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ERBIUM LASERS IN PERIODONTOLOGY
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ABSTRACT

There are many advantages to using lasers in periodontal therapy, including better visualization of cutting,
patient acceptance, and detoxification of a periodontal pocket. Other advantages are less invasive surgery
to gain access, minimal wound contraction and scarring. Many of these concepts of laser therapy are posi-
tive, although others still require research. There are clearly many favorable applications for lasers in peri-
odontal therapy but further studies are necessary to determine in which procedures laser therapy can be

best applied.
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INTRODUCTION

Erbium lasers have two different wavelengths:
Er, Cr: YSGG (erbium, chromium:yttrium-scandi-
um-gallium-garnet 2790 nm) and Er: YAG (erbium-
doped yttrium aluminium garnet laser 2940 nm).
They have high affinity for hydroxyapatite and high
water absorption. Therefore, they are a good choice
for treating hard tissues (1). Apart from hard tissues,
erbium lasers can be used to remove soft tissues be-
cause the soft tissue contains a high percentage of
water (2).

Effect on Cement

Some of the earlier studies (3) on the use of Er:
YAG lasers on the root cement show detrimental ef-
fects, such as heat-induced cracks and the formation
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of craters, despite the presence of water cooling. Oth-
er authors (4) noted greater cement loss and residu-
al root roughness when SRP with Er: YAG laser was
compared with ultrasonic or manual instrumenta-
tion. Under a scanning electron microscope, total
cement removal was observed in 22.5% of the laser-
treated teeth, compared with 12.5% of the teeth treat-
ed with SRP alone. These negative results are con-
tirmed in vitro when the energy exceeds 50 m]/pulse
(5), although the adverse temperature effects de-
crease with water irrigation (6). The water jet can re-
duce the pulp wall temperature by 2.2°C. Even with
relatively low energy (60m]J), the Er: YAG lasers re-
move calculus and/or cement, and the cement pen-
etration increases significantly at 150 m]J (7). Up to
386.12 um of tooth cement is removed by laser at 100
m]J (7), although Aoki et al. (8) disagreed with these
findings and reported a maximum removal of ce-
ment with a 140 pum laser.

Water surface cooling is of utmost importance
as it prevents heat-induced surface changes and pre-
vents the pulp from the rising temperature by irradi-
ating the root surface (9,10,11). Achieving adequate
water cooling in deeper periodontal pockets is prob-
ably unsatisfactory. Most studies showing heat-in-
duced surface changes or lack of them use SEM. SEM
is a microscopic surface study and cannot read the
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changes below the surface. One study shows subsur-
face changes of dentine after cement ablation with Er:
YAG laser at parameters 60, 100 and 180 m]J. The heat
changes spread in the dentine from 255 to 611 pm
measured from the surface and appear irrespective
of the radiation level (12). As with other laser wave-
lengths, the choice of parameters is paramount when
considering tissue damage.

In this regard, Crespi et al. (13) demonstrated
by their in vitro study that the use of a defocused Er:
YAG laser in a non-contact mode effectively removes
the calculus with minimal cement damage. Sever-
al studies highlight the relationship between the in-
crease in power and energy density, and the increased
removal of root structure (9, 10) and the number and
depth of induced surface craters (4, 10).

According to Qu CN et al. (14) Er, Cr: YSGG
laser can affect the microstructure of the cement of
both periodontally affected teeth and healthy teeth.
The irradiation with it results in the decrease of the
presence of a smear layer and increased roughness of
the root surface.

Effect on Fibroblasts

It has been proved that lasers can favor the ad-
hesion of fibroblasts to the root surfaces (15). More-
over, lasers can increase DNA synthesis, enhance col-
lagen and procollagen production and increase the
rate of cell proliferation.

In addition, in vitro fibroblast adhesion studies
show that the obtained root surface is comparable to
that obtained after SRP (16, 17).

Pourzarandian et al. demonstrated that Er: YAG
laser irradiation stimulates the proliferation of hu-
man fibroblasts through platelet-derived growth fac-
tor (PDGF) production (18). There have been stud-
ies that indicate that Er: YAG laser irradiation gets
its gingival fibroblast proliferation stimulating effect
through the production of PGE2 by the expression of
COX-2 (19).

When exposed to a laser, the fibroblasts are po-
larized and form bundles in different directions.

A study of Talebi-Ardakani et al. indicated that
both Er: YAG and Er, Cr: YSGG lasers lead to a sig-
nificant increase in gingival fibroblast proliferation
compared with control groups at 10 and 30 seconds
(20).

The results of an in vitro study by Hakki SS et
al. (21) showed that the Er, Cr: YSGG laser used in
short-pulse is more promising in terms of the attach-
ment and orientation of the periodontal fibroblasts
than its use in long-pulse or manual instrumentation
with Gracey Curettes.

Effect on Root Morphology

Gaspric and Skaleri¢ (22) showed that the varia-
tions in applied energy (60mJ, 80mJ and 100m]) lead
to different root morphology. At 60m], single cra-
ters were observed without deposits of molten min-
erals and exposed dentin tubules. At 80mJ, numer-
ous merging craters and 100m] large ablation defects
were observed.

When Er: YAG lasers are used at values rang-
ing from 25 to 100 mJ/sec on the root surface in vitro,
a 15-micron degraded layer of cement is observed
without the presence of Sharp fiber (23). However,
when it is used in vivo, there is a smooth root surface
even at higher values (24).

Tip angulation is the main factor influencing
the roughness of the root surface. Folwaczny et al.
(25) evaluated the effect of different angulation (15,
30, 45, 60, 90 degrees) on the removal ability and
roughness of the dental root. The control group con-
sists of root surfaces, curette-guided only. The au-
thors did not report a statistically significant dif-
ference in roughness between the two groups. Also,
there are no differences in the removal of calculus at
the various angulations.

When used with low energy and water cooling,
most of the studies show little or no thermal damage
and a smooth root surface (11,26).

Mishra and Prakash (27) evaluated the effect of
manual instrumentation, ultrasonic scaling and Er:
YAG laser irradiation on the formation of a smear
layer on the root surface. Most of the areas that were
treated with hand tools (66.7%) and ultrasonic scal-
ing (80%) were coated with a smear layer, while lack
of it was observed in 60% of the laser-treated areas.

Oliveira GJ et al. (28) demonstrated that sur-
faces irradiated with Er: YAG and Er, Cr: YSGG la-
sers show similar morphological characteristics in-
cluding root surface roughness, smear layer absence,
open dentin tubules and no thermal damage. These
observations are also confirmed by other in vitro
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studies evaluating the dentin morphology after irra-
diation with Er: YAG (24,29) and Er, Cr: YSGG (30).

Blomlof et al. (31) showed that ultrasonic de-
bridement leads to smooth surfaces coated with a
smear layer containing debris, contaminated cement,
bacterial endotoxin and subgingival plaque, while Er:
YAG treated surfaces are rough and clean at a mi-
crostructural level. Such morphological roughness
favors the adhesion and proliferation of fibroblasts
(32).

Clinical Effects

Laser debridement as a monotherapy, compared
with laser debridement in addition to SRP, shows that
most clinical parameters are similarly improved and
maintained for more than one year (33). A group of
researchers (34) compared laser treatment with SRP
as monotherapy and received favorable results for la-
ser-treated teeth. Concerning the pocket depth and
clinical attachment level, both groups showed statis-
tically significant improvement after treatment. For
the clinical attachment level, the laser-treated group
showed a greater improvement, but the difference
was not statistically significant. A two-year prospec-
tive study by the same group of authors (35) confirms
the beneficial results from laser treatment. The ben-
eficial effects of the Er: YAG laser in surgical peri-
odontal therapy were observed in a study by Scule-
an et al. (36). Sculean et al. (37) compared the use of a
laser alone with ultrasound debridement and found
that both treatments had comparable calculus re-
moval performance, although the laser was less ef-
fective than ultrasound debridement. No differences
in clinical parameters were reported.

One study (38) of two different treatment meth-
ods (Er: YAG laser against sound debridement) of
persistent periodontal pockets also showed no sig-
nificant differences in clinical and microbiological
results in the study groups.

Yilmaz et al. (39) showed that there were statis-
tically significant improvements in clinical attach-
ment level and in the reduction of pocket depth at
the sites treated with the Er: YAG laser in addition to
SRP, compared to sites treated only with SRP.

Kelbauskiene S et al. reported in their study
that the use of the Er; Cr: YSGG laser as an adjunct to
conventional SRP treatment results in significantly

lower values of pocket depth over a 3-month period
when compared to SRP alone (40).

CONCLUSION

The use of lasers in periodontology is still the
subject of many studies. It is difficult to compare the
numerous studies for the erbium lasers in relation to
the parameters used. Considering the controversial
study results, further research is needed to establish
the effectiveness of erbium lasers.
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