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In vitro assessment of the influence of different 
protection plugs over obturation remnant space, 
after post preparation, on the retention of cast 
metal posts

ABSTRACT

Objective: To evaluate the influence of different protec-
tion plugs over the remaining obturation after post space 
preparation, on cast metal post retention. Methodolo-
gy: Fifty bovine teeth were decoronated and root canals 
were manually instrumented up to a Kerr 80 file and then 
obturated. A Largo drill was used to partially clear the ca-
nal at a 10mm depth. Groups were divided, according to 
different plug materials (n=10): Group I (control, with no 
plug), Group II (Coltosol® plug), Group III (Sealapex® 
+ zinc oxide in putty-like consistence plug), Group IV 
(ethyl-cyanocrylate plug) and Group V (zinc phosphate 
plug). A layer with 1mm of thickness of different plug ma-
terials (Groups II, III, IV and V) was adapted over the re-
maining obturation and specimens were sealed and then 
stored in 100% humidity for 7 days. After the root canal 

was molded, cast metal posts were manufactured and 
cemented with zinc phosphate. The specimens remained 
in a humid chamber for 45 days before traction test was 
performed using a universal testing machine. The values 
were shown in Megapascal (MPa) and submitted to the 
ANOVA test and Tukey’s T est (P<.05). Results: Ethyl-
cyanoacrylate reduced cast metal post retention (P<.01), 
without differences from the other groups (P>.05), similar 
to control. Conclusion: The obturation protection with 
plugs made of ethyl-cyanoacrylate hindered retention 
when cast metal posts are cemented with zinc phosphate, 
whereas Sealapex® with added zinc oxide, hardened zinc 
phosphate cement or Coltosol® do not interfere in the 
adhesiveness factor. 
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Introduction
The endodontic treatment aims to heal or pre-

venting apical periodontitis. Thus, a contaminated 
root canal has to be cleaned, shaped, and obturated 
with proper filling materials that, along with the cor-
onal restoration, should prevent oral bacteria from 
re-contaminate the canal and apical tissues.1

Coronal destruction may be observed after com-
pletion of  endodontic therapy and residual dentin 
influence the clinical survival of  restoration2, where-
as intrarradicular post is primordial for retaining 
coronal restorative material.3 In general, cast post 
and cores have been used for several years to re-
store anatomy and function of  endodontically treat-
ed teeth, showing elevated success rate,4 made of  
different materials as cast metal, pre-manufactured 
metallic or fiberglass posts5. Although fiber posts 
show advantages, as elastic modulus close to den-
tin, less dentin removal, and satisfactory aesthetic,6 
cast metal posts are still frequently used by clini-
cians7 which are recommended for clinical use, due 
to its lower stress-induction in dentin8 and elevated 
fracture strength,9 since it’s based on the root canal 
mold and show satisfactory clinical results regarding 
survival of  restoration.10,11

Cast metal posts may be manufactured with 
metallic alloys such as nickel-chromium (NiCr) or 
copper-aluminum (CuAl). Despite the aesthetical 
disadvantage, the cast metal posts improve the dis-
tribution of  masticatory loads in the root,5,12 with a 
high survival rate after 10 years.13 However, failures 
in coronal sealing lead to microleakage, that may 
occur after obturation and before final restoration, 
increasing possible failures to the endodontic treat-
ment, since there is an exposure to the oral environ-
ment allowing microorganisms to reach periapical 
tissues.14 The recontamination is mainly due to frac-
ture of  restorative material, loss of  temporary seal-
ing (delay for definitive restoration), contamination 
during restorative procedures,15 or even inadequate 
retention.16

Once the coronal sealing is compromised, micro-
organisms can invade the coronal portion of  root 
canal filling and reach apical portion in approxi-
mately 30 days, even in well-obturated canals.17 Ac-
cording to Holland et al,18 the coronal leakage after 
post space preparation may be even more critical, 

since there is less obturating material remaining in-
side the root canal.

Microbial leakage can be avoided or decreased 
with a 1 mm intraorifice protection plug over the 
remaining obturation after post space preparation, 
even with oral exposure,19,20,21 directing some re-
searches to assess the efficiency of  different coronal 
sealings after endodontic treatment.19,22,23

The protection plug can be made of  different 
materials, such as Coltosol,21 endodontic sealers or 
even ethyl-cyanoacrylate, which showed less coro-
nal leakage in previous researches20,24. However, al-
though ethyl-cyanoacrylate presented elevated pro-
tection in those reports and has the advantage of  
clinical practicality, the authors stated that a thin lay-
er always remains on the canal walls and any occur-
rences after post cementation are unknown, since its 
removal is uncertain .

Thus, the material type used to make the plug 
may interfere with the prosthetic post retention, 
making it necessary to evaluate the interference of  
these plugs with the adhesiveness factor. Therefore, 
the aim of  this study was to assess, in vitro, the influ-
ence of  different protection plugs on cast metal post 
retention. The null hypothesis was that there would 
be no significant interference of  the plugs on cast 
metal post retention, showing values similar to those 
of  the control group.

 
Methodology

This study was approved by the institutional 
Committee on Animal Research and Ethics at UN-
ESP-Universidade Estadual Paulista (São Paulo, 
Brazil) and conducted in accordance with relevant 
guidelines (CEUA/FOA process 00679-2018).

Teeth Preparation
Fifty recently extracted bovine maxillary cen-

tral incisors with closed apical foramen and almost 
identical crown and root size were selected to assess 
post retention. The teeth were immersed in 5,25% 
sodium hypochlorite (Farmácia de Manipulação 
Fórmula Ação, Campo Mourão/PR, Brazil) for 60 
minutes to remove organic tissues and then kept in 
0.1% thymol solution under refrigeration.

The crown was transversely sectioned at their cer-
vical portion, using a double-faced diamond disk on a 
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slow-speed handpiece, cooled with air/water spray, 
standardizing roots at 16 mm, from root apex to cor-
onal border. Canal patency was achieved with a Kerr 
hand file #20 (Dentsply Maillefer, USA) introduced into 
the root canal of  each tooth until visualization of  the 
apex. Typically, the anatomical diameter of  the root ca-
nal corresponded to a Kerr hand file #50. The root ca-
nals were manually instrumented up to a Kerr hand file 
K#80, 1mm short of  the apex, with working length set 
to 15 mm. During instrumentation, teeth were irrigated 
with 2,5% sodium hypochlorite, and 5 mL of  17% EDTA 
(Biodinâmica Química e Farmacêutica LTDA, Ibiporã/
PR, Brazil) was used for 3 minutes followed by a final 
irrigation of  2,5% sodium hypochlorite, to remove re-
sidual salts, and then dried with absorbent paper point. 
The roots were obturated with a calibrated gutta-percha 
point and eugenol-free endodontic sealer Sealapex® 
(Kerr Endodontics, USA), using lateral condensation 
technique and accessory gutta-percha points.

 
Post space preparation

After obturation, specimens were immediately 
prepared for the post, with partial desobturation of  
10mm of  depth with a #3 Largo Bur (Fig 1A) in a 
low speed handpiece, leaving 5 mm of  filling mate-
rial. Vertical condensation was performed on the re-
maining obturation. Afterwards, roots were random-
ly assigned to five experimental groups (n=10), ac-
cording to their plug material, which encompasses 
Coltosol® (Coltene Vigodent, BR), Sealapex® (Kerr 
Endodontics, USA) with zinc oxide in putty consis-
tency , ethyl-cyanoacrylate (Super Bonder®, Loctite, 
BR) or zinc phosphate cement (SS White Duflex, BR) 
- as described in Table 1. The specimens receiving 
the protection plug had the length of  the remaining 
filling reduced to 4 mm in order to accommodate 
the 1mm plug, which was placed over the remaining 
obturation. Thickness was controlled by a plugger 
with a rubber stopper cursor, followed by a digital 
radiographic confirmation (Micro Imagem, BR) (Fig 
1B). For group IV, ethyl-cyanoacrylate was applied 
with the aid of  paper points, with any excess be-
ing removed with other paper points, respecting the 
thickness value of  1mm - as verified after set.

The samples were sealed with 2mm of  Coltosol® 
(Coltene, Vigodent, BR) and stored at 37o C in fully 
saturated humidity for 48 hours before molding the 

roots to manufacture the posts. After the tempo-
rary cement was removed, canals were coated with 
petroleum jelly (Vaseline®, USA) and molded with 
methyl methacrylate resin (Duralay®, USA).

The resin pin was molded until it reached the entire 
length of  the desobturated part of  the canal. During resin 
polymerization, the molded pin was removed and intro-
duced several times to prevent it from being retained in-
side the root canal. After polymerization, the fidelity of  
the molded pin was checked. The coronary portion was 
reconstructed in order to adapt to the universal traction 
machine. Then, the resin pins were sent to the laboratory 
to be manufactured with the copper-aluminum (CuAl) al-
loy, while the roots remained in humid chamber. This was 
done so that the metal posts could be ready for cementa-
tion after the sealer’s setting time.25

Seven days after obturation, the samples were 
removed from the humid chamber and cast metal 
posts were cemented with zinc phosphate. Forty-
eight hours after post cementation, samples were 
embedded in a PVC tube ring, 3cm in length and 
1.5cm in diameter, with chemically activated acryl-
ic resin. The cervical root surface remained at the 
same level of  the upper surface of  the PVC ring, as 
well as the post that was parallel with the long axis 
of  the PVC tube ring. The coronary cast metal post 
portion (located outside the root) was attached to an 
parallelometer prior to resin insertion into the PVC 
ring, ensuring the necessary parallelism for tensile 
test and the specimens remained in humid chamber.

After 45 days of  post cementation, the PVC ring 
was attached to a metal platform and then con-
nected to a Universal Testing Machine base (EMIC, 
Brazil). After that, a metal post coronary portion was 
attached to a device coupled to the load cell, com-
patible with the forces generated during the push-
out test, being connected to the same machine.

The push-out test was used to analyze bond 
strength between cast metal post and intra-radicular 
dentin with different protection plugs, under a ten-
sile force at the speed of  5 mm/min.

The values obtained were expressed in Mega-
Pascal (MPa), recorded in appropriate tables and 
submitted to the Shapiro Wilk normality test, which 
indicated a significance level of  5% in ANOVA and 
Tukey’s Test using the SigmaPlot software (Version 
12.0, Systat Software, CA, USA).
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Results
Group I (no plug) showed tensile strength val-

ues of  266,00 MPa. Group II (Coltosol® plug) had 
317,51 MPa; Group III (Sealapex® with zinc oxide 
plug) 235,64 MPa; Group IV (Ethyl-cyanoacrylate 
plug) 134,25 MPa; and 267,07 MPa for Group V (zinc 
phosphate plug).

Comparison among groups showed that Groups 

II, III and V had no interference in the cast met-
al post bond strength, presenting results similar to 
those of  the control group (P>.05). Group IV (ethyl-
cyanoacrylate plug) negatively interfered, reducing 
cast metal post retention, cemented with zinc phos-
phate, in a significant statistical difference (P<.01). 
The different result values for these experimental 
groups are shown in Table 2.

Table 1. Experimental groups according to each testing plug.

Experimental Groups Tested Material Plugs

I Control (no material)

II Coltosol® plug

III Sealapex® + zinc oxide (putty)

IV Ethyl-cyanoacrylate

V Zinc phosphate

Figure 1. A) Partial desobturation of 10mm of depth with a #3 Largo Bur. B) 1mm accommodation of the Coltosol® plug over the remaining obturation, 

with a rubber stopper cursor adjusted to the desired length, radiographically confirmed.

A B
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Discussion
In this study, the ethyl-cyanoacrylate protection 

plug hindered cast metal post retention when ce-
mented with zinc phosphate. Thus, the null hypoth-
esis was rejected.

Regarding the obturation technique with Seala-
pex, endodontic eugenol-free sealers are preferred 
to avoid unwanted interactions,26,27 since eugenol 
was proved to interact with post retention, when ce-
mented with resin or even with zinc phosphate ce-
ments.28

After partial obturation removal for post place-
ment, the apical remaining of  root canal filling 
shows a significantly more elevated leakage than 
the full-length root canal filling. Therefore, the seal-
ing provided by a fully obturated root canal may be 
jeopardized by post space preparation.29 To minimize 
leakage possibility, it was recommended the use of  a 
temporary coronal sealer to prevent coronal-apical 
bacteria penetration.30

The plug over the remaining obturation contrib-
utes to protection and decrease of  coronary infiltra-
tion.21 A previous study showed a reduction of  50% 
on inflammation levels when using protective plugs 
when compared to a group without said plugs, stat-
ing that their use is beneficial to the delay and pre-
vention of  coronal microleakage31. Since the main 
objective of  using a plug is to protect the remain-
ing obturation against possible bacterial infiltration, 
it is important to highlight: a) the antifungal effect 
of  the zinc phosphate cement;32 b) the antimicrobial 
activity of  ethyl-cyanoacrylate,33,34 zinc oxide35,36 and 
Coltosol®37,38, with its elevated sealing capacity;39 

and c) the enhanced sealing capacity provided by 
the addition of  zinc oxide to the endodontic sealer 
Sealapex® used against microbial leakage,40 similar 
to the MTA or the Portland cement.41

The use of  bovine teeth for tests with post ce-
mentation was used by previous authors.42-45 In this 
study, bovine incisors were used due to the avail-
ability/ absence of  caries or restorations. Although 
there is a difference between dentinal tubules in bo-
vine and human dentin, the number and diameter 
of  dentin tubules in bovine reduces from cervical to 
apical third, without any significant difference.46

After obturation, the root canal was immediately 
desobturated, because according to Portell et al.47, 
delayed post space preparations significantly in-
creases leakage. The desobturation of  10mm was 
due to a previous research, which showed that 8 - 
10mm cast metal posts have an elevated resistance 
to removal.48

The use of  an intraradicular post is the main 
technique to retain coronal restoration. Glass fiber 
posts were introduced as an alternative to metal 
posts, presenting a faster technique, dismissing the 
laboratory stage and elastic moduli close to den-
tin, decreasing the risk of  root fracture, besides an 
aesthetic advantage.49 However, a systematic review 
and meta-analysis conducted by Fiqueiredo et al.50 

showed no significant differences in the incidence 
of  root fractures between fiber and metal posts, as 
corroborated by a posterior study. 51 Serving to show 
that, when respecting particular indications, both 
posts have satisfactory results. In addition, the cop-
per-aluminum alloy used to manufacture the cast 

Table 2. Results of traction test. Tensile strength values expressed in Megapascal (MPa) and standard deviation (SD) in the different experimental 

groups.

*Same superscript letters indicate no statistical difference among the groups.

Groups* Tensile strength (MPa) and SD n

Controla 266,00 ± 53,9 10

Coltosola 317,51 ± 51,4 10

Sealapex + zinc oxidea 235,64 ± 33,2 10

Ethyl-cyanoacrylateb 134,25 ± 9,0 10

Zinc phosphatea 267,07 ± 49,3 10
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metal post in the present study was evaluated by 
Verri et al.52, whose study recommends metal posts 
with CuAl alloys instead of  fiberglass posts in cases 
where the teeth has no remaining dentin structure. 
This is done in order to avoid higher stress, which 
could jeopardize the entire restoration process.

In order to assess post retention over different 
protection plugs, cast metal posts were preferred 
due to its adaptation inside the root canal space, re-
ducing cementation line and increasing retention,53 
since the large canal size would require more ce-
mentation and, therefore, minimize possible meth-
odology interference. Because the cast metal post 
is based on each root canal mold, retention would 
be enhanced, due to the custom post diameter be-
ing compatible with each root canal, which has a 
positive effect on retention.54 Another fact was the 
choice of  zinc phosphate cement as the luting agent. 
Habib et al.55 assessed two luting agents (resinous 
and zinc phosphate) for retention of  cast post, and 
observed higher retentive values for cast posts ce-
mented with zinc phosphate.

The ethyl-cyanoacrylate plug showed an ele-
vated capacity to maintain coronary sealing when 
used as a protective plug, as evidenced by previ-
ous reports.20,24 Despite this, the authors reported 
a difficulty in creating the plug without leaving any 
remnants on the root canal wall. Nevertheless, the 
present study showed that ethyl-cyanoacrylate plug 
hinders cast metal post retention. Our results are 
related to the possible residues of  ethyl-cyanoacry-
late remaining on canal walls, since its high fluidity 
becomes a notable complication during insertion. 
This fact was not observed when other plugs were 
inserted, since they are of  more consistent materi-
als, facilitating the handling inside the canal and the 
cleanliness before post cementation.

It’s also important to emphasize that the canal 
size of  bovine incisors used in this study facili-
tate the material accommodation over obturation, 

in contrast to a clinical situation involving human 
teeth. In our study, the difficulty of  handling ethyl-
cyanoacrylate inside the canal in human teeth would 
be increased due to its diameter, with an even higher 
probability of  residues remaining inside the canal .

Another fact observed in our results was the ten-
dency of  the Coltosol® plug to improve the cast met-
al post retention with the zinc phosphate cement. 
There is no substantiated explanation, but it should 
be better analyzed through other studies concerning 
the bond between Coltosol® and zinc phosphate ce-
ment. We hypothesize that the bond may be related 
to their composition, based on zinc oxide/zinc sul-
fate for Coltosol®,56 and zinc oxide/magnesium ox-
ide (powder) and phosphoric acid/aluminum phos-
phate (liquid), which form a zinc-aluminophosphate 
gel, for the zinc phosphate cement.57

 
Conclusion

Based on this study , it is possible to state that 
protective plugs made with Sealapex with added 
zinc oxide, hardened zinc phosphate cement or 
Coltosol® , did not interfere with cast metal post re-
tention, suggesting that these materials protect the 
remaining obturation after post space preparation. 
Thus, Coltosol® improved post retention when ce-
mented with zinc phosphate.

Although ethyl-cyanoacrylate previously showed 
minimal microleakage when used as plug over ob-
turation, its fluidity interferes with the handling, 
adhering to dentin walls and hindering cleanliness, 
decreasing post retention. This fact contraindicates 
its use as a material for protective plug when the ce-
mentation of  a cast metal post with zinc phosphate 
is indicated.
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