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2

1Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
2Dental School of Ribeirão Preto, University of São Paulo, 14040-904, Ribeirão Preto, SP, Brazil

Background and Objectives: To evaluate the effect of
Er:YAG and Nd:YAG laser on radicular dentine perme-
ability when using distilled and deionized water and 1%
NaClO as irrigating solutions.
Study Design/Materials and Methods: Thirty human
maxillary canines were divided randomly into six groups.
The root canals were instrumented with K files and the
step-back technique. Group I, irrigation with distilled and
deionized water; Group II, irrigation with 1% NaClO;
Group III, irrigation with distilled and deionized water
and Er:YAG laser application (140 mJ input, 61 mJ output
15 Hz, 300 pulses, and 42 J); Group IV, irrigation with 1%
NaClO and Er:YAG laser application (same parameters as
Group III); Group V, irrigation with distilled and deionized
water and Nd:YAG laser application (150 mJ, 15 Hz,
2,25 W); Group VI, irrigation with 1% NaClO and Nd:YAG
laser application (same parameters as Group V). During
laser application the teeth were always filled with the irri-
gating solution. The tip was withdrawn gently in helicoidal
movement from the apex to the cervical portion. The teeth
were processed for histochemical evaluation.
Results: The Tukey test showed that the cervical and
middle thirds were statistically similar (P > 0.05) and
significantly greater than the apical third (P< 0.05). The
Scheffé test showed significantly greater dentine perme-
ability in root canals in which water and Er:YAG laser were
used and were significantly different from the other treat-
ments (P< 0.05).
Conclusions: The use of distilled and deionized water and
Er:YAG laser showed the greater increase of dentine
permeability. The use of 1% NaClO with Nd:YAG laser,
distilled, and deionized water with Nd:YAG laser and the
use of water increased dentine permeability less than
the other groups. The use of 1% NaClO with and without
Er:YAG laser application were positioned intermediately
among the treatments. Lasers Surg. Med. 33:256–259,
2003. � 2003 Wiley-Liss, Inc.
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INTRODUCTION

Permeability is an inherent characteristic of dentine
because this tissue is composed of a great number of dentine

canaliculli. The study of this permeability is very important
because root canal therapy is performed with the associa-
tion of instrumentation and irrigating solutions, which
penetrate into these canaliculli, remove debris, and smear
layer, easing and improving the final sealing [1–9].

Er:YAG and Nd:YAG lasers have been reported to be
effective for root canal smear layer removal [10–12].
Considering this effect and its action on dentine perme-
ability, Tani and Kawada [13], Stabholz et al. [14], and
Miserandino et al. [15] reported that Nd:YAG laser irradi-
ation reduces tissue permeability by closing the canals by
tissue fusion. However, Pécora et al. [8] showed that water
and Er:YAG laser increases dentine permeability.

These apparently contradictory results are due to the
different wavelengths, Er:YAG l¼ 2.94 mm and Nd:YAG
l¼ 1.06mm, which lead to different interactions with dental
tissue.

Therefore, the aim of this study was to evaluate the action
Er:YAG and Nd:YAG lasers on radicular dentine perme-
ability, after instrumentation of the canals with water and
1% sodium hypochlorite.

MATERIALS AND METHODS

The lasers used in this study was Er:YAG (Kavo Key
Laser II, Biberach, Germany) and Nd:YAG (Deka, Firenze,
Itália). Sodium hypochlorite (1%) and distilled and deio-
nized water were obtained from the Endodontic Research
Laboratory (FORP-USP, Ribeirão Preto, SP, Brazil). The
NaOCl was also titrated.

Thirty human maxillary canines kept in 0.1% thymol
solution were randomly divided into six groups of five teeth
each. The root canals were instrumented with K files
(Maillefer, Ballaigues, Switzerland) using the step-back
technique until a #50 file at 1 mm from the apex. Two
milliliters of the chosen irrigating solution was used at each
file change. Root canals were also filled with the selected
irrigating solution before laser irradiation. Group I, canal
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instrumentation with distilled and deionized water as the
irrigating solution; Group II, canal instrumentation with
1% NaOCl as the irrigating solution; Group III: canal
instrumentation with distilled and deionized water as the
irrigating solution followed by Er:YAG laser irradiation
with a 2055 Gr 50� 28 fiber optic tip (external diameter
0.470 mm, 28 mm length, 0.46 transmission factor that
means that the fiber allows 46% of the input energy to the
tip of the fiber, output energy) in a helicoidal movement
(140 mJ input, before the fiber, and 61 mJ output, after
the fiber, 15 Hz, 300 pulses, and 42 J); Group IV, canal
instrumentation with 1% NaOCl as the irrigating solution
followed by Er:YAG laser irradiation as Group III; Group V,
canal instrumentation with distilled and deionized water
as the irrigating solution followed by Nd:YAG (150 mJ,
15 Hz, and 2.25 W) irradiation; Group VI, canal instru-
mentation with 1% sodium hypochlorite as the irrigating
solution followed by Nd:YAG laser irradiation with the
same parameters as Group V. The optic fiber tip was in-
troduced until the apical region; the laser was activated and
gently withdrawn from the root canal to the coronary region
with a helicoidal movement. The teeth were immersed in
10% copper sulfate for 30 minutes, in a vacuum for the first
5 minutes. The teeth were then dried with paper points
and placed in a 1% rubeanic acid, for the same periods in
solution and vacuum as above. Rubeanic acid reveals
copper ions, forming a stained compound ranging in color
from deep blue to black, depending on the quantity of copper
ions present. Copper ion penetration thus indicates the
depth of permeability of the used irrigating solution (Figs. 1
and 2).

Upon completion of this reaction, the tooth was placed
in an acrylic resin block and 150-mm thick transverse

sections were obtained with a diamond disk from the
cervical, middle, and apical thirds. During the sectioning
process, constant irrigation with water was used to prevent
dentin burn. According to established criteria, each root
third was cut perpendicularly to the long axis into four
slices and the second and fourth slices of each root third
were used. The slices were then sanded under tap water to a
thickness of approximately 100 mm and washed for 4 hours,
and were dehydrated in a series of increasing alcohol
solutions, cleared three times in xylol and mounted on glass
slides for microscopic examination.

The quantification of the penetration of copper ions was
done by morphometric analysis with a 400-point grid. The
number of points in the stained and non-stained areas of
the dentin were counted. The percent of copper ion pene-
tration in the dentin (p(d)%) was calculated by the following
equation: p(d)%¼PM/(PT�PC)� 100, where: PM¼points
in the stained area, PT¼ total number of points counted,
and PC¼points in the canal area.

RESULTS

The 90 data obtained in this study were the values cor-
responding to the penetration of cooper ions in the dentin of
the canal walls (five teeth� six treatments� three values
per root¼ 90; Table 1).

The test for normality showed that the distribution of
the sample was normal, permitting the application of the
parametric ANOVA. The Tukey test indicated that the
cervical and middle thirds showed statistically similar
results (P > 0.05) that were significantly greater than the
apical third (P< 0.05). The Scheffé post-hoc test showed
significantly greater dentine permeability of canals in
which distilled and deionized water and Er:YAG laser

Fig. 1. Cu2þ ion penetration in the root canal dentine wall in

cervical (top), middle (middle), and apical (bottom) thirds

instrumented and irrigated with distilled deionized water (A),

or irrigated with distilled deionized water and irradiated

with Er:YAG laser (B) or Nd:YAG laser (C). [Figure can

be viewed in color online via www.interscience.wiley.com.]

Fig. 2. Cu2þ ion penetration in the root canal dentine wall in

cervical (top), middle (middle), and apical (bottom) thirds

instrumented and irrigated with 1.0% sodium hypochlorite

(A), or irrigated with 1.0% sodium hypochlorite and irradiated

with Er:YAG (B) laser or Nd:YAG laser (C). [Figure can be

viewed in color online via www.interscience.wiley.com.]
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(Group III) were used than the other treatments (P< 0.05).
The use of 1% sodium hypochlorite irrigation with Nd:YAG
laser (Group VI), distilled and deionized water with
Nd:YAG application (Group V) and the isolated use of
water (Group I), had the lowest levels of dentine perme-
ability and were statistically similar (P > 0.05). The use
of 1% sodium hypochlorite with or without subsequent
application of Er:YAG laser showed statistically similar
levels of dentine permeability (P > 0.05) and were grouped
in an intermediate position among the treatments studied.
Therefore, the groups can be placed in the following de-
creasing order of permeability: III > II¼ IV > I¼V¼VI.

DISCUSSION

Increasing root dentine permeability leads to higher
cleanliness and more open tubules. This is an important
factor for the disinfection of root canals and a higher mecha-
nical bonding between the root canal sealer and dentine.
Different irrigating solutions have different effects on the
increase of dentine permeability and the application of
lasers in the root canal can also alter the original properties
of these solutions [8].

The root canals instrumented with water and irradiated
with Er:YAG laser showed a greater increase in the radi-
cular dentin permeability when compared with the other
methods. The Er:YAG laser has affinity and interacts well
with water, promoting greater dentin canaliculli opening.
When only water was used as the irrigating solution a small
increase in dentin permeability was observed; however,
its association with Er:YAG irradiation increased dentin
permeability in a statistically significant manner. While
Er:YAG laser irradiation is absorbed by water, causing
evaporation and micro-explosions (thermo-mechanical
ablation), Nd:YAG laser irradiation is absorbed by mineral
structures such as hydroxyapatite, phosphate, and carbon,
leading to crystal disorder (thermo-chemical ablation).
The temperature for water evaporation is lower than the
temperature for the disarrangement of the crystals. The
high temperature necessary for thermo-chemical reaction
causes the bonding and melting of the dentine tissue.
Studies on the effects of laser on root canal walls are
important to lead to safe applications of this irradiation in
dentistry.

Irrigation with water followed by laser irradiation in-
creased dentin permeability significantly when compared
with sodium hypochlorite irrigation either alone or with
laser irradiation. Sodium hypochlorite did not interact as
well as water with laser irradiation.

In order to explain the lower interaction of Er:YAG
laser with 1.0% sodium hypochlorite, Pécora et al. [8]
verified the ionic conductance of this substance and found
values of 46.5 mS whereas water was 1.0 mS. This differ-
ence means that the 1.0% sodium hypochlorite solution
presents a larger quantity of free ions, which can be a
decisive factor in the interaction with the Er:YAG laser.
In the present study, we also evaluated the optic density
of the substances and verified that this factor can also
interfere in the conduction of the laser light in the root canal
changing the laser-dentine interaction. The media change
alters the propagation angles of the laser light with con-
sequent change in absorbance and interaction of the light
with the tissue, changing the results of laser action. The
peak of absorbance of water coincides with the Er:YAG
laser wavelength, leading to more effective results when
compared with the other treatments (P< 0.005).

This study is in agreement with the results of Takeda
et al. [11,16] who reported that Er:YAG laser was more
effective in cleaning the root canal because it increases the
permeability of dentine.

When considering the interaction of Nd:YAG laser and
irrigation solutions, Miserandino et al. [15] reported that
the Nd:YAG laser interacts with the dentine in a different
manner than Er:YAG. Thus, we propose that the irrigating
solution does not interfere with the Nd:YAG laser dentine
canaliculli closure. Our results show that the use of 1%
sodium hypochlorite with Nd:YAG laser, distilled, and
deionized water with Nd:YAG laser and the use of water
were statistically similar (P< 0.05) and increased dentine
permeability less than the other groups.

The Tukey test showed that the cervical and middle
thirds presented statistically similar results for the per-
meability of the root thirds that was greater than the apical
third. These findings are in accordance with Zuolo et al. [17]
and Pécora et al. [7,9].

This study leads to new perspectives for research on the
interactions of irrigating solutions with Er:YAG and
Nd:YAG laser irradiation of root canals.

CONCLUSIONS

In the present study, greater dentine permeability was
found with the use of Er:YAG laser and distilled and
deionized water than with the use of 1% sodium hypochlo-
rite and Er:YAG laser. Thus, we conclude that researchers
and clinicians may have to review some concepts when
performing root canal therapy associating irrigating solu-
tions and laser due to the interactions between them.

TABLE 1. Percentage of Penetration (Mean�SD) of Cooper Ions in the Dentin of the Canal Walls

Er:YAGþ 1%

NaOCl Er:YAGþwater Nd:YAGþwater

Nd:YAGþ 1%

NaOCl Water 1% NaOCl

Cervical 11.6� 2.0 14.7� 2.1 7.5� 1.5 9.0� 1.1 6.1� 1.2 12.6� 1.6

Middle 12.0� 3.9 15.8� 2.4 5.3� 1.0 9.4� 1.3 4.4� 0.3 11.4� 2.5

Apical* 6.2� 3.0 10.1� 1.4 3.1� 1.2 4.0� 2.2 1.5� 1.1 6.4� 1.0

*P< 0.05 compared to cervical and middle thirds which were statistically similar.
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