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Evaluation of root canal smear layer removal by two types of lasers: 
A scanning electron microscopy study

ABSTRACT
Objective: This study was to compare the effects of Erbium: Yttrium‑Aluminium‑Garnet  (Er: YAG), and Neodimium: 
Yttrium‑Aluminium‑Garnet (Nd: YAG) lasers on removing the smear layer using scanning electron microscopy. 
Background: Removing Smear layer and exposure of dentinal tubules facilitate a tight‑fitting root canal filling, which is necessary 
for a successful endodontic treatment and one of the proposed methods for removing the smear layer is the use of lasers. 
Materials and Methods: In this experimental study, 55 human single‑rooted teeth were examined. Instrumentation was done 
using the step‑back technique with hand files up to file #40 at the apical area and file #80 at the coronal area. The samples were 
divided into three groups: Samples irradiated by the Er: YAG laser (1 W, 10 Hz, 130.7 J/cm2) in Group 1 (n=25), the Nd: YAG 
laser (2 W, 15 Hz, 188.25 J/cm2) in Group 2 (n=25) and samples irrigated by 5.25% NaOCl as the control in Group 3 (n=5). Next, 
roots were bisected longitudinally and prepared for scanning electron microscopy. Data were analyzed using the Kruskal‑Wallis, 
Mann‑Whitney, Friedman and Wilcoxon tests (P<0.05). Results: The Er: YAG laser can remove more of the smear layer from the 
root canal wall than the Nd: YAG laser (P=0.000). Comparisons between three regions showed that both of the lasers proved less 
efficient in apical parts of the root canal. Conclusion: Based on the findings of the present study, irradiation by the Er: YAG laser 
was more effective in smear layer removal than the Nd: YAG laser.
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INTRODUCTION

The mechanical instrumentation of root canals and the 
removal of dentin give rise to the formation of a thin 
smear layer covering the whole root canal wall.[1] McComb 
and Smith first described this layer in instrumented 
root canals.[2] The smear layer is a structure composed 
of organic and inorganic parts, including fragments of 
odontoblastic processes, microorganisms and necrotic 
tissue. It has an amorphous, irregular and granular 
structure under the scanning electron microscope.[3] The 
presence of this smear layer prevents the penetration 
of intracanal medication into the irregularities of the 
root canal system and the dentinal tubule and prevents 

well adaptation of obturating materials to the prepared 
root canal surface.[4,5] Although the effect of smear layer 
removal on a successful root canal treatment remains 
controversial, it seems that its removal is beneficial.[6,7]

Different irrigants and chelating agents, such as Ethylene 
Diamine Tetra acetic Acid (EDTA), citric acid, and 
phosphoric acid, have been recommended to remove the 
inorganic component of the smear layer, and sodium 
hypochlorite has been recommended for the removal of 
the organic component.[8] However, many studies have 
pointed the limited capacity of irrigants to reach all 
internal surfaces of the root canal structure. Therefore, 
more effective methods to clean and penetrate dentinal 
walls are necessary.[9]

Since the early 1970s, lasers have been used for 
non‑surgical root canal treatments. In general, dental 
lasers provide access to otherwise unreachable parts 
of the tubular network, according to this fact that they 
penetrate dental tissues better than rinsing solutions.[10]

The laser diode has a wavelength of 810 nm and favorable 
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bactericidal capabilities as shown by Moritz et al.[11] Onal 
et al. demonstrated the capacity of a CO2 laser to remove 
organic tissue from root canals, fuse hydroxyapatite, 
and open dentinal tubules.[12] Takeda et al. found that 
the CO2 laser can remove and melt the smear layer 
on instrumented root canal walls.[13] Harashima et al. 
observed that argon laser irradiation of instrumented root 
canals produced melted dentin surfaces and vaporized 
debris and pulpal tissue.[14] For the removal of dental hard 
tissue, Erbium: Yttrium‑Aluminium‑Garnet (Er: YAG) 
laser provides the most suitable wavelength (2,940 nm) 
and approved by the Food and Drug Administration 
(FDA) for the cleaning and shaping of the root canal.[15]  
This laser acts through photoablation because its 
wavelength correlates closely with the maximum 
absorbance of hydroxyapatite. When irradiated, the water 
in the dental hard tissue evaporates instantaneously and 
thereby ablates the surrounding tissue with minimal 
thermal side effects. This has been demonstrated in 
various studies by Hibst and Keller.[16‑20] Previously, 
the application of the Er: YAG laser was limited to 
the rigid delivery of fibers in non‑contact mode. The 
development of narrow and flexible fibers distinctly 
broadened the spectrum of this laser’s possibilities. 
Teeth with narrow or bent root canals can also be easily 
treated.[21] The most widely used laser in endodontic is 
the Neodimium: Yttrium‑Aluminium‑Garnet (Nd: YAG) 
laser, which has a wavelength of 1,064 nm. Because 
the wavelength is in the near‑infrared range, flexible 
conductors can be used in narrow and curved root 
canals.[10] This laser provides a bactericidal effect on root 
canal surfaces and in the deeper dentin layers.[22] There 
have been many studies yielding different results regarding 
the application of lasers in endodontics. With the above 
facts in mind, the aim of this study was to compare the 
effects of Er: YAG and Nd: YAG laser systems on the 
removal of the smear layer of the root canal wall; this 
evaluation was made using scanning electron microscopy.

mATErIAlS AnD mETHoDS

Specimen preparation
For this experimental study, 55 human mature teeth 
that had been extracted because of periodontal or 
prosthetic reasons were used. The intact, randomly 
selected permanent teeth had not previously received 
any root canal medicaments, and the root lengths were 
approximately 13 mm. Each tooth was radiographed to 
verify the presence of a single canal, a mature apex and 
the absence of any resorption or endodontic obturation. 
Superficial soft tissues were removed with a brush, and 
then the teeth were stored in normal saline until use.

root canal instrumentation
After access cavity preparation using diamond fissure 
burs (Tizcavan, Tehran, Iran), the canal length was 
determined by reducing 1 mm from the length recorded 

when a #15 k‑file was placed through the apical foramen. 
All tooth apexes were sealed with utility wax to prevent 
flow through them. Instrumentation was done using 
the step‑back technique with hand files up to file #40 at 
the apical area and file #80 at the coronal area. During 
instrumentation, irrigation was done between each file by 1 
ml of 5.25% NaOCl using a 30‑gauge needle. The teeth were 
decoronated and randomly separated into three groups.

Groups
Group 1 (n=25)
The Er: YAG laser of a 2940‑nm wavelength (Fotona, 
Fidelis plus, Ljubljana, Slovenia) was applied with 
a fiber optic tip 300 µm in diameter and 20 mm in 
length [Figure 1], with spiral movement from the apex 
to the coronal region with the following parameters: 
Repetition rate=10 Hz, output energy=1 W, and energy 
density=130.7 J/cm2. The laser was applied 5 times, and 
each application lasted 3 s along the root canal (a total of 
15 s). Air and water were sprayed through the handpiece 
to prevent the overheating of dentin.

Group 2 (n=25)
The Nd: YAG laser of a 1064‑nm wavelength (Fotona, 
Fidelis plus, Ljubljana, Slovenia) was applied with a 
fiberoptic tip 300 μm in diameter [Figure 2], with spiral 

figure 2: Optical fiber of Neodimium: Yttrium‑Aluminium‑Garnet laser

figure 1: Optical fiber of Erbium: Yttrium‑Aluminium‑Garnet laser
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movement from the apex to the coronal region with the 
following parameters: Repetition rate=15 Hz, output 
energy=2 W, and energy density=188.25 J/cm2. The laser 
was applied 4 times, and each application lasted 10 s 
(a total of 40 s) with 15‑s intervals.

Group 3 (n=5)
Irrigation was done with 5 ml of NaOCl and then with 
2.5 ml of distilled water.

Preparation and analysis of specimens for SEM.

All roots were longitudinally bisected to their buccal and 
lingual segments by the wedging process, and one of the 
sections was randomly selected for processing.

The specimens from all groups were fixed in 5% 
glutaraldehyde for 2‑3 h and then washed 3 times in 
phosphate buffer. The specimens were then dehydrated 
in a graded series of aqueous ethanol solutions (30%, 
50%, 70%, 90%, and 100% ethanol). The samples were 
dried using liquid CO2 for 30 min. They were mounted 
on SEM stubs and sputter‑coated with a gold–palladium 
alloy under a vacuum (Bio‑Rade E 5200 Sputter coater). 
Each specimen was examined in three regions (apical, 
middle, and coronal), and photographed at ×2500 
magnification with a scanning electron microscope (cam 
scan mv 2300, Oxford instrument‑UK).

Statistical analysis
A single‑blind evaluation of the SEM micrographs was 
carried out by two examiners according to the rating 
system shown in Table 1.[23] Data was analyzed using SPSS 
software, version 16. Kruskal‑Wallis and Mann‑Whitney 
tests were used to compare the groups. Friedman and 
Wilcoxon tests were applied for the comparison of smear 
layer removal between the three regions.

RESULTS

The results obtained from this study are summarized 
in Table 2 and [Figures 3‑10] show the SEM 
photomicrographs of the control and irradiated samples 
by Er: YAG and Nd: YAG lasers. According to this 
study, there were statistically significant differences in 
smear layer removal between the three groups (P=0.00). 
Each laser was more effective at smear layer removal 
than the control (Nd: YAG (P=0.04), Er: YAG (P=0.00)). 
Additionally, the Er: YAG laser was able to remove more 
smear layer than the Nd: YAG laser (P=0.00).

The Nd: YAG laser proved significantly different (P=0.009) 
i n  smear  l a y e r  r emova l  among  the  th r e e 
regions (coronal > middle > apical). In Er: YAG group, 
smear layer removal was greater in the coronal and middle 
regions than the apical region of the root canal (P=0.003 
and P=0.02, respectively) with no differences between 

the coronal and middle regions (P=0.09). In the control 
group, smear layer removal was similar among the three 
regions of the root canal (P=0.05) [Figure 11].

DISCUSSION

Success in root canal treatment depends to a great 
extent on completely cleaning the root canal.[10] Rinsing 
solutions used during conventional root canal therapy 
can partly affect the bacterial content of the canal.[20] It 
was demonstrated that bacteria penetrate the periluminal 
dentin up to a depth of 1100 μm,[24] while chemical 
disinfectants penetrate it to a depth of only 100 μm.[25] 
Curved root canals or side branches create restrictions 
in conventional root canal treatment. The use of lasers 
helps to overcome these problems. The high‑penetration 
depth of laser beams in dentinal tubules seems to be 
the best explanation of the satisfying of different laser 
wavelengths, like Nd: YAG, Er: YAG, CO2 and diode 
lasers.[10]

Up to now, these lasers have been used in endodontic 
treatments, and many studies have been published on 
their effects. Among them, the Er: YAG laser provides 
the most suitable wavelength. Because this laser acts 

Table 1: The rating system
Score Contents

1 The surface is devoid of debris and smear layer
2 The surface is devoid of smear layer, but minor debris 

is observed
3 The surface has been cleaned, but both smear layer 

and debris are dispersedly observed
4 The surface has been cleaned, but the level of smear 

layer and debris is also noticeable
5 The clean surface area is a bit greater than the 

unclean surface area
6 Almost half of the smear layer and debris have been 

removed
7 The greater part of the smear layer and debris are left
8 The surface is completely covered with smear layer 

and debris

Table 2: mean amounts of smear layer in groups and 
regions
Groups regions mean±SD

Er: YAG laser Apical 6.44±1.38
Middle 5.36±1.69
Coronal 4.62±1.93

Nd: YAG laser Apical 7.76±0.45
Middle 7.30±1.06
Coronal 6.10±2.37

Control Apical 7.60±0.41
Middle 8.00±0.00
Coronal 8.00±0.00

Er: YAG – Erbium: Yttrium-Aluminium-Garnet; Nd: YAG – Neodimium: 
Yttrium-Aluminium-Garnet
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figure 3: Scanning electron micrograph of the coronal part of the root canal 
in the control group (×2500)

figure 4: Scanning electron micrograph of the apical part of the root canal 
in the control group (×2500)

figure 5: Scanning electron micrograph of the coronal part of the root canal 
in the Erbium: Yttrium-Aluminium-Garnet group (×2500)

figure 6: Scanning electron micrograph of the middle part of the root canal 
in the Erbium: Yttrium-Aluminium-Garnet group (×2500)

figure 7: Scanning electron micrograph of the apical part of the root canal 
in the Erbium: Yttrium-Aluminium-Garnet group (×2500)

figure 8: Scanning electron micrograph of the coronal part of the root canal 
in the Neodimium: Yttrium-Aluminium-Garnet group (×2500)
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the water evaporates and ablates the molecules of the 
specimen (dentine).[26,27] In contrast, the Nd: YAG laser is 
poorly absorbed by water; it is more efficiently absorbed 
by protein, pigmented tissue, and dark surfaces.[28] In 
endodontic applications, the Nd: YAG laser can control 
bleeding during pulpectomy or apicectomy, improve 
disinfection, and sterilization, prevent pain after 
treatment, seal dentinal tubules, and remove debris and 
smear layer from instrumented root canals.[29]

According to the results of this study, both Er: YAG 
and Nd: YAG lasers could reduce the amount of smear 
layers. However, the Er: YAG laser proved more effective 
than the Nd: YAG laser. This finding is inconsistent with 
the results published by Kivanç et al., which stated 
that neither the Nd: YAG or Er: YAG lasers reduced the 
amount of smear layer and debris produced during root 
canal preparation.[29] This could be due to a difference in 
laser parameters and the scoring system.

However, it has been reported by Goya et al. that the 
removal of smear layer with the Er: YAG laser is greater 
than removal with the Nd: YAG laser,[30] which is in 
agreement with the results of our study.

Esteves et al. showed that among the three types of 
lasers (Nd: YAG, Er: YAG, and diode), the Er: YAG laser 
caused the highest increase in dentin permeability, while 
the lowest was related to the Nd: YAG laser. Especially in 
the cervical and middle thirds, the Nd: YAG laser means 
of percentage of dye penetration were even statistically 
significantly lower than the control, which is in contrast 
with the results of this study.[31]

When we compared the three regions of the root canal, 
smear layer removal was distinctly higher in the coronal, 
and middle regions than the apical area in the laser 
groups. This may be attributed to the conical shape of 
the canals and the efficient access of the laser to the 
coronal region.

Comparisons among the three regions in the Nd: YAG 
group in this study agree with the study published 
by Zhang and Barbacow, but disagree with the study 
published by Kivanc et al., which can be attributed 
to subjective technical differences and differing laser 
parameters.[28,29,32]

The Er: YAG laser differs distinctly from other laser 
systems regarding, its effect on the root canal wall, 
as can be seen in the present SEM investigation. The 
Er: YAG laser is capable of removing infected dentinal 
surfaces, and the smear layer creates after all forms of 
mechanical root canal preparation. The orifices of the 
dentinal tubules are exposed, facilitating a tight‑fitting 
root canal filling, which is inevitable for a successful 
endodontic treatment. The temperature changes on the 
root surface recorded by the infrared camera are within 

figure 9: Scanning electron micrograph of the middle part of the root canal 
in the Neodimium: Yttrium-Aluminium-Garnet group (×2500)

figure 10: Scanning electron micrograph of the apical part of the root canal 
in the Neodimium: Yttrium-Aluminium-Garnet group (×2500)

figure 11: Mean amounts of smear layer in groups and regions
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through photoablation, so results in minimal thermal 
side effects on the dental hard tissue and pulp.[16‑19]

The mechanism of the Er: YAG laser suggests that the 
energy of this laser is absorbed by water, and then 
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acceptable limits when laser settings do not exceed 1 W 
and when the laser fiber is kept in constant motion to 
avoid unjustifiably high temperatures. Schoop et al. 
stated that irradiation settings of more than 1 W are not 
necessary to remove most of the endodontic bacterial 
species with an Er: YAG laser,[21] as we used in this study.

The use of water cooling combined with laser irradiation 
prevents the temperature rise and damages in the root 
canal dentin layer.[33,34] Furthermore, data is available 
about the bactericidal effects of the Er: YAG laser in the 
deep layers of dentin.[35] Despite the presence of data in 
favor of using an Er: YAG laser in removing smear layer 
during root canal preparation in vitro, further studies 
are necessary to assess the effects of laser treatment in 
endodontics in vivo.

CONCLUSION

Based on the findings of the present study and 
considering the limitations, irradiation by the Er: YAG 
laser was more effective in smear layer removal than 
irradiation by the Nd: YAG laser.
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