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microscopy, of the effect of Er:YAG laser on root
surfaces submitted to scaling and root planing
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ABSTRACT: The purpose of this study was to morphologically evaluate, by means of scanning electron microscopy, the
effects of Er:YAG laser on the treatment of root surfaces submitted to scaling and root planing with conventional perio-
dontal instruments. Eighteen root surfaces (n = 18), which had been previously scaled and planed, were assigned to 3
groups (n = 6). The control Group (G1) received no further treatment; Group 2 (G2) was irradiated with Er:YAG laser
(2.94 um), with 47 mJ3/10 Hz, in a focused mode with air/water spray during 15 s and with 0.57 J/cm? of fluency per
pulse; Group 3 (G 3) was irradiated with Er:YAG laser (2.94 um), with 83 mJ/10 Hz, in a focused mode with air/water
spray during 15 s and with 1.03 J/cm? of fluency per pulse. We concluded that the parameters adopted for Group 3 re-
moved the smear layer from the root surface, exposing the dentinal tubules. Although no fissures, cracks or carboni-
zed areas were observed, an irregular surface was produced by Er:YAG laser irradiation. Thus, the biocompatibility of
the irradiated root surface, within the periodontal healing process, must be assessed.

DESCRIPTORS: Lasers; Dental scaling; Periodontics; Smear layer.

RESUMO: O objetivo do presente estudo foi analisar morfologicamente, através de microscopia eletrénica de var-
redura, os efeitos do laser de Er:YAG no tratamento de superficies radiculares submetidas a raspagem e aplainamento
radicular com instrumentos manuais. Foram utilizados 18 espécimes (n = 18) de superficies radiculares que apés ser
submetidos a raspagem e aplainamento radicular foram divididos em 3 grupos (n = 6). O grupo controle (G1) nado
sofreu nenhum tratamento; Grupo 2 (G2) foi irradiado com laser de Er:YAG (2,94 um) 47 mJ/10 Hz, focalizado,com
refrigeragdo a agua durante 15 s e fluéncia de pulso de 0,57 J/cm?; Grupo 3 (G3) foi irradiado com laser de Er:YAG
(2,94 um), 83 mJ/10 Hz, focalizado, com refrigeragcdo a agua durante 15 s e fluéncia de pulso de 1,03 J/cm?. Através
da analise dos resultados podemos concluir que o laser de Er:YAG nos parametros utilizados no G3 promove a
remocéo de “smear layer” da superficie radicular e exposi¢édo dos tubulos dentinarios, porém o laser promove aspecto
irregular na superficie, apesar de ndo demonstrar crateras, fendas, fraturas e carbonizagéo, necessitando de estudos
que demonstrem a biocompatibilidade desta superficie no processo de reparo periodontal.

DESCRITORES: Lasers; Raspagem dentaria; Periodontia; Camada de esfregaco.

tions to mechanical root therapy in the periodontal
treatment. Both in vitro®#®10192024283% gnd in vivo'®*

INTRODUCTION

Mechanical root therapy aims at removing the studies have emphasized the conditioning of root
etiologic agents responsible for periodontal dis- surfaces by means of different methods as a
eases caused by inflammatory processes. In the coadjutant step to the scaling and root planning
last few years, several treatment alternatives have procedure. It aims at reducing the number of mi-
been presented to compensate the inherent limita- croorganisms on the root surface in order to enable
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the regeneration of the structures damaged by the
periodontal disease.

The reduction of bacteria on the root surface is
not effectively accomplished with the utilization of
the chemical agents described in the literature,
which are effective in removing the smear layer.
Clinical studies have not demonstrated significant
effects regarding the utilization of these agents in
the periodontal healing process™***,

Some authors have demonstrated the effec-
tiveness of Er:YAG laser in removing calculus
from the root surface without causing thermal
damage*>*1*21232 However, it is not as effective
as other instruments®. Despite these facts, there
are few papers on the utilization of Er:YAG laser
as a coadjutant in root mechanical therapy.

According to these facts and considering the
lack of studies on the effects of Er:YAG laser irradi-
ation on root surfaces submitted to scaling and
root planing, the aim of the present study is to
evaluate such effects by means of scanning elec-
tron microscopy, utilizing Er:YAG laser with two
energy parameters.

MATERIAL AND METHODS

Nine roots of sound young human premolars,
without periodontal disease, hypoplastic defects or
restorations, had been utilized in this study. All
teeth had been extracted for orthodontic reasons.

Preparation of test specimens

After extraction, the teeth were cleansed from
blood and other debris and kept in saline solution
at 37°C for a maximum period of six months, in or-
der to maintain hydration. With a high-speed bur,
parallel grooves were confected on the mesial and
distal surfaces of teeth: one at the enamel-cement
junction and the other 5 mm away, in apical direc-
tion, in order to delimitate the cervical third of the
roots.

After the groves were confected, a small amount
of cement was removed with a high-speed bur, by
means of ten movements, from the apical to the cer-
vical region. After this procedure, the roots (mesial
and distal aspects) were scaled and planed with a
5-6 Gracey instrument (Hu-Friedy”® - USA), by means
of 50 vertical tension movements, on the area
delimitated by the grooves. Eighteen 1-mm-thick
fragments measuring 3 x 3 mm were obtained by
means of a low-speed saw (Isomet - USA) with a dia-
mond disc, under deionized water.

Experimental procedures

The specimens were rinsed with saline solution
and randomly assigned to three groups with six
specimens each, receiving the following treat-
ments:

e Group 1 (G1 - control group) - scaling and root

planing + irrigation with saline solution;

e Group 2 (G2) - scaling and root planing +
Er:-YAG laser (2.94 nm) irradiation (Kavo Key
Laser - KaVo - Germany) with the following pa-
rameters: 100 mJ/47 mJ (corresponding to a
57% transmission factor), 10 Hz, 15 seconds of
irradiation in a total of 150 pulses, 0.57 J/cm?,
followed by irrigation with 10 ml of saline solu-
tion.

Group 3 (G3) - scaling and root planing + Er:YAG
laser (2.94 mm) irradiation (Kavo Key Laser -
KaVo - Germany) with the following parameters:
140 mJ/83 mJ (corresponding to a 57% trans-
mission factor), 10 Hz, 15 seconds of irradiation
in a total of 150 pulses, 1.03 J/cm?, followed by
irrigation with 10 ml of saline solution;

The G2 and G3 specimens were irradiated with
the Er:YAG laser (2.94 nm), with a pulse width
varying from 250 to 500 ms, with a 2,056
handpiece and fiber dimensions of 1.65 x 0.5 mm,
with a transmission factor of 57%, focused, with-
out contact (0.5 mm) with the fiber, which was
placed perpendicularly to the irradiated surface,
with air/water jet cooling. The specimens were
mounted on an iron platform and stabilized with a
double-face adhesive tape for Er:YAG laser irradia-
tion.

Following irradiation, the specimens were iden-
tified and kept in a 2.5% glutaraldehyde in 0.1 M
buffered phosphate solution (pH 7.4) for a mini-
mum period of 24 hours. The specimens were then
cleansed by means of three irrigation cycles with
10 ml of a 0.1 M buffered phosphate solution. They
were submitted to a sequential dehydration pro-
cess with 70% alcohol (10 minutes); 80% alcohol
(10 minutes); 90% alcohol (10 minutes) and 100%
alcohol (10 minutes). The specimens were then
dried at room temperature to enable the sputtering
process with gold, with 99.9% vacuum purity.
Sputtering was carried out by means of a specific
equipment (Baltec - SCD - 050) set for 120 sec-
onds, which produced a 25-nm gold film. The
specimens were then positioned for SEM analysis
with 20 Kv (Philips - EDAX).
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RESULTS
Group 1

The root surfaces from this group presented an
exposed dentinal layer; moderate smear layer was
observed in one specimen and five specimens pre-
sented intense smear layers with evidence of
opened dentinal tubules (Figure 1).

Group 2

Five specimens from this group presented no
smear layer on the dentinal root surface as well as
totally closed dentinal tubules. One specimen pre-
sented partially closed dentinal tubules. The ana-
lyzed surfaces presented irregularities and were
characterized by the presence of superposed flaky
areas with absence of grooves, fractures, cracks,
fusion or charring in all specimens (Figure 2).

FIGURE 1 - Group 1: root surface with regular aspect,
strong presence of smear layer and evidence of opened

dentinal tubules.

FIGURE 2 - Group 2: root surface with irregular aspect,
absence of smear layer and partially opened dentinal tu-
bules.
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Group 3

The specimens from Group 3 were the most
uniform, when compared with those of the other
groups. All the analyzed specimens presented the
same characteristics: absence of smear layer and
totally opened dentinal tubules. They presented ir-
regular surfaces with superposed flaky areas,
without grooves, cracks, fractures or charring, but
the presence of exposed dentinal tubules was uni-
form in all specimens (Figure 3).

DISCUSSION

Based on the analysis of the results we could
note that, in G1 (control) specimens, which were
manually scaled and root planed with manual
curettes, there was intense smear layer formation.
The presence of striation caused by manual in-
strumentation (Figure 1) is in total accordance
with previous findings of other authors>*#2°,

Regarding the groups treated with Er:YAG la-
ser, we could observe that G2 specimens pre-
sented with an irregular aspect (with elevations
and depressions, both in the same orientation) due
to the explosive ablation caused by laser irradia-
tion. In G3, the utilized irradiation parameters
were capable of removing the smear layer from the
root surface, and all specimens presented exposed
dentinal tubules without intratubular smear layer
(Figure 3). This fact demonstrates the great effec-
tiveness of the energy applied on G3 - it was more
able to expose dentinal collagen fibers, completely
removing the smear layer. According to some au-
thors, that might be an important factor in the in-
sertion of new collagen fibers***,

FA0 mad 10 Hz
FIGURE 3 - Group 3: root surface with irregular aspect,
resembling superposed tissue layers, absence of smear
layer and completely opened dentinal tubules.
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Through electron micrographic analysis, it was
possible to observe that although laser was effec-
tive in removing the smear layer, it is clear that its
action on root surface dentin produced an irregu-
lar aspect (Figures 2 and 3), probably due to abla-
tion, although charring, cracks and fractures were
not observed. That has also been reported by other
authors®>*>%%,

The utilization of lasers to promote scaling and
root planing has arisen many controversies. Some
studies with Nd:YAG laser have demonstrated that
irradiation of root surfaces with certain wave-
lengths promotes the formation of cracks, fissures,
craters and fusion of the mineralized surface'**?,
specially when laser is used with inadequate irra-
diation parameters.

On the other hand, the literature has shown, in
several studies, that Er:YAG laser has many ad-
vantages when compared with Nd:YAG laser, spe-
cially when applied to mineralized tissues. Among
other explosive ablation lasers, Er:YAG is the most
resonant to mineralized surfaces. This fact is due
to the high degree of water absorption of its wave-
length (2.94 nm). This laser acts on mineralized
tissues by vaporizing their water, causing mi-
cro-explosions and ejection of tissues (explosive
ablation) with less thermal damage, specially when
it is used with an air/water cooling system*>*-%,

Many papers have reported the high bacteri-
cidal effect of high-intensity lasers on periodontal
pathogenic bacteria, confirming that high-inten-
sity lasers may act as coadjutant instruments in
periodontal therapy>”*’. This fact is probably due
to the fact that laser irradiation promotes the va-
porization of the water present in the cytoplasm of
bacteria, thus causing cell rupture.

The scaling and root planing procedure is often
not enough to eliminate the toxic agents from root
surfaces, such as the outer and inner toxins from
bacteria, which are the main reason for periodontal
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