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LASER in periodontal treatment: is it an
effective treatment or science fiction?

Abstract: There are several studies that evaluate the use of lasers in
periodontal treatment in non-surgical or surgical therapy. However,
while several studies showed clinically beneficial effects of some lasers
in periodontal treatment, there are few clinical reports of additional
advantages of lasers as adjunctive treatments in periodontology. The
aim of this paper is to demonstrate and critically analyze the level of
scientific evidence of effects of low-level lasers and high-power lasers
in periodontology. A narrative review of the studies was carried out in
each topic and type of laser or periodontal treatment. In nonsurgical
periodontal therapy the results showed that there is an additional clinical
benefit when using a diode laser (DL) associated with scaling and root
planing (SRP) in patients with moderate to severe periodontitis. The
Er:'YAG laser seems to be the most suitable for nonsurgical periodontal
therapy and promotes the same clinical effects as conventional therapy.
In periodontal surgery vaporization of the gingival or mucosal tissue
can be carried out with DL, CO,, Nd:YAG, ErYAG and Er,CrYSGG
lasers. Photobiomodulation (PBM), mediated by low-level lasers
associated with non-surgical periodontal therapy, promotes additional
benefits in the short term and accelerates the bone and gingival tissue
repair process and also reduces postoperative symptoms of periodontal
surgery. The effect of antimicrobial Photodynamic Therapy is relevant
in the initial reevaluation periods. Studies have shown controversial
results of the use of lasers in periodontics, and this fact may be due to the
lack of standard parameters of irradiation in each clinical application.

Keywords: Lasers; Low-Level Light Therapy; Photochemotherapy;
Periodontal Diseases.

Introduction

The word laser is an acronym which means Light Amplification by
Stimulated Emission of Radiation. As photonic therapy lasers have
been used in periodontics since the 1980s, with the first reports of use in
periodontal surgery.'? The lasers used in periodontics are divided into
two groups: high-power lasers and low-power lasers.

High-power lasers (HPL) can be used in soft or bone periodontal
surgery and for sulcular debridement of periodontal pocket and root
decontamination or as a scaling and root planing (SRP) technique.
In non-surgical periodontal treatment, neodymium-doped yttrium/
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aluminum/garnet (Nd: YAG; 1,064 nm), erbium-doped
yttrium/aluminum/garnet (Er'YAG; 2940 nm), erbium,
chromium-doped yttrium/scandium/gallium/garnet
(Er,Cr:YSGG; 2,780 nm) and high power semiconductor
diode laser (DL) (808-904 nm) are the most indicated
lasers.>® Associated effects on root surfaces have
been the subject of several studies carried out with
carbon dioxide lasers (CO,),* Nd:YAG*, diode laser,>¢
Er: YAG**¢ and Er,Cr:YSGG.”*® Low-level lasers (LLL)
have been widely used in periodontics due to their
tissue photobiomodulation (PBM) action with the
objective to reduce inflammation and accelerate the
repair process of surgical wounds as well as pain
reduction. Moreover, they act as a source of light to
activate the photosensitizing dyes (photosensitizers),
used in antimicrobial Photodynamic Therapy (APDT),
a procedure that has been widely used in periodontics
since the decade of the 2000s. PBM was defined as
a therapy that uses light in the visible or infrared
spectrum, emitted by a laser or an LED (light emitting
diode) in order to reduce inflammation, control pain
and speed up repair.’ Its primary effects occur at
the level of the cellular respiratory chain, which
result in increased vascularization (angiogenesis),
modulation of the immunoinflammatory response
and accelerated repair in the treated area.’

Although lasers are widespread around the world
and are indicated for various conditions in periodontal
treatment, several systematic review studies have
not proven their clinical benefits, while other studies
have questioned their effectiveness and clinical
advantages, especially when used as a supporting
procedure, not demonstrating significant long-term
clinical advantages in terms of improving periodontal
clinical parameters and not recommending their use
in periodontics.'*1>%

In view of these facts, the objective of this article
is to discuss the main scientific evidence regarding
the use of different lasers in periodontics and to be
able to evaluate the degree of scientific evidence in
systematic reviews that aimed to evaluate the use of
lasers in periodontics. Therefore, it aims to clarify to the
scientific community the advantages and limitations
of the use of this photonic therapy in periodontal
treatment, which used with adequate parameters
may constitute an alternative or adjunctive therapy
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of great clinical applicability, as it is safe and easy
to handle for the professional.

Methodology

Search strategy

The keywords were defined with searches in the
MESH descriptors to form the search strategy. Free
terms were also used, as well as combinations such as

"o

“Periodontitis”, “Chronic Periodontitis”, “Periodontal

”ou

disease”, “Photochemotherapy”, “Photodynamic
therapy”, “Lasers”, “Photobiomodulation Therapy”,
“Low-Level Laser Therapy”, “Nd-YAG lasers”, “CO,
lasers”, “Carbon dioxide laser”, “Er-YAG laser”,
“YSGG laser”, “diode lasers” were searched together
in different formats by two authors (RACM and
VGG) on PubMed/MEDLINE, SCOPUS, EMBASE,
Cochrane Central and Web of Science. The survey was
conducted between July and August, 2020. A narrative
review of the studies was carried out in each topic
and type of laser or periodontal treatment. A manual
search of the systematic reviews and meta-analysis
papers was also performed from 2015 to August
2020. The level of certainty of systematic reviews was
developed following the methodology of the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE).

Results and Discussion
High-Power (HPL) in periodontology
Non-surgical periodontal therapy (Figure 1)

Nd:YAG and Diode lasers

With the development of optical fibers, there
has been a great advance in the clinical use of HPL,
which allowed their use in different indications in
periodontics. Among these, the subgingival use of
optical fibers, which introduced into periodontal
pockets, promote bacterial reduction which, if applied
with adequate irradiation parameters, is considered
a minimally invasive technique.” Both the Nd:YAG
laser and the DL are indicated to remove the sulcular
epithelium from the periodontal pocket (sulcular
debridement) as well as to promote the reduction of



periodontopathogenic bacteria, supra- or subgingival.
The results of the studies are controversial. While
studies that evaluated Nd:YAG laser (400 m]/pulse;
60 s)*® and DL (940 nm; 0.8 W) as adjuvants in the
maintenance therapy of residual pockets did not
demonstrate additional clinical benefits,' other
studies evaluating the association of the Nd:YAG
laser with Er:'YAG demonstrated clinical advantages
only in deep pockets” and additional clinical and
microbiological benefits to SRP in the treatment of
patients with moderate to severe periodontitis.®

The laser output wavelength and the absorbance
of the tissues are two relevant conditions for the
action of lasers to occur. The absorption of laser
irradiation by biological tissues depends on the
presence of proteins, pigments, water-free molecules
and other macromolecules.”

Scientific evidence has shown that the use of DL on
aroot surface should be performed with caution, in an
interrupted mode and with appropriate parameters, in
order not to promote pulp damage.’ The clinical effects
of DL when used as adjunctive therapy to SRP were
evaluated in several studies.*®* The results obtained
demonstrated the bacterial reduction of periodontal
pathogens.”»? However, these findings were not
confirmed by other researchers when comparing the
use of DL with conventional mechanical treatment.?**
As for the evaluation of clinical parameters, studies
have reported greater reduction in probing depth and
gain in clinical attachment in areas that have been
treated with SRP associated with DL,?*?! while other
studies have not shown clinical advantages with the
use of DL as an adjunct therapy to SRP>*

An experimental study developed in animals by
our research group evaluated the effects of DL (808 nmy;
1 W, 20 pps, 20 s/tooth, 10 ]) as monotherapy or as an
adjunct therapy to the SRP mechanical treatment in the
treatment of experimental periodontitis. Significant
reduction in alveolar bone loss, inflammation and
acceleration of the periodontal tissue repair process
was greater when DL was used as an adjunct to
SRP.2* When used on a root surface, studies have
demonstrated, with scanning electron microscopy
evaluation, that DL promoted few morphological
changes on the surface when used with adequate
parameters and did not alter its biocompatibility.>*
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A systematic review study concluded that DL is
more effective in treating probing depth greater than
5 mm, when compared to SRP alone.” However, a
consensus of evidence presented through a systematic
review demonstrated that there is an additional
clinical benefit when using DL associated with SRP
in non-surgical periodontal treatment in patients
with moderate to severe periodontitis, and the gain of
clinical attachment level (CAL), although statistically
significant, has modest clinical relevance."

On the other hand, a recent clinical study has
shown beneficial effects of the use of DL (808 nm; 1.5 to
1.8W; continuous mode) in the treatment of periodontal
disease in type 2 diabetic patients. With the optical
fiber positioned inside the periodontal pocket and
directed to the soft tissue, it was demonstrated that
the combination of the laser and the SRP enabled
improvement in the periodontal clinical parameters
as well as the reduction of Porphyromonas gingivallis
and Aggregatibacter actinomycetemcomitans, compared
to treatment with SRP alone.” Reiterating these
beneficial effects, a review study comparing the use
of lasers in periodontal treatment concluded that
among HPL, DL is the second best in promoting gain
in CAL at 3 months when used in conjunction with
SRP, and the best one in gaining CAL at 6 months
of evaluation.? In the case of DL and Nd:YAG, fiber
optics have been used in motion for 10 to 30 seconds
on the buccal and lingual/palatal surfaces.

Er:YAG and Er,Cr:YSGG lasers

Er:YAG (2,940 nm) and Er,Cr;YSGG (2,780 nm)
lasers are highly absorbed by water molecules within
the hydroxyapatite crystals. Therefore, they have a
high capacity for removing mineralized tissues as
they promote a photomechanical or photothermal
effect, they have their own cooling system, and they
do not cause heating in adjacent tissues.>? It is also
noted that the Er,Cr:YSGG laser is strongly absorbed
by hydroxyapatite.

From the point of view of the morphological aspect
of the root surface treated with these lasers, in vitro
studies have shown that both Er:YAG and Er,Cr;YSGG
lasers promote changes in the surface making them
more irregular and rough.547*33These changes in
the surface result from the explosive ablation process
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typical of these lasers, maintaining biocompatible
surfaces when used with parameters adequate
irradiation.®*** These lasers are also indicated for
removal of dental calculus, non-surgical treatment
of periodontitis (bacterial reduction) and soft or
mineralized tissue ablation procedures.> In addition,
it has been shown that the Er:YAG laser promotes
a reduction in pulp temperature that may also be
associated with exterior cooling.®

The beneficial effects of using Er:YAG and
Er,Cr:YSGG lasers to remove dental calculus and
their effects on topography and root surface roughness
was demonstrated in a systematic review study that
showed that the combination of SRP using the erbium
lasers as an adjunctive therapy can be appropriate
to remove residual debris from the root surface and
have little thermal effect on the root surface. This
study concluded that the Er:YAG laser seems to be the
most suitable for nonsurgical periodontal therapy.*

Some studies have shown that the Er:YAG laser
promotes the same clinical effects as conventional
SRP therapy,*® despite promoting greater microbial
reduction.’®#’ In addition, there are a limited number
of studies that have evaluated and investigated the
clinical effects of lasers as an adjunct treatment to
SRP in the treatment of periodontitis.?*404142

The Er:YAG laser promotes moderate benefit
during periodontal treatment and has been considered
an alternative for the treatment of periodontitis.
Studies by our group have shown that the Er:-YAG
laser has the same effect as SRP alone and that
used as an adjuvant increases the ability to reduce
microorganisms.**’ The parameters most used in
clinical studies in humans that evaluated the effect
of the Er:'YAG laser were pulse energy from 100 to
160 m]J/pulse and frequency of 10 Hz, to perform
root debridement and scaling. A meta-analysis
study concluded that the Er:YAG laser as an adjunct
therapy to SRP promotes short-term clinical benefits,
and promotes less painful sensation in patients.**

Histomorphological evaluation of periodontal
repair in human biopsies of 21 patients after using
the Er:'YAG laser as a monotherapy or adjunct to SRP
demonstrated that there are no differences in the
repair process, with an increase in the proliferation
of fibroblasts and collagen maturation between 2 and
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6 weeks after treatments, with minimal difference
in collagen density and distribution.*?

The Er,Cr:YSGG laser (2,780 nm), due to its
thermomechanical action, has been indicated for
the removal of mineralized tissues. The emitted
light is again absorbed by the water contained in the
hydroxyapatite matrix of mineralized tissues and,
similar to the Er:'YAG laser, promotes tissue ablation.
It is also associated with the effects produced by the
impact on the treated tissue, of the water released by
the emitter.” A recent study demonstrated that the
Er,Cr:YSGG laser as an adjunctive therapy further
reduces clinical inflammation after 1 and 3 months
of treatment, when compared to isolated non-surgical
periodontal therapy, but there are no differences in
the reduction of IL-1B and MMP-8.* Power of 1.5 W
is considered appropriate for root calculus removal
without promoting significant morphological changes.”*
However, there are few studies that have evaluated the
use of this laser as an adjunct therapy to SRP**° Another
option of periodontal treatment with laser consists of
the association of different lasers. The associated use of
DL (904 nm, 2 sessions) and Er,Cr:YSGG in subgingival
debridement in periodontal pockets with a depth
greater than 4 mm, demonstrated greater clinical
benefits and bacterial reduction when compared with
isolated subgingival debridement.* There are some
recent review and meta-analysis studies on HPL for
the treatment of periodontal disease and the level of
certainty varied from low, moderate to high 12272943

Surgical periodontal therapy

The HPL most suitable for soft tissue surgery are
CO, (10,600 nm), Nd:YAG (1,064 nm), DL (800-980 nm),
Er:YAG (2,940 nm) and Er,Cr:YSGG lasers (2,780 nm).
Among its advantages, it is highlighted the promotion
of hemostasis and microbial reduction due to the
increase in tissue temperature, in addition to being
a highly conservative procedure.>**

Surgical procedures of excisional biopsy, excisions
of pathological soft tissue (granuloma, fibroma), muscle
brakes and bridles, corrections of gingival contour
and smile, gingivectomy/gingivoplasty, removal of
melanic pigmentation, increase of clinical crown,
proximal wedge, de-epithelialization of the flap in
regenerative procedures, subgingival curettage and



bacterial reduction in periodontal pockets are the most
indicated ones.?*" In highly vascularized tissue, the
CO,, Nd:-YAG and DL are the most indicated for their
ability to reduce bleeding during the operation.>*
DL, being absorbed by tissue pigments, promote
effective hemostasis of the surgical area, without
causing thermal damage in depth. Given that they
are portable and of low cost, they have gained the
interest of many professionals.

In surgical periodontal therapy, Nd:YAG, DL,
ErYAG and Er,Cr;YSGG lasers have been most used.>%
A systematic review has shown that there is an
additional clinical gain in attachment level when
using only the Er:-YAG laser in surgical periodontal
therapy, but the magnitude of this gain is questioned."
Vaporization of the granulation tissue can be carried
out with DL, CO,, Nd:YAG applied with appropriate
parameters (low) in pulsed or interrupted mode. The
debridement of the root surface with these lasers is
not indicated, and the Er:YAG and Er,Cr:YSGG lasers
are indicated for this purpose.

Animal studies have evaluated the osteotomy and
osteoplasty procedure performed with an Er,Cr'YSGG
or drill laser. The repair was more favorable when
performed with the Er,Cr:YSGG laser,*** characterized
by the absence of tissue carbonization and debris. In
addition, it proved to be a safe and precise procedure,
capable of controlling the depth of the cut if used with
adequate parameters of irradiation, cooling and the
inclination of the output beam.

Low-level laser (LLL) in periodontology
Photobiomodulation (PBM) therapy (Figure 2)

Non-surgical periodontal therapy

The lasers used in PBM emit in the visible or
near-infrared range (630-980 nm) and have important
effects in non-surgical periodontal treatment as they
contribute to the reduction of the inflammatory process
of gingival tissues and develop a photobiomodulatory
effect evidenced by the reduction of marker phenotypes
associated with activated macrophages, reactive
nitrogen species and pro-inflammatory cytokines.”

In non-surgical periodontal therapy, PBM therapy
has been indicated as an adjunct therapy to the
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procedure of SRP, for the control of inflammation and
for the acceleration of tissue repair in the immediate or
mediate postoperative period in periodontal surgeries
that affect soft and bone tissue associated or not with
the use of regenerative techniques; for the reduction of
edema, postoperative pain as well as for the treatment
of dentin hypersensitivity.>® Thus, it can be used as
an adjunct to surgical and non-surgical therapy of
diseases gingival associated or not with plaque, and
in the treatment of periodontitis, especially in the
face of unfavorable systemic conditions or modifying
factors, such as smoking.>®

In the treatment of gum disease, laser-mediated
PBM as a light source can be used to treat gingival
disease in two situations: as an adjunct to mechanical
debridement, with the aim of helping to reduce the
inflammatory process® or as an auxiliary therapy
in the postoperative of areas submitted to surgery
of gingival tissue (gingivectomy/gingivoplasty) to
accelerate the repair process.™ The effectiveness of PBM
in controlling inflammation has been demonstrated
by several studies both in the treatment of gingivitis®
and periodontitis.®-¢*

Randomized controlled clinical studies evaluated
the effects of PBM as an adjunct therapy to non-surgical
treatment of periodontitis. While some authors
reported that there is still no strong evidence on
the effectiveness of this therapy when used for this
purpose, given the limited number of studies with
adequate methodologies® and the heterogeneity of
irradiation parameters; other authors reported that
the results are promising because they demonstrated
beneficial effects of this therapy in the short term.*>%

However, experimental studies that evaluated
this therapy as an adjunct in the treatment of
periodontal disease experimentally induced in
animals, proved the effectiveness of PBM. Control
and reduction of alveolar bone loss were observed
in animals systemically modified by corticosteroids
(dexamethasone),*” chemotherapy,*®® nicotine,”*”
estrogen depletion.”” The benefits of this therapy are
probably due to its ability to promote angiogenesis,
proliferation control of the inflammatory process and,
consequently, acceleration of the events involved in
tissue repair.”” Importantly, the number of sessions
of this therapy may contribute to a greater control of
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HIGH-POWER LASERS IN PERIODONTICS

CO2 Diode Nd:YAG Er:-YAG Er,Cr:YSGG
Wavelength Wavelength: 808 - 980 nm Wavelength: 1,064 nm Wavelength: 2,940 nm Wavelength: 2,780 nm
9,300 and10,600 nm
e promote hemostasis e crown lengthening surgery
o excisional biopsy o wedge proximal
efrenulectomy esubgingival curettage
 gingival contour and smile corrections e removal of melanin pigmentation
® gingivectomy / gingivoplasty « flap de-epithelialization in regenerative procedures
Non-surgical treatment
Diode Nd:YAG Er:-YAG Er,Cr:YSGG
eremoval of the sulcular epithelium of periodontal pocket e removal of mineralized tissue
(sulcular debridement) e removal of dental calculus/biofilm
 reduction of periodontopathogenic bacteria (supra or ® bacteria reduction of periodontal pocket
subgingival)
ENERGY 100 - 400 mJ/pulse 100 - 160 mJ/pulse 50 - 100 mJ/pulse
TIME 20 - 30 seconds/site 30 - 60 seconds/site From 20 seconds From 20 seconds
PULSE
REPETITION 10 - 100 pps 10- 20 Hz 10 - 20 Hz 10 - 30 Hz
EMISSION interrupted pulsed pulsed pulsed
MODE
POWER 0.8-25W 1.0-2.0W 1.0W 1.0-1.5W
Surgical treatment
Diode Nd:YAG Er:-YAG Er,Cr:YSGG
e excisional biopsy e excisional biopsy
o frenulectony o frenulectomy
e gingival contour and gummy smile e gingival contour and gummy smile
e gingivectomy / gingivoplasty e gingivectomy / gingivoplasty
o removal of melanin pigmentation e removal of melanin pigmentation
e crown lengthening surgery o second-stage surgery of submerged implants
e inter-proximal surgery e osteotomy and osteoplasty
e second-stage surgery of submerged implants o ulectomy/ulotomy
o flap de-epithelialization in regenerative procedure
o ulectomy/ulotomy
ENERGY 100 - 250 mJ 100 - 500 mJ 100 - 400 mJ
POWER 1.0-40W 2.0-4.0W 20-40W 25-45W
SEESE 10 - 20 Hz 4-15Hz 15- 50 Hz
REPETITION
EMISSION :
MODE Continuous Pulsed wave Pulsed wave Pulsed wave

Figure 1. Indications and irradiation parameters of the high-power lasers described in the periodontal studies.

alveolar bone loss, inflammation and modulation of
the immunoinflammatory response, which was more
favorable after 4 sessions of PBM, with an interval of
24 hours (660 nm, 0,035 W, 4 ]).*

Clinical studies in humans using PBM as an
adjunct therapy have revealed a very large discrepancy
between the results as well as a significant variation in
irradiation parameters.t*%4”-% There are also studies
that used PBM in multiple sessions (3 to 10 sessions),
with different wavelengths (630, 632, 635, 660, 670,
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780, 830 and 980 nm), with variable energy (0.96 to
10.5 ] per tooth),?-626474-81 which makes it difficult to
indicate the best treatment protocol.

One of the protocols that proved to be effective,
employed an 808 nm laser with an energy density of
4 J/cm? applied in contact mode and punctually on
the gingiva on the first, second and seventh day after
periodontal treatment.”? Another study revealed that
PBM as an adjunct to conventional treatment, used in
5 applications (660 nm, 200 mW, 60s/tooth) was better



than a single application, showing a reduction in
pro-inflammatory mediators and accelerated healing
with no difference in clinical periodontal parameters.”

Clinical studies have also shown beneficial effects
of adjunctive PBM in the treatment of periodontal
disease in diabetic patients. Reduction of gingival
inflammation was observed when using a 670 nm
laser with a power of 5 mW for 14 minutes/day,
for 5 consecutive days on the gingival tissue.®® The
use of PBM therapy (980 nm) was also shown to be
effective in nonsurgical periodontal treatment of
chronic periodontitis in uncontrolled type 2 DM
patients.® PBM therapy was applied (0.5 J/cm? on
the buccal side of each tooth on the selected side
for four sessions: immediately after treatment (day
0) and 1, 3 and 7 days after treatment.® The results
demonstrated clinical and biochemical benefits in
accelerating tissue repair and reducing inflammation.*

The benefits of PBM have also been seen in the
treatment of periodontal pockets in patients with
periodontitis and type 2 diabetes.” Periodontal
pockets were treated locally with laser (660 nm,
0.03 W, 22 J/cm?, 20s, continuous wave, 1.1 W/cm?,
total energy of 0.6 ]).”” The results demonstrated that
PBM was more effective in reducing the percentage of
moderate periodontal pockets at 6 months in patients
with type 2 diabetes.”

There are few recent review and meta-analysis
studies on PBM for the treatment of periodontal
disease and the level of certainty varied from moderate
to low.®% Meta-analysis concluded that the use of
PBM, mediated by laser associated with non-surgical
periodontal therapy, promotes additional benefit only in
the short term.* Meanwhile, another systematic review
evaluating the action of PBM therapy as an adjunct in
the treatment of aggressive periodontitis demonstrated,
after analyzing 4 randomized controlled clinical studies,
that PBM promotes a significant reduction in probing
depth. In this sense, studies are required with long
follow up and standard laser parameters.®

Surgical periodontal therapy

The benefits of using PBM to repair wounds are
well documented in the literature in both animal
and human studies,®* mainly for their action on
epithelialization after operative procedures.®>* PBM
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can be used in periodontal surgical treatment in
order to: promote the repair of gingival and mucous
tissues; accelerate bone tissue repair; and reduce
postoperative symptoms of periodontal surgery:.
LLL (=500 mW, energy density 25 J/cm?) used as an
adjunct to periodontal surgery positively influenced
postsurgical pain control. Adjunctive LLL therapy to
free gingival grafts can accelerate wound healing of
palate sites at early healing phase.®® These benefits
were more pronounced in conditions of delayed repair
process, as in the case of smoking, uncompensated
diabetes or in situations of immunosuppression by
the use of medication. %55

Randomized controlled clinical study demonstrated
that surgical areas of periodontal flap when irradiated
in the postoperative period with PBM (940 nm, 0.5 W,
continuous, 112 s, 20 J/cm?/site ), 3 mm away from
the tissue, presented a reduction of pain in the period
of 2 to 7 days, and there was a reduction in the need
to use analgesics.*

In the bone tissue, although there are many studies
in different clinical and experimental conditions in
animals, there are few studies that have evaluated
the effect of PBM on bone repair of periodontal
tissues. Clinical study in humans evaluated the
effects of PBM (830 nm, 40 mW, 60s, continuous
mode, 4 J/cm?) in 4 applications (0 hour, 3, 5 and
7 days) in treated infra-bone defects with bioactive
glass.”® After 3 months, they observed that PBM
improved periodontal repair, without additional
benefits 6 months after surgery.” These results
confirm that PBM accelerates the bone repair process
becoming a promising adjunctive treatment in
periodontal regeneration, reiterating the findings
of other researchers who observed that PBM is able
to stimulate the release of molecules that increase
local neoangiogenesis and stimulate the osteoblastic
differentiation and bone repair associated or not
with biomaterials, due to the ability to stimulate
osteogenesis and biomineralization.”*

Regarding the treatment of gingival recessions, a
meta-analysis study showed that the association of the
flap with the PBM enabled the increase in the formation
of keratinized tissue, improving the probing depth
parameters and the clinical attachment level, although
it has not increased the degree of root coverage.”
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LOW-LEVEL LASERS IN PERIODONTICS

Photobiomodulation (PBM) Therapy

Non-Surgical Periodontal Treatment

e adjunctive to scaling and root planing procedure (SRP)
e inflammation control

e reduction of edema, postoperative pain

« treatment of dentin hypersensitivity

e supporting the treatment of periodontitis in diabetic

ereduction of postoperative symptoms of periodontal surgery

eacceleration of tissue repair in the mediate or immediate postoperative
periodontal surgeries involving soft and bone tissue, associated or not with the
use of regenerative techniques

Surgical Periodontal Treatment

patients
Reduction of Pain Bone Repair
ENERGY 45
DENSITY OR 1 -3 J/site 0.6 - 12 J/tooth 15 - 6-0 Jlem? 6 - 40 J/cm? 4-10 J/lcm?
ENERGY
NUMBER OF 3-4 5-10 3-8 1-5 3-10
SESSIONS
WAVELENGTH 780 - 980 nm 630 - 660 nm 660 nm 810 - 940 nm 780 - 830 nm
POWER 70 - 400 mW 25 - 200 mW 20 - 30 mW 100 - 500 mW 30-100 mW

Figure 2. Indications and irradiation parameters of the low-level lasers (PBM) described in the periodontal studies.

Antimicrobial photodynamic therapy (Figure 3)

History of antimicrobial Photodynamic Therapy (APDT)

APDT refers to the use of light-absorbing chemicals
together with electromagnetic radiation (usually
visible light) in order to produce a microbial cell-killing
or inactivating effect. Effective chemicals used here
are known as photoantimicrobials, as they exert their
effects against all classes of microbe, i.e. bacteria,
viruses, fungi and protists.** While photoantimicrobial
plants (e.g. bloodroot, Sanguinaria spp) have been in
existence for millions of years, the first reported
in vitro demonstration was by Oskar Raab in 1900,
when he observed the inactivation of the unicellular
microorganism Paramecium caudatum using the
synthetic dyes acridine phosphine and eosin along
with white light.*®

From Raab’s discovery until around 1990 the
reporting of in vitro APDT discoveries was sporadic,
but the phenothiazinium dyes methylene blue and
toluidine blue had by that time become the lead
compounds for photoantimicrobial discovery and
development,” and the principal clinical indication
was - and remains - oral infection. The essential
requirement for light activation in APDT obviously
suggests its use against local, easily-reached infections,
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although fibre optic technology allows access to
deeper-seated, localised disease. A great deal of the
basis for APDT against oral infection was carried
out by Wilson and co-workers in the late 1980s/early
1990s, and in this period a wide range of relevant
microbial pathogens had been shown to be susceptible
to the approach.”

Another of the useful aspects of APDT is
its efficacy regardless of the conventional drug
resistance profile of the target organism. Given
current global concerns over uncontrolled increases in
conventional drug resistance, APDT using methylene
blue therefore offers considerable potential in
dentistry in the management of pathogens such as
vancomycin-resistant enterococci”® The antimicrobial,
as opposed to antibacterial, potential of APDT also
means that the applied photoantimicrobial would
also be effective against fungal infection of the oral
cavity, such as candidiasis.”

Basic principles of APDT

As noted above, APDT relies on the interaction
of the photoantimicrobial substance with incident
light of the correct wavelength. For methylene blue
this means red light (methylene blue has an intense
long-wavelength absorption at 660 nm), and the



absorption of this light energy allows the promotion
of a ground state electron to a higher, excited state.
In addition, the ground state electron, as part of
a pair, has an opposite spin to its partner, so the
ground state is referred to as a singlet and this is
maintained in the excited state. However, while most
colorants absorb light and undergo this process,
the singlet excited state is normally deactivated
rapidly by the electron returning to the ground state.
Photosensitizers (including photoantimicrobials)
represent a much smaller subset where the singlet
excited state is relatively long-lived (microseconds)
and this allows the spin of the electron to invert, so
that it is the same as that of its original partner, but
still excited, losing only a small amount of energy.
This is the triplet state, and the fact that the spins
are unpaired allows much easier electron transfer
processes. Reaction of the triplet state compound
with oxygen via electron transfer or transfer of the
triplet energy direct to ground state oxygen produces
highly reactive (highly oxidizing) chemicals called
reactive oxygen species (ROS). The basis of APDT
is the production of ROS either within or upon the
microbial target.

Damage to the target cell depends on the localization
of the photoantimicrobial. This is because the ROS are
formed and subsequently react with biomolecules in
close proximity. Consequently, photoantimicrobial
localization at the cell exterior leads to external
damage, for example to the Gram-positive bacterial
cell wall, or the Gram-negative outer membrane.
Conversely, internalized photoantimicrobials may, on
illumination cause damage to cytoplasmic enzymes
and/or DNA. Since photoantimicrobial localization
can vary with concentration and incubation time,
the ensuing biomolecular damage is variable. This
variation means that it is difficult to envisage the
development of drug resistance - i.e. multiple
sites/modes of action require too many cellular
changes in order to counteract them all at once.

Photodynamic therapy on oral bacterial infections:
mechanism of action

Typical exemplar bacteria implicated in periodontic
infection, Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis and Fusobacterium nucleatum
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can be combated using the photodynamic approach.®
This may seem surprising, given that each exampleis a
Gram-negative species. The destruction of Aggregatibacter
actinomycetemcomitans biofilms using photoactivated
methylene blue has been reported, and this again
demonstrates the range of biomolecular types sensitive
to the effects of ROS.” Similarly, the loss of virulence
factor in A. actinomycetemcomitans has been demonstrated
using indocyanine green-chitosan nanoparticles.'”

In Porphyromonas gingivalis mainly outer
membrane protein damage has been reported using
the cationic (positively-charged) phenothiazinium
photoantimicrobial toluidine blue, but little effect
on bacterial (cytoplasmic) DNA, although at
both sites the damage observed was accredited
to singlet oxygen.® The effects of the principal
phenothiazine photoantimicrobial methylene blue
against Fusobacterium nucleatum have not been reported
in detail. However, the increased efficacy of added
metronidazole, used as a combination approach
post-illumination is suggestive of increased target
cell permeability, presumably due again to outer
membrane damage, as noted above.'™

Scientific evidences: animal studies

Scientific evidence from experimental animal
studies has demonstrated the effectiveness of APDT
as monotherapy or as an adjunct in the treatment
of experimental periodontitis.'® The potential of
this therapy in modulating the local inflammatory
response and in controlling bone resorption in sites
with experimental periodontitis has be confirmed.
Several studies have been developed to evaluate
the effect of APDT on experimental periodontitis in
animals (rats) with or without diseases or systemic
changes.”073106111 Tn animals devoid of diseases or
systemic changes, APDT has been shown to be
effective in the treatment of experimentally induced
periodontal disease, when used alone or as an adjunct
to conventional mechanical treatment.*7319109110 The
results of experimental studies have shown that
APDT alone or as an adjuvant promotes control
and reduction of alveolar bone loss, modulates
the immune-inflammatory response,® 7' reduces
pro-inflammatory cytokines®'? and is capable of
reducing periodontopathogenic microorganisms."?
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Recent meta-analysis including studies in animals
that evaluated the effect of APDT in the treatment
of experimental induced disease including 9 articles
concluded that the adjunctive use of APDT favors
the reduction of alveolar bone loss in animals,
and that results are more evident in systemically
compromised animals.'®

Most of the studies described previously used
phenothiazine photosensitizer, Methylene Blue (MB)
or ortho-Toluidine Blue (TBO). We recently evaluated
a photosensitizer that has shown great promise in
reducing microorganisms: Toluidine Butyl Blue." The
results demonstrated its effectiveness in promoting
bone tissue remodeling in areas with experimental
periodontitis, reducing the inflammatory process and
accelerating bone neoformation, by increasing the
migration and production of TGF-f1 and Osteocalcin
(OCN), especially when used in the concentration
of 0.5 mg/ml.™

The effects of APDT over the control of alveolar
bone loss might be due to its bactericidal activity
against periodontopathogens. Our studies have
showed that APDT modulates inflammatory response
through reduction of expression of pro-inflammatory
cytokines,"? consequently affecting RANKL/OPG
system, leading to the reduction of bone loss.”731%
Hence, combined with its antimicrobial effects, APDT
can also act over bone repair by accelerating the
healing process through PBM mediated by LLL.7*77

Scientific evidences: clinical studies in humans

APDT has been clinically evaluated in several
clinical studies as adjunctive therapy to the treatment of
periodontitis. However, due to the diversity of protocols
for the use of this therapy in studies, it is observed that
the results are controversial and inconclusive. It should
be noted that the clinical studies found in the literature
have used different photosensitizers associated with
lasers or LEDs with different wavelengths. In addition
to the type and concentration of the photosensitizers,
other parameters have been highly variable in APDT,
such as the pre-irradiation time (between 1, 3 and
5 minutes), the power used (between 60 and 280 mW),
the exposure time (between 10 and 180 seconds/site),
the number of sessions (single or multiple), frequency
and interval between sessions.
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Some clinical studies, despite not showing
advantages in CAL level after using APDT, have
shown that this therapy is capable of reducing bleeding
and controlling inflammation of treated tissues.'>'"
Others have shown that APDT was able to promote
bacterial reduction, mainly of periodontopathogenic
bacteria."®"” There is some scientific evidence on the
effects of multiple applications of APDT on periodontal
treatment."*">171 One of these studies demonstrated
that three applications of APDT (first, third and seventh
days) promoted a greater reduction in Aggregatibacter
actinomycetemcomitans, Tannerella forsythia and Treponema
denticola in moderate pockets (4-6 mm), of Treponema
denticolain deep pockets (> 6 mm), and reduced bleeding
on probing, when compared to isolated RAR.™® Our
research group has demonstrated that a protocol of
three APDT sessions (Methylene Blue, 660 nm, 160 J/cm?)
with an interval of 48 hours and pre-irradiation time
of 1 minute in moderate and deep pockets proved to
be clinically effective as much as systemic antibiotic
therapy, as an adjunct therapy in the treatment of
chronic periodontitis in both non-smoking patients'®
and in smokers.""”

Randomized controlled clinical study compared the
effect of this APDT protocol (three weekly applications)
as an adjunct to the treatment of periodontitis in
non-compensated diabetic patients."® APDT as an
adjunctive therapy has clinically benefited patients,
as it was able to reduce the number of pockets with
probing depth >5 mm with bleeding at 90 and 180 days,
in addition to reducing the average probing depth
of deep pockets at 180 days after the treatment. In
the treatment of residual pockets in maintenance,
studies have shown advantages of using APDT,
either as an alternative therapy or as an adjunct to
periodontal treatment.*'* Clinical evidence has
shown that APDT promotes clinical benefits in
reducing inflammation of periodontal tissues, reducing
residual pockets and gaining of CAL as maintenance
therapy.'*1?? Several sessions of APDT as adjunctive
therapy for the treatment of residual pockets in
maintenance therapy have shown to be effective
(five applications over a two-week period).’*® Another
clinical study, which employed APDT as an alternative
therapy, using MB (10 mg/mL), pre-irradiation time
of 1 minute and irradiation with diode laser (660 nm)



for 1 minute, positioning the fiber inside the pocket,
demonstrated clinical benefits in the treatment
of residual pockets for promoting modulation of
crevicular fluid cytokines.’” However, a clinical
study evaluating APDT in maintenance therapy as
an adjunct to periodontal treatment employing MB
(0.01%), pre-irradiation of 5 minutes, 90 s of treatment
with DL (660 nm), concluded that this procedure
failed to demonstrate clinical and bacteriological
benefits.’ Other study of our team showed that
the treatment of residual pockets in patients with
type 2 Diabetes Mellitus through association of SRP
with APDT (curcumin solution 100 mg/L and LED
irradiation) or LED irradiation may yield short-term
clinical benefits regarding CAL gain.'*

Systematic reviews and meta-analysis studies
have shown controversial results on APDT in
periodontics, and the level of certainty of these
reviews varies from very low to moderate.!>12613
Regarding the initial treatment of aggressive or chronic
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periodontitis, some reviews showed encouraging
results with several applications, including in the
short term,'*'* while others did not confirm superior
effectiveness to conventional treatment or that its
effect is limited.!*1*1%2 Regarding the use of APDT
in diabetics'® or smokers,’** there is still a lack of
studies. A meta-analysis of our team compared
APDT to systemic antibiotic therapy with amoxicillin
plus metronidazole on the non-surgical treatment of
periodontitis.’** Although it was observed a limited
number of randomized controlled clinical studies
(4) and great heterogeneity between them, it was
concluded that APDT presents similar clinical results
compared to antibiotic therapy as adjuvants in the
non-surgical treatment of periodontitis.”*

Conclusions

In nonsurgical periodontal therapy there
is an additional clinical benefit when using DL

LOW-LEVEL LASERS IN PERIODONTICS

Antimicrobial Photodynamic Therapy

o Reduction of microorganisms

o Initial non-surgical or surgical periodontal treatment
e Supporting treatment maintenance

¢ Alternative in maintenance treatment

Initial Therapy

Maintenance Therapy

SINGLE SESSION

MULTIPLE SESSIONS

SINGLE SESSION MULTIPLE SESSIONS

16 - 129 J/cm?

16 - 160 J/cm?

2.49 (site) -14.94 (tooth)
Jiem?

10 - 150 seconds

10 -180 seconds

10 - 60 seconds 60 - 120 seconds

635 - 690 nm 660 - 670 nm 660 - 670 nm 660 - 670 nm
MB and TBO MB and TBO MB MB
1 3-4 1 2-5
10 - 300 seconds 60 - 300 seconds 60 seconds 60 seconds
60 -150 mW 75-100 mW 75 mW 75 -280 mW

MB: Methylene Blue; TBO: Toluidine Blue-O.

Figure 3. Indications and irradiation parameters of the low-level lasers in APDT described in the periodontal studies.
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associated with SRP in patients with moderate to
severe periodontitis. Er:'YAG laser promotes the
same clinical effects as conventional SRP therapy.
Periodontal surgery of the gingival or mucosal tissue
and granulation tissue can be carried out with DL,
CO,, Nd:YAG, Er:YAG and Er,Cr:YSGG. The osteotomy
using Er:YAG or Er,Cr:YSGG proved to be a safe and
precise procedure.

Based on the analysis of data found in the literature,
it can be observed that PBM mediated by LLL is
effective in controlling inflammation, in accelerating
the biological events of tissue repair and in reducing
pain in both non-surgical and surgical therapy, with
highlighted results in the short term. It should be
noted that PBM modulates the host’s tissue response
from the deposition in the treated area of light
photons. When absorbing the light, cells that have their
energy gradient changed, due to injury or systemic
modifications, will have their energy recomposition
and consequently their biological mechanisms
will be activated. In this case, the photonic effect
is evident after several sessions. For this reason, in
many cases, a single application does not express
results as satisfactory as multiple sessions with PBM.
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