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ABSTRACT

The aims of this study were to analyze whether age, tooth type
and sex are related to radiographically visible extrusion of
filling material as an unintended outcome in teeth undergoing
endodontic treatment with a thermoplastic obturation technique
(Calamus® or GuttaCore®) and to determine whether the
presence of such overfilling is associated to postoperative pain.
We selected 120 teeth with diagnoses involving vital pulp and
indication for endodontic treatment. Biomechanical preparation
was performed using the Protaper Next® system with X2 or X3
master apical file. Teeth were randomly divided into 2 groups
(n=60). Teeth in Group 1 were filled with the Guttacore® system
and teeth in Group 2 were filled with single cone technique
and Calamus® obturation system. Thermoplastic obturation
techniques were found to cause overfilling in 53.33% of the total

cases (64 teeth) (56.66% in Guttacore® group and 50% in the
Calamus® group). Anterior teeth were found to be associated to
presence of overfilling (p= 0.024) (OR = 4.35). Of the 120 teeth
treated, 10 (8.33%) presented postoperative pain and
radiographically visible overfilling. The association between
presence of extruded filling material and mild/moderate pain
was statistically significant with p = 0.002.

To conclude, endodontic thermoplastic obturation with
Guttacore® and Calamus® systems are significantly associated
with the probability of filling material extrusion, and
overfilling is associated to postoperative pain. Anterior teeth
are 4 times more likely to be overfilled with the obturation
techniques tested.

Key words: Gutta-percha; Pain; Root Canal Filling Materials.

Factores asociados con la presencia de sobreobturacion
apical posterior a una técnica de obturacion termoplastica
Calamus® o Guttacore®: experimento clinico aleatorizado

RESUMEN

Los objetivos de esta investigacion fueron: Analizar si factores
como la edad, el tipo de diente y el género estan asociados con la
extrusion de material obturador radiograficamente visible como
desenlace imprevisto en dientes sometidos a tratamiento
endodontico con una técnica de obturacion termoplastica
(Calamus® o GuttaCore®) y determinar si la presencia de esta
sobreobturacion esta asociada con dolor posoperatorio. Se
seleccionaron 120 dientes con diagnosticos que implicaban pulpa
vital y con indicacion de tratamiento de endodoncia. La
preparacion biomecdanica se lleve a cabo con el sistema
ProtaperNext® con lima apical principal X2 o X3. Los dientes se
dividieron aleatoriamente de la siguiente forma (n=60): El grupo
1 se obturé con el sistema Guttacore® y el grupo 2 se obturé con
una técnica de obturacion de cono unico y el sistema de
obturacion Calamus®. Se observo quelas técnicas de obturacion
termoplastica generaron sobreobturacion en 53.33% del total
(64 dientes), 56.66% se presentaron en el grupo de obturacion

con Guttacore® y 50% en el grupo de la técnica con el sistema
Calamus®. Se encontré que los dientes anteriores presentaron
asociacion con la presencia de sobreobturacion (p= 0.024)
(OR=4.35). De los 120 dientes tratados, 10 (8.33 %) presentaron
dolor posoperatorio y sobreobturacion radiograficamente
visible. La asociacion entre la presencia de extrusion de material
de obturacion y dolor leve-moderado fue estadisticamente
significativa con un valor p= 0.002.

Como conclusion las técnicas de obturacion termoplastica en
endodoncia Guttacore® y el sistema Calamus® estan asociadas
significativamente con la probabilidad de extrusion de material
obturador y dicha sobreobturacion esta asociada con dolor
posoperatorio, los dientes anteriores presentan 4 veces mas
riesgo de sobreobturacion con las técnicas de obturacion
utilizadas.

Palabras clave: Gutapercha; Dolor; Materiales para obturacion
del conducto radicular.
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INTRODUCTION

The aim of root canal obturation is to prevent
pathogenic microorganisms from invading and
recolonizing the root canal by after its preparation and
biomechanical cleaning by sealing it hermetically,
both apically and laterally, with biocompatible
materials’-2. Three-dimensional obturation techniques
helped by sealers are used to reduce the presence of
voids in the obturation and achieve appropriate fit and
adherence to root canal walls -3

The concept of 3-D root canal filling with warm
gutta-percha condensation technique was introduced
by Schilder in 1967°¢ and has developed over time
with the advent of devices facilitating it'-34. These
new techniques enable root canals to be filled with
thermoplasticized gutta-percha, which favors 3-D
filling’.

Among recently developed techniques for dispensing
thermoplasticized gutta-percha inside the root canal
with the aim of facilitating and optimizing vertical
condensation are Calamus® (Dentsply®, Maillefer®,
Switzerland), which works as an integrated system
with “Downpack” for the apical third creating an
apical plug and “Backfill” for the middle and
coronal thirds, providing 3-D filling throughout
the root canal®> % °, and theGuttacore® system,
(Dentsply® Tulsa Dental Specialties, Tulsa, OK,
USA), which uses a thermally stable cross-linked
gutta-percha core which enables the material to
preserve its properties during and after the
procedure, thereby achieving 3-D obturation!®-!2.
Overfilling has been defined as obturation which
reaches the radiographic apex and extrudes within
the periapical tissue'? and has been classified as a
procedural accident!*.

Extrusion of filling material has also been called
“apical puft”, and is radiographically visible as a
small quantity of sealer protruding through the
apical foramen, sometimes with remains of gutta-
percha!> 16,

With regard to the influence of factors such as tooth
type or age on presence of apical overfilling,
AlRahabi reports that upper molars are the teeth
most likely to have accidental apical overfilling,
showing that the type of tooth does influence
whether or not there is apical extrusion of filling
material. However that study considered lateral
condensation techniques, not modern thermoplas-
ticized gutta-percha techniques!’. With regard to
age, a higher number of endodontic failures has

been reported in patients aged 41 to 50 years,
although the cause of endodontic failure has not
been specified as overfilling!'®.

Tennert et al. report presence of apical extrusion of
filling material in 80% with Thermafil® and 42% with
warm vertical compaction technique*. However, to
date there is no study in the literature evaluating
presence of overfilling in vivo with the technological
development of the techniques used by Tennert et al.*,
including thermoplasticized gutta-percha obturation
systems such as Calamus® and Guttacore®.
Prognosis for endodontic treatments with overfilling
of material (sealer and/or gutta-percha) has been a
subject of controversy. Ricucci et al. report that the
type of extruded sealer does not affect treatment
prognosis and that overfilling has better prognosis if
the tooth does not have preoperative apical lesion'’.
Sadaf et al. report low association between
overfilling and postoperative pain (3.3%) and
between pain and sealer extrusion (26.7%)>.
Swartz et al.? report 63.41% success rate in overfilled
teeth, which is significantly lower than the 89.77%
observed for teeth with adequate obturation length.
Marquis et al.?! report 86% success rate for cases
without extruded sealer and 73% success rate with
extruded sealer. In a meta-analysis to determine
optimal obturation length, Schaeffer et al. report that
teeth without overfilling have significantly better
prognosis than overfilled teeth?.

Similarly, the extrusion of obturation material has
been reported as a factor that delays bone repair in
teeth with periapical pathology?. It has been
reported that apical extrusion of sealer can damage
the nerve structures in the periapical tissue, altering
the sensitivity of the nerves involved*?".

The Thermafil® system, which is the predecessor of
Guttacore®, has been reported to have higher risk
of extrusion of filling material compared to the cold
lateral condensation technique, and this extrusion
is associated with the occurrence of postoperative
pain 24 to 48 hours after the procedure?. This might
be explained by apical overfilling stimulating and
activating sensory neurons, which are related to the
manifestation of acute postoperative pain in the
treated tooth.

According to the above, postoperative pain may be
associated to overfilling in root canal treatment;
however, there is no report on how these symptoms
are related to extrusion of filling material as a result
of thermoplastic techniques such as Calamus® and
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Guttacore®. Neither are there any reports on the
association between overfilling with Calamus® and
Guttacore® techniques and factors such as age, tooth
type or sex.

The aims of this study were thus to analyze whether
age, tooth type and sex are associated with
radiographically visible extrusion of filling material
as an unintended outcome in teeth subjected to
endodontic treatment with thermoplastic obturation
(Calamus® or Guttacore®) and to determine whether
the presence of overfilling is associated to postope-
rative pain.

MATERIALS AND METHODS

This was a randomized clinical experiment. It was
approved by the Research and Ethics Committee of
Universidad el Bosque (Bogota, Colombia), during
an Institutional Ethics Committee session on
December 4, 2014.

The study considered patients who visited the post-
graduate endodontics clinic at Universidad El
Bosque (Bogota Colombia) with indication for root
canal treatment between March 1, 2015 and January
30, 2016. (Fig.1)

Patients were informed and invited to participate
in the research project. They participated after
completing the regulatory clinical history used at
Universidad El Bosque (Bogota, Colombia) and
completing the informed consent for the clinical study.
Sample size was calculated probabilistically using
the asymptotic normal method with

type I error 0.05 and type II error

open apex or which during biomechanical prepara-
tion presented a master apical file larger than X2 or
X3 (Protaper Next®).

Biomechanical preparation protocol for teeth using
the Protaper Next® system included the following
steps: local anesthetic block with 2% lidocaine and
1:80,000 epinephrine; opening and shaping the
access cavity with high-speed handpiece, round
diamond bur and endo-Z bur; locating root canal
entrance with endodontic probe. The operating field
was completely isolated with rubber sheet. Root
canal apical patency was verified with a size 10 file,
working length was determined with a Root ZX I1®
apex locator (J. Morita®) and confirmed with a
conductometry radiograph.

Biomechanical preparation was performed with the
Protaper Next® system, and for the selected teeth it
was confirmed that they presented master apical file
X2 (025.06) or X3 (030.07) by continuing with
pecking motion until working length was reached,
irrigating constantly with 5.25% sodium hypochlorite.
Lastly, the final irrigation protocol was performed,
which consisted of drying the canal with sterile paper
points, irrigating with 17% EDTA for one minute,
drying the canal again with sterile paper points and
irrigating with 5.25% sodium hypochlorite, and
drying the canal once again with sterile paper points.
The manufacturer’s instructions were followed for
root canal obturation: working length was confirmed,
the canal was coated with 1:1 Top Seal® cement®

0.20. Sample size was determined as

60 teeth per group, including a 20%

ELIGIBILITY FOR EVALUATION (n= 360). Teeth with diagnosis including vital

pulp.

dropout rate.

The study analyzed 120 teeth in
patients aged 18 to 60 years of both
sexes who had been referred to the
post-graduate endodontics clinic at

ENROLMENT

Excluded (n= 240)

Does not meet inclusion criteria (n= 190)
Refused to participate (n= 20)

Other reasons (n=30)

RANDOMIZED (n= 120) |

Universidad El Bosque (Bogota,
Colombia).
Inclusion criteria were teeth with vital

!

pulp with indication for endodontic
treatment, with formed apex, and for

ASSIGNMENT

Obturation with Calamus® (n= 60)
Assigned treatment received (n= 60)

Obturation with Guttacore® (n= 60)
Assigned treatment received (n= 60)

which during biomechanical prepara-
tion, maximum master apical file
diameter was X2 or X3 (Protaper

ANALYSIS

Radiographic evaluation and
presence of pain (n=60 )

!

Radiographic evaluation and
presence of pain (n=60 )

Next®).
Exclusion criteria were teeth diagnosed

with apical periodontitis, teeth with

Fig. I: Distribution and randomization of the groups.
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with a Protaper Next® system (Denstply®) X2 or X3
paper point to working length?°.

Group 1 was filled with the Guttacore® system
(Dentsply®) and Group 2 was filled with a hybrid
obturation technique using Protaper Next® single cone
(Dentsply®) and obturation technique with Calamus®
thermoplasticized gutta-percha (Dentsply®), following
the manufacturer’s instructions. Lastly, a final
radiograph was taken.

In order to standardize the digital periapical radio-
graphs (initial, conductometry, conometry and final
radiograph) a mold was made with heavy silicone
on which to position the sensor and hold it in fixed
position, allowing reproducibility in the angle of
the radiographs.

Presence of overfilling or extrusion of filling mate-
rial was evaluated in the final radiograph by an
endodontics specialist (JN) with 16 years’ expe-
rience, who was blinded to the filling procedure
performed on each patient.

All patients had a follow-up visit 24 hours after the
endodontic procedure, in order to establish whether
there was postoperative pain. If there was, it was
managed with occlusal adjustment and analgesic®'.
Intensity and presence of pain were measured on a
visual analog scale (VAS) with values ranging from
1 mm to 170 mm, classified as follows: 0 mm to 54
mm mild pain, 54 mm to 114 mm moderate pain
and 114 mm to 170 mm severe pain’2.

In order to ensure that the process would be
unpredictable, subjects were assigned randomly to
the study groups by means of numbers generated
using the STATA® software RALLOC command
and sealed in opaque, sequentially numbered
envelopes. Following diagnosis and signature of
informed consent, envelopes were opened and the

procedure performed at the post-graduate Endo-
dontics Clinic at Universidad del Bosque (Bogota,
Colombia) by post-graduate residents under teacher
supervision. Under no circumstances was patient
assignment to one of the experimental groups
known prior to endodontic treatment. The endo-
dontist who read and evaluated the radiographs was
blinded.

Statistical analysis

Pearson’s chi-square test was used for differences
between proportions. Subsequently, bivariate tests
were performed to determine relationships between
dependent variables (presence of overfilling) and
independent variables (age, sex, tooth type and
filling system). The quantitative-qualitative nature
of the study variables was taken into account.
Multivariate analysis was adjusted according to socio
demographic variables, confounding variables and
possible interaction, in order to model the effect of
different risk factors on presence of overfilling and
determine whether potential differences between
experimental groups are maintained after controlling
the various factors associated to the presence of the
study event. As the outcomes were dichotomic
(presence or absence of overfilling or extrusion of
filling material), a logistic regression analysis was
performed.

A p-value < 0.05 was determined in all cases. All
statistical analyses were performed on STATA®.
The information obtained was entered directly into
an EXCEL® electronic database. Names were kept
separate from the rest of the information, which was
stored under unique identifying numbers. STATA®
files were created to analyze all the information in
the registers and individual results.

Table 1: Baseline characteristics of patients and teeth in the study. There is no significant difference in
distribution of patients and teeth between groups.

Calamus® Guttacore® Total P value =
(n=60) (n=60) (n=120)

Age (years) 51.43+11.72 50.7+10.27 51.06+10.98 0.258
Sex 0.073
Female 38 (63.33%) 48 (80%) 86 (71.67)

Male 22 (36.66%) 12 (20%) 34 (28.33)

Tooth type 0.086
Anterior 18 (30%) 8 (13.33%) 26 (21.67%)

Premolars 17 (28.33%) 21 (35%) 38 (31.67%)

Molars 25 (41.67%) 31 (51.67%) 56 (46.67%)
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RESULTS

Table 1 shows the baseline characteristics of the
study subjects and their distribution into two
experimental groups. Pearson’s chi-square test
found no significant difference between groups, i.e.
the distribution of age (p = 0.258), sex (p = 0.073)
and tooth type (p = 0.086) are similar in both
experimental groups, and therefore did not affect
the results of the study.

Tables 2 and 3 show presence of extruded filling
material with the Calamus® and Guttacore®
techniques. Both techniques produced extruded
sealer. Extruded sealer was present in 53.33% (64
teeth) overall. There was extrusion in 56.66%
of teeth treated with Guttacore® and 50% of
teeth treated with Calamus®, with no significant

Table 2: Presence of apical extrusion with Calamus®
and Guttacore®.

Extrusion of filling Frequency Percentage
material

Yes 64 53.33%
No 56 46.67%
Total 120 100%

Table 3: Apical puff with Calamus® and Guttacore®.
There is no significant difference between
obturation techniques (P = 0.58).

Presence of apical puff

Technique Yes No Total

N % N % n %
CALAMUS® 30 50% 30 50% 60 100%
GUTTACORE® 34 56.66% 26 43.33% 60 100%
TOTAL 64 53.33% 56 46.66% 120 100%

Table 4: Mild/moderate postoperative pain. There is
no significant difference in presence of pain
between obturation techniques (P = 0.509).

Postoperative pain

Technique Yes No Total

N % N % n %
CALAMUS® 6 10% 54 90% 60 100%
GUTTACORE® 4 6.67% 56 93.3% 60 100%
TOTAL 10 833% 110 91.6% 120 100%

difference between groups (p = 0.583), although
frequency was higher for Guttacore® (Table 3).

Out of the total patients treated with either of the
two thermoplasticized gutta-percha techniques
(Calamus® or Guttacore®), 8.33% (10 teeth)
presented mild/moderate postoperative pain, while
91.6% presented no pain. No statistically significant
difference in postoperative pain was found between
filling techniques (p = 0.509), although it was
higher for Calamus® (Table 4).

Since all teeth presenting pain also presented
extruded filling material, when Pearson’s chi-
square test (Fisher’s exact test) was applied, it found
significant association between presence of
extruded filling material and mild/moderate pain
(p = 0.002) (Table 5).

For this study, teeth were classified as anterior,
premolars and molars!”- 3. Significant association
was found between presence of extruded filling
material and anterior teeth (p = 0.024). There was
higher incidence of overfilling (76.92%) in anterior
teeth than in premolars (47.37%) or molars
(46.43%) (Table 6).

Logistic regression analysis on the factors
associated to presence of extruded filling material
shows anterior teeth as a variable with statistically

Table 5: Significant association (Pr = 0.002) between
presence of extruded filling material and
mild/moderate postoperative pain.

Apical puff
Pain No Yes Total
No 56 (50.91%) 54 (49.09%) 110 (100%)
Yes 0 (0.0%) 10(100%) 10(100%)
Total 56(46.67%)  64(53.33%)  120(100%)

Table 6: Presence of apical puff according to tooth
type.There is significant association between
anterior teeth and extruded filling material

(P = 0.024).
Apical puff
Tooth No Yes
Anterior 6 (23%) 20 (76.92%) 26 (100%)
Premolars 20(52.63%) 18(47.37%) 38(100%)
Molars 30(53.57%) 26(46.43%) 56(100%)
Total 56(46.67%) 64(53.33%)  120(100%)
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significant association in the raw model (OR 3.70;
P=0.01). In the model adjusted with the variables
sex, age and filling system, the same factor (anterior
teeth) was the only one with statistically significant
association (p = 0.01) with OR 4.35, which means
that the risk of extruded filling material from a root
canal in an anterior tooth is 4 times higher than in a
premolar or molar.

DISCUSSION

This randomized clinical experiment was conducted
to evaluate what factors could influence the pre-
sence of accidental apical overfilling or extrusion
of sealer. Following randomization, a statistical
verification confirmed that factors were distributed
between groups in similar proportions, enabling
dismissal of the possibility of results being affected
by any imbalance. This is important to note because
apical foramen diameter varies according to age*
and differs between anterior and posterior teeth™,
so confirmation of similar distribution between
groups provides reliability to the results.

Overall, with the Calamus® and Guttacore® obtu-
ration techniques used in this study there was
extrusion of filling material in 53.33%. This value
differs from Tennert et al., who report 80%
extrusion of material with Thermafil® and 42%
with a vertical condensation filling technique®. In
addition, the present study found no significant
difference in extrusion of filling material between
the two techniques. The difference between Tennert
et al. and the current study may be due to study
methodological design. Tennert et al. conducted a
retrospective study with little control over inclusion
criteria, whereas the current study was prospective,
with randomized distribution into groups, and
controlled both the procedures performed and the
inclusion criteria.

De Chevigny et al.3¢ found 53% extrusion of filling
material in a sample grouping the Toronto study
phases 1 to 4, which is in agreement with the
53.33% reported in the current study. However, De
Chevigny et al. 3¢ used lateral condensation and
vertical condensation filling techniques, so clearly,
filling material extrusion or overfilling may occur
regardless of the filling technique and without the
possibility of being predicted with total certainty',
although the outcome is generally functional!® 2136,
so that it may be considered an accident with good
prognosis.

Said good prognosis may be owed to the periapical
tissue’s tolerance to the cytotoxicity of the filling
material (gutta-percha and sealer)*’”- 3%, although if
filling material extrudes and affects neighboring
anatomical structures, it may lead to consequences
which could cause patient discomfort!® 2+27-3% Here,
it is important to stress that it is not possible to predict
how much filling material (sealer or gutta-percha)
will extrude or how far it will reach'# 3%, in addition
to which extruded material can only be detected
radiographically after the obturation has been
completed. It is therefore important to endeavor to
keep the obturation material within the root canal,
limiting extrusion to what it really is: an accident
with good prognosis, not an aim of the obturation.
Wong et al.*’ conducted a meta-analysis observing
overfilling and postoperative pain in teeth with root
canals filled with Thermafil® system, finding
postoperative pain in 24%, higher than the 8.33%
found in the current study. Wong et al.*’ claim that
postoperative pain was due to the extrusion of
filling material®®. This explanation may also apply
in the current study, which found that all teeth
presenting postoperative pain also had extruded
filling material.

AlRahabi!” report average overfilling of 44.15% in
molars (62.5% in upper molars and 25.8% in lower
molars), similar to the overall 46.43% found for
molars in the current study. However, for anterior
teeth, AlRahabi, report 16.25% (20% for upper
incisors and 12.5% for lower incisors), which is
much lower than the 76.92% found in the current
study. Differences in treatment protocols may
explain this inconsistency between results. These
differences include that the current study determined
working length with an apex locator (Root ZX 11® J
Morita®.) and confirmed it radiographically, while
AlRahabi!” only took a conductometry radiograph,
and that in AIRahabi the root canal treatments were
performed by undergraduate fourth or fifth year
students, while in the current study they were
performed by postgraduate students of endodontics.
The statistically significant association found between
extrusion of filling material and anterior teeth may be
explained by two reasons: (a) as has been reported
previously, it is easier to fill anterior than posterior
teeth,' 7 and (b) the difference in the diameter of the
apical foramen between anterior and posterior teeth®.
Statistically significant association between extru-
sion of filling material and anterior teeth has not
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been reported previously in the literature, so
anterior teeth should be taken into account as a risk
factor for extruded filling material. Special care
should thus be taken to maintain a stable apical limit
during biomechanical preparation of anterior teeth
to prevent extrusion of filling material.

Within the limitations of this study, it may be
concluded that the endodontic thermoplastic filling
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