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ABSTRACT

Objectives: This study aimed to investigate the effect of the application method of 2% 
chlorhexidine (CHX) and its influence on the adhesion of fiberglass posts cemented with a 
self-adhesive resin cement.
Materials and Methods: Sixty human mandibular premolars were endodontically treated 
and divided into 5 groups (n = 12), according to the canal irrigant and its application method: 
2 groups with conventional syringe irrigation (CSI)—2.5% sodium hypochlorite (NaOCl) 
(control) and 2% CHX— and 3 groups with 2% CHX irrigation/activation—by passive 
ultrasonic irrigation (PUI), Easy Clean file, and XP-Endo Finisher file. Two roots per group 
were evaluated for smear layer (SL) removal by scanning electron microscopy. For other roots, 
fiber posts were luted using a self-adhesive resin cement. The roots were sectioned into 6 
slices for push-out bond strength (BS) (7/group) and nanoleakage (NL) (3/group). Data from 
SL removal were submitted to Kruskal-Wallis and Student-Newman-Keuls tests (α = 0.05). 
Data from BS and NL were evaluated by 2-way analysis of variance and Tukey’s test (α = 0.05).
Results: For SL removal and BS, the CHX irrigation/activation promoted better values than CSI 
with CHX (p < 0.05), but it was not significantly different from CSI with NaOCl (p > 0.05). For 
NL, the lowest values were obtained by the chlorhexidine irrigation/activation groups (p < 0.05).
Conclusions: Active 2% CHX irrigation can be used to improve the post space cleaning and 
adhesion before fiber post cementation with self-adhesive resin cements.

Keywords: Bond strength; Chlorhexidine; Endodontic fiber posts; Nanoleakage; Root canal 
irrigants; Self-adhesive luting

INTRODUCTION

The treatment with fiberglass posts is highly dependent on the adhesive cementation, which 
should promote adequate bond strength (BS) at the dentin-cement-fiber post interface [1]. 
For this, conventional resin cements or self-adhesive resin cements may be used; the last 
one requires no pretreatment (acid conditioning or application of an adhesive system), being 
applied in a single clinical step, which simplifies clinical procedures, reduces the sensitivity 
of the technique, and demonstrates adhesive performance similar or superior to conventional 
cements [2-4].
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However, the root canal preparation to receive fiberglass posts produces a smear layer formed 
by gutta-percha, endodontic cement, and dentin remnants, directly affecting the BS between 
dentin and resin cement as they hinder dentin demineralization by the self-adhesive cement, 
producing a hybrid layer and resinous tags, especially when the smear layer is very thick 
[5-9]. Although the self-adhesive resin cement RelyX U200 (3M ESPE, St. Paul, MN, USA) 
manufacturer suggests the use of sodium hypochlorite (NaOCl) as an irrigating solution prior to 
post cementation, neither the criterion used for such indication is clear, nor its concentration, 
however, some studies demonstrate that this solution negatively affects the results of BS [10-12].

Contrasting advantages and disadvantages, the literature is conflicting when chlorhexidine 
is used prior to fiberglass posts cementation. On one side, some studies show a reduction 
in BS or even no effect, on the other hand, there are studies that have obtained an increase 
in adhesion for immediate results and for the long term [6,9,13-18]. Chlorhexidine has been 
indicated as an alternative irrigator due to its antimicrobial activity, biocompatibility, and 
substantivity and it does not interfere with the collagen of the organic matrix of the root 
dentin, thus maintaining the quality of the substrate [6,19-21]. However, studies show that 
chlorhexidine, as NaOCl, is not efficient to remove the smear layer, especially when it is 
passively used without any type of activation [22-24].

Techniques for irrigating solution activation during endodontic treatment have been 
developed and studied in order to effectively remove microorganisms, organic tissues, and 
the smear layer, like passive ultrasonic irrigation (PUI), Easy Clean File (Easy, Belo Horizonte, 
MG, Brazil), and XP-Endo Finisher File (FKG, La Chaux-de-Fonds, Switzerland) [25-27]. PUI 
can contribute to debris removal [28,29]. Thus, there is a better exposure of the dentinal 
tubules, which enhances the action of irrigating solutions in the root canal, and favors the 
penetration of the resin cement in the dentinal tubules, contributing to higher values in the 
BS of the fiber posts [10,28,30].

This method consists of activating the irrigating solution in the root canal already prepared 
by means of an ultrasonic tip coupled to an ultrasound device, which converts electrical 
energy into ultrasonic waves of a certain frequency (30 kHz), producing an acoustic flow in 
the solution due its rapid agitation [28]. Easy Clean (Easy) is a pre-sterilized single-use plastic 
finishing file made of acrylonitrile-butadiene-styrene (ABS) plastic developed to maximize 
the smear layer removal by scraping root canal walls and agitation of irrigating solution 
with less or any damage by contact of the file with dentinal walls [27,31]. This file is used in 
reciprocating motion, which means the file makes a 180° clockwise turn followed by a 90° 
counterclockwise turn, according to the manufacturer. The XP-Endo Finisher file is a nickel-
titanium rotary instrument with an ISO 25 diameter and a taper of 0, is flexible, and its use 
is recommended after instrumentation of the root canals in order to improve the cleaning of 
the canals and preserve the dentin [27,32]. Although these methods have been studied during 
endodontic treatment, there are few studies using the activation of the irrigating solutions 
before fiberglass posts cementation.

In this context, the aim of this study was to evaluate the immediate effect of different 
chlorhexidine irrigation/activation methods (PUI, Easy Clean file, and XP-Endo Finisher file) 
used after post space preparation in the bond properties between root dentin and a self-
adhesive cement. The null hypotheses of this study were that the chlorhexidine activation 
would not affect 1) the push-out BSs, 2) the smear layer pattern, and 3) the nanoleakage (NL) 
at the adhesive interface.
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MATERIALS AND METHODS

This study was submitted to and approved by the Ponta Grossa State University Research Ethics 
Committee at number 01595618.6.0000.0105. Sixty sound human mandibular premolars with 
at least 14 mm of root length without previous endodontic treatment, caries, root fractures, or 
resorptions were selected. The teeth were radiographed and stored in 0.1% thymol.

The sample size was performed for the push-out test (primary outcome), based on the results of a 
pilot study (mean 13.90 MPa and standard deviation of 1.8 MPa) and using the following equation:
	  
	 n = Z2×S2/e2

where Z = 1.96, the acceptable error (e) = 10% of the mean, and s = 1.9 (standard deviation). 
Thus, the sample size would be at least 6.45, and, therefore, 7 teeth were randomly selected. 
For the secondary outcomes (smear layer removal and NL), a formal sample size calculation 
was not performed, but the literature was used as a reference [33-36].

The teeth were decoronated at the cement-enamel junction. The root canals were located and 
explored using a C+ #10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) and shaped by 
rotatory instruments (ProTaper Universal; Dentsply Maillefer) in order (S1, S2, F1, F2, and F3) 
applying the crown-down technique. Irrigation was performed with 2.5% NaOCl throughout 
the progression of file sizes and final irrigation with 17% ethylenediaminetetraacetic acid 
(EDTA) and saline solution for 1 minute. The root canals were obturated using a warm vertical 
condensation technique performed with gutta-percha cones (ProTaper Universal F3; Dentsply 
Maillefer) and root canal sealer (Sealer 26; Dentsply Sirona, Pirassununga, SP, Brazil) and in 
sequence, the roots were covered with glass ionomer cement (Vitro Fil; DFL, Rio de Janeiro, 
RJ, Brazil) in the exposed cervical region.

After one week of storage in 100% relative humidity with distilled water at 37°C ± 1°C, the 
root canal filling was removed using sizes 1, 2, 3, and 4 Largo drills (Dentsply Maillefer). 
Periapical radiographs were performed to confirm the removal of the root filling. Next, the 
root canals were prepared with the corresponding drill to the fiberglass post (White Post DC 
# 2; FGM, Joinville, SC, Brazil) to a working length of 10 mm. Drills were changed after 5 root 
canal preparations.

After mechanical preparation of the root canals, the roots were randomly divided by block 
randomization (www.sealedenvelope.com) into 5 groups (n = 12), by restricted randomization, 
according to the dentinal treatment prior to the cementation of the fiberglass post (irrigation 
solution + irrigation method)—NaOCl 2.5% with conventional syringe irrigation (CSI), which 
is the manufacturer’s suggestion (control group), 2% chlorhexidine with CSI, 2% chlorhexidine 
irrigation and activation by PUI, 2% chlorhexidine irrigation and activation by Easy Clean file 
(Easy), and 2% chlorhexidine irrigation and activation by XP-Endo Finisher file (FKG).

The irrigation/activation protocols used were adapted from Van der Sluis et al. [28] and Duque 
et al. [37]:

- �2.5% NaOCl with CSI (NaOCl-CSI; control group): continuous irrigation of 6 mL of 2.5% 
NaOCl for 90 seconds with a disposable syringe and a 30-gauge needle (NaviTip; Ultradent, 
South Jordan, UT, USA) was performed.
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- �2% chlorhexidine with CSI (CHX-CSI): continuous irrigation of 6 mL of 2% chlorhexidine 
solution for 90 s with a disposable syringe and a 30-gauge needle was performed.

- �2% chlorhexidine with activation by PUI (CHX-PUI): irrigation of 2 mL of 2% chlorhexidine 
for 10 seconds followed by activation with an ultrasonic tip (E1 Irrisonic; Helse Dental 
Technology, Santa Rosa de Viterbo, SP, Brazil) for 20 seconds in an ultrasound device (Profi 
Neo, Dabi Atlante, SP, Brazil) at the power of 20%. This procedure was repeated 3 times.

- �2% chlorhexidine with activation by Easy Clean file (Easy) (CHX-EC): irrigation of 2 mL of 
2% chlorhexidine for 10 seconds followed by activation with Easy Clean file for 20 seconds 
coupled to a low rotation instrument (20,000 rpm). This procedure was repeated 3 times.

- �2% chlorhexidine with activation by XP-Endo Finisher file (FKG) (CHX-XP): irrigation of 2 
mL of 2% chlorhexidine for 10 seconds followed by activation with XP-Endo Finisher file 
(FKG) for 20 seconds coupled to the endodontic device (X-Smart Plus; Dentsply Maillefer) at 
800 rpm and torque 1 N. This procedure was repeated 3 times.

After the surface treatments, the root canals were rinsed with 10 mL of distilled water for 1 
minute and air-dried for 5 seconds at a distance of 2 cm and 2 # F3 paper points (ProTaper 
Universal; Dentsply Maillefer).

Two roots per group (n = 2) were randomly selected for open dentinal tubule evaluation. 
After post space irrigation/agitation procedures, each tooth was split longitudinally in the 
mesiodistal direction. The samples were fixed to a metallic stub, and stored in colloidal silica 
in a dry oven at 37°C for 48 hours. Then, they were gold-sputter coated (Balzers SCD 050 
Sputter Coater; Bal-Tec, Lübeck, Germany) for scanning electron microscope (SEM) analysis 
(SSX 550; Shimadzu, Kyoto, Japan) in secondary electron mode. Images at ×2,000 original 
magnification were obtained at the coronal, middle, and apical third of each hemi-section.

Using the ×2,000 images, 2 previously calibrated and blinded operators classified the 
proportion of smear layer removal, according to the following scores: 1) no smear layer (SL), 
when the root canal surface does not have SL and all dentinal tubules are clean and open, 
2) a moderate amount of SL, without SL on the root canal surface, however, the tubules 
contain smear plugs, and 3) heavy SL covering the surface of the root canal and dentinal 
tubules (Figure 1) [38,39]. In case of disagreement between the evaluators, the sample was 
re-analyzed by both evaluators until a consensus was reached.

In each experimental group, a fiberglass post was cemented in each of the remaining eleven 
roots using a self-adhesive resin cement (RelyX U200; 3M ESPE). The fiberglass posts 
(Whitepost DC # 2; FGM) were sectioned in the cervical region with a high-speed diamond 
bur under water cooling, to obtain 13 mm in post length, where 10 mm corresponded to 
the post space preparation, and the other 3 mm were used as a guide for standardizing the 
distance of the light-curing device during photoactivation of specimens. Then, the posts were 
cleaned with 70% alcohol for 5 seconds prior to cementation.

The self-adhesive resin cement was handled according to the manufacturer’s instructions, 
according to Table 1. The cement was photoactivated for 40 seconds using an LED light-
curing unit with a light intensity of 1,200 mW/cm2 (Radii Cal; SDI, Bela Vista, SP, Brazil) 
positioned perpendicular to the post. After the cementation procedures, all roots were 
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covered with glass ionomer cement (Vitro Fil; DFL) in the exposed cervical region and stored 
in 100% relative humidity at 37°C ± 1°C for 24 hours.

The roots were perpendicularly sectioned to its long axis into 6 1 mm-thick slices by a low-
speed diamond saw (Isomet 1000; Buehler, Lake Buff, IL, USA) under water cooling. The first 
coronal slice was discarded due to the presence of excess cement, resulting in 6 slices, 2 slices 
for each third (cervical, middle, and apical). The slice thickness was verified using a 0.01 mm 
precision digital caliper (Digimatic Caliper, Mitutoyo, Japan) and the cervical side of each slice 
was identified. Seven roots for the group were randomly selected for the push-out BS testing 
and 3 roots for the NL evaluation of the interface adhesive between the dentin/resin cement.

Prior to the push-out test, all slices of 7 roots per experimental group (n = 7) were 
photographed on both sides, with a ×40 magnification, under an optical microscope 
(BX 51; Olympus, Tokyo, Japan) associated with a digital camera (DP72; Olympus). The 
measurements of the diameter of the adhesive area (post + cement) in the coronary and apical 
portion were performed, using software (ImageJ; National Institute of Health, Bethesda, 
MD, USA) and to determine the adhesive area, the tapered design of the glass-fiber post was 
considered and the formula of a lateral surface of a truncated cone was used. The push-out 
test was performed on a universal testing machine (AG-I; Shimadzu Autograph, Kyoto, Japan) 
at a crosshead speed of 0.5 mm/min. Each specimen was positioned with its more cervical 
side downwards on a metallic device with a central opening. A compressive force (50-kg load 
cell) was applied in the apico-coronal direction by a cylindrical metallic tip corresponding 
to the post diameter until debonding. The load at post dislodgment was recorded in Newton 
(N), and the BSs (MPa) were obtained by dividing the load by the bonding area in mm2.

The failure modes of all specimens are analyzed using an optical microscope at ×40 
magnification and classified as: 1) adhesive between luting cement and dentin, 2) adhesive 
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Figure 1. Scanning electron microscope micrographs (×2,000) showing: (A) Score 1: no smear layer; (B) Score 2: moderate amount of smear layer; and (C) Score 
3: heavy smear layer.

Table 1. Cement composition, cement application and batch number of the adhesive cement used in present study
Adhesive cement Cement composition Cement application Batch No.
RelyX U200  
(3M ESPE, St. 
Paul, MN, USA)

Base: Methacrylate monomers containing phosphoric acid 
groups, methacrylate monomers, initiators, stabilizers, 
rheological additives.

Application of the adhesive cement into the root canal with 
a syringe (Centrix, DFL, Rio de Janeiro, RJ, Brazil) and an 
elongated tip. Application of the adhesive cement on the post. 
Insertion of post into the root canal. Light cure for 40 seconds.

1816500278

Catalyst: Methacrylate monomers, alkaline stabilizers, 
pigments, rheological additives.



between luting cement and post, 3) cohesive within luting cement, 4) cohesive within the 
post, 5) cohesive within dentin, and 6) mixed failure.

For NL analysis, the coronal slice of each third root was used. Each slice was immersed in a 50 
wt% ammoniacal silver nitrate solution for 24 hours at 37°C in a dark container, then photo-
developed (Carestream Dental, Atlanta, GA, USA) for 8 hours under indirect fluorescent 
light. The specimens were washed abundantly with running tap water, fixed on metallic stubs 
and polished wet using 600-, 1,200-, 1,500-, 2,000-, 2,500-, and 3,000-grit silicon carbide 
papers (3M, Sumare, SP, Brazil) for 30 seconds each. After, the samples were kept at 37°C for 
48 hours. Finally, the samples were gold sputter-coated. An SEM image at ×60 magnification 
of the coronal side of each slice was obtained and analyzed using ImageJ, wherewith it was 
measured the total interfacial perimeter and later tally the total peripheral length occupied 
by the silver. NL was calculated as the ratio between the lengths of cement–dentin adhesive 
interface infiltrated with silver nitrate and the total perimeter of this interface.

Data obtained for the smear layer pattern were analyzed by the Kruskal-Wallis and Student-
Newman-Keuls tests (α = 0.05), and the images at ×100 and ×500 were only qualitatively 
evaluated. For BS and NL, the data were subjected to 2-way analysis of variance (ANOVA) 
(dentinal treatment vs. root third) and post hoc Tukey’s test (α = 0.05) using statistical software 
(Statistica 13.2; Dell, Santa Clara, CA, USA). The data from the fracture pattern were only 
evaluated qualitatively.

RESULTS

A 2% CHX irrigation and activation was found to have higher smear layer removal ability 
than CHX-CSI group (p = 0.005; Table 2). CHX-CSI group was not able to remove the smear 
layer (higher median scores) while CHX activation demonstrated partial smear layer removal 
similar to NaOCl 2.5% (p < 0.05).

For BS, 2-way ANOVA revealed a significant difference among the groups (p < 0.001; Table 3). 
In the coronal third, all groups with CHX activation showed higher mean BS values compared 
to CHX with CSI (p < 0,001), but similar to NaOCl 2.5% (p > 0,05). In the medium third, the 
PUI and Easy Clean groups demonstrated significant superiority compared to CHX with CSI 
(p < 0,001), but similar to XP-Endo Finisher and NaOCl groups. CHX with CSI showed similar 
BS values to XP-Endo Finisher and NaOCl groups. In the apical third, the CHX irrigation/
activation groups (CHX-PUI, CHX-EC, and CHX-XP) were similar to the NaOCl group. CHX 
with CSI showed similar mean BS values with the NaOCl and CHX-PUI groups.
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Table 2. Median scores and interquartile ranges for smear layer pattern
Experimental group Score
NaOCl-CSI 2 (1–3)A

CHX-CSI 3 (3–3)B

CHX-PUI 2,5 (2–3)A

CHX-EC 2,5 (2–3)A

CHX-XP 2 (2–3)A

NaOCl-CSI, 2.5% sodium hypochlorite with conventional syringe irrigation; CHX-CSI, 2% chlorhexidine with 
conventional syringe irrigation; CHX-PUI, 2% chlorhexidine with activation by passive ultrasonic irrigation; CHX-
EC, 2% chlorhexidine with activation by Easy Clean file; CHX-XP, 2% chlorhexidine with activation by XP-Endo 
Finisher file.
A,BDifferent superscript letters indicate statistically significant differences (Student-Newman-Keuls test, p < 0.05). 
1: no smear layer; 2: moderate amount of smear layer; 3: heavy smear layer.



Mixed failure mode was predominant for all groups (Figure 2). Cohesive failures occurred 
least frequently (Figure 2).

For NL, 2-way ANOVA demonstrated that the cross-product interaction of dentinal treatment 
vs. root region was not significant (p = 0.193; Table 4), but it was significant for the main 
factors root region (p < 0.001; Table 4) and dentinal treatment (p < 0.001; Table 4). For the 
root region, the coronal third showed the lowest NL values, and the apical third the highest. 
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Table 3. Bond strength means and standard deviation (MPa) for the different experimental groups
Root region Experimental group (dentinal treatment)

NaOCl-CSI (control) CHX-CSI CHX-PUI CHX-EC CHX-XP
Coronal 13.2 ± 2.1ab 6.4 ± 1.9de 16.2 ± 2.8a 15.4 ± 2.4a 13.9 ± 3.0ab

Medium 8.1 ± 1.5cd 6.2 ± 1.3de 11.3 ± 2.5bc 11.3 ± 1.7bc 9.5 ± 1.9cd

Apical 7.7 ± 1.0de 4.5 ± 0.7e 7.4 ± 1.4de 9.0 ± 1.8cd 8.0 ± 1.8cd

NaOCl-CSI, 2.5% sodium hypochlorite with conventional syringe irrigation; CHX-CSI, 2% chlorhexidine with 
conventional syringe irrigation; CHX-PUI, 2% chlorhexidine with activation by passive ultrasonic irrigation; CHX-
EC, 2% chlorhexidine with activation by Easy Clean file; CHX-XP, 2% chlorhexidine with activation by XP-Endo 
Finisher file.
a-eDifferent letters indicate statistically significant differences (p < 0.05, Tukey’s test).

Table 4. Means and standard deviations of nanoleakage (%) for the different experimental groups
Root region Experimental group (dentinal treatment) Main factor

NaOCl-CSI CHX-CSI CHX-PUI CHX-EC CHX-XP
Coronal 56.2 ± 5.3 41.5 ± 3.6 22.0 ± 5.2 37.5 ± 6.3 30.3 ± 6.9 37.5 ± 12.8A

Medium 68.6 ± 7.3 56.6 ± 3.2 32.2 ± 4.3 43.8 ± 4.8 41.7 ± 7.2 48.6 ± 13.9B

Apical 77.9 ± 8.0 73.7 ± 4.4 53.0 ± 2.0 50.5 ± 5.3 57.1 ± 9.7 62.4 ± 12.8C

Main factor 67.5 ± 11.2d 57.2 ± 14.3c 35.7 ± 14.2a 43.9 ± 7.4b 43.0 ± 13.6ab

NaOCl-CSI, 2.5% sodium hypochlorite with conventional syringe irrigation; CHX-CSI, 2% chlorhexidine with conventional syringe irrigation; CHX-PUI, 2% 
chlorhexidine with activation by passive ultrasonic irrigation; CHX-EC, 2% chlorhexidine with activation by Easy Clean file; CHX-XP, 2% chlorhexidine with 
activation by XP-Endo Finisher file.
A-CDifferent superscript letters indicate significant differences within each row; and a-cdifferent uppercase letters indicate significant differences within each 
column (p < 0.05, Tukey’s test).

Mixed
Post cohesive failure

Adhesive at cement/dentin
Dentin cohesive failure

Adhesive at cement/post
Cement cohesive failure

0 20 60 100
%

40 80
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CHX-XP
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ea
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e 
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Figure 2. Graph showing the failure mode distribution. 
NaOCl-CSI, 2.5% sodium hypochlorite with conventional syringe irrigation; CHX-CSI, 2% chlorhexidine with 
conventional syringe irrigation; CHX-PUI, 2% chlorhexidine with activation by passive ultrasonic irrigation; CHX-EC, 
2% chlorhexidine with activation by Easy Clean file; CHX-XP, 2% chlorhexidine with activation by XP-Endo Finisher file.



For dentinal treatment, the highest NL values were in the NaOCl group, and the PUI group 
demonstrated the lowest value similar to the XP-Endo Finisher group (Figure 3).

DISCUSSION

According to the results obtained, the active irrigation with chlorhexidine affected the 
proportion of open dentinal tubules, BS, and NL of the self-adhesive composite cement 
tested; thus, the hypotheses must be rejected.

This study demonstrated, through the images obtained by SEM, none of the methods used 
was efficient for the complete smear layer removal. However, the groups where chlorhexidine 
was activated (PUI, EC, and XP) promoted a partial removal of the smear layer, similar to the 
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Figure 3. Representative scanning electron photomicrographs (original magnification ×60) of post cementation interfaces for each dentinal treatment on middle 
third of root canal. (A) NaOCl-CSI group. (B) CHX-CSI group. (C) CHX-PUI group. (D) CHX-EC group. (E) CHX-XP group. Arrows indicate silver nitrate infiltrated in 
the adhesive interface. Interfacial marginal gap formation was significantly reduced in groups CHX-PUI, CHX-EC and CHX-XP compared with NaOCl-CSI (control 
group) and CHX-CSI. 
NaOCl-CSI, 2.5% sodium hypochlorite with conventional syringe irrigation; CHX-CSI, 2% chlorhexidine with conventional syringe irrigation; CHX-PUI, 2% 
chlorhexidine with activation by passive ultrasonic irrigation; CHX-EC, 2% chlorhexidine with activation by Easy Clean file; CHX-XP, 2% chlorhexidine with 
activation by XP-Endo Finisher file; FP, fiber post; RC, resin cement; RD, root dentin.



removal promoted by NaOCl 2.5%. As expected, CHX with CSI was not capable to remove the 
smear layer, which is confirmed by other studies [23,40].

Literature provides us with conflicting results regarding the effect of chlorhexidine on 
fiber posts BS in root dentin when self-adhesive resin cements are used. Kul et al. [6] and 
Angeloni et al. [9] showed no difference in BS when CHX pretreatment was performed before 
fiber posts cementation. Di Hipólito et al. [40] found reduced BS when CHX was used as 
a pretreatment. Durski et al. [15] suggested higher BS values after pretreatment with CHX 
immediately and in the long term. However, this study differs from others in the use of 
instruments that are generally used in endodontics to improve the cleaning and disinfection 
of the root canals prior to endodontic filling, to promote CHX agitation.

CSI has limited ability to remove the smear layer [24,31,41]. Thus, this study performed 
chlorhexidine agitation using different instruments that are generally used in endodontics 
to improve the cleaning and disinfection of the root canals prior to endodontic filling. The 
activation of irrigating solutions promotes better cleaning of the root canals as it increases 
the flow of the solution and the contact of the irrigating solution with the dentinal walls and 
creates a flow-reflux mechanism that drives the debris out of the root canal [29,31]. However, 
the difficulty to obtain a uniform cleaning of the root dentinal surface causes controversial 
results [31,42].

A better contact of resin cements with the dentin surface, by removing the smear layer, 
increases the BS values. This may be explained by the greater exposure of root dentin that 
provides greater dentin permeability, which in turn, improves resin cement penetration 
within dentinal tubules [11,19,43].

The lowest results for the BS test were observed in the chlorhexidine with CSI group, which 
is in agreement with other studies, indicating that chlorhexidine applied without agitation 
and/or removing the smear layer negatively affects adhesion [13,14]. However, in the groups 
where chlorhexidine was activated, the results were similar to the control group, with 2.5% 
NaOCl irrigation, especially in the cervical and middle thirds. These results indicate that the 
activation of the irrigating solution promotes an additional bonding effect between fiberglass 
posts resin cement and root dentin. Another possible explanation for these results is the high 
adsorption of chlorhexidine which favors the resin cement infiltration in dentinal tubules, 
in addition to other characteristics, such as the strong positive ionic charge, fast binding to 
phosphate groups, a strong affinity for dentin, and ability to promote an increase in surface 
energy, which favors the adhesion process [15].

Among the root thirds, the BS decreased in the middle and apical thirds in all groups, except 
for the chlorhexidine with CSI group, which showed similar results for the middle and apical 
thirds. The variation between the root thirds can be attributed to morphological differences 
in the dentinal structure, in the density of the dentinal tubules, and in the technical 
difficulties encountered during cementation, such as narrowing of the root canal towards the 
apex, which can compromise the resin cement insertion and the limited light transmission to 
the apical region, hindering adequate polymerization [6,43,44].

Although self-adhesive resin cements present limited demineralization and hybridization 
of root dentin, we can see in this study that the smear layer removal, through the activation 
of the irrigating solution, significantly influenced the BS values, which reinforces the fact 
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that the chemical interaction between self-adhesive resin cement and hydroxyapatite is 
fundamental and more important for proper adhesive cementation in the root canal than 
the formation of a hybrid layer [45]. This interaction is due to the chelating action of calcium 
ions promoted by acidic groups present in self-adhesive cement producing a chemical union 
between cement and hydroxyapatite [46].

The analysis of the results of this study demonstrated that the previous treatment with 
CHX significantly reduced NL in relation to the control group (NaOCl-CSI), and when 
chlorhexidine was actively applied, this reduction proved to be even greater. This result is 
in agreement with another study that demonstrated that chlorhexidine reduced NL when 
self-adhesive resin cements were used [47]. These findings can be explained by the increase 
in dentin surface energy promoted by chlorhexidine since the interaction between dentin 
surface and resin cement is highly dependent on the balance between surface energy and 
high wettability [40,47].

Although self-adhesive resin cements promote neither distinct demineralization, nor a 
hybrid layer formation, the chemical interaction with hydroxyapatite by these cements, and 
the partial smear layer removal, that promote better cement contact with the root canal, by 
activation with instruments during CHX irrigation may have contributed to the reduction of 
gaps on the adhesive interface and consequently to improve BS results [7,48,49].

Finally, it is worth mentioning the limitations of the present study since only the immediate 
results (24 hours) after cementation were evaluated and the greatest benefits of the previous 
use of chlorhexidine in the cementation of fiber posts can be observed over time [15]. 
Therefore, the better efficacy of smear layer removal through the activation of chlorhexidine 
(PUI, Easy Clean, and XP-Endo Finisher), and adhesion in relation to passive irrigation, 
may be indicative of better long-term adhesion stability, preserving the longevity of the BS 
[15,50]. In addition, there are few studies that have evaluated the CHX activation prior to 
endodontic filling or cementation of fiberglass posts, and their methodological differences 
prevent the comparison between studies.

CONCLUSIONS

Considering the limitations imposed by the methods used, 2% CHX irrigation/activation, 
regardless of the protocol, promoted partial smear layer removal, improved the immediate 
BS and interface permeability of luting self-adhesive cement for glass fiber posts cementation 
and decreased the NL values. In this way, the previous activation of 2% CHX treatment can be 
a good alternative when fiberglass posts are cemented with self-adhesive resin cements.
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