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Objective This study aimed to evaluate the influence of chelating agents (EDTA, cit-
ric acid and Tetraclean) on glass fiber posts adhesion to root dentin.
Materials and Methods Forty mandibular premolars single canals, with complete 
apical root, straight, circular cross sections were selected, accessed and had the cer-
vical third prepared with Gates-Glidden drills, then included in resin, instrumented 
with ProTaper Universal and the root canal obturation was carried out. After, the sam-
ples were randomly divided into 4 groups (n = 10) to test the final irrigation solutions: 
G1:17% EDTA; G2:10% citric acid; G3: Tetraclean and G4: saline solution (control). After 
30 days of storage (36.5° C and 100% humidity), the post preparation was performed 
leaving 4 mm of apical endodontic filling. Then, a fiber-glass post previously selected was 
coated with ED Primer adhesive system and resin sealer Panavia, installed and stored for  
24 hours at 37°C. The samples were subjected to a tensile test with a constant speed of 
1 mm/min with 2000 Kgf. The results were analyzed with the ANOVA test.
Results The statistical analyzes indicated no significant differences between the 
groups (p > 0.05).
Conclusion The type of chelating agent used in the final irrigation of the endodontic 
treatment did not influence the tensile strength of the fixation system used to sealer 
the glass fiber posts to the intracanal dentin.
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Introduction
The restoration of endodontically treated teeth has been gen-
erated discussions over the years.1 This procedure becomes 
extremely complex when teeth involved feature a large loss 
of tooth structure and reduction of resistance.2 Before a end-
odontically treated tooth restoration a clinical and radio-
graphic assessment is important for appropriate planning.3 
since the restoring technique selection aims to regain func-
tion, form, aesthetics, and protection of remaining tooth, and 
it is driven by the amount of remaining clinical crown, peri-
odontal tissue condition, root morphology, occlusal habits, as 
well as by the filling of the root canal.4

Moreover, it is known that the use of metallic posts in the 
coronary anchorage supports the teeth reconstruction but 
may require a great loss of dentinal structure and so weaken 
the root structure.4 In addition, the metallic post modulus of 
elasticity is greater than the dentin’s, which causes high dis-
sipation of forces and teases wedge effect that, over time, can 
lead to fracture without the possibility of reconstruction of 
the root.5

With the development of new materials, allied to the 
evolution of the adhesive systems, there was the release of 
several types of premanufactured nonmetallic posts, which 
present as advantages: lower wear of the dental structure; 
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adhesion to dentin through resin sealers; and simplification 
of the technique.6 Among the premanufactured posts, the 
glass fiber posts stand out because they possess a modulus of 
elasticity like that of the dentin, which enables the best dis-
tribution of strength, acceptable aesthetics, and radiopacity 
like dentin.7

The materials adhesive union of the intracanal dentin is 
considered a challenge due to the anatomical difficulties, the 
smear layer, and the physicochemical limitations of these 
materials.8 In addition, the irrigant solutions used during the 
root canals preparation can chemically alter the structure of 
the dentinal tissues.8,9

Many irrigating solutions are used during chemical-me-
chanical preparation. Analyzing the pertinent literature, it 
is observed the adhesive performance by the interference 
in dentin hybridization.10 These solutions would lead to a 
change in the collagen fibers of the dentin wall structure, 
besides being able to affect the calcium/phosphate ratio 
and interfere with the penetration of the monomer in the 
demineralized dentin.5,6,8,11 Consequently, the sealering pro-
cess between the adhesive systems and the dental struc-
ture becomes deficient, reducing the quality and durability 
of direct restorations and restorations based on glass fiber 
posts.8,11

The sodium hypochlorite is a commonly used irrigating 
solution due to its antimicrobial and tissue solvent proper-
ties, so an additional solution is required for the inorganic 
layer of the smear layer removal.1-4 For this purpose, a chel-
ant solution is used such as ethylenediaminetetraacetic acid 
(EDTA); MTAD (association between citric acid, doxycycline  
3% of mg/5, and Tween 80); Tetraclean (association between 
citric acid, doxycycline 50 mL of mg/5, and propylene glycol), 
or Smear Clear (association between 17% EDTA, Cetavlon, and 
Cetramide).2-11 The removal of this layer by these solutions 
is something significant because if this does not occur, this 
inorganic phase can serve as a physical barrier, interfering 
in the adhesion and penetration of sealing materials in the 
dentinal tubules.8,10,12,13

Therefore, the present study evaluated the influence of 
chelating agents on the sealer strength of glass fiber posts to 
root dentin. The null hypothesis was that the chelating agents 
would not influence the sealer strength of these posts to the 
dental structure.

Materials and Methods
Sample Preparation
The research was approved by the local research ethics com-
mittee under the protocol. Furthermore, the samples were 
divided distributed in four groups (n = 10) after sample cal-
culation, with minimal difference between the average of the 
treatments of 0.20, standard detour of the 0.12 error, number 
of treatments 4, test power of 0.80, and α of 0.05.

From a pool of 400 mandibular premolars, 40 mandibular 
premolars were selected with single canals, with complete 
apical root, straight, and circular cross-sections in cervical, 
medium, and apical thirds and similar diameters measured 
in millimeters from digital radiography Schick CDR wireless 

(Schick Technologies; Inc, Long Island City, New York, United 
States) (used at 60 kVp, 10 mA e (1/6 seconds), Next, the 
greatest and smallest buccal-lingual root canal diameters 
were measured at each root third (coronal, middle, and 
apical) using a digital caliper. If a root canal displayed oval 
cross-section in two out of the three thirds, it was classified 
as oval and included in the sample. The teeth were stored 
in thymol 0.1% (Fórmula e Ação, São Paulo, Brazil) and con-
served by up to 3 months.9

The teeth were sectioned at the amelo-sealeral junction 
with a 22-mm diamond disc (Fava; São Paulo, Brazil) in low 
rotation. With the use of a digital caliper, the selected pre-
molars had 15.0 mm of root. Premolars larger or smaller than 
15.0 mm were discarded. The root canals were explored with 
a K file 15 (Dentsply-Sirona; Tulsa, EUA) until it was visualized 
in the apical foramen, and the working length established in 
1 mm before this foramen (14 mm). The apices were covered 
with wax 7 (Polidental; São Paulo, Brazil), and the roots were 
included in acrylic resin (VIPI Flash; São Paulo, Brazil).

The root canals were prepared with the ProTaper Universal 
system (Dentsply-Sirona) powered by the XSmart Plus motor 
(Dentsply-Sirona) in 3 Ncm and 300 rpm until F3. After each 
instrument, the canal was irrigated with 2.5% NaOCl solution 
(Fórmula e Ação; São Paulo, Brazil), with a 30-gauge needle 
(Ultradent Products, Inc.; South Jordan, United States) and 
3 mm short of the working length, using 30 mL of solution 
per tooth. In the end, the canals were dried with absor-
bent paper cones ProTaper Universal F3 (Dentsply-Tulsa; 
Oklahoma, United States).

The final irrigation procedure was performed in each 
group according to the different solutions tested (the dis-
tribution of teeth in •each group was performed randomly): 
G1:17% EDTA, G2:10% citric acid, G3: Tetraclean and G4: 
saline solution (group control). In all groups, the canal 
was irrigated with 1 mL of solution, followed by ultrasonic 
vibration with 25 IRRI S insert (VDW Endo Ultrasonic Files; 
Endodontic Synergy, Munich, Germany) in the 30 kHz fre-
quency per 20 seconds, connected in a piezoelectric appli-
ance (CVDent 1000; CVD Vale, São Paulo, Brazil). This process 
was repeated three times (using a total of 3 mL of the chelat-
ing solution), and it was followed by irrigation with 5 mL of 
NaOCl (Fórmula e Ação).

The root canals were dried again and filled with F3 gut-
ta-percha cones coated with AH Plus sealer (Konstanz-
Germany), using the down-packing phase of the continuous 
compaction technique.14

Fiber Postsealeration for Traction Test
After 30 days of storage (36.5°C and 100% humidity), the 
canals were prepared with a Nº 1 drill compatible with the 
white post DCE Nº 1 post (FMG Odontologic Products LTDA, 
Joinville, Brazil) at a depth of 10 mm leaving 4 mm of api-
cal endodontic filling. The posts were adjusted and using 
a digital radiography system Schick CDR wireless (Schick 
Technologies, Inc; Long Island City, New York, United States) 
at 60 kVp, 10 mA and 1/6 seconds was performed the posts 
adaptation. The canal was irrigated with 2.5% NaOCl solution 
(Fórmula e Ação), with 30-gauge needle (Ultradent Products, 
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Inc; South Jordan, United States), with 1 mL of solution per 
tooth.

The posts were cleaned with isopropyl alcohol for 1 minute,  
and silane (PROSIL; FGM Dental Products LTDA Joinville, 
Brazil) was applied in an active form during 60 seconds 
with microbrushes (Microbrush; Grafton, Massachusetts, 
United States). The ED Primer adhesive system (Kuraray; 
Tokyo, Japan) was used mixing one drop of each bottle  
(A and B) and after applied on the dentin surface per  
20 seconds with a microbrush. Then, the Panavia sealer 
(Panavia; Kuraray, Tokyo, Japan) was used according to the 
manufacturer instructions and was introduced into the canal 
using a Centrix (Centrix; Shelton, Connecticut, United States) 
syringe coupled with a needle point. Immediately after the 
post space preparation, the posts were positioned and the 
photoactivation was performed for 60 seconds in the cervical 
region of the roots, using the Optilight LD MAX (127V/220V), 
power—600 m Wcm-2, (Gnatus; Ribeirão Preto - Brazil).

Resistance to Traction Test
To carry out the adhesive resistance test, a cylinder with 
acrylic resin containing a metallic handle on the upper part 
was made over the coronary portion of the post. For the 
manufacture of these cylinders, 1.5 cm long disposable nee-
dle caps were used, which was fixed to radiographic films. 
These films had a central perforation that allowed the cor-
onary part of the sealered pin penetration. Acrylic plastic 
was poured into each plastic cylinder and a 0.8 stainless steel 
orthodontic wire loop was placed on its upper portion. After 
resin polymerization, the samples were stored (36.5°C and 
100% humidity) for 24 hours.

The samples were placed in the Universal Tests Machine 
(Emic DL2000; São Carlos, Brazil) for application in the axial 
load of traction at a speed of 1 mm/minute. The acrylic resin 
cylinder was fixed at the base of the machine, and the metal-
lic strap was fixed in a cell of 2,000 Kgf. The machine auto-
matically interrupted the operation when the post moved 
and the kilogram-force.

Statistical Analysis
The data were identified and subjected to statistical analy-
sis. According to the results, nonparametric and parametric 
tests were indicated for the analyses. The Shapiro–Wilk test 
was initially applied to test for data normality. The one-way 
analysis of variance test was used by a factor analysis of vari-
ance. All tests were performed using SPSS 13.0 software for 

Windows (SPSS Inc., Chicago, Illinois, United States). The sig-
nificance level was established at 5% (p < 0.05).

Evaluation of the Fracture Pattern Types
After rupture, the samples were prepared for analysis in 
scanning electron microscopy (SEM) (Phenom-World BV; 
Eindhoven, The Netherlands, Europe), performing dehydra-
tion with alcohol in increasing concentration, followed by 
“sputtering” with gold powder. Then, the roots were ana-
lyzed to evaluate the fractured surface in magnification of 
×35, 80, 100, and 170. The posts fractured portion were clas-
sified in adhesive, mixed, and sealer cohesive failure. The first 
occurs when intra-radicular post is displaced, and the sealer 
and resin remain attached to the dentin; the second occurs 
when a cohesive failure happens when the sealer and resin 
detach with the intra-radicular post; and the latter happens 
when the intra-radicular retainer is displaced, and the sealer 
and resin remain attached to the dentin.9,10 All post frag-
ments surfaces were quantified and expressed in percentage 
(►Table 2).

Results
According to the methodology described, ►Table  1 points 
out that there were no significant differences between the 
four sample groups (p = 0.7428).

►Table 1 shows mean ± standard deviation presented in 
the traction test (Kgf) after final endodontic irrigation with 
different solutions.

►Table 2 shows the fracture pattern found in SEM (×100) 
after sealeration of the posts and traction test (►Fig. 1). The 
adhesive failure in the sealer/post interface was the most 
prevalent in the four groups studied (►Table 2).

Table 2  Fracture types (%) of the intracanal posts after final endodontic irrigation with different solutions

Failure types Irrigant solution

EDTA Citric acid Tetraclean Saline
(control group)

Sealer cohesive 35 30 30 20

Adhesive fracture 35 35 50 50

Mixed failure 30 35 20 30

Total 100 100 100 100

Abbreviation: EDTA, ethylenediaminetetraacetic acid.

Table 1  Mean ± standard deviation presented in the traction 
test (Kgf) after final endodontic irrigation with different 
solutions

Irrigant solution Mean ± SD

EDTA 3.77 ± 1.75a

Citric acid 4.58 ± 2.34a

Tetraclean 3.57 ± 2.28a

Saline (control group) 3.99 ± 2.01a

Abbreviations: ANOVA, analysis of variance; EDTA, ethylenedi-
aminetetraacetic acid; SD, standard deviation.
aSimilar letters: no statistical differences (ANOVA, p > 0.05).
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►Table  2 shows fracture pattern of the intraca-
nal posts after final endodontic irrigation with different  
solutions.

Fracture pattern found in SEM (×100) after fiber post 
sealeration and traction test: (A) adhesive failure at sealer/
post interface, (B) mixed fracture, and (C) cohesive failure in  
sealer (►Fig. 1).

Discussion
To obtain satisfactory adhesion of glass fiber posts to the root 
dentin is a primordial requirement, the smear layer removal, 
as well as the complete removal of all the remaining of end-
odontic sealer and gutta-percha on the walls of the canal.1 
For this purpose, several chelating solutions are used, espe-
cially before the intracanal medication and the root canal 
filling.2 The most widely used chelating agent is 17% EDTA, 
which acts on the inorganic portion of the dentin, exposing 
the dentin tubules.15 On the other hand, this solution does 
not provide antimicrobial potential and may lead to intraca-
nal dentin erosion.16

The citric acid solution and Tetraclean could be used as 
alternative irrigants to smear layer removal and to supply 
some EDTA deficiencies.12 Tetraclean is active against bac-
teria responsible of endodontic primary infection such as 
Prevotella intermedia and Porphyiromonas gingivalis and 
against Enterococcus faecalis.17 A recent study confirmed 
the mechanism of the action of Tetraclean: it acts grad-
ually over 72 hours to eliminate the bacterial load in all 
the samples tested. Due to the presence of doxycycline 
and to its substantivity, it binds to the dentine and then 
is released slowly. Unlike sodium hypochlorite, Tetraclean 
can achieve deep structure and penetrate dentin tubules 
because of its lower surface tension when compared with 
other tested irrigants.18

However, in this study, they presented similar results to 
EDTA, considering the adhesiveness of glass fiber posts to the 
root dentin.12,15,16,19,20 Thus, the null hypothesis was rejected 
because there was no difference the sealer strength of these 
posts to the dental structure (p > 0.05).

The evaluation of the influence of the EDTA solution for 
the intracanal dentin in this study was based on studies that 
affirmed that after its use, interference may occur in the 
microhardness of the dentin by a reaction with the calcium 
ions in the hydroxyapatite crystals.20 Citric acid solutions and 
Tetraclean were also inserted in the same time interval of 
EDTA, avoiding methodological biases.

Erosion, caused by irrigating solutions, has been widely 
evaluated in the literature with the use of SEM that allows 
a morphologic detailed evaluation of the prepared surface.21 
According to the literature,20-22 depending on the depth, 
this erosion can be a contributing factor to the vertical root 
fracture but may contribute to the increasing rates of wall- 
cleaning of the canal, removing debris and bacteria from the 
root canal.22,23

This study used a mechanical agitation by ultrasound due 
to its acoustic transmission and formation of bubbles due to 
the phenomenon of cavitation, which explodes and increases 
the temperature and pressure, resulting in waves of impact 
against the wall of the canal by removing debris.22-24 The 
debris removal process is aided by the continuous flow of the 
irrigating solution, promoting increased cleaning.25

A recent study showed that the dentin collagen could 
be affected by some endodontic solutions and that has the 
potential to influence the efficiency of adhesion of adhesive 
systems.24-26 This fact is relevant due to the increased use 
of resin sealers to the obturation of root canals, as well as 
of materials for sealering of fiberglass posts. Thus, studies 
affirmed that, after the use of some solutions, a residual layer 
can be left on the walls and over the dentin tubules, which 

Fig. 1 Fracture pattern types found in scanning electron microscopy (×100) after fiber postsealeration and traction test. (A) Adhesive failure 
at sealer/postinterface. (B) Mixed fracture. (C) Cohesive failure on sealer.
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can modify chemistry and structurally the dentin, preventing 
penetration and polymerization of the resinous monomers.27

The citric acid may be slightly powerful than the EDTA,10 
at the same concentration, both agents show similar effi-
ciency in the adhesive resistance of the fiberglass posts to 
the root dentin.20,24 In a recent study, the citric acid showed 
lower effect on dentin microhardness and did not change 
the resistance to fracture of the endodontically treated teeth 
compared with EDTA.28 However, other authors suggested 
that EDTA is used as a demineralizing agent for being a weak 
acid and perform a controlled demineralization of dentin, 
allowing the maintenance of the integrity of collagen fibers 
and the majority of intrafibrillar mineral.12,18

Some authors claim that the NaOCl may also lead to a 
shorter union resistance values when used adhesive systems, 
while those who used the NaOCl with EDTA association, ver-
ified best results,17,29 and also may increase the union resis-
tance of self-conditioning adhesive systems.22,23

Studies report that the combination of NaOCl and EDTA 
results in a pH that favors the selective capability of the che-
lating agent to calcium ions, boosting their action.13,25,26 In 
addition, EDTA can selectively remove the hydroxyapatite 
and noncollagen proteins, avoiding drastic changes of the col-
lagen fibers,25 which can conserve the intrafibrillar minerals, 
promoting stability and increasing the resistance to dehydra-
tion, favoring the adhesion.26

On the other hand, it is considered that the use of EDTA 
may increase the destructive effects of the NaOCl solution,8,9 
so the professionals should select irrigating solutions that 
cause fewer effects in the dentin properties, influencing, 
minimally, in adhesion process of root canal sealers and res-
inous materials used for sealeration.27

With different findings from previous studies, some 
authors showed lower values in union resistance when pre-
vious use of EDTA, which could be related to the methodol-
ogy used or to the concentrations of the solution.11,28 Other 
studies highlighted that the removal of the smear layer was 
unfavorable to the adhesion of the resinous sealer to the root 
dentin when a self-conditioning system was used, which can 
be explained by the different composition of the dentinal 
surface resulting from the treatment with EDTA, becoming 
more demineralized, and hindering the formation of a stable 
adhesive interface between the resinous sealer and the radic-
ular dentin, since the hybrid layer formed by these systems 
is thinner.13,17,18,28-30

The limitation of this study may be related to the distri-
bution and density of the dentinal tubules in the different 
root regions. This happens since there are reports that the 
tubular density in the coronal region is greater than in the 
apical region and that the diameter of the tubules decreases 
in the apical direction.29

Conclusion
According to the applied methodology and the obtained 
results, it can be concluded that the chelating solution used 
in the final irrigation did not influence the tensile strength of 

the adhesive system associated with fiberglass posts to the 
intracanal dentin.
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