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Abstract
Extrusions of endodontic materials after root canal treatments are
scarcely commented upon in the existing literature. Although they can
cause serious complications depending on their size and the area they have
occurred.
Literature review: AH PlusTM is a conventional endodontic sealer, whi-
ch has been established as the "gold standard"for root canal treatments
(Roggendorf, 2004). Bioceramic sealers (TotalFill® BC SealerTM) are novel
and promising endodontic materials, which have not been comprehensively
scrutinised. The limited research available shows comparable success of the
treatments with both types of sealers, as well as similar complications.
Method: A laboratory experiment involving 108 plastic teeth was
conducted in order to assess and compare the likelihood of extrusions with
both types of sealers in combination with two different obturation techni-
ques. The acrylic teeth were instrumented with the same type of endodontic
files, according to the same protocol, and divided in four groups. Each group
received a different treatment (a combination of one sealer and one obturati-
on method), where an equal amount of sealer was injected in each canal-
0.3ml, in order to assess which treatment caused less number and amounts
of extrusions.
Results: The percentage of extrusions was higher and statistically signi-
ficant (with P-value 0.0114 < 0.05) in the groups obturated with TotalFi-
ll®BC SealerTM - 51.85% and 44.44%, compared to the groups obturated
with AH PlusTM - 11.11% and 33.33%. The same was evident regarding the
sizes of extrusions. The obturation method did not seem to affect the extrusi-
on occurrences in the TotalFill®BC SealerTM groups. However, it seemed
to have an effect on the frequency of extrusions in AH PlusTM groups as a
difference of 22.22% was evident.
Conclusion: Based on the findings of this study and the scientific data from
the existing literature, it is recommended that extrusions should be avoided.
The choice of obturation technique and sealer should be carefully considered
in accordance to the specific case and in order to prevent extrusions.
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Introduction
An indication of favourable outcome after a root canal treatment is the absence of pain, swelling or other signs
and symptoms of infection [5]. Radiological evidence of a normal periodontal ligament is also of significant
importance when assessing the outcome [6].
It is believed that the RC obturation should end at the apical constriction or slightly shorter (0.5mm-2mm),

so that an optimal result is achieved Fig. 1 [9, 13].

Fig. 1.: Root canal filled short of the apical constriction (underfilled). (source: Mostert, 2015)

During the process of obturation, materials may be unintentionally extruded beyond the limits of the root
canal [2]. The obturation materials used should be biocompatible, however, occasionally overextension may
cause uncontrolled inflammation, rather than healing [1, 12]. It has been reported that presence of extrusions
beyond the apical constriction may cause irritation of the surrounding tissues and lower the success rate of
the treatment [4]. Rosen et al. [11] confirm the latter statement and advise that potentially contaminated
and extruded sealer may cause sensory disturbances and even result in complete failure of the treatment.
Extrusions as a result of the use of different techniques and materials are scarcely commented in the

existing literature. Apart from the various case reports, describing complications related to RCs overfilling,
the presence of extrusions is rarely followed by investigation of why they have appeared. However, the
outcomes could be physiologically detrimental, such as permanent paraesthesia [3].

Materials and Methods

108 Endo-VuTM blocks were instrumented to working length with ProTaper GoldTM files, Dentsply Maillefer,
Switzerland files (from S1 to F3). After confirmation of apical size #30, the acrylic teeth were assigned a
number from 1 to 108, and were randomly assigned to 4 groups, using a computer program- Research
Randomiser. Group A, obturated with AH PlusTM and warm vertical compaction (WVC), was designated
as a control group. Group B was obturated with AH PlusTM and single matched cone technique (SC).
Group C and D were obturated with TotalFill®BC SealerTM and, respectively, WVC and SC. So that
the process resembled as much as possible clinical environment, each plastic tooth was securely stabilised
and obturated under rubber dam as shown in Fig. 2. This assured lack of bias from the operator as the
direct vision to the apical end was obscured and prevented a possible intentional adjustment in the manual
operation.
For groups A and C, the GP points used were.08 taper AutoFitTM SybronEndo, Glendora, CA 91740, USA.

AutoFitTM GP is manufactured from Alpha phase GP which is preferable in warm obturation techniques.
The tips of the master GP points were measured and cut to #30 in a GP point gauge as displayed in
Fig. 3. ElementsTM Free, SybronEndo, was the equipment used for WVC technique (downpack and backfill).
For groups B and D were used Beta phase GP master points ProTaper GoldTM F3, Dentsply Maillefer,
Switzerland, which according to the manufacturer’s recommendation "match perfectly"to the canal’s final
shape created by the last file used – ProTaperGoldTM F3.
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Fig. 2.: The acrylic block, isolated under rubber
dam. (source: author’s own work)

Fig. 3.: GP point gauge measuring if the end
of the GP fits the size of the apical
constriction accurately. The gauge pi-
ctured measures sizes from #20 to #140.
(source: author’s own work)

Fig. 4.: Size of insulin syringe compared to
TotalFill®BC SealerTM syringe. Insulin
syringe with an applicator tip secured in
place. (source: author’s own work)

It was intended that the amount of sealer introduced
into each canal was equal. For this reason, the introducti-
on of sealer to the canals was done by an insulin syri-
nge 0.5ml, prefilled with sealer, which provided precise
measurement of up to 0.01ml (seen in Fig. 4). The amount
of sealer introduced in the coronal part of the root canal
was equal for each canal – 0.03ml. And it was further
spread to working length by the master GP point. The
GP point itself was not removed from the canal to avoid
removal of sealer. Instead, it was used for the obturation
of the canal.
After the obturation process was completed, a vi-

sual inspection was carried out immediately and if an
extrusion was noted, the block was marked. The number
of extrusions for each group were recorded in a data
collection sheet displaying the treatment and the noted
outcomes. The degree of extrusion was later compared
to those in the other groups, in order to outline the link
between an effect and treatment. The existing extrusions
were collected with a scalpel and placed in Eppendorf
tubes of 1.5ml (Fig. 5). Prior collection of the extruded
material the Eppendorf tube was pre-weighed empty on
a milligram scale.

Results and Discussion
The data was analysed with Prism8 GraphPad by parametric tone-way analysis of variance (ANOVA) and
Tukey’s post-hoc test [8], with confidence interval (CI) 95% The selection of ANOVA test allowed comparison
of the findings for more than two groups and acknowledgement of any significant differences between them.
In order to answer the research question about the chance of extrusion incidence, the overall proportion

of extrusions- 34.75% and non-extrusions-65.15% was calculated and illustrated in Fig. 6. Additionally,
the percentage of extrusion incidences per each group was computed and presented on Fig. 7. Respectively,
extrusions were evident 11.11% in Group A, 33.33% in Group B, 51.85% in Group C, and 44.44% in Group D.
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Fig. 5.: Measuring of extruded material, collected in Eppendorf tube. (source: author’s own work)

Fig. 6.: Recorded incidences of extrusions and non-extrusions and their percentage per group. (source:
author’s own work)

From Tukey’s post-hoc test (Fig. 8) and the pairwise comparisons of the means (Fig. 9), the presence of
significant difference between the means of Groups A compared to Group C – 0.1111 to 0.6296 is evident.
The same is noted comparing the means of Groups A to Group D – 0.1111 to 0.6296. Additionally, the 95%
confidence intervals for the difference between the means of each pair were analysed. For the pair Groups A/C
the lower interval was 0.057 milligrams and the higher interval- 0.9796 milligrams. Therefore, the true value
from the difference of the two means to be between 0.057 and 0.9796 milligrams for this study is probable
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Fig. 7.: Extrusions percentage within each group. (source: author’s own work)

up to 95%. Groups A/D had identical values to the latter couple of groups. So, the results were equivalent.

Fig. 8.: Tukey’s post-hoc test results. (source: author’s own work)

The P-values for the pairwise comparisons were calculated and established to be statistically significant
for the pairs Groups A/C and Groups A/D, and equal to 0.021. This meant that the possibility of having
similar numbers of incidences and amounts of extrusions was 2.1%.

Conclusion
In conclusion, the highest percentage of extrusion occurrences was evident in both of the groups obturated
with TotalFill®BC SealerTM. The obturation technique did not appear to considerably affect the occurrence
of extrusions in the groups C and D. However, it was noted that it may be a factor for overfillings when
AH PlusTM is used. A further thorough evaluation of the bioceramic sealers with the conduction of randomi-
sed controlled trials and systematic reviews is needed for their qualities to be comprehensively appraised.
Due to the standardisation of the acrylic blocks in this in vitro study and a few diverse factors in a
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Fig. 9.: Pairwise comparisons of the means. (source: author’s own work)

clinical environment, the results potentially may differ if compared to a relevant clinical scenario. A future
investigation of extrusions’ occurrences and their amounts in clinical environment would be beneficial for
more explicit results and categorical deductions.
Within the limitations of this study and based on the existing scientific data regarding extrusions of

endodontic materials, the avoidance of overfillings is recommended. The choice of obturation technique and
sealer should be carefully considered, dependent upon the RC anatomy and the proximity to main anatomical
features such as the inferior alveolar nerve, in order to achieve high-quality obturation with minimal chances
of complications.
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