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Original Article

The effectiveness of EDTA
17% as a cleaning solution
for the fiber post space
after filling with cements

Luciana Arruda Mendes de Paula’, Lohara Campos de
Abreu Reis’, Jean Soares Miranda'* @, Francielle
Silvestre Verner' (, Rafael Binato Junqueira® ®,
Rodrigo Furtado de Carvalho'

Aim: To evaluate the resistance of the union between a glass
fiber post and radicular dentine after cleaning the root with
17% EDTA and filling with different endodontic cements.
Methods: Forty uniradicular bovine incisors were removed
to obtain root lengths of 18 mm. Endodontic treatment was
performed on all roots using different filling cements (zinc
oxide and eugenol-based, OZE; cement based on epoxy resin,
AH) and cleaning solutions (saline, SA or EDTA), which made
it possible to obtain four groups: OZEg, OZE ;. AHg, and
AHgpra. Subsequently, 12 mm of filling material was removed
from the roots, and they were prepared to receive fiber posts
luted with resin cement. To execute the mechanical cycles
(2x10°¢ cycles, 90 N, 4 Hz), coronal reconstruction was
performed with a silicon matrix. The roots were then sliced
(2-mm thick) to perform the push-out test. The results were
analyzed using analysis of variance (one factor and two
factors) and Tukey's test (a=0,05). Results: Bond strength
(Mpa) was significantly higher for OZEgy, (9,18) and AHgpra
(8,70) than for OZEg, (6,06) AHg, (8,7). OZEy, also presented
the highest values in the cervical region (15,18) but was
significantly lower in the apical region (2,99). However, AH 1,
had a homogeneous bond strength in all thirds. Conclusion:
Regardless of the endodontic cement used, EDTA was used
as anirrigating solution, culminating in a higher bond strength
between the glass fiber post and dentin.

Keywords: Tooth, nonvital. Endodontics. Zinc oxide-eugenol
cement. Edetic acid.
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Introduction

Several clinical and in vitro studies have already highlighted the advantages of fiber
glass posts over fused metallic cores and pre-fabricated metallic posts™. When
adhesively cemented, these posts may show biomechanical properties similar to the
dental structure, an elastic module, which favors the formation of a monoblock struc-
ture of the cement with the posts and root canal walls, providing a junction with high
retention, equal stress distribution, low microleakage, and high root fracture resis-
tance?*®. Moreover, they allow for a more conservative treatment of the dental struc-
ture, do not undergo corrosion, and present satisfactory esthetics’.

However, this adhesion between glass fiber posts and root dentin may be compro-
mised by the presence of remnants of the filling material, which is not totally removed
during clearance®®. One of the most common filling material is the zinc oxide and euge-
nol-based cements (OZE)'; however, the presence of eugenol in its composition pre-
vents a complete polymerization of the resin cement, reducing the bond strength with
the post'®'2 Therefore, cements with other compositions, such as calcium hydrox-
ide, tungsten hydroxide, or AH (AH), have been developed. Among them, AH Plus (AH;
Dentsply Maillefer, Ballaigues, Switzerland) is one of the best endodontic sealers to fill
the root canal before fiber post cementation*'®. This epoxy resin-based sealer has phys-
icochemical properties that reduce viscosity and improve flow, adhesion, and capacity
for filling empty space without compromising adhesion of the post*.

After the removal of the gutta-percha and cement from the canal, a variety of solu-
tions can be used in the chemical cleaning of the space before post luting. Sodium
hypochlorite (NaOCl) and ethylenediaminetetraacetic acid (EDTA) are commonly
used to remove dentinary remnants and smear layers from dentinal walls'™', which
may increase the penetration of the adhesive in dentin and, consequently, increase
the bond strength of the resin cement'®'8. However, the application of EDTA for an
exacerbated time can result in a dental demineralizing effect, widening the dentinal
tubules, softening dentin, and denaturing the collagen fibers''®. Nonetheless, while
much is known about the influence of cleaning the post and the mode of cement
application to optimize bond strength®, little is known about the cleaning protocols
prior to resinous cementation of the post. Therefore, it is important to investigate
protocols that seek to effectively remove the remaining filling materials from the
canals to ensure adequate retention of the glass fiber post to the dental root?22,

Therefore, the objective of this study was to evaluate the influence of 17% EDTA as a
cleaning solution on the bond strength between a glass fiber post and a root filled with
different endodontic cements subjected to mechanical aging. The null hypothesis was
that the type of sealer (1) and use of 17% EDTA (2) did not influence the bond strength.

Methods and Materials

Tooth preparation

Forty uniradicular bovine incisors were randomly selected. The teeth were decoro-
nated to their longitudinal axis using a slow-speed, water-cooled diamond disc; thus,

Braz J Oral Sci. 2023;22:236508 2



Paula et al.

the root length was standardized at 18 + 0.2 mm. The canal diameter was measured
with a digital caliper and must have equal or smaller dimensions to the post used in
the study (¢= 2.0 mm, White Post DC #2, FGM, Joinvile, SC, Brazil).

A single operator, specialist in endodontics and who experienced all of the techniques
used in this study, performed the root canal preparation, obturation, and post cemen-
tation procedures. The bovine roots were endodontically treated using Gates Glidden
drills and hand files (Dentsply/Maillefer, Petropolis, Brazil). A 2.5% NaOCI solution was
used to irrigate the canals (10 mL in total), followed by drying using absorbent paper
points (Dentsply Sirona, Rio de Janeiro, Brazil).

Randomization of the teeth in the different groups was performed using the “Ran-
dom Allocator” software. The OZE (Endofill, Dentsply Maillefer, Petropolis, RJ,
Brazil) (n=20) and AH Plus (Dentsply/Maillefer, Petrépolis, Brazil) (n =20) sealers
used to fill the root canals were prepared according to the manufacturers’ rec-
ommendations, and the gutta-percha cone (Dentsply/Maillefer, Petrépolis, Brazil)
was covered with a layer of sealer and inserted into the canal (with gentle brush-
ing movements against the root canal walls). Subsequently, the gutta-percha
cone was slowly positioned. Twenty teeth were filled with gutta-percha cones
(Dentsply/Maillefer; Petrépolis, Brazil). The lateral condensation technique was
used for thermofilling, with the foramen considered as the apical obturation limit.
The entrance of the canal was closed with a Ketac™ Cem (3M, ESPE, St Paul, MN,
USA) conventional restorative glass ionomer to avoid contamination. The roots
were radiographed to evaluate the quality of the endodontic treatment and stored
in distilled water at 37 °C for 7 days.

Cleaning protocols and fiber post luting

The teeth were mounted individually in plastic cylinders (Tigre, Rio Claro, SP, Brazil),
and the roots were embedded in resin up to 3 mm below the coronary portion. The
method used to reproduce the periodontal ligament was embedded in the root with
a polyether impression material (Impregum F, 3M-Espe, Seefeld, Germany). The peri-
odontal ligament was simulated by covering the root, including up to 3 mm of the cor-
onary portion of the specimens with an elastomer (Impregum Soft, 3M-Espe, Seefeld,
Germany), with a thickness of approximately 0.3 mm. They were then included in
pipes with chemically activated acrylic resin (Dencrilay, Dencril, Caieiras, SP, Brazil),
according to the methodology described by Junqueira et al.Z.

The filling material was initially removed from the root with heated Paiva condens-
ers (Golgran, Sdo Paulo, Brazil) supplemented with a drill corresponding to the White
Post DC #2 glass fiber post (FGM, Joinville, SC, Brazil) in the first 12 mm. A total of
6 mm of the filling material remained in the apical third. After the preparation, the
roots were irrigated according to their respective groups: saline solution (0ZEg, and
AHg,) or 17% EDTA (OZE,;, and AH,;,). For both groups, the dentinal walls were
cleaned with 10 mL of the specific solution using a syringe and an irrigation needle
(Ultradent Products, Indaiatuba, SR, Brazil) for T min and irrigated with 5 mL distilled
water. The canal was then aspirated with microcannulas (Capillary Tips, Ultradent,
S&o Paulo, Brazil) and dried using # 80 absorbent paper points (Dentsply Sirona, Rio
de Janeiro, Brazil).

Braz J Oral Sci. 2023;22:236508 3



Paula et al.

All glass fiber posts (White Post DC #2, FGM Produtos Odontoldgicos, Joinvile, SC,
Brazil) were treated by conditioning with phosphoric acid 37% (15 s), washing with
water (60 s), and air drying (15 s). Then, a silane agent (Silano, Angelus Brazil) was
applied using a brush, covering its entire surface (60 s), and laid on a glass plate for a
period of 4 min and then air-dried (15 s).

Before adhesive cementation, the fiber posts were disinfected with alcohol 70° GL
and then a silane layer (Prosil FGM, Joinville SC, Brazil) was applied on the post's
surface using a micro-brush for T min and then dried by blowing compressed air
for 20 s. After post preparation, the post space was etched with 37% phosphoric
acid (FGM; Joinivile, SC, Brazil) for 15 s, rinsed with water for 60 s, and dried with
#30 absorbent paper points. Subsequently, an adhesive (Ambar, FGM, Joinivile, SC,
Brazil) was applied to the radicular canal using a microbrush (Cavibrush Longo,
FGM) for 10 s, and the excess was removed with absorbent paper tips. Finally, the
adhesive resin cement system (Allcem, FGM, Joinivile, SC, Brazil) was manipulated
and placed in the post space with a Lentulo #40 tip. The endodontic post was also
covered with a sealer and seated to full depth using finger pressure for 60 s. Light
curing was performed for 40 s using halogen light at 1200 mW/cm? (Radii Cal; SDI,
Melbourne, Australia).

For coronary reconstruction, the cervical dentin was etched for 15 s with 37%
phosphoric acid (FGM; Joinivile, SC, Brazil), rinsed with water for 60 s, and dried
with absorbent paper. Subsequently, a layer of dentin adhesive (Ambar, FGM) was
applied to the dentin using a microbrush (Cavibrush, FGM, Joinivile, SC, Brazil) with
a light air jet used to evaporate the solvent and homogenize the thickness of the
adhesive. The cure was performed for 30 s (Radii Cal; SDI, Melbourne, Australia).
Then, a standardized plastic matrix, obtained from a human central incisor with a
10 mm crown, was filled with micro-hybrid composite resin (Opallis, FGM, Joinville,
Santa Catarina, Brazil), positioned on the post coronary surface, and light-curing
was performed for 20 s on each surface of the tooth (Bergoli et al. 2014). The teeth
were immersed in distilled water and placed at 100% relative humidity and 37 °C
for 24 h.

Mechanical cycling

The teeth were placed at 45° in a mechanical cycling machine (ER 11000; Erios, Sdo
Paulo, Brazil). A 90 N load was applied with a piston (¢ = 1.6 mm), 2 mm below the
incisal edge on the palatal face of the specimen, for 1.2 x 10° cycles, at a frequency
of 4 Hz in a humid environment. The piston (¢ = 1.6 mm) was loaded 2 mm below the
incisal border on the palatal face of each tooth.

Removal by extrusion (push-out)

Each root post space was cut into four 1.5-mm-thick slices using a cutting machine
(Isomet 100 Precision Saw, Buehler Ltd., Lake Bluff, IL, USA) at a speed of 325 rpm
and weight of 75 g under constant water irrigation. Two 1.0 + 0.1-mm-thick slices
were obtained from each third of the post. The cervical side of each test speci-
men was placed in contact with a support coupled to the base of a universal test
machine (EMIC 2000, Sdo José dos Pinhais, Parang, Brazil). Loading was per-
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formed at a crosshead speed of 0.5 mm/min on the surface of the post, without
reaching the cement and/or dentin, using a cylindrical tip with a 0.8-mm diameter
until the post was completely dislodged from the root slice. Data were recorded
in Newtons (N). The bond strength (BS) (Mpa) was calculated using the formula
BS=N/1(R + r)vh2 + (R - r), where “U" is the constant 3.14, "R” is the measure of the
radius of the resin cement/post junction in its coronal portion, “r" is the measure
of the radius of the resin cement/post junction in its apical portion, and “h" is the

height/thickness of the slice.

The obtained values were subjected to descriptive (mean and standard deviation) and
inferential statistical analysis, using parametric ANOVA (one factor and two factors)
and Tukey test (a = 0.05).

Failure analysis

The failure mode was determined using a stereomicroscope at 50x magnification
(Vanox, Olympus, Tokyo, Japan) and classified as (1) adhesive between resinous
cement and root dentin; (2) adhesive between the post and resinous cement; (3)
mixed between post, resinous cement, and root dentin; (4) cohesive in dentin; (5)
cohesive in post; and (6) cohesive in cement.

Results

When calculating the total bond strength, there was no statistical difference
between the OZEg, and AHg, groups, demonstrating no influence of the seal-
ing material. However, these values were significantly lower than those of OZE.y;,
and AHg,, which demonstrates the influence of the irrigation solution on these
results (Table 1).

Table 1. Mean and standard deviations (MPa) of the total teeth bond strength according to the filling
cement and irrigation solution used for cleaning the post space. Lower case letters indicate differences
pointed by the ANOVA 1-factor and Tukey test.

P Value
Groups Average (+DP)
Groups OZE;, OZE;pa AHg, AHgpra
OZE,, 6,06 (+0,80)° 0ZE,, - 0,006 0,817 0,022
OZEpra 9,18 (+0,76)° OZE s - - 0,010 0,666
AHg, 6,32 (+0,78)° AHg, - - - 0,037
AHcpra 8,70 (+0,81)° AHgpra

Table 2 compares the bond strengths of the root third of each sample. ZS and RS also
did not show statistically significant differences between the thirds. In the ZE groups,
it was observed that the cervical third presented union values that were significantly
higher than those of the others.
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Table 2. Mean and standard deviations (MPa) of bond strength of each root third. Upper case letters
indicate difference on the same line. Lower case letters indicate difference in the same column pointed
by ANOVA 2-factors and Tukey test (p<0,05).

Groups Root thirds

Cervical Middle Apical
0ZEs, 7,60 (+1,40)2 5,52 (+1,31) 5,06 (+1,46)"®
0ZEepra 15,18 (+1,31)% 9,36 (+1,27)2 2,99 (+1,35)c
AHg, 7,58 (£1,31)% 5,63 (£1,52)" 5,76 (+1,24)A
AHepr 10,91 (+1,35)% 7,27 (+1,58)7® 7,92 (£1,24)%

The frequencies of the failure modes are listed in Table 3. There was a predominance
of adhesive between the resinous cement and root dentin, and mixed between the
post, resinous cement, and root dentin.

Table 3. Frequency of failure mode between groups (%).

Groups Failure mode
1 2 3 4 5 6
OZEg, 60% 6.6% 18.4% 1.7% 13.3%
OZEgprs 63.3% 5.1% 16.7% 3.3% 11.6%
AHg, 61.7% 6.6% 16.7% 1.7% 13.3%
AHgpra 63.3% 8.3% 13.5% 3.3% 11.6%

(1) adhesive between resinous cement and root dentin; (2) adhesive between the post and resinous cement;
(3) mixed between post, resinous cement and root dentin; (4) cohesive in dentin; (5) cohesive in post and (6)
cohesive in cement.

Discussion

Based on the results of this study, it was possible to answer our questions. The
first null hypothesis, that the type of sealer would not influence the results of bond
strength, was rejected because although the results of the totality of the dental root
showed no differences between the OZE and AH groups, the results of the third cervi-
cal and apical regions showed differences when EDTA was used to irrigate the canals.

When analyzing the thirds, another interesting fact to note is that only the OZE;,
group showed a difference in bond strength between all its thirds, with the apical
one showing statistically lower bond strength results between the post and den-
tin, which is also commonly observed in other studies*?, because the dentin tissue
morphology in the cervical region shows a greater number of dentinal tubules and
wider diameters than the others* Thus, the cervical third is the most adequate for
the adhesion of different types of adhesive sealers* However, this is not always the
case'®. The AH.,;, group, for example, presented homogeneity between its thirds,
a fact that was also observed in previous studies'?* This group also presented
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the highest bond strength in the apical third, which was statistically superior to the
OZE.,;, group. Normally, most studies show a better bond strength of the posts
when the AH sealer is used at the expense of OZE*'3?5 because zinc oxide euge-
nol-based sealer penetrates into the dentinal tubules?, inhibits the polymeriza-
tion of resin cement, significantly reducing bond strength, and is avoided in these
cases*9132628  Conversely, the epoxy resin, considered the gold standard, does
not interfere with the free radicals that initiate the polymerization of the compos-
ite resin. The high BS between resin cement and endodontic epoxy resin sealer is
due to the affinity between their components*. Thus, remnants of the epoxy resin
sealer on the dentinal walls in prosthetic preparation may improve the adhesion of
resin cement*.

However, it is interesting to observe that in the other thirds, OZE,;, had the high-
est bond strength values in the cervical and middle thirds, but this result was sta-
tistically similar to that of AH.,;,. The cervical OZE ;, results may be associated
with easy access and application of adhesive materials and greater efficiency of
the cement cure in this region, which is next to the light source'?’. Another fact
that justified the higher values of bond strength found in cervical OZE,;, may be
due to the short time between root canal filling and post placement™s. Greater
penetration of eugenol into the interior of the dentinal tubules may occur if the post
luting was made after some days, which probably would cause a drop in the bond
strength results'®3% Therefore, it is suggested that an OZE-based sealer would be
better in the cervical third only; however, as it is not possible to use different sealers
for each third of the root, an AH sealer may be more preferrable.

The second null hypothesis was also rejected because regardless of the analysis of
the entire dental root or each third, the groups with irrigation performed with EDTA,
except OZE.,;, in the apical third, obtained better results. EDTA is also the most com-
monly used chelating solution to remove this smear layer created by post space
preparation so that a hybrid layer is achieved to increase the retention when resin
cement is used . It has a calcium ion chelating capacity and is highly efficient in
removing this smear layer' because EDTA reacts with calcium ions in the dentin
and forms soluble calcium chelates'. The results found highlight the importance of
cleaning the fiber post space in the cementation protocol.

The push-out test is a valid method to measure the adhesion of fiber posts to the
root canal walls. It is considered more reliable than the conventional shear test and
the micro-tensile test for evaluation of the bond strength of posts and allows the
measurement of such values among different root regions’. It can be observed, when
using this test, that there was a predominance of adhesive failure between resinous
cement and root dentin, which represents the interface of interest to the study and
can also be related to other studies*'15.

Some limitations can be attributed to this study; however, the use of the bovine tooth
is not among them, because previous studies have shown that the type of tooth
(bovine or human) does not influence the bond between the post and radicular den-
tin®?°. However, although this methodology has proposed a mechanical fatigue test, it
would be interesting to obtain clinical outcomes of the longevity of these treatments,
which should be conducted in the future.
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Given this, it may be suggested that the use of AH and subsequent use of EDTA for
irrigation of dentinal tubules may be the most suitable protocol for the treatment
of root canals prior to the adhesive cementation of the fiberglass posts; even in the
cervical third, the use of OZE + EDTA has obtained better results, and the mainte-
nance and predictability of post adhesion in the other thirds proved to be safer when
using AH.

In conclusion, EDTA (17%) was an effective cleaning solution for the post space.
Regardless of the endodontic cement, its use led to an increase in the bond strength
between the glass fiber post and the dentinary structure.

Conflicts of Interest

The authors deny any conflicts of interest.

Author Contribuitions

Luciana Arruda Mendes de Paula: acquisition of data, drafting the article.
Lohara Campos de Abreu Reis: acquisition of data, drafting the article.
Jean Soares Miranda: acquisition of data, drafting the article.

Francielle Silvestre Verner: formal analyses, revising it critically for important intel-
lectual content.

Rafael Binato Junqueira: conceptualization, revising it critically for important intel-
lectual content, formal analyses.

Rodrigo Furtado de Carvalho: conceptualization, drafting the article, revising it criti-
cally for important intellectual content.

All authors actively participated in the discussion of the manuscript’s findings, revised,
and approved the final version of the manuscript.

References

1. Ferreira R, Prado M, Soares AJ, Zaia AA, Souza-Filho FJ. Influence of using clinical microscope as
auxiliary to perform mechanical cleaning of post space: a bond strength analysis. J Endod.
2015 Aug;41(8):1311-6. doi: 10.1016/}.joen.2015.05.003.

2. Monticelli F, Grandini S, Goracci C, Ferrari M. Clinical behavior of translucent-fiber posts: A 2- year
prospective study. Int J Prosthodont. 2003 Nov-Dec;16(6): 593-6.

3. Makade CS, Meshram GK, Warhadpande M, Patil PG. A comparative evaluation of fracture resistance
of endodonticaly treated teeth restored with different post core systems — an in vitro study. J Adv
Prosthodont. 2011 Jun;3(2):90-5. doi: 10.4047/jap.2011.3.2.90.

4. Soares IMV, Crozeta BM, Pereira RD, Silva RG, da Cruz-Filho AM. Influence of endodontic sealers with
different chemical compositions on bond strength of the resin cement/glass fiber post junction to
root dentin. Clin Oral Investig. 2020 Oct;24(10):3417-3423. doi: 10.1007/s00784-020-03212-9.

5. Ayub, KV; Ebeling, LC; Zavanelli, AC; Mazaro, JVQ. [Tensile strength evaluation of prefabricated posts:
literature review]. Rev Odontol Aragatuba. 2009 Jul-Dec;30(2):50-6. Portuguese.

Braz J Oral Sci. 2023;22:236508 8



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Paula et al.

Malferrari S, Monaco C, Scotti R. Clinical evaluation of teeth restored with quartz fiber reinforced
epoxy resin posts. Int J Prosthodont. 2003 Jan-Feb;16(1):39-44.

Guldener KA, Lanzrein CL, Siegrist Guldener BE, Lang NP, Ramseier CA, Salvi GE. Long-term clinical
outcomes of endodontically treated teeth restored with or without fiber post-retained single-unit
restorations. J Endod. 2017 Feb;43(2):188-93. doi: 10.1016/j.joen.2016.10.008.

Perdigéo J, Gomes G, Augusto V. The effect of dowel space on the bond strengths of fiber posts.
J Prosthodont. 2007 May-Jun;16(3):154-64. doi: 10.1111/j.1532-849X.2006.00166.x.

Skupien JA, Sarkis-Onofre R, Cenci MS, Moraes RR, Pereira-Cenci T. A systematic review
of factors associated with the retention of glass fiber posts. Braz Oral Res. 2015;29:51806-
83242015000100401. doi: 10.1590/1807-3107BOR-2015.v0l29.0074.

Hagge MS, Wong RD, Lindemuth JS. Retention, of posts luted with phosphate monomerbased
composite cement in canals obturated using a eugenol sealer. Am J Dent. 2002 Dec;15(6):378-82.

Tjan AHL, Nemetz H. Effect of eugenol containing endodontic sealer on retention of prefabricated
posts luted with an adhesive composite resin cement. Quintessence Int. 1992 Dec;23(12):839-44.

Hagge MS, Wong RDM, Lindemuth JS. Effect of three root canal sealers on the retentive
strength of endodontic post luted with a resin cement. Int Endod J. 2002 Apr;35(4):372-8.
doi: 10.1046/}.0143-2885.2001.00493.x.

Vilas-Boas DA, Grazziotin-Soares R, Ardenghi DM, Bauer J, de Souza PO, de Miranda Candeiro GT, et al.
Effect of different endodontic sealers and time of cementation on push-out bond strength of fiber
posts. Clin Oral Investig. 2018 Apr;22(3):1403-9. doi: 10.1007/s00784-017-2230-z.

Miranda JS, Marques EA, Landa FV, Leite APP, Leite FPP. [Effect of three final irrigation protocols on
the smear layer removal from the middle third of endodontically treated teeth: a qualitative analysis].
Dental Press Endod. 2017 May-Aug;7(2):72-7. doi: 10.14436/2358-2545.7.2.072-077 .0ar.

Vangala A, Hegde V, Sathe S, Dixit M, Jain P. Effect of irrigating solutions used for postspace
treatment on the push-out bond strength of glass fiber posts. J Conserv Dent.
2016 Jan-Feb;19(1):82-6. doi: 10.4103/0972-0707.173206.

Gu XH, Mao CY, Liang C, Wang HM, Kern M. Does endodontic post space irrigation affect
smear layer removal and bonding effectiveness? Eur J Oral Sci. 2009 Oct;117(5):597-603.
doi: 10.1111/j.1600-0722.2009.00661 ..

Mao H, Chen'Y, Yip KH, Smales RJ. Effect of three radicular dentine treatments and
two luting cements on the regional bond strength of quartz fibre posts. Clin Oral Investig.
2071 Dec;15(6):869-78. doi: 10.1007/s00784-010-0453-3.

Kul E, Yeter KY, Aladag LI, Ayranci LB. Effect of different post space irrigation procedures on the bond
strength of a fiber post attached with a self-adhesive resin cement. J Prosthet Dent.
2016 May;115(5):601-5. doi: 10.1016/j.prosdent.2015.10.010.

Calt S, Serper A. Time-dependent effects of EDTA on dentin structures. J Endod.
2002 Jan;28(1):17-9. doi: 10.1097/00004770-200201000-00004.

Coniglio I, Magni E, Goracci C, Radovic |, Carvalho CA, Grandini S, et al. Post space cleaning using a
new nickel titanium endodontic drill combined with different cleaning regimens. J Endod.
2008 Jan;34(1):83-6. doi: 10.1016/j.joen.2007.10.019.

Zhang L, Huang L, Xiong Y, Fang M, Chen J-H, Ferrari M. Effect of post-space treatment on retention
of fiber posts in different root regions using two self-etching systems. Eur J Oral Sci.
2008 Jun;116(3):280-6. doi: 10.1111/j.1600-0722.2008.00536.X.

Bitter K, Eirich W, Neumann K, Weiger R, Krastl G. Effect of cleaning method, luting agent and
preparation procedure on the retention of fibre posts. Int Endod J. 2012 Dec;45(12):1116-26.
doi: 10.1111/j.1365-2591.2012.02081 ..

Braz J Oral Sci. 2023;22:236508 9


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

23.

24.

28.

26.

27.

28.

29.

Paula et al.

Junqueira RB, de Carvalho RF, Marinho CC, Valera MC, Carvalho CAT. Influence of glass fiber post
length and remaining dentine thickness on the fracture resistance of root filled teeth. Int Endod J.
2017 Jun;50(6):569-577. doi: 10.1111/ie}.12653.

Freitas TL, Vitti RP, Miranda ME, Brandt WC. Effect of glass fiber post adaptation on push-out bond
strength to root dentin. Braz Dent J. 2019 Jul 22;30(4):350-5. doi: 10.1590/0103-6440201902491.

Dibaji F, Mohammadi E, Farid F, Mohammadian F, Sarraf P, Kharrazifard MJ. The effect of BC sealer,
AH-Plus and Dorifill on push-out bond strength of fiber post. Iran Endod J. 2017 Fall;12(4):443-8.
doi: 10.22037/iej.v12i4.15863.

Rosa RA, Barreto MS, Moraes RA, Broch J, Bier CAS, So MVR, et al. Influence of endodontic sealer
composition and time of fiber pos t cementat ion on sealer adhesiveness to bovine root dentin.
Braz Dent J. 2013;24(3):241-6. doi: 10.1590/0103-6440201302154.

Baldissera P, Zicari F, Valandro LF, Scotti R. Effect of root canal treatments on quartz fiber posts
bonding to root dentin. J Endod. 2006 Oct;32(10):985-8. doi: 10.1016/j.joen.2006.04.013.

Altmann ASP; Leitune, VCB; Collares FM. Influence of eugenol-based sealers on push-out bond
strength of fiber post luted with resin cement: systematic review and meta-analysis. J Endod. 2015
Sep;41(9):1418-23. doi: 10.1016/j.joen.2015.05.014.

Carvalho MFF, Leijoto-Lannes ACN, Rodrigues MCN, Nogueira LC, Ferraz NKL, Moreira AN, Yamauti
M, 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):471-9. doi: 10.3290/j.jad.a41636.

Braz J Oral Sci. 2023;22:¢236508 10



