
The influence of root canal filling techniques on the penetration of AH Plus into dentinal 
tubules was evaluated using confocal laser scanning microscopy (CLSM) and the impact 
on the bond strength of the filling material on the root dentin was evaluated using the 
push-out test. Roots of the maxillary central incisors (n=40) were prepared with ProTaper 
Universal and assigned to four groups: lateral condensation, vertical compaction, modified 
Tagger hybrid and single cone. After root canal filling with gutta-percha and AH Plus, 
along with the addition of 0.01% fluorescein, the roots were cut into 2-mm slices. CLSM 
was performed on the first slice of each root third, followed by the push-out test. The 
second slice was analyzed under SEM. ANOVA demonstrated a statistically significant 
difference between the root canal filling techniques and the root thirds (p<0.05). For 
percent penetration, Tukey’s test showed that the vertical compaction (91.77±13.51), 
lateral condensation (89.18±10.91) and modified Tagger hybrid (87.53±15.42) presented 
the highest values, which significantly differed (p<0.05) from those of the single cone 
(78.19±22.46). For bond strength (MPa), lateral condensation (3.42±0.54) and vertical 
compaction (3.47±0.53) had the highest values (p<0.05), while the modified Tagger 
hybrid (2.19±0.41) and single cone (0.54±0.21) had the lowest. In conclusion, the lateral 
condensation, vertical compaction and Modified Tagger’s hybrid techniques resulted in 
greater penetration and bond strength to the intra-radicular dentin.
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Introduction
The penetration of endodontic sealers into dentinal 

tubules and bond strength to the dentin is directly 
associated with the removal of smear layers (1,2), physical 
and chemical properties of the sealer (3) and root canal 
filling technique (4).

Different root canal filling techniques have been 
proposed (5,6) as attempt to fill the root canal in 
three dimensions (7) and reduce marginal apical and 
coronal infiltration (8). Among these techniques, lateral 
condensation, which is the most commonly used technique, 
is worth mentioning (7) and warm vertical compaction, 
which promotes plastification of gutta-percha to provide 
homogeneity of the obturating mass and better adaptation 
to the root canal walls (9).

With technological advances in endodontic instruments 
in the last years, the single-cone sealing technique has 
been also widely used. Its advantages are: it adapts to the 
final diameter achieved by biomechanical preparation, it 
allows for a greater amount of gutta-percha, it requires 
less endodontic cement (6) and it requires less time to be 
performed (10).

Because the root canal filling technique may interfere 
with the quality of the root canal filling, it is important to 

analyze the influence of the lateral condensation, vertical 
compaction and modified Tagger hybrid techniques on the 
penetration and bond strength of the cement in an epoxy 
resin-based sealer adhering to the root dentin.

Material and Methods
This study was submitted to and approved by the 

Research Ethics Committee of the Universidade de Ribeirão 
Preto (CAAE Registry No.: 15661713.2.0000.5498). 

Forty roots of human maxillary central incisors were 
biomechanically prepared using the ProTaper system 
(Dentsply Maillefer, Ballaigues, Switzerland) up to the F5 
instrument, which was operated by reducing contra-angle 
(Dabi Atlante, Ribeirão Preto, SP, Brazil) with continuous 
rotation (5 Nm torque). The roots were randomly distributed 
into four groups (n=10) according to the root canal filling 
technique: lateral condensation, vertical compaction, 
modified Tagger hybrid and single cone. All specimens were 
filled with AH Plus (Dentsply Maillefer), 0.1% fluorescein 
(11) and gutta-percha.

Lateral Condensation Technique
The AH Plus was placed inside the root canal by a #40 
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lentulo drill, and the main cone of the F5 gutta-percha 
(Dentsply Maillefer; Petrópolis, RJ, Brazil) was inserted up 
to the working length. Next, with a #25 digital spacer 
set (Dentsply Maillefer) adjacent to the main cone, was 
obtained for the insertion of accessory gutta-percha F 
cones (Dentsply Maillefer; Petrópolis).

Vertical Compaction Technique
The specimens were filled as described in the lateral 

condensation technique and in the end, the vertical 
compaction technique was performed on the filling material 
with a heated No. 3 Paiva condenser (Duflex; SS White 
Artigos Dentários Ltda., Rio de Janeiro, RJ, Brazil).

Modified Tagger Hybrid Technique
Medium-sized thermo-plasticized gutta-percha cones 

were calibrated on a gauge and used as the main cone 1 
mm short of the working length. Two F thermo-plasticized 
gutta-percha accessory cones were cemented and inserted 
into the root canal immediately after the removal of a #25 
digital spacer. Next, gutta-percha was thermo-plasticized by 
a #60 McSpadden compactor (Dentsply Maillefer) mounted 
in contra-angle (Dabi Atlante; Ribeirão Preto, SP, Brazil) 
clockwise toward the apical third, with 1 mm wide pumping 
movements, keeping the instrument in contact with the 
gutta-percha cones at the entrance of the root canals. 

Single Cone Technique
The sealer was placed inside the root canal with a #40 

drill. Next, an F5 gutta-percha cone was cemented up to 
the working length and excess gutta-percha was removed 
with a heated Hollenback 3S carver (Duflex). After root canal 
filling, the excess material was removed from the mouth 
of the root canal with the heated Hollenback 3S carver. 

After three times the hardening time (480 min) required 
for the AH Plus cement (11), the specimens were fixed on 
acrylic plates using hot glue (Hot Melt, Rhamos e Brito; 
São Paulo, SP, Brazil) and sectioned in 2-mm slices by a 
cutting machine (Isomet 1000; Buehler; Hong Kong, China) 
at 325 rpm under refrigeration.

Confocal Laser Scanning Microscopy (CLSM)
The first slice of each third was analyzed in a Leica SEM 

inverted confocal microscope (Leica; Mannheim, Germany) 
in the epifluorescence mode. The images of the filled areas 
were acquired at absorption wavelengths and fluorescein 
emission wavelengths of 536 nm and 617 nm, respectively.

The samples were analyzed 10 μm below the surface 
at 500× magnification and images were obtained using 
a scanner with 24 1-μm sections and at a resolution of 
512×512 pixels. Images were acquired using the Leica 
Application Suite-Advanced Fluorescence software (Leica) 

and were imported into Image Tool version 3 (University 
of Texas Health Sciences Center, San Antonio, TX, USA) 
to calculate the circumference of the root canal wall. 
The root dentin where sealer penetration occurred was 
circumvented and measured to determine the percentage 
of sealer penetration.

Push-Out Test
After CLSM, the slices were subjected to the push-out 

test in a universal testing machine (Instron 4444; Instron 
Corporation; Canton, MA, USA) at 0.5 mm/min speed. The 
test pieces were positioned in a stainless steel device so 
that the side of the root canal with the smallest diameter 
was turned upward and centered relative to the rod used 
to press the filling material, until it was moved from the 
test piece. Rods with 4 mm length and 1.0 mm diameter 
were used to remove the filling material from the cervical 
third; rods with 0.6 mm diameter were used to remove 
the filling material from the middle third, and rods with 
0.4 mm diameter were used to remove the filling material 
from the apical third.

Data on the percentage of penetration (%) of the AH 
Plus into the root dentin and on bond strength (MPa) were 
used in the analysis of variance and a complementary 
Tukey test, with a significance level of 5% (α=0.05). For 
analyzes, the Statistical Package for the Social Sciences 
(SPSS) software was used (SPSS, Inc., Chicago, IL., USA).

After the push-out test, the samples were analyzed 
under a stereoscopic magnifying glass (Leica Microsystem 
LTD; Wetzlar, Germany) with 40× magnification and were 
classified according to the type of failure as follows: 
adhesive (when the root canal walls were completely free 
from the filling material), cohesive (when the root canal 
walls were completely covered by the filling material) and 
mixed (when the root canal walls were partially covered 
by the filling material).

Scanning Electron Microscopy
The second slice of each third was used in the analysis 

of the dentin/filling interface by scanning electron 
microscopy. The samples were prepared for this analysis 
using the methodology recommended by Carneiro et al. 
(4). Analyses were performed in a 5-kV JSM 5410 scanning 
electron microscope (JEOL Ltd; Tokyo, Japan) by three 
double-blinded examiners with experience in the area. The 
specimens were analyzed in a panoramic view (15×) to locate 
the representative areas and then in 500× magnifications.

Results
CLSM

Qualitative analysis of the histotomographies (Fig. 
1) of the experimental groups revealed AH Plus tags in 
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dentinal tubules, which were visualized in green due to 
0.1% fluorescein. Overall, the qualitative analysis of the 
lateral condensation, vertical compaction and modified 
Tagger hybrid techniques revealed greater penetration of 
the sealer into dentinal tubules than that of the single cone 
technique. In the quantitative analysis (%), Tukey’s test 
showed that the single cone technique had the lowest mean 
values (Table 1). These results differed significantly (p<0.05) 
from those of the other techniques, which produced similar 
values (p>0.05). Tukey’s test revealed that the cervical 
third (95.36±7.24) and middle third (88.67±14.62) had 
significantly higher values (p<0.05) than those of the apical 
third (75.98±19.81). 

Bond Strength 
Lateral condensation and vertical compaction 

techniques had the highest values and were statistically 
similar (p>0.05) (Table 1). The modified Tagger hybrid 
technique had intermediate values that significantly 
differed (p<0.05) from those of the single cone technique, 
which had the lowest values. The cervical third (2.65±1.40) 

had the highest bond strength values and significantly 
differed from the middle third (2.35±1.20) and apical 
third (2.23±1.21). The analysis of the type of failure 
(Table 2) applied after the push-out test demonstrated 
a predominance of cohesive failures in the cervical third 
and mixed failures in the middle and apical thirds in the 

Table 1. Tukey’s test for the percentage of the penetration (%) of 
the root canal filling mass into dentinal tubules and bond strength 
for the intraradicular dentin after the different root canal filling 
techniques were applied. 

Root canal filling 
techniques

Penetration 
depth (%) 

Bond Strength 
(MPa)

Lateral condensation 89.18±10.91 A 3.42±0.54 *

Vertical compaction 91.77±13.51 A 3.47±0.53 *

Modified Tagger’s hybrid 87.53±15.42 A 2.19±0.41 **

Single Cone 78.19±22.46 B 0.54±0.21 ***

Different letters and symbols indicate statistically significant 
differences (p < 0.05). Critical values: penetration (9.5778) and bond 
strength (0.2690).

Table 2. Types of failures determined after the push-out test, in each third, in the different root canal filling techniques (% values)

Type of 
failure

Lateral condensation Vertical compaction Modified Tagger’s hybrid Single cone technique 

CT MT AT CT MT AT CT MT AT CT MT AT

Adhesive 0 20 40 0 0 40 20 20 40 40 60 80

Mixed 40 60 50 40 70 50 60 50 60 60 40 20

Cohesive 60 20 10 60 30 10 20 30 0 0 0 0

CT: Cervical third; MT: Middle third; AT: Apical third.

Figure 1. CLSM micrographs and SEM micrographs representing the root canal filling techniques of lateral condensation (A, B), vertical compaction 
(C, D), modified Tagger’s hybrid (E, F) and single cone (G, H). 
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specimens filled by the lateral condensation and vertical 
compaction techniques. In the modified Tagger hybrid 
technique prevailed the mixed failures in all thirds. When 
the single cone technique was used, mixed and adhesive 
failures were the most common. 

Scanning Electron Microscopy
In the qualitative analysis based on SEM, thin, short 

tags were found in smaller quantities in the single cone 
technique. Meanwhile, in the lateral condensation, vertical 
compaction and modified Tagger hybrid techniques, the 
tags were longer, larger and more numerous.

Discussion
This study evaluated the impact of the lateral 

condensation, vertical compaction, modified Tagger hybrid 
and single cone root canal filling techniques on penetration 
to the root dentin and bond strength to the root canal wall 
when the AH Plus sealer was used. 

In this study, the single cone technique resulted in low 
penetration and bond strength, with a thick sealer layer 
between the gutta-percha cone and root canal wall, as 
observed in the histotomographies. This may have resulted 
in mixed and adhesive failures at the bonding interface, 
even when the F5 gutta-percha cone that corresponded 
to the F5 instrument was used. According to Gordon et al. 
(6), the gutta-percha cone with taper corresponding to the 
biomechanical preparation instrument provides adequate 
filling of the root canal with a greater gutta-percha volume 
and a thin filling sealer layer. However, Chesler et al. (12) 
argued that the rotating instruments and gutta-percha 
cones of the ProTaper Universal system are not equivalent 
to the taper, which may have influenced the dentin/filling 
interface and therefore, the extent of penetration and bond 
strength results found in the present study.

The lateral condensation and vertical compaction 
techniques had the highest penetration and bond strength 
values. According to Hatton et al. (13), when the root canal 
is filled, gutta-percha cones exert pressure against the walls 
leading to increased interaction between the sealer and the 
root dentin. Following this reasoning, a digital spacer and 
accessory gutta-percha cones were used in the techniques 
applied in the current study. This choice may have resulted 
in a combination of forces in the lateral direction and 
probably favored penetration and bond strength. This 
result was confirmed in the qualitative analyses and the 
types of failures (cohesive and mixed) observed with these 
techniques. In addition, Carneiro et al. (4) reported that 
compared to the modified Tagger hybrid technique, the 
lateral condensation technique produced a denser and 
more compact obturating mass and a greater volume of 
gutta-percha than that of the sealer. 

The histotomographies and electromicrographs (SEM) 
of the modified Tagger Hybrid technique revealed high 
penetration of sealer inside dentinal tubules, which may 
be due to the McSpadden compactor. This compactor 
tends to compress the filling material against the walls 
at high pressure, which results in greater filling of lateral 
canals and anatomical irregularities with gutta-percha 
and sealer (9,14-16). This process may have favored the 
penetration of the sealer into the dentin. Heating the filling 
material provides a volumetric increase in gutta-percha 
and a lower percentage of empty spaces than the lateral 
condensation technique (17). However, this technique 
resulted in intermediate bond strength to the root canal 
wall, which can be explained by the fact that heating altered 
the chemical (18) and morphological (19) composition of 
the AH Plus sealer and accelerated its polymerization (20), 
consequently decreasing its chemical interaction time with 
the dentin. Carneiro et al. (4) reported that thermoplastic 
and compacted gutta-percha tends to mix with the sealer 
to form a non-uniform mass; as it cools, it contracts and 
tractions the filling sealer, which cools more quickly and 
forms gaps and negatively affects the bond strength and 
type of the observed mixed failure. 

Regardless of the evaluated root canal filling technique, 
greater penetration and bond strength were observed for 
the cervical and middle thirds than for the apical third. 
These findings have also been reported by Ordinola-Zapata 
et al. (21), Chandra et al. (22) and De-Deus et al. (8), and 
could be explained by the quantity and diameter of the 
dentinal tubules of the root canal wall (23). Babb et al. (24) 
suggested that variations in tubular density throughout 
the canal are insufficient to alter the adhesiveness of the 
endodontic sealer. However, similar to the present study, 
Carneiro et al. (4) found higher bond strength of the filling 
material in the cervical third, regardless of the root canal 
filling technique. Further studies are needed to clarify 
the pressures exerted on the root canal wall at the time 
of root canal filling. 

Resumo
Avaliou-se a influência da técnica obturadora na penetração do cimento 
AH Plus nos túbulos dentinários, por meio de microscopia confocal de 
varredura a laser (MCVL), e o impacto na resistência de união do material 
obturador à dentina, por meio do teste de push out. Raízes de incisivos 
centrais superiores (n=40) foram preparadas com ProTaper Universal e 
distribuídas em 4 grupos: Condensação lateral, Compactação vertical, 
Híbrida de Tagger Modificada e Cone único. Após obturação com guta 
percha e AH Plus acrescido de fluoresceína 0,01%, as raízes foram 
seccionadas em slices de 2,0 mm. O primeiro slice de cada terço foi 
submetido à MCVL e, posteriormente, ao teste de push out. O segundo 
slice foi analisado em MEV. ANOVA demonstrou diferença estatisticamente 
significante para as técnicas obturadoras e terços radiculares (p<0,05). 
Para o percentual de penetração, Tukey evidenciou que compactação 
vertical (91,77±13,51), Condensação lateral (89,18±10,91) e Híbrida 
de Tagger Modificada (87,53±15,42) apresentaram os maiores valores, 
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estatisticamente diferentes (p<0,05) da Cone único (78,19±22,46). 
Na resistência de união (MPa), Condensação lateral (3,42±0,54) e 
Compactação vertical (3,47±0,53) obtiveram os maiores valores, diferentes 
(p<0,05) da Híbrida de Tagger Modificada (2,19±0,41) e da Cone único 
(0,54±0,21), que teve os menores valores. Concluiu-se que as técnicas 
obturadoras Condensação lateral, Compactação vertical e Híbrida de 
Tagger Modificada propiciaram maior penetração e resistência de união 
à dentina intrarradicular.
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