
399

Photomedicine and Laser Surgery
Volume 23, Number 4, 2005
© Mary Ann Liebert, Inc.
Pp. 399–404

Effects of Nd:YAG Laser Irradiation on Root Canal
Dentin Wall: A Scanning Electron Microscopic Study
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ABSTRACT

Objective: The purpose of this study was to evaluate, by scanning electron microscopy (SEM), the effects of
Nd:YAG laser irradiation applied perpendicular or parallel to the root canal dentin wall. Methods: Thirty
human teeth were divided into two groups: Group A (20 roots), laser application with circular movements,
parallel to the dentin root surface; and Group B (10 roots), roots cut longitudinally and laser applied perpen-
dicular to the root surface. Group A was subdivided into A1 (10 roots), laser application with 100 mJ, 15 Hz
and 1.5 W; and A2 (10 roots) with 160 mJ, 15 Hz, and 2.4 W. Group B was subdivided into B1 (10 hemi-
sections) and B2 (10 hemi-sections) with parameters similar to A1 and A2. Four applications of 7-sec duration
were performed, with a total exposure of 28 sec. SEM evaluations were made in the cervical, middle, and api-
cal thirds, with 500� and 2000� magnifications. Morphological changes scores were attributed, and the re-
sults were submitted to Kruskal Wallis statistical test (5%). Results: Significant statistical differences were
found between groups A and B (p = 0.001). In groups A1 and A2, few areas of dentin melting were observed. In
groups B1 and B2, areas of melting dentin covering dentin surface were observed. Conclusions: It was con-
cluded that intracanal laser application with circular movements (parallel to the surface) produces limited
morphological changes in root canal dentin wall.

INTRODUCTION

LASER THERAPY IN ENDODONTICS has shown different effects
when applied inside root canals, and Nd:YAG laser appli-

cation provides coalition, recrystallization, and melting of the
dentin.1–4 These alterations can change dentin permeability, de-
creasing fluids penetration inside dentin tubules.5–7

However, studies that evaluate laser irradiation on dentin show
great variability in dentin morphological changes because vary-
ing parameters are used. Additionally, the morphology of root
canals also influences the laser performance in dentin wall.
Laser energy emission cannot be perpendicular to dentin walls,
and as more energy is available in the axial direction of the
optic fiber, less or no energy can be available when the tip of
the fiber is not perpendicular to the working area.6,8 Anic et al.6

verified that the cervical third of specimens submitted to the
laser showed larger morphologic alteration due to absence of

dental crown, which allowed perpendicular orientation of the
fibers in the root canal walls during the fiber removal. In the
middle third of the canal, the fiber was positioned parallel to
the dentin wall, promoting few morphologic alterations.

When the optic fiber is parallel to the root canal wall, the
fiber side is in contact with wall, making difficult to quantify
how much energy is liberated to the dentin surface.9 To improve
fiber tip contact with dentin walls, circular movements are used
promoting better laser light incidences.9 However, the exten-
sion and diameter of root canal can difficult direct contact of
fiber tip with the dentin walls.

Anic et al.10 verified that dentin surface irradiated with
Nd:YAG laser emitted at right angle showed coalition, recrys-
tallization and a glazed surface covered with superficial fused
and ablated dentin drops.

The purpose of this study was to evaluate in vitro the effects
in the dentin walls of perpendicular and parallel application of
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pulsed Nd:YAG laser. Different energy intensities were used in
the laser application and the evaluations were made by scan-
ning electron microscopic.

MATERIALS AND METHODS

Thirty single-rooted human teeth were used in this study; after
the extraction they were stored in physiological saline solution
until use. Each tooth had been radiographed in order to select
specimens with single canal, without curvatures and with simi-
lar anatomical forms.

The crowns of the teeth were cut with carburundum discs
standardizing the root lengths to 16 mm. The root canals were
prepared by a standardized step-back serial technique. The
canals were enlarged with size no. 50 file (Maillefer, S.A.,
Swiss), and were irrigated with of 1% sodium hypochlorite so-
lution (Biofórmula Tecnofarma S.J. Campos, SP, Brazil) after
each instrument was changed. The smear layer was removed
with EDTA applied for 3 min inside root canals, followed by a
final flush with 10 ml of 1% sodium hypochlorite.

The roots were then divided into groups (Fig. 1).
Groups A and B: the root canals were aspirated and Nd:YAG

laser was applied in dentin walls. For the Nd:YAG laser appli-
cation the PulseMaster 600 IQ apparatus (Dental American
Technologies, Inc., Corpus Christi, TX) was used. The laser
beam was conducted by 320-µm-diameter optical fiber and by
contact mode. For laser-light orientation, a light guide coupled
to the apparatus was used which was composed of a low-inten-
sity helium-neon laser (with wavelength of 632.8 nm).

In group A (20 roots), the laser energy was delivered by in-
troducing the optic fiber into the total length of the root canal
starting the irradiation from the apex, proceeding in the whole
extension of the root canal, with circular movements, for 7 sec.
This procedure was repeated four times, with a total exposure
of 28 sec.

In group B (10 roots), after the root canal preparation, the
roots were sectioned longitudinally in the bucco-lingual plane

using a thin carborundum disc and a slow-speed handpiece
providing a total of 20 specimens. Before the laser treatment,
the specimens were washed for one minute with EDTA to re-
move possible debris formed during the cut. In this group the
laser was applied with the optic fiber tip perpendicular to dentin
surface, from the apical to cervical third in 7 sec. This proce-
dure was repeated four times, with a total time exposure of 28
sec. The roots of groups A and B were subdivided, according to
energy intensity, into groups A1, A2, B1, and B2.

In groups A1 (10 roots) and B1 (10 hemi-sections), the laser
irradiation was performed with 100 mJ, 15 Hz, and 1.5 W. In
groups A2 (10 roots) and B2 (10 hemi-sections), the parame-
ters used were 160 mJ, 15 Hz, and 2.4 W.

After laser treatment of the specimens, they were observed
under a scanning electron microscopic and for this, the roots of
the group A were sectioned in the bucco-lingual plane utilizing
a thin carborundum disc and a slow-speed handpiece. All spec-
imens were then serially dehydrated in ethanol solutions, 25%,
50%, 75% (20 min each), 95% (30 min), and 100% (60 min).
The specimens were mounted on metallic stubs, sputter-coated
with gold-palladium, and observed under scanning electron
microscopy (SEM; JEOL model JSM5310, Tokyo, Japan).

The analyses were made with magnifications of 500� and
200�, verifying morphological changes produced on dentin
walls after the use of different laser parameters and methods of
application. Descriptive qualitative and quantitative evalua-
tions were made attributing scores in agreement with the pres-
ence of dentin walls morphological changes, as follows:

Score 0, absence of dentin melting areas, open dentin
tubules

Score 1, less than 50% of the dentin tubules coated by dentin
melting

Score 2, more than 50% of the dentin tubules coated by
dentin melting

Score 3, dentin melting with rare open dentin tubules

The scores were tabulated and submitted to statistical analy-
sis by Kruskal-Wallis method with 5% of probability. For the

Group A (20 roots)
circular movements

30 root canals

Instrumentation to size #50 file

Group B (10 roots)
perpendicular

sectioned longitudinallysmear layer removed

B1 (10 hemi-sections)
100mJ, 15Hz, 1.5W

B2 (10 hemi-sections)
160mJ, 15Hz, 2.4W

A2 (10 roots)
160 mJ,15Hz, 2.4W

A1 (10roots)
100mJ, 15Hz, 1.5W

FIG. 1. Schematic representation of methodology.
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evaluation among the root thirds, the Multiple Comparison test
of Dunn was used (5%).

RESULTS

In group A, in which laser application was performed inside
root canals using circular movements (parallel to the surface),
few areas of dentin melting were observed, with few irradia-
tion effects (Figs. 2 and 3). The places where typical melting
could be verified were rare. These characteristics were shown a
little more evident in group A2 (Figs. 4 and 5).

In group B, in which laser irradiation was applied perpendic-
ular to the root canal walls, it was observed that laser action re-
moved dentin pieces forming craters, that were covered by
melted and recrystallized dentin in form of droplets (Figs. 6
and 7). These alterations presented similar characteristics in
groups B1 and B2 and in group B2 the melting areas were
more extensive (Figs. 8 and 9). In group B2, the effect of the
laser light seemed to have reached deeper areas. As can be ver-
ified in Figures 7 and 8, the melted dentin appeared to be
thicker and with altered conformation of the tubes, characteriz-
ing recrystallization of dentin that coated the dentin of root
canal.

Morphological changes happened similarly in the cervical,
middle, and apical thirds of groups B1 and B2.

FIG. 2. Group A1 (circular/100 mJ, 15 Hz and 1.5 W) cervi-
cal third (500�).

FIG. 3. Group A1 (circular/100 mJ, 15 Hz, and 1.5 W) cervi-
cal third (2000�).

FIG. 4. Group A2 (circular/160 mJ, 15 Hz, and 2.4 W) cervi-
cal third (5000�).

FIG. 5. Group A2 (circular/160 mJ, 15 Hz, and 2.4 W) cervi-
cal third (2000�).

FIG. 6. Group B1 (perpendicular/100 mJ, 15 Hz, and 1.5 W),
middle third (500�).
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When comparing groups A (circular) and B (perpendicular),
the statistical Kruskal-Wallis test showed significant differ-
ences (p = 0.001; A1 and A2 different from B1 and B2).

Dunn’s test (5%) showed that there were no statistical differ-
ences between the cervical, middle, and apical thirds.

DISCUSSION

The action of laser on the tissues depend on the wavelength,
potency, pulse, time of exposure, and type of tissue to be
irradiated.10,11

In Endodontics, for use into root canals or surgeries, Nd:YAG
laser is the most common used. It can be used with antibacter-
ial purpose, preparation of the root canal, debris removal,5,9,11,12

vaporization of soft tissues,9,13 melting of hard tissues surface,11

and reduction of dentin permeability.1,2,4,5,11,14,15

It is verified that after Nd:YAG laser application on the
dentin, melting, recrystallization and glazing occur, with con-
sequent reduction of the fluids permeability.1,15,16 Folwaczny et
al.,17 in 2002, suggested that use of the laser in the root canal
walls leads to a reduction in the number of opened tubules,
promoting a decrease of apical permeability, and this reduction
in the permeability of the dentin walls can improve the sealing
of root canal filling.7,15,18 However, the parameters used to pro-
vide these alterations are not yet established.

In this study, it was verified that when the energy of the laser
light was altered with 100 mJ to 160 mJ, few morphologic
changes occurred, without significant differences for both forms
of laser application (perpendicular and circular movements).

In 1992, Bahcall et al.16 demonstrated that there were no dif-
ferences in the effects of dentin tubules obliteration in function
of the energy variation of the Nd:YAG laser. Liu et al.,20 in
1997, demonstrated that the energy of 30 mJ with 10 pulses/sec
for 2 min provides morphological changes in dentin surface
and dentin tubules occlusion. Lin et al.,16 in 2001, and Lan et
al.,4 in 2000, reported that the energy of 150 mJ was enough to
promote the melting and dentin recrystallization.

Harashima et al.,21 in 1997, using Nd:YAG laser with 1 W of
potency verified debris and smear layer in the surface of root
canal, covering the entrance of dentin tubules. With 2 W, they
verified the cleaning of walls with debris and smear layer evap-
oration, melting, coalition and recrystallization. Khan et al.3

also demonstrated that 2 W promoted the best results in the de-
bris removal and morphological preservation of prepared root
canal. Barbakow et al.,22 in 1998, observed that higher laser
energy provides carbonization areas. In the present study, it
was verified that higher laser energy provides accentuated mor-
phologic changes in root dentin. However, no statistical differ-
ences with the different parameters were found.

The effect of the Nd:YAG laser in root canal walls can be
from an absence of morphological changes of dentin, occasional
morphologic alterations in dentin walls,22 removal of smear
layer, melting dentin recrystallization.1,12,19 The more frequent
morphologic changes are dentin coalition, craters,3,5,24,25 car-
bonization and glazing.3 Khan et al.3 observed that laser energy
vaporized the debris, producing a glazed surface. However, in
1984, Dederich et al.1 verified that the Nd:YAG laser was unable
to create a vitrified surface due to the melting of dentin, but was

FIG. 7. Group B1 (perpendicular/100 mJ, 15 Hz, and 1.5 W),
middle third (2000�).

FIG. 8. Group B2 (perpendicular/160 mJ, 15 Hz, and 2.4 W),
middle third (500�).

FIG. 9. Group B2 (perpendicular/160 mJ, 15 Hz, and 2.4 W),
middle third (2000�).
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able to produce craters and perforations, due to dentin vaporiza-
tion. In the present study, it was verified, especially in group B2,
that laser application on the dentin provided great tissue melting
identified that was identified as coalition and recrystallization
inside dentin craters, as verified by other authors.1,3,5,13,15,16,21,25

Baraldi and Puricelli25 believe that these morphological
changes of the dentin is probably because thermal damage pro-
vided by the excessive temperature that occurs in the Nd:YAG
laser interaction with the tissue. It was observed that in groups
A1 and A2, where the laser was applied simulating clinical con-
ditions, there was predominance of areas with oblitered tubules
and compact surface, without typical melting characteristic, as
observed by Baraldi and Puricelli25 in 2000.

In the present study, morphologic changes in the dentin sur-
face promoted by the Nd:YAG laser applied perpendicular or
parallel to the dentin surface were compared. Less significantly
morphologic changes were found when the laser radiation was
applied with circular movements (parallel to dentin surface)
compared with the perpendicular application. The same could
be verified in other studies in that perpendicular irradiation of
the surface with Nd:YAG laser producing melting, recrystal-
lization and vitrified surface covered by melted droplets.2,4,10 In
the present study, dentin melting areas, recrystallization, surface
with glaze aspect and sealing of dentin tubules could be ob-
served after perpendicular application of the Nd:YAG laser.
Anic et al.,10 in 1998, verified that after the Nd:YAG laser irra-
diation, drops of melted dentin could be observed in the dentin
surface where the laser fiber was in contact with the wall. After
Nd:YAG laser application with the optic fiber in contact with
dental tissues, Baraldi and Puricelli,25 in 2000, found melted sur-
face and recrystallization, with rough and irregular aspect that
was also verified in the present study.

Saunders et al.9 and Khan et al.3 believe that an advantage
Nd:YAG laser is the fact that the opic fiber to be flexible, that al-
lows an easy penetration in the root canal, also in areas with dif-
ficult access as the apical third. However, it was verified in the
present study that laser action inside the root canal is limited.

In agreement with Zhang et al.,11 Önal et al.8 the distribution of
the laser energy along the root canal is heterogeneous. According
to Anic et al.,6 Önal et al.8 in the cervical third of the root, the
coronary remainder leads a most perpendicular orientation of the
fiber. On the other hand, at middle and apical thirds, the fiber is
positioned parallel to the dentin walls. That difference in the ori-
entation of the fiber provides different morphologic changes in a
same root canal. These observations are in agreement with the
present study, where the cervical and middle thirds presented
more melting than the apical third, however without significant
statistical differences. Goodis et al.,23 in 1993, reported that
Nd:YAG laser is only effective when there is contact with dentin
walls, and verified that in cases where accessory canals exist the
laser is not effective. On the contrary, Anic et al.6 have observed
melting in secondary canals, demonstrating that the laser energy
was reflected or transmitted by dentin tubules.

The formation of a smear layer can occurs during laser ap-
plication in the root canal. However, Levy,15 in 1992, demon-
strated that Nd:YAG laser promoted cleaning of the root canals
avoiding debris formation.

Tani and Kawada,14 in 1987, Anic et al.,6 in 1996, and Park
et al.,18 in 2001, verified that, in root canals where the smear

layer was removed, there was no significant increase in dentin
permeability after Nd:YAG laser application. In that same study,
in the apical third of root canals, in which the smear layer was
not removed, the melting and the recrystallization of the smear
layer happened.6 Tani and Kawada,14 in 1987, and Baraldi and
Puricelli,25 in 2000, also verified that Nd:YAG laser was able
to promote coalition and recrystallization of smear layer, and
Zhang et al.,11 in 1998, it also observed areas in that smear
layer evaporation has occurred. Anic et al.10 reported that
Nd:YAG laser induced erosion of smear layer.

Goodis et al.23 and Harashima et al.21 verified that Nd:YAG
laser was able to remove the smear layer in its totality. On the
other hand, Saunders et al.,9 in 1995, verified that smear layer
and debris removal from root canal after Nd:YAG laser appli-
cation was not effective when compared with smear layer re-
moval promoted by conventional preparation. According to this
author, it was not possible to observe where there was the re-
moval of smear layer and where there was not, because both
situation presented similar aspects in the scanning electron mi-
croscopic. In the present study, the smear layer was removed
before laser application; therefore, the effectiveness of laser
was not evaluated on this layer.

CONCLUSION

Energy variation (100 or 160 mJ) did not provide statistical
differences in relation morphological changes in dentin walls.
However, it was observed that perpendicular application to the
dentin walls provides relevant morphologic changes in the
dentin. More studies are required that evaluate parameters
of laser irradiation and its consequences in laser therapy on
root canals.
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