements used as a cervical barrier

Cement Composition Manufacture
Zinc phosphate Powder—zinc oxide, magnesium oxide, pigments

Liquid—phosphoric acid, aluminum hydroxide, zinc oxide, distilled water
SS White, Rio de Janeiro, 
RJ, Brazil

Ketac molar easymix Powder—Al-Ca-La fluorosilicate glass, polyacrylic acid, eudragit, tartaric 
acid, sorbic acid, benzoic acid and pigments
Liquid—water, polyacrylic acid maleic acid, tartaric acid, and benzoic acid

3M Espe AG, Seefeld, 
Germany

Vitrebond Powder—fluoro-aluminosilicate glass
Liquid-polyalkenoic acid

3M Espe, St Paul, MN, USA

GC GL Light-cured 
Universal restorative

Powder—Alumino-fluoro-silicate glass (amorphus)
Liquid—Polyacrylic acid, 2-Hydroxyethyl methacrylate, 2.2.4 Trimethyl 
hexamethylene dicarbonate, Triethylene glycol dimethacrylate.

GC, Itabashi-ku, Tokyo, 
Japan

A

C

B

D
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face of the slice. The push-out test was performed using 
an electromechanical testing machine (EMIC DL; Emic, 
São José dos Pinhais, PR, Brazil), calibrated at a constant 
speed of 0.5 mm/min. The cervical barrier was subjected 
to axial force until it was dislodged from the root canal 
section. The force needed to dislodge the filling materials 
(kN) was transformed into tension megapascal (MPa).15

The results obtained for each group were subjected 
to the ANOVA and Tukey tests (p = 0.05) using the 
Graph Pad Prism 5.01 statistical software (Graph Pad 
Software, San Diego, CA). After the push-out test, each 
specimen was examined under a confocal laser scanning 
microscope LEXT OLS4100; Olympus, Shinjuku-ku, 
Tokyo, JP) at 50× magnification to determine the failure 
mode. Failure mode was classified as: adhesive, when 
occurring along the sealer/dentin interface; cohesive, 
within the filling material; and mixed, when both types 
of failure were combined. After confocal microscopic 
analysis of each specimen, the frequency of failure mode 
was obtained to the control group and to conventional or 
resin-modified glass-ionomer cements groups.

Results

The means and standard deviations MPa of the push-out 
bond strength of different groups to the dentin were: G1 
(0.210 ± 0.090), G2 (1.276 ± 0.363), G3 (3.370 ± 0.940) and 
G4 (4.182 ± 1.072). G1 showed the lowest push-out bond 
strength values to the dentin than all the other groups 
(p < 0.05). G3 and G4 showed the highest push-out bond 
strength values to the dentin (p < 0.05) and were similar 
each other (p > 0.05). G2 showed higher push-out bond 
strength to the dentin than G1 (p < 0.05).

Regarding the failure mode, G3 and G4 presented 
only cohesive failure, G2 showed higher incidence of 
mixed failure. In contrast, G1 showed higher incidence 
of adhesive failure. Table 2 presents the incidence of 
failure mode for each group. Figures 2A to C showed the 
adhesive, mixed and cohesive failure mode obtained by 
surface confocal laser microscopy.

Discussion

The cervical barrier with zinc phosphate cement (control 
group) showed lower push-out bond strength to the 
dentin, after the application of 37% carbamide peroxide, 
than all the glass-ionomer cements. Under similar 
conditions, the resin-modified glass ionomer cements 
(GC Gold Label and Vitrebond) presented higher bond 
strength to the dentin than the conventional glass ionomer 
cement (Ketac).

These results are according with studies in conven-
tional restauration which showed that the push-out bond 
strength of the glass-ionomer cements to the dentin is 
from 1.1 to 4.5 MPa, but dependent of previous dentin 
substrate treatment with polyacrylic acid and/or the 
chemical composition of the glass-ionomer cement, such 
as in resin-modified glass-ionomer cements.9,16-18

The different chemical compositions interfered on 
the push-out bond strength results of the glass-ionomer 
cements to the dentin after the 37% carbamide peroxide 
internal bleaching protocol. Resin-modified glass-
ionomer cement consist mainly of glass-ionomer and a 
minor amount of resin and has shown higher adhesion 
to the dentin than conventional glass-ionomer cement.19

This is related to the adhesion mechanism of these 
materials, because the conventional glass-ionomer 
cement adhesion is a dynamic process of ions exchange 
in the polyalkenoic acid which softens and infiltrate in 
the hydroxyapatite structure, displacing calcium and 
phosphate ions from the substrate. As consequence, 
an intermediate layer made of calcium, aluminum 

Figs 2A to C: Failure mode images obtained by confocal microscopy: (A) adhesive, (B) mixed and (C) cohesive. The white arrow 
shows presence or absence of the cement

A B C

Table 2: Failure mode incidence after the push-out test for 
each group

G1 G2 G3 G4

Adhesive 7 0 0 0

Mixed 2 6 0 0

Cohesive 1 4 10 10
G1: Zinc phosphate cement; G2: Ketac Molar Easymix; G3: 
Vitrebond; G4: GC GL Light-cured universal restorative



Suellen Nogueira Linares Lima et al

948

phosphates and polyacrylates is formed at the glass-
ionomer-hydroxyapatite interface.20-22

On the other hand, the resin-modified glass-ionomer 
cement adhesion to the substrate also occurs by a micro-
mechanical bonding mechanism, similar to dentin 
adhesive systems. 23,24 The acid from the resin monomers 
promotes the formation of resin tags within the dentinal 
tubules due to the tooth surface demineralization.21

It is possible that the water-soluble gel used for 
the cervical barrier protection may have favored the 
specimen hydration, mainly to the resin-modified 
glass-ionomer cements, since the glass ionomer cements 
promote setting shrinkage stress causing fractures that 
compromise the adhesion integrity of the material and 
the dentin interface.25,26 This protection also avoided 
any contamination at the initial stage of the setting 
reaction, preventing absorption and consequently the 
dissolution of a formed matrix that could compromise the 
cements marginal integrity and mechanical properties.27 
Additionally, has been observed that the resin-modified 
glass-ionomer cements presented higher potential for 
closure of cracks than the conventional glass-ionomer 
cement after hydration.28

The 37% carbamide peroxide was the chosen bleach-
ing material due to its clinical safety, since it shows lower 
radicular penetration than hydrogen peroxide.29 The 
application time and the type of material used in tooth 
bleaching can promote the glass-ionomer cement disin-
tegration, increasing its surface roughness, but did not 
interfere in microhardness, regardless of their chemical 
composition.10,30-32 However, after 21 days of application 
of 37% carbamide peroxide, the push-out bond strength 
of the resin-modified glass-ionomer cement to cervical 
dentin was higher than the conventional glass-ionomer 
cement, as observed for conventional restorations.19,21,33

Regarding the failure mode, G1 presented high 
incidence of adhesive failures because the zinc phosphate 
cement has high solubility and the adhesion only occurs 
by mechanical interaction at the interface, without 
chemical interactions.1 On the other hand, G3 and G4 
did not presented adhesive failures, only cohesive, and 
showed higher values to the push-out bond strength of 
resin-modified glass-ionomer cements to the substrate, 
possibly due to its mechanism of adhesion to the dentin.21 
G2 showed mixed and cohesive failures, probably due to 
the absence of resin in its composition.21,34

This new methodology evaluated the action of 37% 
carbamide peroxide on different glass-ionomer cement 
compositions in similar conditions to the pulp chamber, 
under constant chemical action. The material evaluated 
by the push-out test and failure mode analysis can assess 

the dental bleaching materials effects on the cervical 
barrier with accuracy, in comparison to infiltration 
methods.4,29,35,36

The cervical barrier using glass-ionomer cements may 
have different results depending on the bleaching agent 
chemical composition and/or application time at the 
cervical barrier of endodontically-treated teeth. However, 
future studies using the described methodology are 
needed to evaluate the best material for use as a cervical 
barrier in endodontically-treated teeth bleaching.

Conclusion

Therefore, glass-ionomer cement used as a cervical barrier 
showed higher push-out bond strength values than the 
zinc phosphate cement. The highest values were for the 
resin-modified glass-ionomer cements (GC Light-cured 
Gold Label Universal Restorative and Vitrebond) after an 
internal dental bleaching protocol using 37% carbamide 
peroxide.

Clinical significance

Glass ionomer cements are recommended to use as 
cervical barrier materials before the internal dental 
bleaching, but its efficiency is questionable.
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