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Introduction
A major goal of endodontic treatment is the cleaning, shaping, 

and disinfection of the root canal. This process creates a telescopic 
form from the coronal access to the apex, producing a surgical 
space that favors the complete sealing of the root canal system [1]. 

Abstract
The aim of this study was to assess the effect of Er:Cr:YSGG 
2780nm laser in comparison with Xp-endo Finisher in elimination 
of smear layer in terms of root canal dentin permeability and 
SEM analysis. Method: twenty-eight single-rooted extracted 
lower premolars were instrumented up to size X4 (protaper Next, 
Dentsaply) and divided into two groups according to the irrigation 
system, first group activated by Xp-endo Finisher and second one 
by Er:Cr:YSGG laser 2780 nm, pulsed mode, 1.25 W. Afterward, the 
roots were made externally impermeable, filled with 2%methylene 
blue dye, divided horizontally into three segments representing the 
apical, middle, and coronal thirds then examined under stereo- 
microscope. Using analytical software, the root section area and 
dye penetration area were measured, and then, the percentage 
of net dye penetration area was calculated. Moreover, scanning 
electron microscope investigations were accomplished. Results 
The non-parametric Mann-Whitney U test was done and showed a 
highly significant difference between the two experimental groups 
over the three root thirds. Dye penetration in Erbium laser group 
was significantly higher over the whole root length compared to 
other group. Scanning electron micrographs of Erbium laser group 
showed a distinctive removal of smear layer with preservation of the 
annular structure of dentinal tubules, while Xp-endo finisher group 
result in uneven removal of smear layer, and the dentinal tubules 
appear in sickle shape which indicate that they are partially opens 
especially in the apical third.
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Mechanical preparation of root canals results in forming dentin 
chips which forms the smear layer and cause blocking of the dentinal 
tubules [2]. The irrigants enhance the elimination of microorganisms, 
tissue remnants, and dentin chips from the root canal by flushing 
mechanism. Flushing of irrigant solutions also helps to prevent 
stuffing of the hard and soft tissue in the apical part of root canal 
and extrusion of infected material into the periapical area. Some 
irrigating solutions dissolve organic tissues others act on inorganic 
substances in the root canal. On the other hand, several irrigating 
solutions have antimicrobial activity so they actively kill bacteria and 
yeasts when they come into direct contact with the microorganisms. 
However, several irrigating solutions also have a cytotoxic effect, 
and they may cause severe pain if they reach into the periapical 
tissues [3]. For an effective action, the irrigation solution must be 
in direct contact with the walls of the root canal. However, because 
of the vapor-lock effect, it is often difficult for the irrigant to reach 
the apical part of the canal. It has been shown by research that the 
gentle movement of a well-fitting master gutta-percha cone up and 
down an instrumented canal in short 2-3 millimeter strokes can 
result in an effective hydrodynamic effect that improve significantly 
the displacement and the exchange of any given endodontic irrigant. 
This was confirmed by the studies of Huang et al. and McGill et al. 
[4,5]. These studies showed that manual dynamic irrigation was 
significantly more effective than static irrigation and automated 
dynamic irrigation system (RinsEndo; Duerr Dental Co, Bietigheim-
Bissingen, Germany) [6]. Laser systems have been proposed as an 
adjuvant to conventional chemo-mechanical protocols of endodontic 
treatment to enhance debridement and disinfection. Many studies 
have shown that laser-activated irrigations greatly enhanced the 
effect of irrigation solutions in removing smear layer by facilitating 
the penetration of irrigants deep into dentinal tubules and reaching 
the apical third of the canals [7-10]. For that reason, the aim of this 
study was to evaluate root canal dentin permeability and smear layer 
removal after using different activation techniques.

Materials and Methods
Samples collection and preparation

For this study, twenty-eight single-rooted mandibular premolar 
teeth freshly extracted for orthodontic demands were extracted for 
orthodontic demand and selected from the age group (18 to 34-year-
old patients). The teeth were washed with distilled water and then soft 
tissue remnants were removed using ultrasonic scalar and polished 
cautiously with pumice, and finally, samples were put in an ultrasonic 
bath for 5 minutes and stored in distilled water containing 0.1% 
thymol. The crowns of whole samples were sectioned to obtain roots 
of a same standardized length of 14 mm using double face diamond 
discs fitted on conventional speed handpiece. Canal orifices flared 
with small round bur of conventional speed handpiece, the working 
length was determined with size #10 ISO K file 1 mm from the apex 
which was 13 mm and, then canals were prepared mechanically by 
rotary system protaper Next (Dentsply, Switzerland) till size X4. 
Chemical irrigation was achieved by irrigation needle 29-gauge, ( 
NaviTip; Ultradent, UT, USA), 27 mm length with 1 mL NaOcl 5.25% 
between files and finally 1 mL distilled water and dried with paper 
point protaper Next X4 (Dentsply, Switzerland).
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Final irrigation protocol

After biomechanical preparation of canals the specimens were 
divided into two groups each group of fourteen teeth as follows:

G1 (n=14): XP-endo Finisher file, 1mL EDTA 17% for 1 min., 
then rinsed with 5 mL NaOcl 5.25% and agitated with XP-endo 
Finisher file that set on speed 800 rpm and torque 1, inserted 1 mm 
from the working length which is 12 mm for 1 min.

G2(n=14): Er:Cr:YSGG laser, 1 mL EDTA 17% for 1 min., and 
rinsed with 5 mL NaOcl 5.25%, agitated with Er:Cr:YSGG pulsed 
laser, (Biolase, waterlase, iplus, CA, USA) 2780 nm, the delivery was 
by radial firing tip, RFT3, fiber (diameter 415 μm, length 21.17 mm, 
calibration factor 0.85). Panel setting was (Pave=1.25 W, repetition 
rate=50 Hz, pulse duration=60 μs). Specimens were irradiated as 
follow: the fiber tip inserted 2 mm from the apex, contact mode, 
helicoidal movement in a speed of 1mm/s from apical to cervical 
direction, in a three cycles, each cycle was accomplished in 18 s 
resulted in a total irradiation time of 54 s according to manufacturer 
instructions and Al-Karadaghi et al. methodology [11].

After agitation procedure, specimens of all groups were irrigated 
with 5 mL distilled water and dried with size X4 paper point (protaper 
Next, Dentsply, Switzerland). 

Scanning electron microscopic examination (SEM)

Four samples from each group were used to investigate ultra-
morphological changes, smear layer, and debris removal by SEM. A 
diamond disc at low speed was used to groove the roots through the 
buccal and lingual surfaces. Then, roots were split longitudinally with 
a chisel and mallet into two halves, one-half was examined and the 
other was discarded. The samples fixation and dehydration were done 
according to the protocol used by Marchesan et al. and were observed 
under 500 and 1000X magnification [12].

Permeability test

This test was done to evaluate the area of dye penetration in 
apical, middle, and coronal thirds of the root canal. Root apex was 
sealed with sticky wax. The roots surface were coated with two coats 
of nail varnish and dried. After that, the specimens were filled with 
2% methylene blue dye were injected by hypodermal syringe and left 
for 20 min. at room temperature. After twenty minutes, they were 
rinsed thoroughly under running water. The root canals were dried 
with absorbent paper cones. 

The samples were sectioned horizontally into three parts 
representing the apical, middle, and coronal thirds. The first 2 mm 
stating from the cement enamel junction was cut and excluded from 
microscopic evaluation. The prepared root sections were observed 
under Stereomicroscope (Hamilton, Altay Scientific, Rome, Italy) 
under the magnification of ×40. Then the area of dye penetration 
and the total root section area were calculated and analyzed by using 
the measure pictures V 1.0 software (CAD-KAS Kessler Computer 
software GbR, Germany), then subtract both of them from the root 
canal area to get the net dye penetration area and root section area. 
Afterward, the dye-penetrated area was then multiplied by 100% 
and divided by the root third area, resulting in the percentage of dye 
penetration in each root third. 

Dye Penetration in Root Section =(Net Dye Penetration Area /
Net Total Root Third Area) × 100

Results
Data that represent permeability of root canal dentin expressed 

as a percentage of dye penetrating area at three level of the root canal 
are displayed as follows: The summary of descriptive and statistical 
test for the percentage of dye penetrating area between groups are 
shown in Table 1. From the table above the high median and mean 
rank value of net dye penetration was obvious in Er:Cr:YSGG laser 
group in comparison with the XP-endo finisher group. 

In Table 2, descriptive statistics between two groups within each 
site (apical, middle, and coronal) is shown. The mean rank values 
for both groups were showed in Figure 1. The data were collected 
and statistically analyzed using the Statistical Package for the Social 
Sciences (SPSS, version 21). Shapiro-wilk test: test the normality 
distribution of quantitative variables.

Mann-Whitney U test the nonparametric test was done to 
determine whether there is a significant difference between groups 
regardless the level and between groups at different levels. 

The results showed that there were a highly significant difference 
between Erbium laser group and XP-endo finisher group. For 
permeability test, stereomicroscopic images were taken after 
transversal cuts into three parts corresponding to root thirds as see in 
Figure 2. Scanning electron microscope micrographs were taken for 
each third (apical, middle and coronal) of specimens at 500 & 1000 
x for both groups. In the first group were using the XP-endo finisher 
file, it can be noticed that a slightly removal of smear layer. Also, there 

Groups Min. Max. Mean ±SD Median Mean Rank Z P value
XP-endo Finisher 0 100 51.590 31.876 64.885 22.25

3.702 0.000
HSEr:Cr:YSGG Laser 0 100 79.420 29.466 95.670 38.75

Table 1: Descriptive and statistical test of Permeability among groups.

HS=Highly significant at P<0.01. 

Site Groups Min. Max. Mean ±SD Median MR
Mann-Whitney U test
Z Sig.

Apical
XP-endo Finisher .000 81.460 32.008 31.797 24.450 8.35

1. 632 0.105
NSEr:Cr:YSGG Laser .000 100.000 59.118 34.324 66.955 12.65

Middle
XP-endo Finisher 10.420 77.950 54.560 28.446 70.215 6.50

3.089 0.002
HSEr:Cr:YSGG Laser 10.760 100.000 87.125 28.090 100.000 14.50

Coronal
XP-endo Finisher 20.220 100.000 68.202 26.672 75.140 7.70

2.187 0.035
S.Er:Cr:YSGG Laser 71.870 100.000 92.016 11.413 100.000 13.30

 Table 2: Descriptive and statistical test of permeability among groups within sites.

NS=not significant at P>0.05, S.=Significant at P<0.05, HS=Highly significant at P<0.01
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are some opened dentinal tubules especially in middle third, however, 
it was seen a semilunar shape of most of the dentinal tubules, which 
mean that they are partially occluded especially in apical and coronal 
thirds (Figure 3a and 3b).

For Erbium laser group the smear layer was ablated and removed 
in most areas of the root specifically in middle and apical thirds. The 
apical third of the root canal dentin suffered from ablation more than 
other areas particularly the inter-tubular dentin rather than peri-
tubular dentin. In coronal third still there are some of the dentinal 
tubules partially occluded (Figure 4a and 4b). 

Discussion
After mechanical preparation of root canal, an amorphous, irregular 

layer known as the smear layer is formed on root canal walls. Possible 
harmful effects may occur if the smear layer is not removed during root 
canal treatment. The smear layer may act as a harbour for microorganisms 
after the instrumentation of an infected root canal space, so bacteria and 
bacterial by products can survive and infect the canal again.

The smear layer has also been shown to impede the penetration 
of intracranial medicaments and sealers into dentinal tubules and 

Figure 1: Bar chart represents mean rank values for both groups.

Figure 2: stereo-microscope images after transverse cutting the number referred to the group number G1, G2. The letters a, b, and c referred to the root 
thirds coronal, middle and apical respectively.
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Figure 3a: SEM of XP-endo group at magnifying power 500 x, the letters a, b and c referred to the coronal , middle and apical thirds respectively.

Figure 3b: SEM of XP-endo group at magnifying power 1000 x , the letters a, b and c referred to the coronal , middle and apical thirds respectively.

Figure 4a: SEM of Erbium laser group at magnifying power 500 x , the letters a, b and c referred to the coronal , middle and apical thirds respectively.

Figure 4b: SEM of Erbium laser group at magnifying power 1000 x , the letters a, b and c referred to the coronal , middle and apical thirds respectively.

has the potential of compromising the seal of the root filling [13-15]. 
Syringe irrigation is a standard way for root canal irrigation, but this 
technique is not effective in the apical third of the root canal [16]. It 
seems to be difficult to completely remove smear layer, particularly in 
the apical third of the root because the smaller size of the apical third 
(compared with the other thirds) hinders the circulation and action of 
the irrigating solutions and vapor lock formation [17]. Therefore, this 
study aimed to see the effect of the Er:Cr:YSGG laser with Xp-endo 

finisher on root canal dentin permeability and smear layer removal. 

The main effect of root canal irrigants is to clean the root canals 
during the enlarging and shaping process [16]. 

Previous studies have investigated the ability of different 
concentrations of EDTA in combination with NaOCl for smear 
layer removal currently, this is the most effective method and widely 
accepted [14,18-21]. 
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The finding in this study regarding the results of XP-endo 
Finisher file in debris and smear layer removal can be attributed 
to its metallurgy. The manufactures of XP-endo Finisher files are 
dependent on the shape-memory principles of the NiTi alloy. The file 
is straight in its martensitic phase which is formed when it is cooled. 
When the file is subjected to the body temperature (the canal) it 
will convert its shape because of its shape-memory to the austenitic 
phase. It has been claimed by the manufacturer that the austenitic 
phase shape in the rotation mode permits the file to contact and clean 
areas that are otherwise difficult to reach with regular instruments. 
Even though neither the smear layer was not completely removed nor 
the dentinal tubules opened clearly compared with cavitation effect 
formed by laser activated irrigation [22]. 

For Erbium laser group vapour bubbles form when laser energy 
is absorbed by irrigant solution, which can cause a volume expansion 
that is 1600 times the original volume and then collapse and cause an 
acoustic streaming which in order, causes the cavitation effect [23].

Conclusion
The Er:Cr:YSGG laser ablative effect was clear especially in apical 

third. For that reason, we concluded that direct laser irradiation 
accompanied with cavitation effect done by laser activation of 
irrigants was the most effective protocol in removing smear layer and 
increase dentin permeability.
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