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Objectives  The objective of this study was to compare a bioceramic and a resin-based 
endodontic sealer with regard to extrusion and postoperative pain.
Materials and Methods  Sixty-four patients requiring endodontic treatment of sin-
gle-rooted maxillary teeth with necrotic pulps were included in this study. The root 
canal treatments were performed in a single visit using a size 40.06 single-file recip-
rocating system under 2.5% NaOCl irrigation. After irrigation with 17% ethylenedi-
aminetetraacetic acid (EDTA) and 2.5% NaOCl, the canals were dried and randomly 
divided into two different groups (n = 32) depending on the sealer used: resin-based 
group (RG) in which the canals were filled with the AH Plus, and the bioceramic group 
(BG) in which the canals were filled with the Sealer Plus BC. Ibuprofen (600 mg) was 
prescribed every 6 hours if the volunteers experienced pain. The patients registered 
their pain sensation in a visual analog scale (VAS) card, ranging from 0 to 10 at 24-hour, 
48-hour, 72-hour, and 1-week intervals. 
Statistical Analysis   For statistical analysis, the level of significance was set at p < 0.05.
Results  Sealer extrusion occurred in nine patients of the RG and in 19 patients of the 
BG (p < 0.05). The average pain level at 24-hour and 48-hour intervals was, respectively, 
1.46 ± 1.96 and 0.44 ± 0.86 for RG, and 1.21 ± 2.09 and 0.09 ± 0.38 for BG. There was 
no report of pain after 48 hours. The mean number of tablets taken for pain relief was 
0.03 ± 0.17 for RG and 0.06 ± 0.24 for BG. No statistically significant difference was 
found with regard to pain level and intake of pain killer tablets (p > 0.05).
Conclusions  The BG sealer presented significantly more extrusion than the RG sealer. 
Sealer extrusion was not associated with pain. The average pain level and the mean 
number of tablets taken for pain relief were similar in both groups.

Abstract

Keywords
►► root canal treatment
►► bioceramic
►► pain
►► reciprocating
►► resin-based sealer

DOI https://doi.org/ 
10.1055/s-0039-3399457 
ISSN 1305-7456.

©2019 Dental Investigation 
Society

Introduction
Root canal therapy (RCT) aims for the removal of vital and 
necrotic pulp tissue, and the tridimensional filling of root 
canal space. These steps should be achieved with the mini-
mal postoperative discomfort. However, some factors such 
as trauma of the periapical tissues, bacterial extrusion, or 
remaining bacteria, might result in postoperative pain.1

Different variables have been assessed with regard to 
postoperative pain such as the following: kinematics,2,3 

working length (WL) determination method,4 foraminal 
enlargement,5 and filling techniques.6 The most common 
techniques require gutta-percha cone and sealer. Res-
in-based, zinc oxide eugenol-based, and calcium hydroxide 
are the sealers currently used. It seems that the extrusion 
of these root canal sealers does not impact the outcomes of 
teeth presenting pulp necrosis; however, sealer extrusion 
might lead to inconvenient results, mostly when the alve-
olar nerve is the target.7-9
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Resin-based sealers are known for their beneficial phys-
ical properties; on the other hand, there is a concern about 
its cytotoxic effects, pushing endodontics to seek a better 
sealer.10 In an attempt to correct this drawback, bioceramic 
sealer (silicatum-based or hydraulic sealers) were recently 
launched. These sealers possess positive biological effects 
with low injury to vital tissues; 11,12 moreover, it has been 
recently hypothesized that they could benefit root integ-
rity after root canal filling.13 The solubility of these sealers 
remains a critical aspect of its properties.11

Endodontic sealers should present an ideal flowability 
to fill all of the irregularities of the root canal system. Lack 
of flowability might prevent proper filling, while excessive 
flow rate could potentially increase the risk of extrusion. 
Filling material beyond the apex could increase the risk 
of pain or reach important anatomical landmarks.14 While 
some studies presented bioceramic sealers to be more flow-
able than resin-based sealers,15 a recent study showed dis-
crepant results.16 Under a clinical point of view, bioceramic 
sealers demonstrated good outcomes in nonsurgical root 
canal treatments.17 A recent study showed that bioceram-
ic sealers are similar to resin-based sealers with regard to 
postoperative pain in nonsurgical root canal retreatments 
when no extrusion was observed.18 To the best of our knowl-
edge, the extrusion rate and postoperative pain of both seal-
ers in nonsurgical root canal treatment of teeth presenting 
with pulp necrosis is unknown.

Therefore, the aim of the present study was to compare 
the extrusion rate and the postoperative pain of a resin-based 
sealer (AH Plus, Dentsply-Sirona, Konstanz, Germany) and a 
bioceramic sealer (Sealer Plus BC; MKLife Medical and Den-
tal Products, Porto Alegre, Brazil). The null hypotheses test-
ed were that there was no difference between sealers with 
regard to extrusion rate, and there was also no difference in 
postoperative pain with both sealers.

Materials and Methods
Sample Size Calculation
This prospective, randomized clinical trial was approved by 
the Ethical Committee of Faculdade de Odontologia São Leo-
poldo Mandic (no. 2.270.666). Using the G* Power for Macin-
tosh (Heinrich-Heine, Düsseldorf, Germany), the sample size 
was calculated based on a previous study that showed aver-
age pain level of 2.30 and 1.09 for respective experimental 
and control groups.5 Aiming to achieve 80% power (α error of 
0.05 and a power β of 0.95) and 95% confidence of difference 
between the groups, a minimum of 32 patients was set for 
each group.

Patient Selection
Sixty-four patients with the American Society of Anesthesiol-
ogy (ASA) Class I or II who were non-smokers and diabetics, or 
who were pregnant, were invited for this research. Only patients 
with single-rooted, maxillary anterior teeth presenting straight 
canals, based on the radiograph evaluation, were selected. 
The inclusion criteria encompassed teeth with pulp necrosis, 
mature apices, and no signs of previously initiated RCT. Teeth 

with periodontal probe higher than 3 mm, radiographic aspect 
of root resorption, pain, swelling, or sinus tract were not includ-
ed. Moreover, patients taking any analgesic, anti-inflammatory, 
or antibiotics, those allergic to Ibuprofen, or the ones who could 
not properly follow the instructions for filling the visual analog 
card (VAS) card were excluded.

After signing an informed consent, the patients were 
assigned in a parallel design and 1:1 allocation rate to one of 
the two groups (n = 32). Sixty-four cards were printed and 
inserted in masked envelopes. Using a computer algorithm 
(random.org), these envelopes were randomly distributed. 
Each one of the envelopes indicated the volunteer for either 
the Sealer Plus BC (RG; MKLife Medical and Dental Products, 
Porto Alegre, Brazil) or bioceramic sealer group (BG). The 
volunteers were blinded to the group to which they were 
assigned, but the operator was aware of it. All of the proce-
dures were the same except for the sealer and its insertion. 
In the RG, AH Plus was used, while in the BG, premixed Seal-
er Plus BC was chosen.

Treatment Protocol
After confirming the absence of pulp sensitivity in both a 
cold and an electric test, the volunteers were anesthetized 
with 3.6 mL 2% mepivacaine and 1:100,000 epinephrine. 
Thereafter, a rubber dam was placed and the pulp chamber 
was reached using a diamond bur, which was then copiously 
irrigated with 5 mL 2.5% sodium hypochlorite (NaOCl). The 
canal was gently explored with a size 10-K file; following 
the manufacturer’s instruction, only cases in which a size 
20 K-file could reach the full WL were included. A size 40.06 
single file reciprocating instrument (Reciproc, VDW, Munich, 
Germany) was used for root canal shaping in a VDW Silver 
motor (VDW) in the proper motion. The instrument was 
used in an in-and-out movement with, at the most, three 
movements under 3 to 4 mm of amplitude. After each inser-
tion of the instrument, the canal was again irrigated with 
NaOCl, and foraminal patency was checked with a size 15-K 
file. After the preparation of the cervical and middle thirds, 
an electronic apex locator (EAL, NovaPex, Forum Technolo-
gies, Rishon Le-Zion, Israel) was used for WL determination. 
A periapical radiograph was used to confirm the WL 1 mm 
short of the apex.

Each root canal was irrigated with the same volume of 
2.5% NaOCl (40 mL) and 17% ethylenediaminetetraacetic 
acid (EDTA, 5 mL) followed by a final irrigation of 5 mL 2.5% 
NaOCl. A plastic device in reciprocating motion was used 
in three sessions of 20 seconds each to activate both EDTA 
and NaOCl final irrigation.19 The canal was then dried with 
R40 paper points (VDW) and the same size gutta-percha 
cone was selected. After a radiograph was obtained, and 
when necessary, the gutta-percha tip was adjusted with a 
blade. At this point, one of the masked envelopes that had 
been previously randomized was selected, correspondent 
sealer was handled, and a single-cone technique filling was 
used. In the RG, the sealer was inserted with a lentulo; in the 
BG, the syringe and tip provided by the manufacturer was 
used. Then, the teeth were restored with a composite and 
the occlusion was checked. A final radiograph was obtained 
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and the occurrence of sealer extrusion was registered by the 
operator (►Figs. 3 and 4). All root canal treatments were per-
formed between January 2018 to August 2018 by the same 
experienced endodontist (BF).

Pain Perception Assessment
After the RCT, the volunteers were requested to complete a 
VAS card with their pain perception ranging from 0 to 10. The 
0 mark was used if the teeth remained asymptomatic, while the 
10 mark was to be used for unbearable pain. Any other pain was 
to be registered according to the volunteers’ own perceptions. 
The pain sensation was registered at 24-hour, 48-hour, 72-hour, 
and 1-week intervals. Pain perception was classified as none, 
mild (1–2), moderate (3–7), or severe (8–10). The patients were 
oriented to take 600 mg Ibuprofen every 6 hours if they experi-
enced any pain. The number of tablets taken for pain relief was 
also registered. The patients were to return their VAS cards after 
1 week and contact the professional in case further appoint-
ments were necessary for pain relief.

Statistical Analysis
The chi-square test was used for assessment of differ-
ences in tooth type distribution, gender distribution, 
and occurrence of sealer extrusion between the groups. 
Pearson’s correlation analysis was applied to assess the 
correlation between extrusion and occurrence of pain (p 
< 0.001). Results for pain level, mean age, and the number 
of tablets taken showed abnormal distribution; therefore, 
the Mann–Whitney U test was used for these differences 
between the two groups. All statistical analyses were per-
formed using SAS version 9.3 (SAS Institute Inc, Cary, NC, 
United States). The test was performed at the level of sig-
nificance of p < 0.05.

Results
All patients returned their VAS cards after 1 week. Overall, 
24 male and 38 female patients ranging from 15 to 68 years 
old were enrolled. No statistically significant difference was 
found in the demographic distribution of the patients, as dis-
played in ►Table 1 (p > 0.05).

BG presented a statistically significant amount of more 
extrusion (59.37%) than RG (28.12%) (p < 0.05). Nonetheless, 
there was no correlation between extrusion of sealers and 
occurrence of pain for both BG (r = −0.071) and RG (r = 0.07).

The average pain level in the RG was 1.46 ± 1.96 after 
24 hours and 0.44 ± 0.86 after 48 hours; in the BG, it was 
1.21 ± 2.09 after 24 hours and 0.09 ± 0.38 after 48 hours 
(►Fig.  1). With regard to pain intensity, in the RG, after 
24 hours, 53.13% reported no pain, 21.88% mild pain, and 
25% moderate pain; after 48 hours, 78.12% of the patients 
reported no pain and 21.78% reported mild pain. In the BG, 
after 24 hours, 65.63% reported no pain, 12.50% mild pain, and 
21.88% moderate pain; after 48 hours, 93.65% of the patients 
reported no pain and 6.25% reported mild pain (►Fig.  2). 
There was no report of pain after 48 hours in either group, 
and there was no report of flare-up at any time interval.

One patient in the RG and two patients in the BG took one 
tablet of Ibupofen in the first 24 hours; no patient required 
any medication after 24 hours. The mean number of tablets 
taken for pain relief was 0.03 ± 0.17 for RG and 0.06 ± 0.06 
for BG. No statistically significant difference was found 
between the groups with regard to pain level and intake of 
pain killer tablets (p > 0.05).

Discussion
Variations among the samples in randomized clinical tri-
als might prevent the generation of meaningful results. 
Randomization resulted in groups with similar age and 
sex distribution, minimizing the effects of these factors 
on the results.1,20 Aiming to standardize the samples as 

Table 1   Demographic distribution of patients in both groups

RG BG p-Value

Mean age 37.09 ± 13.10 38.5 ± 14.18 >0.05

Male 14 12 0.6, x2 = 0.25

Female 18 20

Central incisor 21 14 0.08, x2 = 3.1

Lateral incisor 6* 14* 0.03, x2 = 4.6

Canine 5 4 0.9, x2 = 0.006

Mann-Whitney U test for statistical analysis of mean age; chi-square test for the gender, and tooth type distribution; 95% confidence interval.
*Significantlydifferent at the 0.05 level.

Fig. 1  Average pain level for RG and BG at all time intervals. BG, bio-
ceramic group; RG, resin-based group.
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much as possible, only anterior maxillary teeth presenting 
straight, single-rooted teeth were used.21 One might claim 
that the lateral incisor presents an apical curvature not 
usually present in central incisors or canines. To attenuate 
this possible variable, only teeth in which a size 20 K-file 
reached the estimated WL were included, thus enhancing 
standardization among the specimens. A recent study com-
pared different unintentionally extruded endodontic seal-
ers with regard to postoperative pain; however, that study 
included vital and necrotic pulps, different instrumenta-
tion systems, and single or multiple visits.22 In the pres-
ent study, all treatments of necrotic teeth were performed 
in single visits with the same single-file reciprocating 
protocol. A systematic review suggested that single-visit 
treatments might increase postoperative pain.23 However, 
the protocol adopted herein was applied in a previous 
study, leading to a low-level of postoperative pain and  
analgesic intake.5

Filling protocol is a key point when bioceramic sealers 
are used. The physical properties of sealers are subjected 
to damage in case of loss of humidity, which is promoted 

by excessive heating.24 Nonetheless, recent studies showed 
acceptable properties for bioceramic sealers.25,26 The pres-
ent study adopted a single cone technique in both groups, 
therefore avoiding overheating of sealers. The only variable 
was that AH Plus was inserted in the canal with a lentulo, 
and the Sealer Plus BC was applied with the endodontic tip 
provided by the manufacturer. While different filling tech-
niques might influence postoperative pain, the variance in 
using lentulo or an endodontic tip for inserting the sealer 
is unknown.6

A proper flow rate allows the sealer to fill all irregular-
ities within the root canal; meanwhile, excessive flowabil-
ity increases the risk of sealer extrusion. Previous studies 
showed bioceramic sealers to present greater flowability 
than resin-based sealers.15,27 Conversely, a recent study 
showed BC Sealer Plus presenting a lower flow rate than 
AH Plus.16 It is worthwhile to mention that, in the afore-
mentioned studies, the sealers were in accordance with 
the ISO 6876/2012 recommendations. Despite the findings 
of Mendes et al,17 our results showed a higher rate of extru-
sion for the BC Sealer Plus (59.74%) when compared with 
the AH Plus sealer (28.13%). Therefore, our first hypothesis 
was rejected. A recent study showed a bioceramic sealer 
with an extrusion rate of 47.4%, even though a 90.9% suc-
cess rate was achieved.17 In spite of affecting neither post-
operative pain in the present study nor long-term out-
comes in Chybowsky et al,17 sealer extrusion should not be 
considered harmless. There have been reports of accidents 
related to sealer extrusion, mainly affecting the mandibu-
lar molars and resulting in irreversible paresthesia.8,28

The low-incidence of flare-ups and low-postopera-
tive pain decreasing over time seems common in modern 
endodontics.5,29 The present study had no report of flare-
ups, and the majority (59.38%) of the patients reported 
no pain at any time interval regardless of the sealer used. 
Moderate pain occurred only in the first 48 hours, and 
medication intake only in the first 24 hours. Graunaite 
et al18 did not report any case of flare-ups and showed 
65% of patients to be pain free at all time intervals, with 
decreasing pain after an initial peak also occurred. That 

Fig. 2  Percentage of patients reporting none (0), mild (1–3) or mod-
erate (4–7) pain at all time-intervals. There was no occurrence of se-
vere (8–10) pain.

Fig.3  Sample of treatments performed with AH Plus with (A) and 
without (B) extrusion.

Fig.4  Sample of treatments performed with BC Sealer with (A) and 
without (B) extrusion.
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study assessed nonsurgical root canal retreatments in 
single-rooted teeth obturated with either a resin-based 
or a bioceramic sealer; however, no case of sealer extru-
sion occurred and the authors did not report that foram-
inal patency was achieved. In the present study, foram-
inal patency was achieved with a size 15-K file, therefore 
favoring the occurrence of unintentional sealer extrusion. 
Rodriguez-Lozano et al30 showed bioceramic sealer to pres-
ent more cytocompatibility than resin-based sealer; it was 
also found that cytotoxic effects decrease after 24 hours. 
Therefore, one might conclude that cytotoxic effects of 
sealers might impact pain perception. However, our find-
ings showed pain occurring regardless of sealer extrusion, 
and no difference between the sealers. Therefore, possible 
cytotoxic effects found in vitro were not confirmed in our 
clinical findings.

In the present study, the operator could not be blinded 
with regard to the sealer used. Moreover, since the assess-
ment of the sealer extrusion was performed by the same 
operator, these steps should be considered as limitations 
of the present study. Future studies should evaluate long-
term outcomes of RCT with bioceramic and resin-based 
sealers. While the physical properties of AH Plus and 
different bioceramic sealers have been subject to several 
studies, the specific bioceramic sealer tested herein should 
undergo further scrutiny.

Our findings suggest that bioceramic sealer presented 
a significantly higher incidence of extrusion than the res-
in-based sealer. Sealer extrusion was not associated with 
pain. The average pain level and the mean number of tab-
lets taken for pain relief were similar in both groups.
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