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Abstract 

Introduction: Laser technology is gaining increasing importance in 
dental practice and also in the field of Endodontics with its ability 
to promote disinfection and experimentally in the preparation of 
root canal. The action of different types of lasers results in changes 
representing the increase in permeability of dentinal tissue (Er: YAG) 
or sometimes by a decrease in melting and recrystallization of dentin 
(Nd: YAG). Objective: this study assessed through apical dye leakage, 
the influence of irradiation with two types of laser, regarding to the 
quality of apical sealing of endodontic fillings. Material and methods: 
Thirty-six single-rooted teeth were used after being prepared with the 
ProFile system up to size #40 instrument and then divided into four 
experimental and two control groups. The technique used previously 
to the filling was as follows: G1 – not irradiated; G2 – irradiated with 
Er: YAG; G3 – irradiated with Nd: YAG and G4 – irradiated with Er: 
YAG followed by Nd: YAG. After external waterproofing and dry, the 
specimens were filled with a cold vertical condensation technique, 
using AH Plus sealer, and immediately immersed into 0.5% methylene 
blue solution for subsequent cleavage. The linear values of apical 
marginal leakage were obtained with the aid of an optical microscope 
connected to a computer using the Image Lab® software. Results: Data 
analysis showed the non-existence of statistically significant (p = 0.05) 
differences between different groups. Conclusion: It was concluded 
that the laser does not have influence on the apical sealing. 
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Introduction

The apical sealing of the canal system is crucial 
for endodontic therapy success. For an adequate apical 
sealing, in addition to other factors, the presence of 
smear layer and the type of the endodontic cement 
to be used must be considered. The smear layer is a 
mixture of dentin chips, decomposed organic waste, 
and microorganisms [2]. Its removal is recommended, 
considering that the absence of smear layer promotes 
a better sealing [6]. 

The smear layer removal of the canal wall 
using citric acid or ethylenediaminetetraacetic acid 
(EDTA) has been recommended [16] but so far no 
clear evidence showed that this procedure enhances 
disinfection or treatment responses [10].  The efficacy of 
sodium hypochlorite (NaOCl) as an irrigating solution 
was corroborated by several studies assisting in 
debridement and also contributing as an antimicrobial 
action [9, 18]. 

Some factors have influence on the survival of 
microorganisms including particular ecological niches, 
nutrition, anaerobiosis, pH and competition with other 
microorganisms [7]. In some situations, the persistence 
of signs and symptoms that hinder the completion 
of endodontic therapy may occur. Frequently, this is 
related to the presence of microorganisms maintaining 
an infectious process. 

Aiming the solution of resistant cases, since the 
1980s, the use of high energy density lasers has been 
proposed, whose main characteristic is the ability 
to reduce intracanal microbiota. Yasuda et al. [20] 
used Nd: YAG and Er: YAG lasers to evaluate the 
antimicrobial action and concluded that they are 
more efficient in straight canals. 

Lasers may activate morphological changes in 
dentin when associated with microbial reduction, 
according to the used type and parameters. The Er: 
YAG laser is able to vaporize the magma present in 
the canal walls, exposing the dentinal tubules [13] 
whereas the laser Nd: YAG lasers may cause melting 
and recrystallization [5, 8]. Other authors [11] consider 
that the Nd: YAG and Er: YAG lasers do not remove 
debris and the smear layer from root canal wall. 

Due to the controversy around the influence of 
morphological changes on the final quality of the 
obtained sealing, the aim of this study is to assess 
through dye leakage the quality of apical marginal 
sealing in teeth irradiated with Er: YAG and Nd: YAG 
lasers and filled with gutta-percha and AH Plus®. 

Material and methods 

Thirty-six single-rooted teeth from the Permanent 
Human Teeth Bank (Faculty of Dentistry, University 
of São Paulo) (Report nr. 143/03) were used. The 
selected teeth were prepared using the Profile.04 

system (Maillefer, Ballaigues, Switzerland) until the 
instrument #40, 1 mm from the apex. 

After the chemical-surgical preparation, all 
specimens were irrigated with 10 ml of sodium 
hypochlorite solution (NaOCl) at 0.5% (Fórmula e 
Ação, São Paulo, SP, Brazil) and later with 10 ml of 
EDTA-T pH 7.2 (Fórmula e Ação, São Paulo, SP, Brazil). 
Subsequently, canals were dried with a small caliper 
aspiration cannula and absorbent paper cones. 

Laser irradiation and experimental groups 

Experimental groups: G1 (9) – non-irradiated; 
G2 (9) – Er: YAG laser irradiation; G3 (9) – Nd: 
YAG laser irradiation; G4 (9) – Er: YAG followed 
by Nd: YAG Laser irradiation.

As parameters, it was used for the Nd: YAG 
Laser (neodymium, yttrium, aluminum, Granada) of 
the American Dental Technologies – Pulse Master® 
1000 (GA, USA): 100 mJ, 1.5 W and 15 Hz, four 
times, with speed of 2mm/second in a helicoidally 
motion towards the cervical-apex and apical-cervical 
and for the Er: YAG (Erbium, Yttrium, Aluminum, 
Granada) of Kavo – Kavo Key® (Kavo Co., Biberach, 
Germany). 1 W, 100 mJ/pulse, 10 Hz, four times, 
with speed of 2mm/second, helicoidally motion 
towards cervical-apex and apical-cervical with canal 
filled with 0.5% NaOCl solution. 

Root canal filling 

After drying, the main gutta-percha point size 
#40 (Dentisply, Konstanz, Germany), was selected 
to tug fit in each root canal. Fillings of root canal 
were carried out using the technique of vertical 
condensation with AH Plus sealer®.The gutta-percha 
accessory points (Dentisply, Konstanz, Germany), 
were embedded into the endodontic sealer and taken 
to the open spaces in the obturation mass. This 
procedure was repeated until the operator was not 
capable to insert more gutta-percha points. All root 
canals obturation was executed by the same operator 
through vertical adaptation with Paiva’s condenser 
size #3 (SSWhite, Rio de Janeiro, Brazil).

Evaluation of apical sealing 

Immediately after filling, the access cavities 
were sealed with temporary cement (Cimpat®, 
Septodont Brasil Ltda., São Paulo, Brazil). The 
samples were coated externally, excluding the apical 
3 mm, with two layers of ethyl cyanoacrylate (Super 
Bonder®, Loctite Ltd., SP, Brazil). Then, they were 
submerged into a 0.5% methylene blue solution, pH 
7.2 (Fórmula e Ação, São Paulo, SP, Brazil), keeping 
the temperature at 36ºC for 48 hours. 
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After this period, the specimens were washed 
with water to remove the excess of the indicator 
dye and were cleaved and observed in an optical 
microscope. To measure the linear dye leakage, the 
image analysis software was used – Imagelab®. Data 
were then tabulated and statistically analyzed by 
Kruskal-Wallis (GMC 2002, Geraldo Maia Campos, 
FORP, SP, Brazil) with a significance level of 0.05. 

Results

The values of dye leakage for each specimen and 
the averages for each group are shown in table I. 

Table I – Mean and standard deviation (SD) of the values 
obtained for the apical marginal dye leakage

Mean (mm) SD

G1 0.900 0,840

G2 1.517 0,480

G3 0.791 0,515

G4 1.055 0,508

In the table I, it can be observed a higher 
leakage (mm) in the specimens of group 2, which 
used Er: YAG laser irradiation while the lowest 
dye leakage occurred in group 3, in the specimens 
which were irradiated with Nd: YAG; in the group 
in which the two lasers were applied, the amount 
of leakage was smaller than in group 2 was and 
higher than in group 1 (without irradiation). 

The nonparametric statistical test (Kruskal-
Wallis) showed no significant differences in the 
comparison of groups.

Discussion 

The quality of the canal system filling is 
essential for endodontic therapy success. The 
evaluation of dye leakage is commonly used to 
detect the apical microleakage in in vitro studies, 
by measuring dye penetration between the walls 
and filling materials [19].

The EDTA has been widely used aiming to 
remove the smear layer because of its chelating 
capacity [10]. Laser was selected for this study 
because since the 1980s its use was allowed in 
Endodontics for providing a high microbial reduction 
without causing thermal damage to the tooth 
structure and in the surrounding tissue [12, 13]. 

In contrast, it is known that intracanal 
irradiation produces morphological changes in 

dentin [1, 4, 5] that could have an influence on the 
adaptation of the filling material to the root canal 
walls. The Er: YAG laser is absorbed by water causing 
micro-explosions evaporation (ablation) whereas the 
Nd: YAG laser is absorbed by mineral structures 
such as hydroxyapatite, phosphatase and carbon 
beginning disorder processes in crystals [3]. 

The wavelength variation and energy parameters 
used for each laser promoted different interactions 
with the dentin. Berkiten et al. [1] found areas of 
recrystallization in the canal wall after irradiation 
with Nd: YAG laser with 1.8 W and 2.4 W. 

The mean apical marginal leakage was 0.791 
mm (G3), which means that this was the group 
with the lowest penetration of methylene blue dye 
solution. This result is in accordance with the results 
obtained by Dederich et al. [5] on the glassy surface 
which can bring reduced permeability resistant to 
fluids when compared with non-irradiated areas 
of the dentin (G1). 

According to Moura-Netto et al. [14], melting and 
crystallization of dentinal walls with tubule occlusion 
increase the apical sealing ability in addition to the 
bactericidal action of Nd: YAG laser, with the best 
results obtained with AH Plus sealer®. 

The Er: YAG laser as opposed to the Nd: YAG 
laser is able to remove both the infected dentin 
surface and the smear layer after any type of 
mechanical preparation of root canal; the most 
exposed dentinal tubules facilitate the contact with 
the cement, fact which is essential for endodontic 
therapy success [17]. 

In table I, we can observe that the highest 
dye penetration occurred in G2, irradiated with 
Er: YAG. According to Pécora et al. [15] the canal 
instrumented with water and then irradiated with 
Er: YAG presented a greater increase in permeability 
when compared with that irrigated with NaOCl. Also, 
according to these authors, this is an important 
factor for the disinfection of the root canal system 
and the mechanical connection between cement 
and dentin. 

However, the ANOVA and nonparametric 
statistical test (Kruskal Wallis), with 95% significance 
(p = 0.05) showed no significant differences in 
comparison between groups. 

Conclusion 

There is no significant interference in the 
quality of apical sealing in canals irradiated with 
Nd: YAG and Er: YAG lasers by employing AH 
Plus® sealer.
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