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Evaluation of Extrusion and Apical Seal of Thermafil™ 
Obturation with and without MTA as an Apical Barrier in 
Comparison with Lateral Condensation Technique: An In Vitro 
Study
Ajay S Rao1, Rinku Mathur2, Nimisha C Shah3, Rajeshkrishna Malge4, Sharanpriya Sathnoorkar5, T Chandrasekhar6

Ab s t r Ac t 
Aim and objective: This study aimed to compare the apical sealing ability and periapical extrusion in the Thermafil™ obturation technique, 
with and without an apical barrier of MTA, with lateral condensation technique.
Materials and methods: Sixty freshly extracted human central incisors were instrumented with the crown down technique and divided into 
three experimental groups. Group I: lateral condensation technique obturation, group II: Thermafil obturation (DENTSPLY Tulsa), and group 
III: this group was obturated into two parts; first MTA (ProRoot) was placed in apical 3 mm and later the remaining canal was obturated with 
Thermafil™ obturation technique (DENTSPLY Tulsa). AH Plus sealer was used in all the groups. Specimens of all the groups were layered with nail 
paint excluding the apical 3 mm. Twenty-four hours later, all the teeth were suspended in Black India ink for 48 hours. Finally, all the teeth were 
decalcified, rendered transparent and linear dye leakage and periapical extrusion was measured using ×60 magnification of stereomicroscope 
with an in-built ruler.
Results: A Chi-square test done to evaluate periapical extrusion showed there was a significant difference found among all the groups (p < 0.05), 
whereas in case of linear apical dye leakage using a Student’s “t” test showed there was no significant difference among all the groups (p > 0.05).
Conclusion: Despite showing apical leakage, the thermo-plasticized gutta-percha obturation technique can be advantageous when used with 
MTA as an apical barrier since there is no scope for apical extrusion along with the benefit of three-dimensional obturation of the root canal 
system when compared with the lateral condensation technique.
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In t r o d u c t I o n 
The prime purpose of root canal therapy is complete debridement 
of the pulp and three dimensional sealing of the whole root canal 
system.1 Although numerous techniques have been introduced for 
obturation, cold lateral condensation is an established standard 
technique.2 In 1978, Ben Johnson introduced the Thermafil 
obturation technique using flexible metal carriers coated with 
α-phase gutta-percha (Tulsa Dental Products, Tulsa, OK). The 
benefit of this technique was the flow of the thermo-plasticized 
gutta-percha into lateral and accessory canals offering the three-
dimensional obturation of the root canal system.3 But it caused 
a considerably more apical extrusion in contrast with the lateral 
condensation technique.4

A range of techniques have been advised using different 
materials to produce a firm apical barrier so that the remaining 
canal can be obturated without the fear of periapical extrusion 
of gutta-percha and sealer or both reducing the microleakage to 
a certain extent at the same time, e.g.; (1) Tricalcium phosphate,5 
(2) Freeze-dried (lyophilized) cortical bone,6 (3) Dentin chip apical 
filling,7 but Holland et al.8 found that if the dentin chips are infected, 
they can hamper the repair, (4) Calcium hydroxide apical filling,9 but 
Pitts et al.10 found that calcium hydroxide resorbs away from the 
apex faster than do dentin chips.

MTA is bioactive material that does not irritate periapical tissues 
and it stimulates the regeneration of cementum-like tissue and the 
PDLs.11 Studies have proven that MTA induces apexogenesis by 

stimulating the mesenchymal stem cells from the apical papilla to 
encourage complete root formation in open apices.12,13

So if MTA can induce closure of the immature apex, creating 
an apical 3-mm apical barrier in mature apices could be another 
rational application of this material.
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AI m A n d ob j e c t I v e 
This in vitro study aims to create a tight apical barrier of MTA in 
apical 3 mm of root canal against which the rest of the canal will 
be obturated three-dimensionally with Thermafil obturation 
technique to prevent apical extrusion of sealer and gutta-percha, 
and microleakage (to a certain extent) and to compare this 
technique with the gold standard lateral condensation technique 
and conventional Thermafil obturation technique.

mAt e r I A l s A n d me t h o d s 
Method of Collection of the Sample
Sixty freshly extracted maxillary central incisors were selected; 
superficial debris was removed from roots with the ultrasonic unit 
and stored in 0.1% thymol solution until used for the study.

Preparation of the Sample
Preparation of Specimens
After access cavity preparation, the canal length was determined 
visually by passing a size # 15 K file into the canal until it was flush 
with the root surface at the apical foramen. Working length was 
established by subtracting 0.5 mm from this length.

Canal Instrumentation
Periapical radiographs from a proximal and buccolingual were 
acquired with different files in all the canals to verify the canal 
length. All canals were instrumented up to ProTaper rotary 
finishing file no. F-5 using the crown-down technique. A 3% sodium 
hypochlorite solution was used for copious irrigation of the canals 
between usages of each instrument throughout the procedure with 
a 27-gauze syringe. Prepared specimens were irrigated and dried 
with paper points and checked for patency.

The prepared samples were randomly divided into three groups 
of 20 samples each (N = 20).
Group I—Control group—To be obturated with the Standard Lateral 
condensation technique using the AH Plus sealer and gutta-percha 
cones.
Group I—To be obturated with the Conventional Thermafil™ 
Obturation technique with AH Plus sealer.
Group III—The root canals of this group was obturated in two parts:

At first, the MTA was placed in apical 3 mm and was allowed 
to set in moisture and after that, the remaining canal was to be 
obturated with the Thermafil obturation technique.

Group I: In this group, the canals were obturated by lateral 
condensation technique and confirmed with a radiograph (Fig. 1A).

Group II: The canals of the Thermafil group were obturated 
as per the manufacturer’s instructions. A Thermafil obturator 
was selected (coinciding with the size of the verifier). The AH Plus 
sealer was then applied to the canal with sterile paper points. The 
obturator was heated in the Thermaprep Oven (Dentsply, Maillefer) 
for 17 seconds and then placed in the canal. The shaft was cut off 
with a carbide bur in a high-speed handpiece. The obturation was 
confirmed with a radiograph (Fig. 1B).

Group III: The canals of this group were obturated in two parts-
Firstly, an apical plug of 3 mm of MTA (ProRoot) was placed 

in the canal. A hand plugger of no. 50 was inserted into the canal 
and checked radiographically for its position from the apex. 
MTA (ProRoot) was mixed as per the recommendations by the 
manufacturer and was carried into the canal with the help of an 
appropriate amalgam carrier and was plugged in the apical 3 mm 
with the help of no. 50 hand plugger (Fig. 1C).

After filling the apical 3 mm with MTA, the remaining canal was 
obturated with the Thermafil obturation technique after applying 
AH Plus sealer on the canal walls. The obturation was confirmed 
with a radiograph (Fig. 1D).

All the samples were stored in moisture for 48 hours. The 
samples were allowed to be dried and the root was painted with 
two layers of nail paint excluding the apical 3 mm. Samples were 
placed in Black India ink for 48 hours at room temperature after 
which they were thoroughly washed under tap water and dried. 
The nail varnish was carefully removed with the help of a Lecron 
carver. The samples then were kept in 5% nitric acid solution for 
demineralization of cementum and dentin of the root.

After verifying the absolute demineralization by the radiographs, 
the samples were placed in increasing percentage of ethyl alcohol, 2 
hours in each solution, for complete dehydration. First in 75%, then 
in 85%, and finally in 95% of ethyl alcohol. After dehydration, the 
samples were kept in methyl salicylate for clearing. Linear apical 
dye penetration was calculated using a Stereo zoom Microscope 
at ×60 magnification with an in-built gauging ruler.

re s u lts 
Statistical Analysis
The occurrence of extrusion of sealer and/or obturating material 
was evaluated by means of a Chi-square test and linear dye leakage 
with a Student’s t-test.

Figs 1A to D: (A) Group I: Obturated by lateral condensation technique 
with AH Plus sealer and confirmed with a radiograph; (B) Group II: 
Obturated by Thermafil obturation technique with AH Plus sealer and 
confirmed with a radiograph; (C) Group III: Placement of MTA in the apical 
third with the help of a Hand plugger confirmed with a radiograph; 
(D) Group III: Rest of the canal obturated with Thermafil obturation 
technique with AH Plus sealer and confirmed with a radiograph
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Extrusion
Extrusion Measurement Criteria
The apex was observed with a Stereo zoom microscope and the 
observations recorded using the following parameters:

0 Rating—No sealer and/or obturating material at the apical 
foramen.

1 Rating—Sealer and/or obturating material at the apical 
foramen.

2 Rating—Sealer and/or obturating material beyond the apical 
foramen.

The percentage of canals with extruded sealer and/or gutta-
percha in each technique is given in Table 1. There was a significant 
difference noticed between groups II and III.

Apical Leakage
Microleakage was observed and measured using a stereo zoom 
microscope with an in-built ruler in it. The mean leakage values and 
standard deviation (SD) values for all the techniques are shown in 
Table 2. A “Student’s t” test showed that there was no significant 
difference between groups I, II, and III (p > 0.05).

dI s c u s s I o n 
Analysis of the Results
Microleakage
Results of the microleakage study in this experiment showed similar 
results with no significant difference among all the groups I, II, and 
III (p > 0.05) (Figs 2A to F).

Previous studies on microleakage, comparing the lateral 
condensation and thermo-plasticized gutta-percha, are inconsistent 
or contradictory because some of these studies have shown cold 
lateral compaction superior,14 whereas few studies showed that 
warm gutta-percha obturation techniques demonstrate better 
sealing properties than that of lateral condensation technique.4,15,16

In an in vitro study, the sealing ability of the lateral condensation 
technique was specifically compared with the Thermafil obturation 
technique; yet, no significant difference was found between both 
the techniques.17 In the present study, also there was no significant 
difference found between groups I and II (p > 0.05).

Group III, where MTA was used as an apical plug, also displayed 
microleakage. The occurrence of microleakage with MTA in this 
study could be attributed to many factors such as:

• Intracanal delivery technique: Many investigations showed 
that a combination of hand and ultrasonic placement gave a 

Table 1: Incidence (%) of apical extrusion between conventional 
thermafil and thermafil plus MTA techniques

Rating

Lateral 
condensation 
(group I)

Conventional 
thermafil  
(group II)

Thermafil with 
MTA apical plug 
(group III)

0 30 05 0
1 40 20 0
2 30 75 0

Table 2: Mean leakage values of test groups

Group
Mean dye leakage (mm) ± 
standard deviation

Lateral condensation (group I) 1.94
Conventional thermafil (group II) 1.46
Thermafil with MTA plug (group III) 1.82

Figs 2A to F: (A) Periapical extrusion in group I; (B) Periapical extrusion in group II; (C) Microleakage in group I; (D) Microleakage in group II; (E and 
F) Microleakage in group III
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compact filling of MTA over a manual condensation technique.18 
In the present study, only hand condensation was used.

• The thickness of the apical MTA plug: One study using MTA as 
an apical plug in the thickness of 2, 3, and 5 mm showed that 5 
mm thick plugs allowed less leakage, whereas 2 and 3 mm plugs 
showed a similar amount of leakage.19 In the present study, a 
3-mm thick MTA plug was used.

• Absence of the sealer around the MTA plug: Because there 
was no any sealer applied in the apical 3 mm of the canal before 
plugging MTA, there was always a microscopic gap existing 
between the MTA and root canal wall, and this gap allowed the 
dye to flow inside through the apical foramen.

• The direction of placement of MTA (Orthograde/Retrograde): 
When used as an orthograde filling material (as a perforation 
repair material), a study suggested that ProRoot MTA displayed 
more microleakage than laterally condensed as well thermo-
plasticized gutta-percha.20

• Type of the dye: The literature shows that microleakage studies 
of MTA with Black India ink have often demonstrated the 
inferiority of MTA compared with other materials. When tested 
with Black India ink, the White MTA (ProRoot) showed poorer 
results than super EBA and Geristore.21

• The type of MTA (WMTA/GMTA): In a dye leakage study 
comparing White MTA (WMTA) and Gray MTA (GMTA) as an apical 
barrier, the latter showed significantly less leakage.19

It is well known that irrespective of the obturation technique 
employed, microleakage still remains an inevitable phenomenon 
and by far, none of the obturation techniques have been shown to 
stop the microleakage absolutely. The mean dye leakage in group 
III of this study was 1.82, but it can be overlooked if we simulate the 
same situation in the clinical scenario. Because the harmful effects 
due to microleakage can be counteracted by the antimicrobial 
properties of MTA.

Periapical Extrusion and Dye Leakage
In this study, MTA showed great promise in our experiment in the 
prevention of apical extrusion of gutta-percha and sealer (group 
III). The result showed that periapical extrusion was seen in both 
groups I and II except group III (Table 1). In group I, 30% of specimens 
showed periapical extrusion of gutta-percha and sealer beyond the 
apical foramen whereas, in group III, this finding was observed with 
a very high percentage of specimens, i.e., 75%.

This shows that periapical extrusion is more likely to occur in 
the Thermafil obturation than the lateral condensation (Figs 2A and 
B). To support this, the literature also suggests that several in vitro 
studies concluded the increased incidence of periapical extrusion 
related to thermo-plasticized gutta-percha obturation techniques.4

One meta-analysis study comparing the lateral condensation 
technique with thermo-plasticized gutta-percha techniques 
demonstrated that a greater incidence of overextension was seen 
in the warm gutta-percha group.22

Even if the periapical extrusion was seen in the Thermafil 
obturation group (group II) we cannot ignore the fact that this 
technique had the advantage of obturating the whole root canal 
system three-dimensionally (e.g., Fig. 1B shows obturation of lateral 
canal) and that makes this technique still very versatile and better 
than the other techniques. And if it is used with an apical barrier 
of material like MTA, it can give the most desirable results because 

microleakage, which is something that is unavoidable, will be 
counteracted by the superior properties of MTA.

co n c lu s I o n 
According to this study, it is advantageous to use MTA along 
with ThermaFil Obturation for a better sealing as well as three-
dimensional obturation of the root canal system.
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