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Abstract

Aim: To compare the effectiveness of different obturation techniques in surpassing the ledge
formed in simulated curved root canals. Methods: Eighty acrylic-resin blocks with curved canals
were instrumented with Gates-Glidden drills to simulate a ledge formation. Then, a K-File #10 was
used for trying to surpass the deviation, and the blocks that permitted surpassing were rejected.
The remaining blocks were divided into 4 groups according to the obturation technique: lateral
condensation, Tagger’s Hybrid technique, Thermafil and System B. The blocks had their images
digitalized using a scanner before and after the obturation procedures. The images were analyzed
with Image Tool 3.0 software. Statistical analysis was performed by one-way ANOVA at a significant
level of 5%. Results: The System B resulted in the highest obturated area (p<0.001). There
were no significant differences between the Tagger’s Hybrid technique and Thermafil system
regarding the effectiveness in surpassing ledge (p>0.05). The lateral condensation resulted in the
worst ability in filling the ledge space (p<0.001). Conclusions: Within the limitations of this study,
it was possible to conclude that techniques using heat condensation or gutta-percha
thermoplastification were more effective in surpassing the ledge formed in curved canals than the
lateral condensation.
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Introduction

The major objective during an endodontic therapy is the cleaning, shaping
and also filling the root canal properly1. However, the root canal system has a
very complex anatomy that could difficult all steps of the treatment2.

During the root canal instrumentation, especially in curved canals, the
maintenance of the original trajectory without causing deformations is a challenge3.
Among the possible complications, an error characterized by a deviation that not
reaches the periodontal ligament, is termed ledge formation or ledging. It is possible
to detect when the file no longer achieves de curvature and brakes on a “dead-
lock”1,4-6.

Actually, there is a wide range of iatrogenic errors associated with ledge
formation, but the inappropriate application of the technique prevails4. Of these,
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there are two major causes for the creation of ledged canals:
inadequate extension of the access opening to allow straight
access to the apical part of the root canal5, and using a non-
curved stainless steel instrument that is too large for a curved
canal7. In addition to the presence of root canal curvature,
other contributory factors involved in ledge formation include
tooth type, canal location, working length (WL), master
apical file size, and clinician’s level of experience in
Endodontics6.

Once a root canal is ledged, the endodontic treatment
becomes difficult to complete. Considering that the WL was
not reached, the formation of a deviation implies an
incomplete shaping and disinfection of root canal and,
consequently, the obturation will also be compromised, which
might lead to treatment failure4,8-10.

There are several techniques available to assist the
negotiation and bypassing of a ledged canal, usually
involving prebending the tip of files and/or using ultrasonic
tips4,6. Thus, an alternative procedure in cases that the ledge
was not surpassed and the WL was not recovered is the apical
extrusion of the filling material with thermoplasticized
techniques11.

Considering the high incidence of ledge formation in
endodontic clinical practice5,12-14, and the limited information
about apical extrusion of filling material as an alternative
treatment in these cases, this study aimed to compare the
effectiveness of different obturation techniques in surpassing
the ledge formed in simulated curved root canals.

Material and methods

Preparation of simulated canals with ledge
A single operator performed all technical procedures

for standardization purposes. Eighty transparent acrylic-resin
blocks simulating root canals (P-Oclusal, São Paulo, Brazil)
with 20º curvature degree, 17 mm length and diameter and
taper equivalent to a Flexofile #15 (Dentsply Maillefer,
Ballaigues, Switzerland) were used.

The ledge in the simulated canals was prepared with
Gates-Glidden drills (Dentsply Maillefer) as follows: number
1 and 2 at 15 mm, and number 3 at 13 mm (Figure 1A). The
procedures were performed under irrigation with 1% NaOCl.
Then, a K-File #10 (Dentsply Maillefer) was used for trying
to surpass the deviation by slightly prebending the file, with
a slight rotation motion combined with a picking motion to
help advance the instrument4. The blocks that allowed this
passage were rejected (Figure 1B). The remaining blocks
(n=64) were dried with paper points #60 (Tanariman
Indústria Ltda., Manacapuru, AM, Brazil) and covered with
adhesive tape during the new trial to surpass the accident
produced. This procedure was done to avoid seeing the file
manipulation. Then, the blocks were divided into 4 groups
containing 16 blocks each, according to the obturation
technique: lateral condensation, Tagger’s Hybrid technique,
Thermafil (Tulsa Dental, Tulsa, OK, USA) and System B
(SybronEndo, West Collins, CA, USA). AH-Plus sealer
(Dentsply Maillefer) was used in all groups for obturation.

Fig. 1. (A) Simulated root canal with ledge in an acrylic-resin block. (B) K-File #10
surpassing the ledge formed in the canal.

The sealer was prepared according with the manufacturer’s
instructions.

Lateral condensation
In this technique, a well-fitting master gutta-percha cone

#60 (Dentsply Maillefer) coated with sealer was taken up to
the WL of 15 mm. The master cone was left seated and the
lateral condensation was performed using a finger spreader
B (Dentsply Maillefer). This spreader was inserted with the
sealer towards the canal walls and then counter-clock wisely
removed to create room for the insertion of the accessory
gutta-percha cones (Dentsply Maillefer) medium-fine(MF)
(Dentsply Maillefer). This procedure was repeated until the
insertion of new accessory cones was not possible. After the
obturation completion, the excess of filling material was
removed and cold vertical condensation was performed
(Figure 2A).

Tagger’s Hybrid technique
In this technique, the master cone was seated as described

above. An initial lateral condensation was performed with
the finger spreader B, and one accessory gutta-percha cone
was inserted. Next, a McSpadden compactor #70 (Dentsply
Maillefer) was coupled to a low-speed contra-angle
handpiece and introduced passively into the root canal. The
penetration of the compactor inside root canal was obtained

Effectiveness of different obturation techniques in surpassing the ledge formed in simulated curved canals
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Fig. 2. Acrylic-resin blocks obturated with (A) Lateral condensation, (B) Tagger’s
Hybrid technique, (C) Thermafil and (D) System B.

with the aid of a rubber marker 1 mm short of the WL. With
the McSpadden compactor inside the root canal, next to the
gutta-percha cones, it was driven by forward-backward
movements until reaching WL, and then left at that point for
about 1 s. The compactor was removed from the root canal
with the motor still operating maintaining gentle pressure
on one side of the canal wall. Next, vertical condensation of
the plasticized gutta-percha was performed with heat Paiva’s
condensers to obtain a better adaptation of the filling material
(Figure 2B).

Thermafil
Initially, the appropriated size of gutta-percha plastic

obturator was selected considering the diameter in the acrylic-
resin blocks. The size selected was #45. Then, the prepared
sealer was coated all over the root canal walls with the aid
of a paper point #60. The plastic obturator was heated in the
Thermaprep Plus Oven (Tulsa Dental, Tulsa, Oklahoma, USA)
and inserted into the canal at the WL of 15 mm. The time
required for obturation was selected according to the obturator
size. Then, the external portion of the plastic obturator was
removed with a round bur at high speed (Figure 2C).

System B
In this technique, the plugger F was selected

(SybronEndo, West Collins, California, USA). A gutta-percha
cone #60 (Dentsply Maillefer) was coated in sealer and then
inserted into the canal. The plugger F was heated to
approximately 200ºC and introduced up to the site of
deviation, being maintained there for approximately 10 s.
Next, the equipment was turned off and the plugger was
kept in position with apical pressure. The equipment was

turned on for just 1 s to remove the plugger.
The backfilling was done placing a fine-medium

accessory gutta-percha cone (Dentsply Maillefer) coated with
sealer into the empty backfill space. The System-B Heat
Source, with the same plugger used before, was heated to
100°C and activated during about 0.5 s. The plugger was
firmly pushed and then held for 5 s with apical pressure
maintained. The System-B plugger was rotated to break it
loose. Next, with light back pressure, the plugger was rotated
again to separate it from the condensed backfill cone. A
second backfill cone was placed with sealer into the remaining
backfill space left by the System-B plugger. So, the
temperature was back up to 200°C and seared the cone off at
the orifice level. Finally, the material in excess was also
removed and condensed (Figure 2D).

Digitalization and analysis of the images
The acrylic-resin blocks had their images digitalized using

a scanner (Genius HR7X, China) before and after the obturation
procedure. The images analysis was performed using the Image
Tool 3.0 software (UTHSCSA, San Antonio, TX, USA). The
area observed before the obturation was measured in mm2 and
denominated as initial area (IA). After performing the
obturation technique the blocks were digitalized again and a
new measurement was done. In this case, the material that was
able to surpass the deviation was denominated as the final
area (FA). The obturated area (OA) was calculated using the
following equation: OA = IA – FA (Figure 3).

Data analysis
The data were analyzed using the SAS/LAB package

(SAS Software, version 9.0; SAS Institute Inc., Cary, NC,
USA) with the significant level set at 5%. Differences between
the obturation techniques were evaluated by one-way ANOVA.

Fig. 3. Illustration of the initial area (IA) and final area (FA).

Effectiveness of different obturation techniques in surpassing the ledge formed in simulated curved canals
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Results

The mean of the obturated areas obtained by the different
techniques is shown in Figure 4. According to the results,
the obturation using System B resulted in the highest
obturated area (p<0.001). There were no significant
differences between the Tagger’s Hybrid and Thermafil
techniques regarding the efficacy in surpassing ledge
(p>0.05). The lateral condensation resulted in the worst
ability in filling the ledge space (p<0.001). It was not
possible to identify the difference between gutta-percha and
sealer when extrusion of the filling material occurred through
the original trajectory.

Fig. 4. Obturated areas according to the obturation techniques evaluated in the
study. Different letters indicate statistically significant differences among the
techniques.

Discussion

The maintenance of the original trajectory during the
instrumentation of curved root canals remains as a challenge
in endodontic clinical practice 3,6. Actually, during
instrumentation, accidents such as the ledge formation, have
been described in the literature5,12, especially when the
curvature of the root canal is accentuated13.

Prevention of these iatrogenic procedures is improved
by training and experience, mainly with the application of
techniques of cervical preflaring6,15-16. However, in case of its
occurrence, handling must be done with an initial negotiation
and bypassing the ledge and a combination of file’s
movements. If such movements fail, an area will not be reached
and disinfected, representing a potential cause of poor
prognosis4. Thus, the present study aimed to compare the
effectiveness of different obturation techniques in surpassing
ledge formed in simulated curved root canals, as an alternative
to minimize unfavorable endodontic treatment outcomes.

Despite the limitation of in vitro studies, acrylic-resin
blocks have been widely used in studies involving canal
shaping and filling17-19, being confirmed as a reproducible

model20. In the present study, acrylic-resin blocks were used
and having a single operator ensured standardization of all
procedures. Also, a pilot-study confirmed that a deviation
located at 15 mm was the length that permitted less surpassing
the ledge.

Several techniques have been developed to achieve an
adequate three-dimensional obturation of the instrumented
root canal1 and the gutta-percha-filled area tends to decrease
at the apical level21. The most common technique is the lateral
condensation of gutta-percha in combination with a sealer22-

24. However, in the present study, the lateral condensation
showed the worst ability in surpassing the ledge formed in
simulated curved canals. It is possible that the cold
condensation of gutta-percha difficult the penetration of the
filling material, especially nearby apical region25-26. Also, as
the finger spreader penetrates until de ledge, it was not
possible to introduce accessory cones in the ledge space23.

In addition to the classical cold lateral condensation,
techniques have been introduced utilizing heat condensation
of gutta-percha or thermoplasticized material in the canal.
According to our results, the Tagger’s hybrid technique, a
heat condensation technique, and the Thermafil, a
thermoplasticized one, resulted is similar obturated area. The
Tagger’s hybrid technique is known to be a technique able
to produce a great overextension of filling material in curved
and straight canals27. However, it seems that this technique
is limited in surpassing ledges.

Actually, techniques in which thermoplastification is
used, have a superior potential to extrude the material beyond
the accident24,27-28. Also, a systematic review and meta-analysis
confirmed that the root canal obturation by warm gutta-percha
demonstrated a higher rate of overextension29. However, in
our study, the Thermafil was less effective than the System
B. The Thermafil system involves a heated alpha-phase gutta-
percha using a plastic carrier30. This system is claimed to be
fast, easier and applicable in curved and narrow canals, the
same characteristics proposed by the continuous wave of
obturation technique, the System B31. Despite the advantages,
under the tested conditions, it is possible that the plastic
carrier used in Thermafil stopped at the level of the deviation,
which did not allowed great material extrusion.

On the other hand, System B resulted in the highest
obturated area, which could be explained by the depth
capability of plugger penetration32. Furthermore, our results
corroborate with those of previous investigations, indicating
a direct correlation with the apical extrusion of the filling
material33-34. Thus, this technique should be considered as a
useful alternative in cases in which the return to the canal
trajectory is not possible.

Overall, the heat condensation and thermoplasticized
obturation were superior to the lateral condensation in
surpassing the ledge formed in simulated curved canals. In
these cases, the thermoplasticized obturation technique
should be indicated for it higher ability of gutta-percha apical
penetration. However, it is important to highlight that the
Tagger’s hybrid technique has advantages such as being fast
and not requiring expensive devices, which could encourages
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its use by general dentists and endodontic specialists.
Within the limitations of this study, it was possible to

conclude that techniques using thermoplasticized gutta-percha
were more effective in surpassing ledge formed in curved
canals than the lateral condensation.
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