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Quality of three techniques for root canal filling: an in 
vitro cross-sectional analysis in mandibular molars

ABSTRACT

Introduction: Reciprocating system can prepare the 
root canal using only one instrument. However, to en-
sure successful endodontic treatment, it must result in 
high-quality root canal filling. In this regard, several 
techniques can be used, and it is important that their effi-
ciency is determined. This study analyzed three different 
techniques in terms of their ability to fill root canal. Ma-
terial and Methods: The study involved 30 extracted 
human mandibular molars. Mesial canals of these teeth 
were instrumented using WaveOne system and then di-
vided into three groups according to the technique used 
for root canal filling. The single-cone technique, Tag-
ger’s hybrid technique, and an experimental technique 
(single-cone plus gutta-percha condenser) were used 

for Groups I, II, and II, respectively. Filled teeth were 
sectioned transversely into 0.3-mm sections 2, 4, and 6 
mm from the root canal apex. The sections were then 
digitized and analyzed. Data were statistically compared 
using Kruskal-Wallis and Dunn tests, with p-values < 
0.05 indicating significance. Results: There was no sig-
nificant difference among experimental groups in terms 
of the amount of gutta-percha or sealer used. However, 
in Groups II and III, there were fewer voids in root ca-
nal filling than in Group I (p < 0.05).  Conclusion: The 
techniques for root canal filling presented in the current 
study yielded a low number of empty spaces, and ther-
moplastification techniques result infewer voids.

Keywords: Root Canal Filling. Root Canal Filling Ma-
terial. Root Canal Preparation. 
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Introduction
Cleaning, shaping, and complete sealing of  the 

root canal system are essential to root canal treat-
ment success.1,2 Recently, several advances have 
been made in techniques used for root canal prepa-
ration and filling, leading to an improved endodontic 
treatment.1-7

Among these techniques, the reciprocating sys-
tem is particularly promising, once the anatomy of  
the original root canal is maintained, aside from 
cleaning and shaping the root canal efficiently. It 
also minimizes work time, leading to stress and fa-
tigue reduction for both clinician and patient.3,4,8

The single-cone technique for root canal filling 
was introduced simultaneously with the reciprocat-
ing instrumentation system. This technique uses a 
single-cone of  gutta-percha and a sealer. The cone 
has a similar form to the reciprocating instrument 
used for root canal preparation.5,6,9 Thus, after bio-
mechanical preparation, the clinician selects the 
appropriate cone and introduces it into the work-
ing length (WL) portion, along with the sealer of  
choice.9 This is an easy and fast technique, and its 
efficiency for root canal filling should be considered, 
especially in ovoid or flattened root canals and also 
when there are ramifications and isthmi.6,8,9

In addition, adequate filling procedures, such as 
thermoplastification techniques,  must be used to en-
sure effective sealing between the filling material and 
the root canal wall,1 which is indicated by good ad-
aptation and absence of  empty spaces or voids.1,6-10

Thermoplastification techniques employ specific 
instruments for gutta-percha heating and allow bet-
ter adaptation of  root canal filling.1,7 For instance, 
Tagger’s hybrid technique uses a gutta-percha con-
denser to heat gutta-percha. The gutta-condenser 
should have a diameter twice the size of  the main 
gutta-percha point, and should be 4 mm shorter 
than the WL or the straight portions in a curved root 
canal. These techniques enable adaptation of  the 
main gutta-percha point at the apical region, rami-
fications, isthmi, and other areas, favoring complete 
root canal filling both in straight and curved root ca-
nals.11,12

Considering the ease and agility of  root canal fill-
ing when using the single-cone technique and the 
importance of  correct filling without voids or empty 

spaces between gutta-percha cone, sealer, and the 
wall of  the root canal, in this study, we proposed 
a technique that combines single gutta-percha cone 
with thermoplastification. However, to allow routine 
clinical use, it is necessary to determine which tech-
nique provides better root canal filling to achieve 
outcomes.

Therefore, this study used a cross--sectional 
analysis to evaluate, in vitro, three different filling 
techniques for performing root canal fillings.

Material and methods
the present study was conducted on 30 extracted 

human mandibular molars in which instrumentation 
was performed on mesial root canals (flattened with 
presence of  isthmi). The teeth were obtained from 
the Tooth Bank of  Universidade do Oeste Paulista af-
ter approval by the institutional review board (proto-
col #2037). Soft tissues and calculus adhered to root 
surfaces were removed using periodontal curettes. 
Teeth were then stored in saline solution (Darrow 
Laboratórios S.A, Rio de Janeiro, RJ, Brazil).

 
Preparation of specimens

The present study followed the methods sug-
gested by Marciano et al,13 in 2011. Coronal opening 
was performed using diamond burs with a diameter 
compatible with that of  the pulp chamber (FKG So-
rensen, Cotia, SP, Brazil).

Root canal length was measured by introducing 
a #10 K-file with a rubber stop  (Dentsply Maillefer, 
Ballaigues, Switzerland). When the file tip crossed 
the apical foramen, the rubber stop was placed 
at the coronal edge, and the length was recorded. 
Working length (WL) was determined by subtracting 
1 mm from total root canal length.

Root canals were prepared using the primary in-
strument (25/.08) of  the WaveOne system (Dentsp-
ly Maillefer, Ballaigues, Switzerland). A reduction 
handpiece was used with the specific selection of  
the reciprocating system (X-Smart Plus; Dentsply 
Maillefer, Ballaigues, Switzerland). The instrumenta-
tion technique followed the standards established by 
the manufacturer, and a single instrument was used 
to perform biomechanical preparation. Specimens 
that exceeded the diameter of   # 25 K-file after root 
canal preparation were excluded and replaced.
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At every change of  instrument, root canals were 
irrigated using 2 ml of  2.5% sodium hypochlorite so-
lution (Fórmula & Ação, São Paulo, SP, Brazil). After 
instrumentation was complete, root canals were filled 
with 2 ml of  2.5% sodium hypochlorite solution. This 
solution was activated for one minute, using passive 
ultrasonic irrigation (PUI) with irrisonic tip (Helse, 
Santa Rosa de Viterbo, SP, Brazil) placed 1 mm short 
the WL. This procedure was repeated three times, as 
described in a 2007 study by van der Sluis et al.14

Thereafter, root canals were irrigated using 2 ml of  
17% EDTA solution (Biodinâmica, Lobato, PR, Brazil) 
for three minutes, washed using 2 ml of  distilled wa-
ter, and then dried with #25 absorbent paper points 
(Dentsply Maillefer, Ballaigues, Switzerland).

After biomechanical preparation was complete, 
the teeth were randomly divided into three groups 
of  10 specimens, according to the technique used 
for root canal filling. To this end, a random allocation 
open-source software program (http://www.openepi.
com/Menu/OpenEpiMenu.htm) was used. Group 
I comprised root canals filled using the single-cone 
technique; the primary gutta-percha point (25/.08) of  
the WaveOne system was selected. The points were 
adapted to the WL of  the root canal using 0.05 ml of  
AH Plus endodontic sealer (Dentsply Maillefer, Bal-
laigues, Switzerland). To complete root canal filling, 
vertical condensation was performed 1 mm below 
root canal opening.

Group II consisted of  root canals filled by Tag-
ger’s hybrid technique; the 25/.02 main point was 
selected (Dentsply Maillefer, Ballaigues, Switzerland). 
Thus, the points were adapted at the apical limit of  
instrumentation using 0.05 ml of  AH Plus. Next, three 
points (15./02) were inserted into the root canal us-
ing size B finger spreaders (Dentsply Maillefer, Bal-
laigues, Switzerland), and a gutta-percha condenser 
(#35) (Dentsply Maillefer, Ballaigues, Switzerland) 
was inserted at low speed into the root canal 4 mm 
short the WL to allow plastification of  gutta-percha 
points. Root canal filling was completed using the 
vertical condensation technique.

Therefore, in Group III, root canals were filled using 
the experimental technique; the primary gutta-percha 
point (25/.08) of  the WaveOne system was selected. 
The points were adapted to the root canal at the WL 
using 0.05 ml of  AH Plus. A gutta-percha condenser 

(#50) was then inserted 4 mm short the WL into the 
root canal for plastification of  gutta-percha points.

After completion of  root canal filling, all teeth 
were sealed using glass ionomer cement (Maxxion R; 
FGM, Joinville, SC, Brazil), placed in flasks according 
to the study group, and kept in an oven at 37ºC with 
100% humidity for seven days.

 
Analysis of specimens

Filled teeth were transversely sectioned in an 
Isomet machine (Buehler, Lake Bluff, IL, USA). Sec-
tions of  0.3-mm thickness were obtained 2, 4, and 6 
mm from the root apex. Sectioning was performed at 
200 rpm under abundant and constant irrigation to 
avoid heating the gutta-percha. Surfaces of  sections 
were polished under irrigation to eliminate possible 
irregularities. Sections were digitized, and images 
were analyzed using Image J software (Wayne Ras-
band; Research Services Branch, National Institute of  
Mental Health, Bethesda, Maryland, USA).

 
Data collection and analysis 

Areas of  root canals, isthmi, gutta-percha-filled 
area, and sealer-filled area were measured individu-
ally by a blinded examiner. To identify empty spaces 
or voids, the examiner subtracted the total filled area 
(gutta-percha and sealer) from the total area of  the 
root canals and isthmi. Data were organized into ta-
bles according to the experimental group, and Shapiro 
Wilk test was performed to determine the normality 
of  results (p < 0.05). On this basis, a non-parametric 
analysis was carried out, and Kruskal-Wallis test fol-
lowed by Dunn post-hoc analysis was applied at a sig-
nificance level of  5% (p < 0.05) to analyze differences 
within and between groups.

 
Results

Results of  the present study were described in 
terms of  the amount of  gutta-percha, sealer and 
empty spaces or voids. Absence of  voids indicated 
successful filling of  the root canal.

Root canals filled using the single-cone technique 
(Group I) showed no statistical difference among the 
2-mm, 4-mm, and 6-mm sections in terms of  quan-
tity of  gutta-percha, sealer, and absence of  voids (p > 
0.05) (Table 1). Filling remained homogeneous inde-
pendently of  the analyzed section using this technique.
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In root canals filled using Tagger’s hybrid tech-
nique (Group II), there was a difference between the 
2-mm and 4-mm sections compared to the 6-mm 
sections in terms of  the amount of  gutta-percha and 
sealer (p < 0.05) (Table 2). Despite these differences, 
the number of  voids was small and it did not differ 
significantly among all sections (p > 0.05) (Table 2).

Root canal filled using the experimental technique 
(Group III) demonstrated a difference between the 
2-mm and 6-mm sections in terms of  the amount of  
gutta-percha (p < 0.05). The 2-mm sections differed 
from both the 4-mm and 6-mm sections in terms of  

quantity of  sealer (p < 0.05). Despite these differenc-
es, the number of  voids was small and did not differ 
significantly among the sections analyzed (p > 0.05) 
(Table 3).

There was no difference among experimental 
groups in terms of  the amount of  gutta-percha or 
sealer, regardless of  which sections were analyzed (p 
> 0.05) (Table 4). With regards to the occurrence of  
voids, there was statistically significant difference be-
tween Group I and the other Groups (p < 0.05) (Table 
4), indicating the use of  gutta-percha condenser re-
sulted in better root canal filling.

 

Table 1. Median (%) of gutta-percha, sealer, and voids in Group I (single-cone technique).

Different letters in the same line indicate statistically significant difference (p < 0.05)

2 mm from the root apex 4 mm from the root apex 6 mm from the root apex p

gutta-percha 67.195a 75.025a 72.620a 0.3668

sealer 22.295a 15.765a 17.550a 0.4121

voids 7.835a 6.895a 8.570a 0.7545

Table 2. Median (%) of gutta-percha, sealer, and voids in Group II (Tagger’s hybrid technique).

Different letters in the same line indicate statistically significant difference (p < 0.05).

2 mm from the root apex 4 mm from the root apex 6 mm from the root apex p

gutta-percha 54.325a 67.925a 92.585b 0.0018

sealer 38.100a 28.200a 7.215b 0.0043

voids 4.755a 0.745a 0a 0.1690

Table 3. Median (%) of gutta-percha, sealer, and voids in Group III (experimental technique).

Different letters in the same line indicate statistically significant difference (p < 0.05)

2 mm from the root apex 4 mm from the root apex 6 mm from the root apex p

gutta-percha 57.950a 79.685a.b 99.405b 0.0024

sealer 42.050a 15.805b 0.595b 0.0015

voids 0a 1.800a 0a 0.1191

Table 4. Median (%) of gutta-percha,  sealer, and voids in root canal system among experimental groups.

Different letters in the same line indicate statistically significant difference (p < 0.05)

Group I Group II Group III valor de p

gutta-percha 73.330a 75.405a 79.535a 0.3252

sealer 17.550a 17.025a 18.335a 0.7820

voids 8.205a 0.900b 0b p < 0.0001
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Discussion
This study presented a new technique for the root 

canal system fi lling, which combined the ease and 
fl exibility of  the single-cone technique with thermo-
plastifi cation of  gutta-percha, as used in Tagger’s hy-
brid technique. However, prior to clinical use of  the 
new method, initial analyses must be carried out in 
vitro to confi rm whether there is adequate root canal 
fi lling to achieve endodontic success.12,13,15 This can 
be determined by the absence of  voids inside the fi ll-
ing mass and root canal walls.9,12,13,15,15 Voids or empty 
spaces allow microbial growth and subsequent clini-
cal failure.2,17,18

Several methods can be used to analyze the quality 
of  root canal fi llings, such as an analysis of  voids us-
ing micro-computed tomography,9,19 the fl uid fi ltration 
method,20 or the glucose leakage test.21 In the present 
study, in order to analyze the quality of  root canal fi ll-
ings, we measured the amount of  gutta-percha, sealer, 
and voids or empty spaces in dentin slices of  fi lled root 
canal, as described in several published works.12,13

In addition, we analyzed complex root canal sys-
tems with fl attened canals and isthmi, such as the 
mesial root canal of  the mandibular molars, which 
represents a clinical reality commonly found in End-
odontics.16,22

Figure 1. Different sections of the experimental groups. Group 1: A-C)  represent the sections at 2, 4 and 6 mm from the apex, respectively, Group I; in 

these sections, no fi lling material can be seen in the isthmus area, indicating void spaces. Group II: D-F) represent sections at 2, 4 and 6-mm from the 

apex, respectively, in Group II; in these sections,  fi lling material can be seen in the isthmus area, yielding fewer empty spaces. Group III: G-I) represent 

the sections at 2, 4 and 6mm from the apex, respectively, in Group III; the results and the analyses are similar of those of Group II.
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Root canal cleaning, shaping, disinfection, and 
complete sealing are essential to root canal treat-
ment success.1,2 Adequate sealing between filling ma-
terial and the root canal wall requires effective root 
canal filling.1 To this end, different techniques may 
be used for root canal filling, and many have shown 
good results in terms of  the amount of  gutta-percha, 
adaptation, and absence of  voids in the filling.1,6,7,10 
In this regard, the present study analyzed three dif-
ferent root filling techniques, the experimental tech-
nique, the single-cone technique, and Tagger’s hy-
brid technique. The study discovered the techniques 
analyzed were effective for filling root canal systems, 
since there were few voids in each of  the experimen-
tal groups (Table 4).

The thermoplastification techniques used in 
Groups II and III were more efficient than the meth-
ods used in Group I: they resulted in fewer voids and 
they used similar quantities of  gutta-percha and seal-
er. Marciano et al13 also found that thermoplastifica-
tion techniques, (System B and Thermafil) resulted in 
fewer voids than the single-cone technique using the 
Pro Taper system.   Other authors have related simi-
lar results when comparing the single-cone technique 
with gutta-percha thermoplastification technique.23,24 
Küçükkaya et al23 demonstrated that the warm verti-
cal compaction technique, thermoplastification tech-
nique presented better filling quality than the cold 
lateral compaction and single-cone techniques. Rob-
berecht et al24 observed better quality in root canal 
fillings using the thermoplastification technique than 
when using the single-cone technique. They posited 
that gutta-percha adjustment influenced root canal 
morphology.

The heat generated using gutta-percha condenser 
plasticizes the material and confers homogeneity in 

the filling mass, allowing better adaptation to root ca-
nal walls.12,13,17 The present work confirms this expla-
nation, demonstrating similar amounts of  gutta-per-
cha and sealer in all groups, except for Groups II and 
III, in which the condenser was used, revealing signif-
icantly fewer voids than Group I (p < 0.05) (Table 4). 
This indicated that the thermoplastification technique 
heats gutta-percha and promotes homogeneous fill-
ing of  the root canal system.12,13,23. Filling mass ho-
mogeneity and the consequent better adaptation to 
root canal walls in Groups II and III yielded better 
quality root canal filling in these groups than in Group 
I. In this regard, the gutta-percha condenser used in 
the present work was compatible with the anatomy of  
the gutta-percha cone. According to Tagger’s hybrid 
technique, the gutta-percha condenser must be two 
or three sizes larger than the main point,11 justifying 
the use of  #35 gutta-percha condenser in Group II. 
However, in Group III, the gutta-percha condenser 
was larger (#50), due to the single-cone having a 
greater taper than the main point used in Group II, 
and because more gutta-percha has to be plasticized 
using this technique.

 
Conclusion

Considering the results and under the limited con-
ditions of  this study, the three root canal filling tech-
niques evaluated revealed a low occurrence of  voids. 
However, the thermoplastification gutta-percha tech-
niques (Tagger’s hybrid technique and the experimen-
tal technique) resulted in fewer voids in the root canal 
system than the single-cone technique. For a more 
precise evaluation of  the experimental technique and 
to determine factors affecting its efficacy and secu-
rity before clinical use, randomized clinical trials are 
necessary.


