
The aim of this study was to evaluate, by stereomicroscopy and confocal laser microscopy, 
the influence of different lateral compaction methods for the obturation quality, as well 
as the time spent for the procedure. Thirty root canals of freshly extracted single-rooted 
human teeth were prepared with the ProTaper system up to F5 instrument and filled 
with gutta-percha and AH Plus sealer by the lateral compaction technique. The teeth 
were divided into 3 groups (n=10) in accordance with the method used for the lateral 
compaction, as follows: Manual, Mechanical and Ultrasonic. The sealers were stained 
with rhodamine B dye in a proportion of 0.1% per gram in weight to allow for the 
analysis under a confocal microscope. During the root filling procedure, the time spent 
was recorded with a stopwatch. The specimens were stored at 37 °C for 48 h, and then 
sectioned at 2, 4 and 6 mm from the apex. The percentage of gutta-percha, sealer and 
void areas were evaluated using a stereomicroscope and sealer penetration perimeter by 
confocal laser microscope. Statistical analyses were performed using the Kruskall-Wallis 
and Dunn tests (p<0.05). The mechanical method required a shorter time for the lateral 
compaction than the manual method (p<0.05). There were no significant differences 
(p>0.05) for the perimeter of the dentin with sealer penetration among all groups. The 
mechanical method showed a higher (p<0.05) percentage of gutta-percha and less 
sealer at the 4 mm section in comparison with the manual method. The ultrasonic group 
showed intermediate values. The void areas found in the root filling were similar (p>0.05) 
between the three methods. In conclusion, the fastest lateral compaction was achieved 
with the mechanical method, and all the methods showed void areas in the root filling.
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Introduction
Endodontic treatment should combine adequate 

biomechanical preparation and complete seal of the 
root canal system (1). There are several root canal filling 
techniques, all sharing the goal of promoting a consistent 
filling of the canal space to prevent the penetration of 
harmful bacteria and toxins both coronally and apically (2).

Several studies have demonstrated that teeth with 
poorly fitted root fillings present a higher frequency of 
periapical lesions than those with an adequate adaptation 
between the filling material and the root canal walls (3,4). 
The presence of voids can favor the growth of bacteria that 
survived the previous endodontic stages of biomechanical 
preparation and intracanal medication (5).

The capacity of penetration of the filling material into 
the dentinal tubules is a relevant aspect to prevent the re-
infection of the root canal (6). Two current and favorable 
methods of in vitro analysis of the quality of root filling 
and transdentinal filling material penetration include 
stereomicroscopy and confocal laser microscopy (7-10). 

Lateral compaction technique is a universally accepted 
filling technique (11,12), and it is extensively used as a 

standard of comparison with other techniques (13). 
When compared with the single cone, System B and 
Thermafil techniques in the mesial root canal fillings of the 
mandibular molars, similar results were found between the 
lateral compaction and thermoplasticized techniques (14).

The use of ultrasound has been proposed in different 
stages of endodontic therapy, including root canal filling, 
since finger spreaders can be used to open spaces for the 
introduction of accessory gutta-percha (GP) cones (15). 
When the lateral compaction technique was performed with 
ultrasound, a higher sealing capacity and a higher GP area 
were observed in comparison with the lateral compaction 
technique, executed manually (16-18).

There are also engine-driven motors in endodontics 
that use an alternating rotational movement that could 
be attached with finger spreaders to perform the lateral 
compaction technique, although there is a lack of studies 
assessing  the effectiveness of this mechanical method on 
the lateral compaction technique.

The objective of this study was to evaluate the influence 
of the method used in the lateral compaction technique on 
the quality of the root filling, sealer penetration into the 
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dentinal tubules and the time necessary to fill the root canal.

Material and Methods
Root Canal Preparation

Thirty root canals of freshly extracted human single-
rooted teeth (maxillary incisors and canines) with complete 
apices and straight roots. The institutional ethics committee 
approved the use of extracted teeth for this research (CEP 
023/2011). Periapical radiographs were used to verify the 
presence of a single root canal. Conventional coronal access 
was performed using high-speed 1014 and 3082 diamond 
burs. The working length was established measuring the 
position of the tip of a size 15 K-file (Dentsply Maillefer, 
Ballaigues, Switzerland) when it reached the apical foramen 
and then subtracting 1 mm. The root canals were initially 
instrumented up to a size 20 K-file at the working length. 
The 45/.06 La Axxess instrument at low speed was used for 
preparation of the cervical and meddle thirds. Next, the 
root canals were prepared using the ProTaper Universal 
Rotary system (Dentsply Maillefer). The F1, F2, F3, F4 and 
F5 instruments were used sequentially to the full working 
length, activated by a X-Smart (Dentsply Maillefer) electric 
motor at 250 rpm and a 1.4 N.cm. During instrumentation, 
irrigation was performed with 1 mL of 2.5% NaOCl, renewed 
between each file. At the end of the instrumentation, the 
root canals were irrigated using passive ultrasonic irrigation 
(Jet Sonic Four Plus, Gnatus, Ribeirão Preto, SP, Brazil) with 
2 mL of 2.5% NaOCl for 1 min with an intermittent flushing 
technique and this procedure was repeated 3 times. The 
smear layer was removed with 3 mL of 17% EDTA solution 
for 3 min. A final irrigation was performed with 5 mL of 
saline, followed by the drying of the canals with absorbent 
paper points (Dentsply Maillefer). 

Root Canal Filling
The root canals were filled using the lateral compaction 

technique by modified methods to open spaces for insertion 
of accessory cones, according to the following: Manual 
method, Mechanical method and Ultrasonic method.

The sealer used for all the groups was AH Plus 
(Dentsply Maillefer) mixed with fluorescent rhodamine 
B dye (maximum absorption of 540 nm and maximum 
transmission of 625 nm) to an approximate concentration of 
0.1% per gram in weight in order to accurately administer 
the confocal microscopy analysis.

In the manual method, a size 50 GP master cone 
(Dentsply) was coated with sealer and inserted into 
the canal until its tip of reached the WL. Next, a size B 
endodontic finger spreader (Dentsply Maillefer) was used 
and inserted 2 mm short of WL, then the instrument was 
removed and an XF accessory cone (Dentsply) was inserted. 
This procedure was repeated until the entire length of the 

root canal was filled.
In the mechanical method, the root canal filling 

procedure was performed in the same manner described 
for the manual method, but the finger spreader was 
activated with a 16:1 contra-angle handpiece (TEP NSK, 
Tokyo, Japan) with 30° angulation of oscillation, used with 
a conventional micromotor. 

Lateral compaction technique with the ultrasound 
was done according to Bailey et al. (19). The procedure 
was carried out in the same manner as described for the 
Manual method, until the insertion of 2 accessory XF cones. 
Next, a size B finger spreader was inserted in the root canal 
and activated with the ultrasound unit set at a frequency 
of 30,000 Hz, adjusted in the Endodontic function at a 
power of level 5. After activation, the finger spreader was 
removed, and then the accessory cone was inserted. This 
procedure was repeated until the complete filling of the 
root canal was achieved.  

The time spent for the root canal filling of each specimen 
was recorded with a stopwatch from the insertion of the 
first accessory GP cone until the moment that no cone 
could be inserted. After the root filling, radiographs were 
taken to verify the absence of any filling failures. Then the 
specimens were identified and incubated in an oven for 
72 h at 37 °C and 100% humidity.

Sectioning of Specimens and Microscopy Analyses
After the storage period, the specimens were sectioned 

transversally at 2, 4 and 6 mm from the apex using a 0.3 
mm Isomet saw (Isomet, Buehler, Illinois, USA) at 200 rpm 
and continuous water cooling. The dentin surfaces of the 
sections were polished with 600-, 800- and 1200-grit 
silicon carbide papers.

The specimens were examined under a stereomicroscope 
(Stemi 2000C; Carl Zeiss, Jena, Germany) at 8× magnification 
and the Image J software (NIH, Bethesda, MD, USA) was used 
to measure the GP, sealer and void areas. The sections were 
also analyzed 10 μm underneath the surface with a confocal 
laser scanning microscope (Leica Microsystems GmbH, 
Mannheim, Germany). Confocal images recorded at 100× 
magnification were used to measure sealer penetration in 
the dentinal tubules using the Image J software. 

Statistical Analysis
The Kruskal-Wallis and Dunn tests were used for data 

analysis of all root canal levels. The significance was set at 
5% and the Prism 5.0 software (GraphPad Software Inc., 
La Jolla, CA, USA) was used employed.

Results
The median, minimum and maximum values of the 

evaluated criteria are shown in Table 1. Overall, the void 
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percentages were similar (p>0.05) for all groups at the 
three evaluated sections (cervical, middle and apical). There 
was significantly more GP and lesser sealer (p<0.05) in the 
canals prepared with the mechanical method compared 
with the manual method at the 4 mm level. The ultrasonic 
method showed intermediate values.

In relation to the percentage of sealer penetration into 
the dentinal tubules, there were no statistically significant 
differences (p>0.05) among the groups (Fig. 1).

Figures 2-4 present representative stereomicroscopic 
and confocal images of the filled areas in the sections.

Root filling in the mechanical group was significantly 
faster (p<0.05) than in the manual group. The filling time of 

Figure 2. Representative stereomicroscopic and confocal microscopic images of the manual group. Different sections of the root canals are shown at 
2 mm (A,B), 4 mm (C,D) and 6 mm (E,F). 

Figure 1. Mean values of the sealer penetration (%) into the dentinal 
tubules in each canal section proportioned by the different groups.
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Figure 3. Representative stereomicroscopic and confocal microscopic images of the mechanical group. Different sections of the root canals are shown 
at 2 mm (A,B), 4 mm (C,D) and 6 mm (E,F). 

Table 1. Median, minimal and maximal values of the percentages of gutta-percha, sealer and voids in the root canal fillings in the 2, 4 and 6 mm 
levels of the tested groups 

Level
Manual method Mechanical method Ultrasonic method

Gutta-percha Sealer Voids Gutta-percha Sealer Voids Gutta-percha Sealer Voids

2 mm
80.00

(47.64-98.95)a
19.35

(1.05-52.06)a
0 

(0-8.79)a
84.27

(23.33-96.44)a
15.73

(3.56-75.71)a
0

(0-1.68)a
83.52

(0-98.17)a
16.49

(1.83-100)a
0

(0-9.66)a

4 mm
69.46

(58.39-95.27)a
29.17

(4.73-37.15)a
0.81

(0-5.21)a
83.05

(71.87-99.59)b
16.73

(0.41-28.13)b
0

(0-3.00)a
73.35

(29.35-95.69)ab

26.57
(4.31-70.65)ab

0
(0-2.19)a

6 mm
75.98

(57.43-93.10)a
21.75

(6.9-35.60)a
0.68

(0-6.97)a
80.95

(56.83-91.21)a
18.88

(8.79-41.95)a
0.87

(0-6.78)a
77.37

(32.58-87.01)a
21.32

(11.12-58.36)a
0

(0-9.06)a

Different letters in each row indicate statistically significant differences (p<0.05).
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the ultrasonic method was similar statistically the manual 
and mechanical methods (p>0.05). The results of the time 
spent (in s) for root canal filling are shown in Table 2.

Discussion
In this study, the influence of the method to perform 

the lateral compaction and the necessary time for this 
procedure was assessed. To determine the quality of the 
root canal fillings, the GP, sealer and void areas were 
measured, as well as the perimeter of penetration of the 
sealer into the dentinal tubules. The mechanical method 
was faster and favored the formation of a larger GP area 
in the 4 mm section. 

Stereomicroscopy was used to evaluate the quality of 
the root canal filling (7,20) and the GP, sealer and voids 
area. Confocal laser microscopy was used to assess sealer 

Figure 4. Representative stereomicroscopic and confocal microscopic images of the ultrasonic group. Different sections of the root canals are shown 
at 2 mm (A,B), 4 mm (C,D) and 6 mm (E,F). 

Table 2. Mean and standard deviation of the time spent (seconds) for 
root canal filling in the groups. 

Root filling technique Mean (S.D.)

Manual 338.6 (98.77)

Mechanical 222.5 (56.13)

Ultrasonic 286.7  (48.30)

Different letters in the column indicate significant differences (p<0.05).
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distribution. This methodology was used in a previous study 
(14) where the filling ability established by the different 
filling techniques for the complex root canal anatomy 
was evaluated. 

With regards to the presence of voids, no differences 
were found among the three methods for the different 
sections analyzed. None of the studied methods produced 
fillings without voids, which is in agreement with another 
study that used the lateral compaction technique in 
root canal filling of maxillary incisors (21). The lateral 
compaction technique presented an increase of the 
area of the root canal filled in this type of anatomy, but 
obvious voids and spreader tracts were evident in some 
cross-sections (Fig. 2), as previously reported (7). Probably 
a fine spreader creates a larger space than is required for 
the accessory cones used. 

The ultrasound method, however, favored the softening 
of GP and did not eliminate the presence of voids. This 
result does not agree with the better sealing ability of 
the ultrasound compaction technique compared with the 
manual compaction technique observed in other studies 
(16-18). In another study that compared the cold lateral 
compaction technique and another technique using heated 
GP, no significant differences were verified regarding 
the sealing capacity (22), although the use of heated GP 
presented a greater amount of GP in the filling mass. This 
result demonstrated that even with a larger GP area, voids 
can still exist, as verified in the present study. However, 
this study (22) used AH 26 sealer, which presented a good 
sealing capacity.

GP and sealer areas showed significant differences 
for the manual method in comparison to the mechanical 
method at the 4 mm level, in which the mechanical method 
favored the formation of a larger GP area and a smaller 
area of sealer. The sealer is the component of root filling 
that could present greater solubility. With a thinner sealer 
film, there is a lesser probability of the formation of voids 
caused by contraction and the solubility of the sealer in 
the case of fluid infiltration.

A higher percentage of GP was verified in the 2-mm-
thick sections in relation to the 4- and 6-mm-thick sections, 
independent of the method. This result is contrary to that 
of another study (23) that found a higher percentage of 
GP in the cervical sections. This divergence is probably due 
to the type of accessory cone used. In this study, the XF 
cone was utilized, which is thinner and capable of better 
reaching the apical section. Another reason could be related 
to the method of instrumentation. The present study used 
ProTaper instrumentation up to the F5 instrument at the 
WL, which presented a taper variation of 0.05 mm, although 
with a lesser taper variation compared with another study 
that used manual instrumentation up to a size 50 K-File 

with a 0.02 taper (23). This smaller taper variation could 
possibly contribute to the greater percentage of GP area 
and a thinner sealer film. Overall, using master cones with 
greater taper seem to be a more predictable and efficient 
technique (6).

The sealer penetrability in the dentinal tubules showed 
no significant differences among the three analyzed 
methods. In addition, the confocal images revealed a 
circumferentially continuous sealer layer at all levels. The  
results of the present study are consistent with those of 
others studies (6,24). The analysis of sealer penetrability 
is important because it relates to the higher or lower 
antiseptic action of the material through the root filling. 
Some authors consider that persistent intraradicular 
infection inside dentinal tubules can be responsible for 
the resurgence of apical periodontitis (25).

In relation to the time necessary for the execution 
of the lateral compaction technique, a faster root filling 
procedure was achieved when the accessory cone space was 
opened mechanically, possibly the mechanical movement 
of the spreader favored a greater opening of the space for 
the insertion of the accessory GP cones.

None of the lateral compaction methods prevented the 
occurrence of voids in the root canal filling. The mechanical 
method promoted a faster canal filling and a larger GP area 
than the manual method at the 4 mm level, probably due to 
GP plasticization with the heat spreader, which was evident 
in the cross-sections. This method seemed conducive to 
an efficient root canal filling due to GP flowability and 
shorter filling time. 

Resumo
O objetivo deste estudo foi avaliar a influência de diferentes técnicas 
de condensação lateral em relação a qualidade da obturação por meio 
de estereomicroscopia e microscopia confocal, bem com o tempo 
gasto para realizar o referido procedimento. Trinta canais radiculares 
de dentes humanos unirradiculares foram modelados com o sistema 
ProTaper, finalizando com o instrumento F5. Em seguida os canais foram 
obturados com guta percha e cimento AH Plus por meio da técnica de 
condensação lateral. Os espécimes foram divididos em 3 grupos (n=10) de 
acordo com o método de condensação lateral utilizado, sendo: Manual, 
Mecânico, Ultrassônico. Os cimentos foram manipulados com rodamina 
B na proporção de 0.1% de peso para permitir a análise com microscopia 
confocal. O tempo gasto para realizar cada procedimento de obturação 
foi registrado com o uso de um cronômetro. Os espécimes foram 
armazenados a 37 °C durante 48 h, para em seguida serem seccionados 
a 2, 4 e 6 mm a partir do ápice radicular. A porcentagem da área de guta 
percha, cimento e vazios foram avaliados com estereomicroscópio. A 
penetração de cimento foi avaliada por meio de microscópio confocal. A 
análise estatística foi realizada utilizando os testes de Kruskall-Wallis e 
Dunn (P < 0.05). O método mecânico exigiu menos tempo para realizar 
a condensação lateral em comparação com o método manual (p<0.05). 
Não foi encontrada diferença (p>0.05) em relação ao perímetro de 
penetração de cimento nos túbulos dentinários entre todos os grupos 
avaliados. O método mecânico apresentou maior (p<0.05) porcentagem 
de guta percha e menos cimento no nível de 4 mm quando comparado 
com o método manual. O grupo do ultrassom apresentou resultados 
intermediários. Áreas de vazios encontradas foram similares (p>0.05) 
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entre os grupos. Foi possível concluir que o método mecânico foi mais 
rápido para a técnica de condensação lateral, mas todos os métodos de 
obturação estudados apresentaram espaços vazios na massa obturadora
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