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Objective The purpose of this study was to evaluate the effect of the intracoronary 
bleaching and calcium hydroxide (Ca(OH)2) dressing use, on the bond strength (BS) of 
fiberglass posts to root dentine.
Materials and Methods After root canal filling of 40 bovine incisors, a 2-mm thick 
cervical plug was fabricated 2 mm below the cementum–enamel junction. Seven days 
later, teeth were randomly distributed into four groups (n = 10), as follows: G1  no 
bleaching, followed by immediate post cementation; G2  bleaching and immediate 
post cementation; G3  bleaching, dressing with Ca(OH)2 for 7 days, and post cementa-
tion; and G4  bleaching, no dressing, and post cementation after 7 days. The roots were 
transversally cut into 1-mm thick slices to perform the push-out test (0.5 mm/min). 
Failure modes were assessed under scanning electron microscopy.
Statistical Analysis The analysis of variance (two-way ANOVA) was performed, fol-
lowed by the supplementary Tukey multiple comparison test (a = 5%).
Results No significant difference for BS was observed among groups. Considering 
the different root thirds, G1 had higher BS values for the cervical third in compari-
son with the apical one (p < 0.05). The most frequent failure modes were adhesive 
between cement/dentine (G1); cohesive at the post (G2 and G3), and mixed (G4).
Conclusions The BS of the fiberglass posts to root dentine was not affected by the 
intracoronary bleaching and the use of Ca(OH)2 dressing.
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Introduction
The discoloration of nonvital teeth, especially in aesthetic 
areas, cause great social and psychological discomfort.1 Such 
chromatic change may occur due to the presence of noxious 
by-products after pulp tissue necrosis, which may penetrate 
into dentinal tubules and discolor the surrounding dentine.2 
Furthermore, the diffusion of blood components into dentin-
al tubules, incomplete removal of pulp tissue, or the presence 
of endodontic filling materials close to cervical dentine may 
also promote tooth discoloration.2 In these cases, the intra-
coronary bleaching is considered a conservative treatment 
option in comparison with other more invasive treatments, 
such as full crowns or dental veneers.3

The chemical agents commonly used to bleach discolored 
teeth are hydrogen peroxide (H2O2), carbamide peroxide, and 
sodium perborate.4 The active ingredient is H2O2, which acts 
as a strong oxidant agent through the formation of free rad-
icals (oxygen, perhydroxyl, and hydroxyl).4 The tooth whit-
ening effect of this oxidant agent has been attributed to its 
ability to break longer-chained chromophores into short-
er-chained colorless compounds.2

However, the use of bleaching agents has been related 
to undesired effects to hard dental tissues, such as dentinal 
morphology and chemical composition  changes.5 In addi-
tion, bleaching agents promote reduction of dentinal micro-
hardness,6 reduction of the bond strength (BS) of restorative 
materials to dentine,7,8 and external cervical resorption.9
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To reduce the occurrence of external root resorption, cal-
cium hydroxide (Ca[OH]2) dressing has been used on the 
pulp chamber after completion of bleaching procedures.10 
The diffusion of hydroxyl ions within the dentinal tubules 
promote a higher pH in dentine and prevents progression 
of external resorption.4 Also, some studies reported that the 
use of Ca(OH)2 dressing after bleaching may reduce,10 or not 
increase, the harmful effect of the bleaching agent in the pos-
terior use of resinous materials.11

Researchers have observed that intracoronary bleach-
ing reduces the adhesion of resinous materials to the den-
tine, especially when the adhesive procedure is performed 
immediately after the bleaching treatment.7 The presence of 
residual oxygen in the dentine may inhibit the full polym-
erization of resinous materials and jeopardize adhesion.12 
Consequently, after bleaching treatment, a waiting period is 
recommended to perform definitive restorations.8-13

However, the literature has few studies that evaluate the 
bond strength (BS) of restorative materials to root dentine 
after intracoronary bleaching process in endodontically 
treated teeth. Since these teeth usually have insufficient cor-
onary structures to retain the restoring material, the use of 
intraradicular posts becomes necessary to support the crown 
restoration.14 In these cases, the use of a fiberglass post com-
bined with adhesive cementation is appropriate because it 
presents an elasticity module that is similar to the dentine, 
which provides a better load distribution along the root 
wall.15

The BS reduction of restorative materials to dentine may 
compromise the clinical longevity of restorations, with occur-
rences of infiltrations, discoloration, secondary caries, and 
root canal system recontamination.14,15 Additionally, there is 
also the possibility of detachment of the cement/post system 
from the root canal space, which may result in the extrusion 
of the post, or root fractures.16 Therefore, laboratory mechan-
ical tests should be performed to assess the BS of adhesive 
systems to the dental structure besides testing new products 
and investigating experimental variables.17

The present study evaluated the effect of intracoronary 
bleaching and the use of the Ca(OH)2 dressing on the BS of 
fiberglass posts to root canal dentine by push-out test. The 
null hypotheses tested was that the intracoronary bleach-
ing and the Ca(OH)2 dressing have no influence on the BS 
of cement/post system to root dentine, regardless of the 
post-bleaching waiting time or the root canal third to be 
assessed.

Materials and Methods
Sample Selection and Preparation
Forty bovine incisors were selected based on the radio-
graphic analysis of 200 teeth. The inclusion criteria were: 
recently extracted teeth of animals aged between 24 to 48 
months; roots anatomically similar in size and shape; single 
and straight root canals; and fully formed apex. Root canals 
with larger diameter were discarded from the final sam-
ple. First, the teeth were cleaned with periodontal curettes 
(Hu-Friedy; Chicago, Illinois, United States) and kept in 0.1% 

thymol solution for disinfection until use. Next, the crowns 
were transversely cut at 2 mm bellow the cementoenamel 
junction (CEJ) in coronal direction, using a double-sided dia-
mond disc (KG Sorensen; Cotia, São Paulo, Brazil) under copi-
ous air/water spray cooling. The root canal access was com-
plemented with a conical truncated diamond tip (FG 2082; 
KG Sorensen).

Endodontic Treatment
The root canal length was determined by introducing a size 
15 Flexofile instrument (Dentsply Maillefer; Tulsa, Oklahoma, 
United States) into the canal to the point of displaying its tip at 
the apical foramen. The working length (WL) was then obtained 
by subtracting 1 mm from the root canal length. The same 
operator performed the root canal preparation using nick-
el-titanium rotary instruments (ProTaper Universal; Dentsp-
ly Maillefer) up to the F5 file. Patency of the apical foramen 
was maintained with the use of a size 15 Flexofile instrument 
(Dentsply Maillefer). Between the uses of each instrument, the 
root canals were irrigated with 2 mL of 1% NaOCl solution and, 
at the end, with 3 mL of 17% ethylenediaminetetraacetic acid 
(EDTA), followed by a final irrigation with 3 mL of 1% NaOCl 
solution. After, root canals were completely dried with absor-
bent paper points (Dentsply Maillefer) and then, filled with AH 
Plus sealer (Dentsply DeTrey GmbH, Germany) and gutta-per-
cha cones (F5 main cone and fine points; Dentsply Maillefer) 
using the hybrid technique of Tagger.

After the thermomechanical compaction, the gutta-percha 
was removed up to 4 mm below the CEJ (►Fig. 1A, 1B) using 
a heated plugger (Buchanan Plugger 0.06 Taper;  SybronEndo 
Corporation, Orange, California, United States). A 2-mm 
thickness of zinc oxide/zinc sulfate cement (Citodur; Dori-
Dent, Wien, Austria) was placed over the filling material as 
a temporary restorative material (►Fig. 1C). The specimens 
were kept at 37°C and relative humidity of 100% for 7 days. 
After this period, the specimens were randomly distributed 
into four groups (n = 10, ►Table 1), as follows: G1 (control 
group)—no bleaching, immediate fiberglass post cemen-
tation; G2—intracoronary bleaching and immediate post 
cementation (same session); G3—intracoronary bleaching, 
dressing with Ca(OH)2 paste for 7 days, and then, post cemen-
tation; and G4—intracoronary bleaching, no Ca(OH)2 dress-
ing and post cementation after 7 days.

Intracoronary Bleaching
In the samples of G2, G3, and G4, the 35% H2O2 bleaching 
agent (Whiteness HP Maxx; FGM, Joinville, Santa Catarina, 
Brazil) was used. The different stages of the bleaching agent 
were mixed in the proportion of three drops in stage 1 (per-
oxide) to one drop in stage 2 (thickener). After the mixture, a 
calibrated syringe was used to inject 0.10 mL of the bleaching 
agent into the access cavity (►Fig. 1D). A brush was then used, 
to create a layer of 1 mm thickness. The material remained in 
contact with the surrounding dentine walls for 45 minutes. 
After this period, the bleaching agent was removed through 
an abundant rinsing with distilled water.

In the G2 samples, the fiberglass posts were cement-
ed immediately after the conclusion of the intracoronary 
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bleaching process. In G3, the samples had their pulp chamber 
filled with Ca(OH)2 dressing (►Fig. 1E), which was prepared 
by mixing 0.712 g of Ca(OH)2 powder (Merck KGaA; Darm-
stadt, Germany) with 0.4 mL of propylene glycol. The cham-
bers were sealed with Citodur (DoriDent), and the teeth were 
stored by 7 days at 37°C and 100% relative humidity. After 
this period, the Ca(OH)2 dressing was removed with distilled 
water rinsing. In the G4 samples, after the bleaching process, 
the pulp chamber was filled with cotton pellets and sealed 
with Citodur (DoriDent), and the teeth were also stored by 7 
days at 37°C and 100% relative humidity.

Post Space Preparation and Cementation
The filling material was removed with the aid of Largo drills 
(Dentsply Maillefer) up to a length of 14 mm (►Fig. 1F). At 
the end of the post space preparation, the root canals were 
irrigated with distilled water and dried with absorbent 
paper points (Dentsply Maillefer). Fiberglass posts of double 
taper (Whitepost DC size 3, FGM), with apical and cervical 

diameters of 1.25 and 2.0 mm, respectively, were used. Before 
cementation, the posts were cleaned with alcohol 70% and 
dried with air jets. Then, the bonding agent (Silano Prosil; 
FGM) was applied with a microbrush (Cavibrush; FGM) on 
the post surface. A reaction time of 60 seconds was respected, 
followed by a careful drying process with air jets. The intrara-
dicular dentine was etched with 37% phosphoric acid (Con-
dac; FGM) for 15 seconds, followed by rinsing with water by 
30 seconds. The water excess was removed with a light air jet 
and absorbent paper points (Dentsply Maillefer), resulting in 
a lightly moist dentine substrate. The adhesive system (Adper 
Single Bond; 3M/ESPE, St. Paul, Minnesota, United States) was 
applied according to the manufacturer’s recommendations 
and photoactivated by 15 seconds, with a 1200 mW/cm2 LED 
photo activator (Radii-Cal; SDI, Bayswater, Australia).

To perform post cementation, similar amounts of the base 
and catalyst pastes of the resinous cement dual (RelyX ARC, 
3M/ESPE) were mixed for 10 seconds. The resinous cement 
was inserted into the canal with a size 40 Flexofile instrument 

Fig. 1 Diagram of the methodological steps. Completed endodontic treatment (A); Gutta-percha removal 4 mm below the CEJ. (B) Filling 
material sealing with 2-mm thick zinc oxide/zinc sulfate cement (C). Bleaching procedure (product inserted into the access cavity for 45 min-
utes) (D). Pulp chamber filled with Ca(OH)2 dressing for 7 days (G3 group; E); filling material removal up to a length of 14 mm (F); fiberglass 
post cementation (G); root sectioned perpendicular to the long post axis (1.0-mm-thick slices obtained from the cervical, middle, and apical 
thirds (H).

Table 1  Description of the experimental groups

Groups Intracoronary bleaching Dressing with Ca(OH)2 paste Fiberglass post cementation

G1 (Control) No No After 7 days of endodontic procedures

G2 Yes No Immediate after intracoronary bleaching 
(same session)

G3 Yes Yes After intracoronary bleaching and dressing 
with Ca(OH)2 paste for 7 days

G4 Yes No After 7 days of intracoronary bleaching
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(Dentsply Maillefer), and then, the post, wrapped in cement, 
was inserted into the canal and pressed by 40 seconds. After 
the cement excesses removal, the set was photoactivated for 
40 seconds on the incisal, buccal, and lingual faces, totaling 
120 seconds by root. Immediately after post’ cementation, 
the samples were placed in distilled water at 37°C and rela-
tive humidity of 100% for 24 hours, until the push-out test to 
be perform (►Fig. 1G).

Sample Preparation and Push-out Test
The roots were fixed to a flat metallic surface attached to the 
cutting machine (Isomet 1000; Buehler, Lake Forest, Illinois, 
United States), and serially sectioned perpendicular to the 
post long axis, by using a water-cooled diamond saw (South 
Bay Technology Inc.; San Clement, California, United States). 
Dentine slices of 1.0-mm-thick (± 0.1 mm) were obtained 
from the cervical, middle, and apical thirds of the post 
(►Fig. 1H). Two slices for root third were selected to perform 
the push-out test.

Each slice was attached to a metallic surface containing 
a 2.5 mm diameter hole at its center, adapted to the lower 
portion of the Universal Testing Machine (Instron; Model 
4444, Instron, Canton, Massachusetts, United States). A com-
pressive load was applied by using a 1 mm diameter cylin-
drical plunger attached to the upper portion of the Instron 
machine. A crosshead speed of 0.5 mm/min was applied until 
bond failure occurred.

The load at failure (F) recorded in Newtons (N) was 
divided by the bonded area of the cement post/dentine 
interface (SL) in mm2 to obtain the bond strength (BS) in 
Megapascal (MPa) using the following equation: BS = F/SL. 
The bonded area represents the lateral surface of a trun-
cated cone and was calculated by the formula of a conical 
frustum,18 considering the top and bottom circles of the 
dislodged bonded assembly along with the height of the 
slice.

Failure Mode Analysis
For the failure mode analysis, the debonded area was ini-
tially assessed under stereomicroscope (SteREO Discovery.
V12; Carl Zeiss, Jena, Germany) at 15× to 50× magnifica-
tions. The failures were classified according to the following 
criteria: post adhesive failure (cement-free post); dentine 

adhesive failure (cement-free dentine); mixed failure (par-
tially free and partially cement-covered dentine); post cohe-
sive failure (post fracture); and dentine cohesive failure (den-
tine fracture).

The representing samples of each group were prepared 
for analysis under Scanning Electron Microscope (SEM) 
(JEOL; JSM 6390 LV, Peabody, MA, USA). The samples were 
dried, mounted on aluminum stubs, placed in a vacuum 
chamber and sputter-coated with a gold layer of 300 Aþ 
(Bal-Tec SCD 005; Bal-Tec Co., Balzers, Liechtenstein). The 
failure modes analysis was performed under SEM operat-
ed at accelerating voltage of 15 kV, at 20×, 50× and 100× 
magnifications.

Statistical Analysis
Means and standard deviations were calculated, and data 
homogeneity and normality were tested by Levene’s and 
Kolmogorov-Smirnov’s tests, respectively. Data were ana-
lyzed by using analysis of variance (two-way ANOVA), and 
post hoc tests were calculated by using Tukey’s multiple com-
parison test. The significance level for all of the tests was 5% 
(a = 0.05). The failure modes were analyzed by the frequency 
distribution. The statistical tests were performed with the 
aid of the SPSS 21 software (IBM SPSS Inc.; Chicago, Illinois, 
United States).

Results
►Table 2 shows the results of the push out test. Compari-
son among groups regarding the BS resulted in no statisti-
cally significant difference (p = 0.44). Neither the post/root 
canal third (cervical, middle, and apical), or the interaction 
between the groups and thirds had significant influence on 
the results (p > 0.05), except for G1 (control group: no bleach-
ing), where the BS in the cervical third had greater value in 
comparison with the apical third (p < 0.05).

The failure mode analysis (►Table 3) showed predom-
inance of adhesive failure in the cement/dentine interface 
in the control group (G1). For G2 and G3 groups, the post 
cohesive failure occurred more frequently. In G4, the mixed 
failure was the most frequent one. ►Fig. 2 presents photo-
micrographs of the predominant failure mode in each group 
after the push-out test.

Table 2  Bond strength mean values (MPa) and standard deviation after push-out test, according to the post/dentine areas in 
each evaluated group

Groups Post/dentine area

Cervical Middle Apical

G1 4.72 ± 2.73aA 3.91± 2.53a,bA 1.66 ± 1.33bA

G2 3.26 ± 1.48aA 2.58 ± 1.54aA 3.05 ± 1.59aA

G3 3.31 ± 1.54aA 4.22 ± 1.79aA 3.33 ± 1.59aA

G4 3.40 ± 1.66aA 2.37 ± 1.05aA 2.16 ± 1.23aA

Different lowercase letters mean significant statistical difference in the lines (Tukey’s p < 0.05). Different uppercase letters in the same column 
mean significant statistical difference (Tukey’s p < 0.05). G1: no bleaching; G2: bleaching and immediate post cementation; G3: bleaching, post 
cementation after 7 days of intracanal dressing with Ca(OH)2; G4: bleaching, and post cementation after 7 days.
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Discussion
In the present study, bovine teeth were used to perform the 
tests because of the easy acquisition of teeth with no caries, 
restorations, or other flaws,18-20 and the possibility of age 

standardization.21 Bovine teeth aging from 24 to 48 months 
were used, considering that older bovine teeth are more 
similar to human teeth.22 According to Camargo et al21 the 
number of dentinal tubules within the root canal is signifi-
cantly greater in bovine teeth in comparison with human 

Table 3  Failure modes (%) distribution after the push-out test in the different groups

Groups Failure modes

Adhesive post/
cement

Adhesive cement/
dentine

Mixed Cohesive post Cohesive dentine

G1 13.3 51.6 16.6 18.3 0.0

G2 5.0 25.0 30.0 38.3 1.66

G3 0.0 25.0 21.6 45.0 8.3

G4 3.3 30.0 40.0 25.0 1.6

Note: G1: no bleaching; G2: bleaching, and immediate post cementation; G3: bleaching, post cementation after 7 days of intracanal dressing with 
Ca(OH)2; G4: bleaching, and post cementation after 7 days.

Fig. 2 Representative SEM micrographs of the most predominant failure mode in each group after the push-out test. G1: adhesive failure in 
the cement/dentine interface (arrows) (A and B); G2 and G3: post cohesive failure (arrow) (C and D); G4: mixed failure, part of the dentine has 
no cement, and part is covered with fractured cement/post (arrows) (e); G4: mixed failure showing fracture of cement and post (arrows; F). D: 
dentin; P: post; C: cement. SEM, scanning electron microscope.
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teeth. However, when the diameter of the tubules was com-
pared between themselves, there was no significant differ-
ence. Other studies have also reported significant similarities 
between human and bovine teeth.23,24

The internal bleaching of the teeth was performed 
with a 35% H2O2 chemical agent, which was kept in the 
pulp chamber for 45 minutes, with no exposure to a light 
source. Caneppele et al25 demonstrated that the use of 
H2O2 in higher concentrations (35 to 38%), combined with 
the use of different protocols (continuous application or 
with reposition), promotes similar bleaching effect. Also, 
a recent systematic review verified that the association of 
light with bleaching agents does not increase the effective-
ness of bleaching.26

Despite the considerable variation in the push-out bond 
test design used in other endodontic researches,27 this test 
is still valid due to its effectiveness and lower data variabil-
ity in comparison with other mechanical tests.28 The use of 
1-mm-thick slices allows a uniform application of the shear-
ing forces on the adhesive interface, simplifies the adhesion 
area calculation, and is less sensitive to stress distribution 
variation during strength applications.29

Based on the results obtained in our study, the null 
hypothesis tested was accepted, as no significant difference 
in the BS values among groups was observed. Our results 
demonstrated that fiberglass posts cementation immediately 
after internal bleaching process, or after 7 days, regardless 
the use of Ca(OH)2 dressing, had BS values to dentine similar 
to the control group (no bleaching).

The lack of studies assessing the effect of intracoronary 
bleaching period on the BS of fiberglass posts to dentine, 
restrains a deeper discussion of the results obtained. However, 
other studies evaluated the influence of bleaching treatment 
on the BS of resinous materials to root dentine through sev-
eral mechanical tests.8,13 Vieira et al8 reported that the use of 
a high-concentration bleaching agent, after 7 days, negative-
ly affected the BS of the resin/dentine interface and dentine 
flexural strength. Similarly, Souza-Gabriel et al13 noticed a 
BS reduction of the resinous materials to dentine, when res-
toration was performed immediately, 3 and 7 days after the 
intracoronary bleaching treatment with 38% H2O2. According 
to these authors,13 restorative procedures must be performed 
after 10 or more days of finishing the bleaching  treatment. 
However, the study of Bittencourt et al7 reported that 
after 7 days of bleaching treatment with 35% H2O2, the BS of 
composite resin to dentine increased and, it was similar to the 
no-bleaching group. In addition to the bleaching agents, other 
substances, such as photosensitizers (curcumin and methylene 
blue), may influence the mechanical properties of intraradicu-
lar dentin and the bond strength of glass-fiber posts.19,20

Considering the different root thirds, the other null 
hypothesis tested in the present study was rejected. The 
BS observed for G1 (no bleaching) in the cervical third was 
significantly higher in comparison with the apical third of 
the post, as found in other studies.18,30-32 This outcome may 
be related to the greater density of the dentinal tubules in 
the cervical third, which results in greater adhesion values 
in this area, followed by the middle and apical thirds.33 Also, 

the limited access in the deeper areas of the root canal is 
challenging to professionals, hindering the acid etching, the 
adhesive system application, the proper light transmission 
during photoactivation, and the distribution of the resinous 
cement.32,34 However, no BS difference was noticed among 
root canal thirds for the bleaching treatment-groups.

The absence of difference among these groups might be 
explained by the efficacy of the cervical sealing performed 
with zinc oxide/zinc sulfate cement.35 The existence of this 
barrier effectively prevented access of the bleaching agent 
to the inner portion of the root canal. The study of Smith et 
al35 evaluated the effectiveness of a cervical barrier with zinc 
oxide/zinc sulfate cement in the intracoronary bleaching 
treatment and noticed that the use of 2 mm of the material 
was enough to significantly reduce the dentinal infiltration 
and penetration of the bleaching agents. Furthermore, in the 
study of Hosoya et al,36 the zinc oxide/zinc sulfate cement had 
a better performance as a cervical barrier to prevent infiltra-
tion when compared with a photoactivated temporary restor-
ative material, zinc phosphate cement, and zinc oxide/eugenol 
cement.

The use of Ca(OH)2 dressing after intracoronary bleaching 
treatment (G3) did not result in a significant change in the BS 
of the post/cement to dentine in comparison with the groups 
that did not use Ca(OH)2 (G1, G2, and G4). The residues of the 
Ca(OH)2 dressing were probably removed during root canal 
preparation for post cementation, as 37% phosphoric acid 
etching was performed.10

Several studies had reported that the use of a bleaching 
agent increased the microleakage in composite resin resto-
rations.10,11 However, the short-term use of Ca(OH)2 dress-
ing did not increase such microleakage.10 Therefore, as per-
formed in previous studies,8,13 in our study, the 35% H2O2 gel 
was applied for 45 minutes, corresponding to the period of 
a bleaching clinical session, although three or four sessions 
might be acceptable as well. Such fact might have been one of 
the factors that contributed to the similarity found in the BS 
values for the bleaching- and no bleaching-groups. The use 
of a single bleaching session and, therefore, the reduced time 
in which the bleaching agent remained in contact with the 
dentine substrate promoted such findings.8,13

The mean BS values (MPa) obtained in this study were 
similar to those observed in other researches,37,38 which 
also used the conventional dual resinous cement RelyX ARC 
(3M/ESPE). Such values may be considered low and justified 
by some possible reasons. The elevated polymerization con-
traction of the cement generates stress that might damage 
the set post/cement bonding to the root dentine.39 Despite 
the fact that this material has a dual polymerization, at the 
deeper portions of the root canal, the access of light is lim-
ited, making the cement dependent of its chemical curing.39 
This fact results in the reduction of the cement’s conversion 
degree and, consequently, it compromises its mechanical 
properties.40 Conventional resinous cements, such as RelyX 
ARC, require a previous application of adhesive system, in 
this case, based on total acid etching.39 Therefore, the cemen-
tation technique requires several stages, is more complex, 
extremely sensitive, and may affect the adhesion quality.37,41
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Although the BS values were similar, the failures present-
ed a higher variation among groups. G1 and G4 had predom-
inance of adhesive failures, in the cement/dentine and post/
cement/dentine interfaces, respectively. Cohesive failures in 
posts were observed in all groups, especially in G2 and G3. 
The most frequent cause of the adhesive or cohesive failures 
has been related as a result of an overside post space prepara-
tion,27 which may have occurred in the present study despite 
of the efforts to avoid larger root canals. Curiously, dentine 
cohesive failures were observed only in the specimens of the 
bleaching-groups, with higher percentage in the group sub-
mitted to Ca(OH)2 dressing. Further studies must be conduct-
ed to evaluate if the use of hydrogen peroxide in longer peri-
ods or in different concentrations affect the BS of fiberglass 
posts to the intraradicular dentine.

Conclusion
Despite the limitations of this ex vivo study, it may be  concluded 
that intracoronary bleaching did not reduce the BS of fiber-
glass posts to the root dentine, regardless of the post-bleach-
ing waiting time. In addition, the use of Ca(OH)2 dressing had 
no effect on the BS of fiberglass posts to the dentine.

Funding
The present study was supported in part by the 
 Coordination of Training of Higher Education Graduates 
(CAPES).

Conflict of Interest
None declared.

Acknowledgment
The authors would like to thank the Central Laboratory of 
Microscopy (LCME, Federal University of Santa Catarina), 
which kindly performed the scanning electron micro-
scope (SEM) analysis.

References

1 Schlichting LH, Stanley K, Magne M, Magne P. The non-vital 
discolored central incisor dilemma. Int J Esthet Dent 
2015;10(4):548–562

2 Carey CM. Tooth whitening: what we now know. J Evid Based 
Dent Pract 2014;14(Suppl):70–76

3 Patil AG, Hiremath V, Kumar RS, Sheetal A, Nagaral S. Bleaching 
of a non-vital anterior tooth to remove the intrinsic discolor-
ation. J Nat Sci Biol Med 2014;5(2):476–479

4 Plotino G, Buono L, Grande NM, Pameijer CH, Somma F. Nonvi-
tal tooth bleaching: a review of the literature and clinical pro-
cedures. J Endod 2008;34(4):394–407

5 Maleknejad F, Ameri H, Kianfar I. Effect of intracoronal bleach-
ing agents on ultrastructure and mineral content of dentin. 
J Conserv Dent 2012;15(2):174–177

6 de Oliveira DP, Teixeira ECN, Ferraz CC, Teixeira FB. Effect 
of intracoronal bleaching agents on dentin microhardness. 
J Endod 2007;33(4):460–462

7 Bittencourt ME, Trentin MS, Linden MS, et al. Influence of 
in situ postbleaching times on shear bond strength of res-
in-based composite restorations. J Am Dent Assoc 2010;141 
(3):300–306

8 Vieira C, Silva-Sousa YT, Pessarello NM, Rached-Junior FAJ, 
Souza-Gabriel AE. Effect of high-concentrated bleaching 
agents on the bond strength at dentin/resin interface and flex-
ural strength of dentin. Braz Dent J 2012;23(1):28–35

9 Madison S, Walton R. Cervical root resorption follow-
ing bleaching of endodontically treated teeth. J Endod 
1990;16(12):570–574

10 Demarco FF, Freitas JM, Silva MP, Justino LM. Microleakage in 
endodontically treated teeth: influence of calcium hydroxide 
dressing following bleaching. Int Endod J 2001;34(7):495–500

11 Rahimi S, Shahi S, Kimyai S, Khayyam L, Abdolrahimi M. Effect 
of calcium hydroxide dressing on microleakage of composite 
restorations in endodontically treated teeth subsequent to 
bleaching. Med Oral Patol Oral Cir Bucal 2010;15(2):e413–e416

12 Titley K, Torneck CD, Smith D. The effect of concentrated 
hydrogen peroxide solutions on the surface morphology of 
human tooth enamel. J Endod 1988;14(2):69–74

13 Souza-Gabriel AE, Vitussi LO, Milani C, Alfredo E, Messias 
DC, Silva-Sousa YT. Effect of bleaching protocols with 38% 
hydrogen peroxide and post-bleaching times on dentin bond 
strength. Braz Dent J 2011;22(4):317–321

14 Prisco D, De Santis R, Mollica F, Ambrosio L, Rengo S, Nicolais L. 
Fiber post adhesion to resin luting cements in the restoration of 
endodontically-treated teeth. Oper Dent 2003;28(5):515–521

15 Faria AC, Rodrigues RC, de Almeida Antunes RP, de Mattos 
MdaG, Ribeiro RF. Endodontically treated teeth: character-
istics and considerations to restore them. J Prosthodont Res 
2011;55(2):69–74

16 Das AK, Muddugangadhar BC, Amarnath GS, Garg A, Kumar 
U, Rao TR. Comparative evaluation of push out bond strength 
of a fiber post system using four different resin cements: an 
in-vitro study. J Int Oral Health 2015;7(Suppl 1):62–67

17 Armstrong S, Geraldeli S, Maia R, Raposo LH, Soares CJ, 
Yamagawa J. Adhesion to tooth structure: a critical review 
of “micro” bond strength test methods. Dent Mater 
2010;26(2):e50–e62

18 Machado MB, Alves Morgan LF, Gomes GM, Vasconcellos WA, 
Cardoso FP, Albuquerque Rde C. Effects of immediate and 
delayed intraradicular preparation on bond strength of fiber 
posts. Indian J Dent Res 2015;26(3):244–247

19 Strazzi Sahyon HB, Pereira da Silva P, Silva de Oliveira M, et al. 
Effect of photodynamic therapy on the mechanical properties and 
bond strength of glass-fiber posts to endodontically treated intr-
aradicular dentin. J Prosthet Dent 2018;120(2):317.e1–317.e7

20 Strazzi Sahyon HB, Silva PP, Oliveira MS, et al. Influence 
of curcumin photosensitizer in photodynamic therapy on 
the mechanical properties and push-out bond strength 
of glass-fiber posts to intraradicular dentin. Photodiagn 
Photodyn Ther 2019;25:376–381

21 Camargo CH, Siviero M, Camargo SE, de Oliveira SH, Carvalho 
CA, Valera MC. Topographical, diametral, and quantitative 
analysis of dentin tubules in the root canals of human and 
bovine teeth. J Endod 2007;33(4):422–426

22 Fonseca RB, Haiter-Neto F, Carlo HL, et al. Radiodensity and 
hardness of enamel and dentin of human and bovine teeth, vary-
ing bovine teeth age. Arch Oral Biol 2008;53(11):1023–1029

23 Teruel JdeD, Alcolea A, Hernández A, Ruiz AJ. Comparison of 
chemical composition of enamel and dentine in human, bovine, 
porcine and ovine teeth. Arch Oral Biol 2015;60(5):768–775

24 de Carvalho MFF, Leijôto-Lannes ACN, Rodrigues MCN, et al. 
Viability of bovine teeth as a substrate in bond strength tests: 
a systematic review and meta-analysis. J Adhes Dent 2018;20 
(6):471–479

25 Caneppele TM, Rocha Gomes Torres C, Huhtala MF, Bresciani E. 
Influence of whitening gel application protocol on dental col-
or change. ScientificWorldJournal 2015 2015:420723. doi: 
10.1155/2015/420723 



342

European Journal of Dentistry Vol. 13 No. 3/2019

Bleaching Effect on Bond Strength of Fiber Posts Nery-Silva et al.

26 Maran BM, Burey A, de Paris Matos T, Loguercio AD, Reis A. 
In-office dental bleaching with light vs. without light: a sys-
tematic review and meta-analysis. J Dent 2018;70:1–13

27 Brichko J, Burrow MF, Parashos P. Design variability of the 
push-out bond test in endodontic research: a systematic 
review. J Endod 2018;44(8):1237–1245

28 Goracci C, Tavares AU, Fabianelli A, et al. The adhesion between 
fiber posts and root canal walls: comparison between 
microtensile and push-out bond strength measurements. Eur J 
Oral Sci 2004;112(4):353–361

29 Teixeira CS, Silva-Sousa YT, Sousa-Neto MD. Bond strength of 
fiber posts to weakened roots after resin restoration with dif-
ferent light-curing times. J Endod 2009;35(7):1034–1039

30 Renovato SR, Santana FR, Ferreira JM, Souza JB, Soares CJ, 
Estrela C. Effect of calcium hydroxide and endodontic irrigants 
on fibre post bond strength to root canal dentine. Int Endod J 
2013;46(8):738–746

31 Pereira JR, Valle AL, Ghizoni JS, Só MV, Ramos MB, Lorenzoni 
FC. Evaluation of push-out bond strength of four luting agents 
and SEM observation of the dentine/fibreglass bond interface. 
Int Endod J 2013;46(10):982–992

32 Durski MT, Metz MJ, Thompson JY, et al. Push-out bond strength 
evaluation of glass fiber posts with different resin cements 
and application techniques. Oper Dent 2016;41(1):103–110

33 Mjör IA, Nordahl I. The density and branching of dentinal 
tubules in human teeth. Arch Oral Biol 1996;41(5):401–412

34 Erdemir U, Mumcu E, Topcu FT, Yildiz E, Yamanel K, Akyol M. 
Micro push-out bond strengths of 2 fiber post types luted 

using different adhesive strategies. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 2010;110(4):534–544

35 Smith JJ, Cunningham CJ, Montgomery S. Cervical canal leak-
age after internal bleaching. J Endod 1992;18(10):476–481

36 Hosoya N, Cox CF, Arai T, Nakamura J. The walking bleach pro-
cedure: an in vitro study to measure microleakage of five tem-
porary sealing agents. J Endod 2000;26(12):716–718

37 Leme AA, Coutinho M, Insaurralde AF, Scaffa PMC, da Silva 
LM. The influence of time and cement type on push-out 
bond strength of fiber posts to root dentin. Oper Dent 
2011;36(6):643–648

38 Farina AP, Chiela H, Carlini-Junior B, et al. Influence of cement 
type and relining procedure on push-out bond strength of 
fiber posts after cyclic loading: bond strength of fiber posts. 
J Prosthodont 2016;25(1):54–60

39 Manso AP, Silva NRFA, Bonfante EA, Pegoraro TA, Dias RA, 
Carvalho RM. Cements and adhesives for all-ceramic resto-
rations. Dent Clin North Am 2011;55(2):311–332, ix

40 Daleprane B, Nemesio de Barros Pereira C, Oréfice RL, 
et al. The effect of light-curing access and different resin 
cements on apical bond strength of fiber posts. Oper Dent 
2014;39(2):E93–E100

41 de Souza NC, Marcondes ML, da Silva D, Borges GA, Júnior LB, 
Spohr AM. Relined fiberglass post: effect of luting length, resin 
cement, and cyclic loading on the bond to weakened root den-
tin. Oper Dent 2016;41(6):e174–e182


