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Summary

The aim of this study to systematically review the li-
terature using in vitro studies to investigate if cleaning
post-space preparation with different irrigants can
increase the retention of fiberglass post evaluated by
push-out test. The present systematic review reports
the results according to guidelines of PRISMA sta-
tement. The research question was developed accor-
ding to the PICO strategy. Two electronic databases
including PubMed and Ovid (MEDLINE) were used
to find relevant studies. Two reviewers independently
screened titles and abstracts through the databases and
performed evaluation of risk of bias of the included
studies. After study selection, only 11 studies met the
inclusion criteria and were included in the systematic
review. There was significant heterogeneity in the
methodological variables, and therefore, it was im-
possible to perform valid quantitative synthesis of
the data (meta-analysis). Insufficient evidence was
found to indicate any of the irrigation solutions used
to their effect on bond strength of self adhesive resin
cement to root dentin. It is impossible to conclude
recommendations to a specific irrigation protocol.
Future studies should follow a standardized approach
to implementation, same methodologies and repor-
ting of data. Recommendations have been provided
for standard methods of future studies so that clinical
recommendations could be provided.

Introduction

Endodontic posts are often necessary in restoring endo-
dontically treated teeth with excessive dental structural loss
due to caries, fractures or endodontic access cavity prepa-

rations [1]. In recent years fiberglass posts have been often
used and preferred over prefabricated metallic posts because
of their similar physical properties to dentin. These physical
properties include elastic modulus and flexural strength,
which reduce the incidence of root fracture, and have advan-
tages, such as aesthetics, biocompatibility and absence of
corrosion risk [2,3].

The most commonly reported clinical failure in fiberglass
post is debonding from the root canal at the dentin-resin
cement interface [4,5,6]. The major factors influencing the
bond strength of resin cement are the root canal shape, depth
of the intraradicular area, orientation of dentinal tubules, ir-
rigation solutions, negative C-factor, difficulty in access and
moisture control, type of adhesive system, and endodontic
sealer [7,8].

Conventional and self-adhesive resin cements are cur-
rently used to lute fiberglass posts to root dentin. Conventio-
nal resin cements associated with dentin pretreatment with
etch and rinse adhesive systems have demonstrated good
results, however, self-adhesive resin cements appeared as
an alternative to avoid the pretreatment requirements for
the root dentin and has no negative effects on the root canal
resulting from either chemical or micromechanical retention
to the tooth surface [9].

Canal preparation for post procedures creates a smear
layer on the root canal dentin surface that directly affects the
bond strength of the self-adhesive cement to the root dentin.
Self-adhesive resin cement is unable to etch the root canal
dentin through the smear layer or to form a hybrid layer and
resin tags. Self-adhesive resin cements adhesion is based on
the chemical interactions between acidic hydrophilic mono-
mers and hydroxyapatite, which modifies the smear layer,
and on micromechanical retention [10,11].

Post space irrigation may influence the strength of the
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cement bond with the root canal dentin by removing remai-
ning sealer, ghutta percha and smear layer. Sodium hypoch-
lorite, ethylenediaminetetraacetic acid, phosphoric acid, and
chlorhexidine are the most routinely used agents [12,13].
The aim of this study was to systematically review the
literature using in vitro studies and to summarize the outco-
mes of different irrigation solutions and their effect on bond
strength of self-adhesive resin cement to root dentin. The null
hypothesis states that cleaning the post-space with different
irrigation solutions would not effect the bond strength of self-
adhesive resin cement to root dentin. The research question
was developed and investigated as follows: Do the irrigating
of post-space with different irrigation solutions influence
the retention of a fiberglass post evaluated by push-out test?

Material and Methods

The present systematic review reports the results accor-
ding to the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [14].

A PICO question was developed as follows: “Population”
included study groups with extracted human teeth, “Inter-
vention” was the evaluation of different irrigation solutions
to clean post space, “Comparison” was the evaluation of
irrigation with saline or distilled water, and the “Outcome”
evaluated was the bond strength of self-adhesive resin ce-
ment to root dentin assessed by the push-out test.

Criteria for study selection. The studies had to meet
the following requirements: in vitro studies using human
teeth; the push-out test must have been used to evaluate
the bond strength of the self-adhesive resin cement to root
dentin; a fiberglass post had to be used and cemented with
self-adhesive resin cement; the post space was cleaned by
irrigation solutions before cementing the fiberglass post;
publications must be reported in the English peer-reviewed
dental literature.

The exclusion criteria were as follows: studies that used
non- human teeth; other than the push-out test was used to
evaluate cement bond strength to root dentin; use of eugenol
endodontic sealer; use of any other canal cleaning method be-
fore irrigating the post space or during irrigation procedure.

Studies Selection and Data Extraction. Two revie-
wers (ES and RS) independently screened titles and abs-
tracts through the databases. Any discrepancies were solved
through consensus between the reviewers or by arbitration
(GZ). Data from the selected studies were selected indepen-
dently by three reviewers (ES, RS, and GZ).

The following data was extracted from selected studies:
authors and year of publication; type of study; number of
teeth used; storage after extraction; root canal preparation

prior to preparing post space; post space preparation methods
and materials used; period before post cementation-time and
storage conditions; endodontic sealer used; type of cement
used; irrigating solutions used to clean the post space prior
to cementation.

Literature Search. Two electronic databases inclu-
ding PubMed and Ovid (MEDLINE) were used to find
relevant studies using the search terms: (“Root Canal
Irrigants”[Mesh]) OR “Root Canal Preparation”[Mesh])
AND “Post and Core Technique”’[Mesh]) AND “Bond
Force dental cement” [Supplementary Concept]) OR
“Cementation”’[Mesh]) OR “Dental Cements”’[Mesh])
OR “Dental Bonding”[Mesh]) OR “Dentin-Bonding
Agents”[Mesh]) OR “Dentin”’[Mesh]). Articles restricted
to the English language were considered with restriction
of publication periods from December 2019 up to Febru-
ary 2020. The examiners evaluated titles and abstracts of
all identified studies. When the abstract did not contain
sufficient information to enable a decision on inclusion or
exclusion, the full manuscript was evaluated before the final
decision. Studies that appeared in more than one evaluated
database were considered only once.

Outcomes. The outcome was cement bond strength to
root dentin evaluated using push-out test and expressed in
MPa.

Risk of bias (quality assessment). The risk of bias table
was formulated by two reviewers based on the Joanna Briggs
Institute Clinical Appraisal Checklist for Experimental Stu-
dies as described in previously published studies [15,16]. The
risk of bias was marked “+” which equaled to “1” when the
details of the parameters were mentioned with no ambiguity.
When there was ambiguity or if no details were mentioned, it
was marked as “-” which equaled to “0”. The scored points
were added together. Methodologic quality was low if 1-4
points, moderate - if 5-7 points, and high - if 8-10 points
were counted (Table 1).

Results

There was significant heterogeneity in the methodolo-
gical variables, and therefore, it was impossible to perform
valid quantitative synthesis of the data (meta-analysis). The-
refore, a descriptive presentation of the data was performed.

Study selection. Article review and data extraction were
performed according to the PRISMA flow diagram (Figure
1). The initial electronic search found a total of 52,381 ar-
ticles, 37,490 of which were eliminated as duplicates or older
than ten years publications. After titles and abstracts were
reviewed, an additional 14,771 articles were filtered as not
relevant studies, systematic reviews or not having enough
information regarding selecting topic. 95 articles were iden-
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tified as full-text articles, of which only 11
were included in this review [17-27].

Study characteristics. A total of 708
human teeth were used, the most frequent
being premolars (46.3%), anterior teeth were
used in three studies (24%), other studies
did not mention the exact amount of teeth
used (29.7%). The most popular endodon-
tic sealers used in the studies was AH Plus
(Dentsply), which was used in four studies
[17,20,21,24], Sealer-26 (Dentsply) was
used in four studies [18,22,25,26], AH-26
(Dentsply) was used in two [19,23], and Se-
alaplex sealer (Kerr) was used in one study
[27]. The timing of post-space after obtura-
tion revealed was seven days in most studies
[17,18,20,21,23-27], in one study teeth after
obturation were stored for three days [22],
another study did not even mention the ti-
ming after obturation [19]. The most used
cement was Relyx U200 (3M ESPE), which
was mentioned in six studies [17,1821,24-
27], Relyx U100 [18], Relyx Unicem (3M
ESPE) [22], BisCem (Bisco inc.) [23], iCEM
(Heraeus Kulzer) [20], Multilink Speed (Ivo-
clar Vivadent) [26], Maxcem Elite (MCE)
(Kerr) [27] and Clearfil SA (Kuraray Ame-
rica inc.) [19] were used in separate single
studies. In nine of the included studies, the
push-out test was applied to different root
thirds and differences were evaluated [1-
4,6,8-10,11].

Table 1 summarizes the characteristics
of the included articles.

Sodium hypochlorite (NaClO). Ten of
included studies used sodium hypochlorite as
irrigation solution alone [18-27]. There was
variability in the duration and concentration
of all irrigants. Three studies used 5% NaClO
[18,21,22], three of which used NaClO follo-
wed by a rinse of distilled water [18,22,26],
four studies used 5.25% [20,23,25,27] and
2.5% NaClO, 1% and 6.15% NaClO solu-
tions were used in separate single studies
[19,21,23,26]. Five studies used NaClO so-
lution for one minute [22-25,27], one study
for three minutes [18], four studies did not
mention the exact amount of time irrigation
was proceeded for [19-21,26]. There was
used between 2 and 10 mL of NaClO. Five

studies reported that NaClO significally reduced bond strength [18,19,20,22],
two of these studies reported that bond strength was significantly reduced
when Multilink Speed and BisCem cements were used compared to control
groups [26]. Four included studies reported that bond strength after irriga-
ting with NaClO solution was not significantly different from the control
group [22-25]. One of these studies reported that it was not different from
the control group when Relyx Unicem cement was used [22]. One of the
studies did not even have control group [19]. One study found different re-
sults depending on the root part and different cement used [27]. Using Relyx
U200 NaClO bond strength was reduced in apical, using MCE - cervical
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Figure 1. PRISMA flow diagram
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mm/min applied to root

1.5.25% NaCIO
thirds

2.25% PAA

3.2% CHX
5 ml each for 60 sec

4.23 ppm silver
nanoparticles
dispersion

1. Thermal cycling
2.7 days

Push-out test at 0,5

illed

I.5mlof2.5%

NaCloO;
2. 5mlof 17%

EDTA
4.5mlof 17%
EDTA + 5 ml
of 2.5%

NaClO.
Push-out test at

3.2 drops (ca
0.25 ml) of
26% PAA
Final rinse 15
mL of dis
water for all
groups

1. 100%
humidity
2.37°C

3.7 days

0,5 mm/min

3.17% EDTA

for 1 min
5.70% Ethanol

4.2% CHX gel
for I min

for 1 min

6. Polyacrylic
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0,5 mm/min

1.5.25%
NaClO for 1
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acid for 30 sec
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EDTA for 3
min
2.5.25%
NaClO for 1
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2.37°C

3. 1 day

I.5mL of 2.5%
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min
2.17% EDTA +
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5mlof2.5%
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min

each 5 mL for 1
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3.5 mlof 7%
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1.2.5%
NaCloO,
2.5.25%
NaCloO,
3.2.5%
CaClO
4.5%
CaClO.
Each 5 mL
for 60
seconds

1. 100%
humidity
2.37°C

3. 24 hours
Push-out test
at0,5
mm/min

mm/min applied to root

3. 5% NaClO for 60 sec.
thirds

1. 11.5% PA for 30 sec,
2.17% EDTA for 60 sec

1. 100% humidity

2.37°C
Push-out test at 0,5
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Push-out test at
0,5 mm/min
applied to root
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5. QMix

Tulsa Dental).
5 mLof each
Push-out test at
0,5 mm/min
applied to root
thirds

NaClO
2. 2% CHX
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2.37°C
3.7 days

(Dentsply
1. 100%

1. 6.15% NaCIO
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3.6.15% NaClO +
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mm/min applied to

apical and cervical

4.0.12% CHX +
parts

6.15% NaClO

2 mL of each
Push-out test at 1

1.5%
NaClO +
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mL each for
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2.17%
EDTA +
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Experime
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Time and
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after post
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Analysis
of teeth

used, only one study mentioned that they used it for 1 minute [25].
One study used CHX followed by a rinse of distilled water [17].
In two studies there was a significant increase of bond strength
reported [20,27]. One study reported significantly decreased bond
strength [21]. One study showed that it increased bond strength
when Relyx U200 cement was used [27], but it was not signifi-
cantly different from the control group in the other three studies,
one of which was when MCE cement was used [17,25,27]. There
was not enough evidence to arrive at any conclusion regarding
CHX solution and its effect on bond strength of cement to root
dentin.

Polyacrylic acid (PAA). Four studies included polyacrylic
acid (PAA) in one of the experimental groups [22,25-27]. 11.5%,
26%, 25% PAA was used, one study did not mention the concen-
tration of the solution. 0.25 to 5 mL of PAA was used between
30 to 60 seconds. Two studies used PAA followed by a rinse of
distilled water [22,26]. PAA decreased bond strength in three stu-
dies [22,26,27]. In one of which it was decreased when BisCem
and Relyx Unicem cements were used. PAA did not change bond
strength compared to control groups in two studies [22,25]. In one
study it decreased bond strength when MCE was used in cervical,
but did not change the bond strength in middle and apical thirds
[27]. There was not enough evidence to arrive at any conclusion
regarding PAA solutions and their effect on bond strength of ce-
ment to root dentin.

Combination of solutions. NaClO and EDTA combination in
different concentrations, amount, sequence, and duration was used
in six studies [17-19,24-26]. It increased bond strength in three
studies, decreased in one study and was not significantly different
from the control group in two studies. Therefore, there was not
enough evidence to arrive at any conclusion regarding these irri-
gatin solutions and their effect on bond strength of self- adhesive
resin cement to root dentin. Three studies used a combination
followed by a rinse of distilled water [17,18,26]. 2.5 % NaCIO
and 7 % Maleic acid SmL each for 1 min combination was used
in one study and it showed to increase bond strength compared to
the control group [24]. 17% EDTA and 2% CHX 5 mL each were
used in combination and it significantly increased bond strength
in one study [20].

Ethanol. In one of the included studies 70% Ethanol was used
for 1 min, which significantly increased bond strength when com-
pared to the control group, however, no significant differences
were found among root thirds [25].

QMix. One study showed that 5 mL of QMix significally in-
creased bond strength after 1 week in all root thirds compared to
the control group [20].

Calcium hypochlorite (CaClO). CaClO was used in two of
the included studies, both of which used 2.5% and 5% respectively.
One of these studies also evaluated 1% CaClO. Khouroushi et al.
study used SmL of CaoCl for one minute, while another study did
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not mention duration
and amount of CaCIO
used. Seballos study
showed that CaClO
reduced bond strength
compared to the control
group, no significant
differences were found
between concentrations.
In Khouroushi et al.
study only 5% CaClO
solution statistically
increased bond strength
[21,23].

Phosphoric acid.
One study used 35%
Phosphoric acid for 15
seconds followed by a
rinse of 15 mL of dis-
tilled water. Study sho-
wed that no statistically
different result was
found between Phosp-
horic acid and control
groups and root thirds
[17].

Silver nanopar-
ticles. Thais Y.U. et
al. used 23 ppm silver
nanoparticles disper-
sion which increased
bond strength for Re-
lyx U200 in cervical
and for Maxcem Elite
cement in middle root
third, decreased for
Relyx U200 in apical
and for Maxcem Elite
in cervical root third.
Bond strength in other
root thirds for both ce-
ments were not signi-
ficantly different from
the control group 1
week after canal obtu-
ration [27].

Risk of bias within
studies. All of the stu-
dies that were included
in the review were as-

Table 2. Risk of bias of included studies
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sessed for the risk of bias (Table 2). The overall methodo-
logic quality of studies was moderate. Four studies scored
total five points [17,19,21,22], seven studies - six points
[18,20,23-27]. In three of the studies, the assignment to
groups either was not truly random, or not clear [17,21,2].
The nature of the studies did not allow for participants to
be blinded to treatment allocation in any of the included
studies. One study did not have a control group [19]. Those
who were assessing the outcomes were not blinded to treat-
ment allocation and allocation to treatment groups were not
concealed from the allocator in any of the included studies.

Discussion

This aim of this systematic review was to evaluate the
influence of irrigation solutions on the bond strength of self-
adhesive resin cement to root dentin. It is important to un-
derstand the effect of irrigation solutions on the bond strength
of self-adhesive resin cement to root dentin because irrigants
described in this review are periodically used in everyday
clinical practice. There was a heterogeneity in the study be-
cause of different methodologies of the articles evaluated
which did not allow to do a meta-analysis, nevertheless some
important conclusions could be made from the outcomes.

70% ethanol, Qmix, 5% CaClO, 35% Phosphoric acid,
23 ppm silver nanoparticles, 2,5% NaClO/7% Maleic acid
and 17 % EDTA/2% CHX were evaluated in single studies
and they all significantly increased the bond strength of self-
adhesive resin cement to root dentin. However, moderate
methodologic quality of all studies and not enough of studies
that evaluate mentioned irrigants and their effect on the bond
strength of self-adhesive resin cement to root dentin done in-
dicate not enough evidence to draw a conclusion from results
regarding these irrigation solutions and their effect on the
bond strength of self- adhesive resin cement to root dentin.

In studies that evaluated NaClO, EDTA, CHX, PAA
irrigants and their combinations methodologies varied.
These studies used different type of teeth, concentrations,
amount, volume of irrigants, cements, post, sealers, type
of instruments for canal preparation and post preparation.
Therefore, there was conflicting evidence in the results, and
no evidence was found for the irrigation solutions effecting
bond strength of self-adhesive resin cement to root dentin.
For this reason, push-out test values are incomparable and
have not been discussed. It is offered to that the methods of
testing must be standardized to allow comparison of data
and provide clinical recommendations.

Despite the restrictions of this review mentioned above
this review has other restrictions too. One of them is this
review includes in vitro studies, which gives less reliable
results than randomized- control studies, nevertheless well-

done and designed in vitro studies can also give favorable
results. Another restriction is that in none of the studies ope-
rators who were assessing the outcomes were blinded to
treatment allocation. Allocation to treatment groups were
not concealed from the allocator in any of the studies and
that increased risk of bias of the included studies.

Based on this review, that the papers evaluating irrigation
solutions and their effect on bond strength of self-adhesive
resin cement to root dentin should report following details:
randomization of specimens, standardized protocol: root ca-
nal preparation methods and materials, duration of irrigation
procedure, concentration and volume of irrigants, storage
methods, posts and cements used, blinding of evaluator. Furt-
hermore, a single participant must perform all procedures
in canal while the push-out test should be done by the other
operator who is blinded to experimental groups.

Conclusion

The results of this systematic review demonstrated the
lack of standardization in both the method and the reporting
of data on effect of irrigation solutions on bond strength of
self-adhesive resin cement to root dentin. It is impossible to
conclude recommendations to a specific irrigation protocol.
Future studies should follow a standardization approach to
implementation, same methodologies and reporting of data.
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SKIRTINGU ENDODONTIJOJE NAUDOJAMU
IRIGACINIU TIRPALU ITAKA STIKLO PLUOSTU,
CEMENTUOJAMU SAVAIMINIO ESDINIMO
DERVINIAIS CEMENTAIS, RETENCIJAI
E. Sadzevitiité, G. Zekonis, R. Sadzevitiené

Raktazodziai: Sakny kanaly irigaciniai tirpalai, dervinis cemen-
tas, stiklo pluosto kaistis, danties sukibimas

Santrauka

Sios literatiirinés apzvalgos tikslas buvo atrinkti, i$analizuoti ir
susisteminti moksliniy tyrimy in vitro rezultatus apie skirtingy iri-
gaciniy tirpaly jtaka stiklo pluosty kais¢iy, cementuojamy savaimi-
nio ésdinimo derviniais cementais, retencijai. Retencija turéjo biiti
vertinama i§stiimimo testu. Si mokslins literatiiros sisteminé apz-
valga buvo atlikta, taikant PRISMA reikalavimus. PICOS metodas
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buvo panaudotas duomenuy, i$ atrinkty publikacijy, suraS§ymui. Dvi
elektroninés duomeny bazés (PubMed, Ovid (MEDLINE)) buvo
panaudotos straipsniy paieskai ir atrinkimui. Straipsniy atrankg ir
atrinkty publikacijy metodologinés kokybés vertinima atliko du ne-
priklausomi tyréjai. | mokslinés literattiros sisteming analizg viso
buvo jtraukta 11 jtraukimo kriterijus atitinkanciy publikacijy. Dél
skirtingy tyrimo metody, pateikty publikacijose, metaanalizés at-
likti buvo nejmanoma. Skirtingos tyrimy metodikos, rezultatai ir
nevienodos pateiktos i§vados atrinktose publikacijose neleido su-
daryti tiksliy iSvady apie skirtingy irigaciniy tirpaly efekta stiklo

pluosty, cementuojamy savaiminio ésdinimo derviniais cementais,

retencijai. Dél Sios priezasties néra galima pateikti klinikiniy re-

komendacijy irigacijos protokolui. Tolimesnés studijos, turin¢ios

standartizuota tyrimo metoda, vienoda rezultaty pateikima, reika-

lingos atlikti ateityje. Pateiktos rekomendacijos tokiy studijy me-

todiky suvienodinimui ir klinikiniy rekomendacijy pateikimui.
Adresas susira$inéti: egle.sadz@gmail.com
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