
The aim of this study was to evaluate the effect of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide (EDC) on bond strength of fiberglass posts in root canals obturated with 
different endodontic sealers. Seventy-eight mandibular premolars were obturated with 
three sealers (n=26): Endofill (END), AH Plus (AHP), and Endosequence BC Sealer (EBS). After 
preparation of the post space, two subgroups were formed according to the cementation 
of the posts (n=13): with EDC (EDC), and without EDC (control - CON). The specimens 
were submitted to a pull-out test, failure mode classification, and root canal surface 
evaluation by scanning electron microscopy after post displacement. Regarding the bond 
strength, a significant difference between the EDC and CON subgroups occurred only in 
the END (p=0.001). No difference was detected among the CON subgroups (p=0.339). 
However, among the EDC subgroups, AHP presented significantly higher values (END 
versus AHP: p=0.001; AHP versus EBS: p=0.016). Upon classification of failure modes, 
score 1 (≥ 50% of cement) was the most commonly observed, except for the END + EDC. 
Remains of endodontic sealers and resin cements were found in the cervical third, but 
without statistical difference (p=0.269), while in the middle third, difference occurred 
(p=0.004). In conclusion, EDC decreases bond strength when associated with END sealer, 
without changing the failure mode between the resin cement and fiberglass post. The 
best performance was observed when EDC was combined with AHP sealer.
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Introduction
Teeth with endodontic treatment often lose crown 

structure due to cavities and fractures. Situations like these 
make restorative treatment difficult, requiring the use of 
intraradicular posts for better prognosis of endodontic 
treatment and rehabilitation (1-3). Fiberglass posts are 
preferred for this purpose because they have low rigidity, 
elasticity compatible with dentin and form a unit with 
the root, which reduces the severity of the fracture when 
it occurs, causing less damage to the remaining dental 
structure (1,4,5). For the cementation of these posts, the 
use of resin-based cements is recommended because of 
their favorable physical properties and adequate biological 
performance (6,7).

Durability of the adhesion systems is directly affected 
by the degradation of collagen matrices present in the 
resin by matrix metalloproteinases (MMP) (8,9). MMP are 
activated by dentin demineralization and are responsible 
for the slow hydrolysis of collagen fibers in the hybrid 
layer of the resin-dentin system (10). To improve the 
bonding and increase the durability of the resin-dentin 
system, the inactivation of MMP by synthetic inhibitors is 
recommended (9-11).

Currently, some studies show an improvement in 

the adhesive interface with the use of 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) (9,11,12). EDC 
is a cross-linking agent that inactivates MMP, increasing 
the structural and mechanical stability of collagen, thus 
enhancing the bond strength between resin materials and 
dentin (9,13). It is generally used in the form of 0.3 M EDC 
aqueous solution applied for 60 s, between the etching 
of dentin and the use of the adhesive system. Evidently, 
EDC does not cause any immediate change in the bond 
strength. However, in the long run, the increase may reach 
50% (11,12).

Few studies have tested the effect of EDC on fiberglass 
post cementation (12,14). In these studies, the endodontic 
sealer used was the same in all groups, and only the resin 
cement used in post cementation differed (12,14).

It is known that the adhesion between resin cement, 
root dentin and post can be affected by the type of the 
endodontic sealer used (4,15). This is because, even with the 
chemical and mechanical preparation of the space for the 
intraradicular retainer, the remaining endodontic material 
stays adhered on the walls of the root canal and inside the 
dentinal tubules (3,16). 

Eugenol-based sealers are widely used in clinical practice 
for root canals filling. However, its interference in fiber 
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posts bond strength is questioned (15). Epoxy resin-based 
endodontic sealers such as AH Plus (Dentsply Sirona, York, 
USA) and bioceramics sealers based on calcium silicate, 
such as Endosequence BC Sealer (Brasseler USA, Savannah, 
USA) have showed good results in resin cements adhesion 
(4,17,18).

There is no evidence to suggest that EDC influences the 
bond strength of fiberglass posts on root dentin in teeth 
filled with different endodontic sealers. Thus, the aim of our 
study was to examine whether the use of EDC influences 
the bond strength of fiberglass posts and resin cements 
on dentin, when different endodontic sealers were used 
in root canal filling. The null hypotheses were that (i) the 
type of endodontic sealer does not influence bond strength 
on dentin, and (ii) EDC does not alter the bond strength 
between post, resin cement and root dentin.

Material and Methods
Sample Selection

This study was approved by the Institutional Research 
Ethics Committee (number 2.166.207). The sample size 
was calculated with a confidence interval of 95%, 80% 
power, and ratio of 1:1. Seventy-eight human mandibular 
premolars, recently extracted, without previous endodontic 
treatment, root fractures and/or resorptions were selected. 
The crowns were sectioned with diamond discs to avoid 
interference during preparation and to standardize the 
length of the roots at 15 mm. The specimens remained in 
aqueous solution until used.

Specimen Preparation
The root canal was explored with K # 10 file (Dentsply 

Sirona, York, USA) to verify apical foramen patency. The 
instrumentation consisted of Wave One Gold Large files (# 
45.05) (Dentsply Sirona, York, USA) with a working length 
of 14 mm. Irrigation during this step was performed with 
5.25% sodium hypochlorite (NaOCl), followed by final 
irrigation with 17% ethylenediaminetetraacetic acid (EDTA) 
activated by EndoActivator (Dentsply Sirona, York, PA, USA), 
tip 35.04, according to the manufacturer’s protocol. Then, a 
new irrigation was performed with 5.25% NaOCl and drying 
with # 45 absorbent paper points (Cell Pack, Dentsply Sirona).

Subsequently, the specimens were filled with gutta-
percha cones (Wave One Large, Dentsply Sirona) and 
randomly divided into three groups (n=26), according to 
the sealer used: Endofill (Dentsply Sirona) - END; AH Plus 
(Dentsply Sirona) - AHP; Endosequence BC Sealer (Brasseler, 
Savannah, GA, USA) – EBS. The cavities were sealed with 
glass-ionomer cement (S.S. White, São Cristovão, SP, Brazil). 
The gutta-percha cones were thermoplasticized with Mc 
Spadden # 45 (Dentsply Sirona). All specimens were stored 
in distilled water at 37 °C for 7 days.

After this period the specimens were prepared for 
installation of fiberglass posts, with drill n. 0.5 (Whitepost 
DC 0.5, FGM Produtos Odontológicos, Joinville, SC, Brazil) 
with 10 mm length. The diameter of the different parts 
(tip, at 3, 6, 9 mm from the tip) of this drill was 0.65, 0.94, 
1.10, and 1.46 mm, respectively.

Radiographs were taken after preparation to ensure 
that the post spaces were free of sealing material but 
with adequate apical remnants. The space was cleaned 
with 17% EDTA and dried with absorbent paper points # 
45 (Cell Pack, Dentsply Sirona) (18).

The specimens were then subdivided into EDC and 
control (CON) subgroups. In the CON subgroups the 
cementation was done according to the resin cement 
manufacturer’s protocol. In the EDC subgroups, 1 mL of 0.3 
M EDC aqueous solution was applied for 60 s, followed by 
drying and cementing of the post, also according to the resin 
cement manufacturer. In the protocol used, resin cement 
(Dual Set PP, SDI Limited, Bayswater, Australia) was applied 
on the post surface and the walls of the root canal. The 
posts were left in position for 30 s, with removal of excess 
cement and photoactivation for 20 s. The specimens were 
stored in distilled water at 37 °C for 30 days.

Pull-Out Test
The bond strength was assessed by the pull-out test in a 

universal test machine (EMIC, Instron Brasil Equipamentos 
Científicos Ltda, São José dos Pinhais, PR, Brazil). A force of 
0.5 mm/min was applied to longitudinally draw the post in 
the coronal direction until its displacement. At the moment 
of displacement, the maximum force in N was recorded (6).

Classification of Union Failure Modes Of Post/Resin 
Cement

The posts were analyzed under a stereomicroscope 
with 10.5 × magnification to determine the amount of 
remaining cement. According to the percentage of cement 
on the post surface, they were classified as score 1 ( ≥50% 
of cement) and score 2 ( <50% of cement) (Fig. 1) (19).

Analysis of the Root Canal Surface
After the displacement of the posts, the roots were 

sectioned longitudinally, and the surface of the canal 
was analyzed in the middle and coronal thirds through 
Energy Dispersive X-Ray Fluorescence Spectrometry (EX-
94410T1L11, JEOL Ltd, Tokyo, Japan) using a scanning 
electron microscope (6010LA, JEOL Ltd, Tokyo, Japan). For 
better analysis, the samples were dehydrated in an incubator 
at 50 °C for 24 h and then gold sputtered (Denton Vacuum 
Desk IV Standard, Moorestown, NJ, USA). In each third, 
every material found inside the canal was marked to be 
analyzed for determining their composition (Fig. 2). With 
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a comparation between the composition of these materials 
and the individual analysis of the sealers, the root canal 
surface was classified according the material found.

To obtain the chemical composition pattern of the 
endodontic cements and the resin cement, a sample from 
each cement was analyzed individually before the analyses 
of the specimens.

The data were analyzed and classified as follows: (0) 
absence of resin cement or endodontic sealer; (1) presence 
of endodontic sealer; (2) presence of resin cement; and (3) 
presence of resin cement and endodontic sealer. Figure 3 
illustrates this classification.

Statistical Analysis
Normality of data values was evaluated by the Shapiro-

Wilk test. The analysis of the interaction was performed by 
the analysis of variance model (ANOVA). Considering that a 
significant interaction was detected, one-way ANOVA and 

Student’s t test for independent samples were used for the 
comparison between groups and subgroups. Chi-square test 
was used for the analysis of differences between groups 
in the thirds regarding the failure mode and evaluation of 
the root canal surface. P values <0.05 indicated statistically 
significant difference. The data were analyzed using the 
software SPSS v. 21.0 (IBM® SPSS®, Armonk, NY, USA).

Results
Four specimens were lost during the pull-out test, one of 

each of these groups: AHP, AHP + EDC, EBS, and EBS + EDC.

Bond Strength
There was no statistically significant difference in 

dentin/cement bond strength in the AHP (p=0.644) and 
EBS (p=0.433) groups when EDC was used, compared with 
the corresponding CON subgroups. In the END group, a 
statistically significant difference was detected between 

Figure 1. Stereomicroscope images of the posts to illustrate the scores 
of the classification employed to evaluate the failure modes with 
10.5× magnification. Note: A: score 1: ≥50% of resin cement on the 
post surface; B: score 2: <50% of resin cement on the post surface.

Figure 2. Punctual marking of each material found within the canal 
for analysis of its composition. Image obtained by a scanning electron 
microscopy with a 70× magnification. Note: 001 – radicular dentin; 
002 – endodontic sealer; 003 – resin cement.

Figure 3. Illustrative image of the of the root canal surface analyzed by scores. Image obtained by a scanning electron microscopy with a 70× 
magnification. A: presence of endodontic sealer; B: presence of resin cement; C: presence of resin cement and endodontic sealer.
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3. The presence of endodontic sealer was lower in END 
groups – with or without EDC – when compared with EBS 
group. The use of EDC does not show difference between 
subgroups for the presence of only resin cement in root 
canal surface. This was different when resin cement and 
endodontic sealer was observed in root canal walls. The 
frequency of this situation was lower when EDC was used 
with END, compared with END. 

Discussion
The null hypotheses (i) that the type of endodontic 

sealer does not influence bond strength on dentin, and 
(ii) that EDC does not alter the bond strength between 
post, resin cement, and dentin were rejected.

The initial number of samples was 78, with 13 
specimens in each group. During the traction in the pull-
out test, four specimens were lost by breaking the post 
(AHP: n=1; AHP + EDC: n=1; EBS: n=1; EBS + EDC: n=1).

In the present study, the results showed that the type 
of endodontic sealer used influenced bond strength when 
combined with EDC, with best outcome when AHP was 
used. This sealer is epoxy resin based and presents good 
apical sealing and dimensional stability (20). It has been 
suggested as a good alternative, as it also exhibits the 
best results in the adhesion of resin cements (4,17,18). 
When the results of bond strength and failure modes 
of post/resin cement are analyzed together, it was 
confirmed some interaction between AHP and EDC, which 
allowed greater bond strength between root dentin, resin 
cement, and fiberglass post, since most of the specimens 
in the AHP group had sealer remains in the root canal 

wall after endodontic 
treatment. As the 
frequency of walls with 
sealer remnants was 
similar between the 
groups, and there was 
a significant difference 
in the bond strength 
results, it is possible 
that EDC interacted 
with the sealer, and not 
only with dentin.

W h e n  E N D 
sea le r  was  used , 
this interaction was 
negative. Indeed, a 
worsening in the bond 
strength between root 
dentin, resin cement, 
and fiberglass post 
with the use of EDC was 

Table 2. Results [n (%)] of the analysis between groups, according to the percentage of resin cement on the 
post surface

Score END END + EDC AHP AHP+ EDC EBS EBS + EDC Total

1 10a (76.9) 5b (38.5) 11a  (91.7) 10a (83.3) 11a (91.7) 9a,b (75.0) 56 (75.7)

2 3a (23.1) 8b (61.5) 1a (8.3) 2a (16.7) 1a (8.3) 3a,b (25.0) 18 (24.3)

Different lowercase letters indicate statistically significant difference between rows. Chi-square test (p<0.05). 
Score 1: ≥50% of cement; Score 2: <50% of cement. 

Table 3. Results of the analysis between groups, in middle third, according to the scores attributed to the 
amount and type of material remaining in the wall of the root canal

Score END END + EDC AHP AHP+ EDC EBS EBS + EDC Total

0 0a (0.0) 0a (0.0) 2a,b (15.4) 1a,b (8.3) 4b (30.8) 1a,b (8.3) 8 (10.5)

1 1a,b (7.7) 2a,b,c (15.4) 0b (0.0) 4a,c (33.3) 2a,b,c (15.4) 6c (50.0) 15 (19.7)

2 1a,b,c,d (7.7) 5c,d (38.5) 5b,d (38.5) 1a,b,c,d (8.3) 0a (0.0) 1a,b,c,d (8.3) 13 (17.1)

3 11a (84.6) 6b (46.2) 6b (46.2) 6a,b (50.0) 7a,b (53.8) 4b (33.3) 40 (52.6)

Note: Different lowercase letters indicate statistically significant difference between rows. Score 0: absence of 
material Qui-square test (p<0.05); Score 1: presence of endodontic sealer; Score 2: presence of resin cement; 
Score 3: presence of endodontic sealer and resin cement. 

the EDC and CON subgroups. In particular, EDC application 
reduced bond strength (p=0.001) (Table 1).

Comparison among the CON subgroups of the different 
sealer groups showed no statistically significant difference 
(p=0.339). Among the EDC subgroups, AHP exhibited the 
highest bond strength values (END versus AHP: p=0.001, 
AHP versus EBS: p=0.016) (Table 1).

Classification of Failure Modes of Post/Resin Cement
Statistical difference occurred in this analysis (p=0.019), 

with the score 1 being the most frequently observed, except 
for the END + EDC, in which score 2 was more frequent. 
Also, regarding score 2, the END + EDC group differed from 
the others (Table 2).

Analysis of the Root Canal Surface
In the cervical third no statistical difference was found 

(p=0.269). However, in the middle, statistical difference 
occurred (p=0.004), and the results are shown in Table 

Table 1. Results (mean±standard deviation) of bond strength (N) 
between post, resin cement, and dentin

Sealers Control group  EDC group

Endofill 57.1 (± 19.3) Aa 31.8 (± 10.5) Ba

AH Plus 49.9 (± 24.1) Aa 53.6 (± 16.0) Aa

Endosequence BC Sealer 44.7 (± 20.2) Aa 38.7 (± 17.2) Aa

Different capital letters indicate statistically significant differences 
among rows. Different lowercase letters indicate statistically 
difference between columns. EDC: 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide. 
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detected only in the END group. The absence of significant 
differences in the other groups may be a consequence of 
sample storage time (15). Regarding the period of 30 days, 
selected as critical, it is found in the literature that the 
activity of EDC in inhibit dentinal gelatinases is already 
present after 24 h (9,13), and this effect decreases over 
time (13). Previous studies, that evaluated different times 
of EDC pre-treatment in bond strenght, had as immediate 
time 24 h (19). After 30 days, the EDC is now acting and, 
considering that the greater manipulation of the post 
occurs in this period, it was considered valid to test this 
interval, in which great manipulation of the post occurs, 
with preparation of remnants, molding and cementation 
of prosthetic pieces.

Without the use of synthetic inhibitor EDC there was 
no difference in bond strength between the sealers used. 
Previous studies also demonstrated that the sealer does 
not alter the bond strength (21,22). However, the results 
reported in the literature are variable (4,17,18). Moreover, 
the mechanical test used in this study was different from 
previous studies. The pull-out is a mechanical test with 
high clinical relevance (23). The results obtained may be 
different from those in the push-out test, since it may 
overestimate the results by evaluating only small areas 
at a time (24). In addition, due to the mechanical test we 
used, the classification of the failure modes of the union 
was made based on the amount of material present on the 
entire surface of the post. Teeth with a large amount of 
cement on their surface indicate adhesive failure between 
cement and dentin (23).

The results of this study showed that lower bond 
strength could not be related to a worse bond strength 
of resin cement to dentin. This could be observed in the 
END group, in which there was a decrease in bond strength 
with EDC. However, in the same group a higher percentage 
of posts was classified as score 2 (<50% of cement). This 
indicates that the largest failure occurred between the 
post and resin cement, without the involvement of dentin. 
This result corroborates the study by Vilas-Boas et al. 
(17). However, it is important to note that failure mode 
analysis is a complementary test. This data may indicate 
that other factors are also related with bond strength, 
such as the adhesion of the cement to the fiberglass post 
(17). For this reason, the root surface was also analyzed.

In the classification of the remaining material on the 
root canal wall, most of the samples were classified as 
mixed, because there were endodontic sealer and resin 
cement adhered on the surface. Only the CON subgroup 
of the AHP group showed the majority of root surfaces 
covered with resin cement. It should be noted, however, 
that we cannot rule out the presence of underlying 
endodontic sealer in cases in which only resin cement 

was detected. Therefore, the presence of endodontic 
sealer was evident in almost all samples analyzed. This 
is corroborated by previous studies reporting that, even 
after the preparation of the space that will receive the 
post, there are endodontic sealer remnants on the walls 
and in the dentinal tubules (3,16). The use of EDC does 
not influence the presence of sealer, since its use does 
not aim at the removal of this material from the canal 
wall, but rather at the biomodification of the dentin 
collagen structure (25).

Only in the middle third of the root completely clean 
walls were detected after the displacement of the post. 
This can be explained by the larger diameter of the 
preparation drill in this portion when compared with the 
endodontic instrument which means that there is removal 
of the dentin wall and not only of the obturator material. 
It should be noted that samples with any amount of sealer 
were classified as having sealer. Only completely clean 
samples were considered as not having any material.

The use of EDC is generally indicated after acid 
etching of dentin, due to its MMPs inactivation action 
(10). When self-adhesive cement is used, it was believed 
that EDC could be underutilized because the acid attack 
is not performed separately. Previous literature proved 
that EDC had a positive effect on the bond strength of 
the post on the wall of the root canal, even when self-
adhesive cement is used (19).

Despite the limitations of this study, it can be 
concluded that using EDC alters the bond strength among 
root dentin, resin cement, and fiberglass post. There is a 
decrease in bond strength when the root canal is filled 
with END sealer and an increase when filled with AHP.

Resumo
O objetivo deste estudo foi avaliar o efeito da 1-etil-3- (3-dimetilaminopropil) 
carbodiimida (EDC) na resistência de união de pinos de fibra de vidro em 
canais radiculares obturados com diferentes cimentos endodônticos. 
Setenta e oito pré-molares inferiores foram obturados com três cimentos 
endodônticos (n=26): Endofill (END), AH Plus (AHP) e Endosequence 
BC Sealer (EBS). Após o preparo do espaço para pino, dois subgrupos 
formaram-se conforme a cimentação dos pinos (n=13): com EDC e sem 
EDC (controle - CON). Os espécimes foram submetidos ao teste pull-out, 
classificação do modo de falha e avaliação da superfície do canal radicular 
por microscopia eletrônica de varredura após o deslocamento. Quanto à 
força de resistência de união, uma diferença estatisticamente significativa 
ocorreu entre os subgrupos EDC e CON apenas no END (p=0,001). Não 
foi detectada diferença entre os subgrupos CON (p=0,339). Contudo, no 
subgrupo EDC, o AHP apresentou maiores valores (END versus AHP: p=0,001; 
AHP versus EBS: p=0,016). Acerca da classificação dos modos de falha, o 
escore 1 (≥50% de cimento) foi o mais comumente observado, exceto para 
END + EDC. Restos de cimentos endodônticos e cimentos resinosos foram 
encontrados no terço cervical, mas sem diferença estatística (p=0,269), 
enquanto no terço médio, houve diferença (p=0,004). Em conclusão, o 
EDC diminui a resistência de união quando associado ao cimento END, 
sem alterar o modo de falha entre o cimento resinoso e o pino de fibra 
de vidro. O melhor desempenho foi observado quanto o EDC foi usado 
com o cimento AHP.
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