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Abstract

Objective: Finding evidence-based treatment strategies for low-level light therapy (LLLT) and the correct
incorporation of these treatment methods in the clinical practice of periodontics.
Background: Photobiomodulation has been shown to have biostimulatory, anti-inflammatory and analgesic
effects that can be beneficial in periodontal and dental implant treatment procedures.
Methods: In this review we have addressed some clinical questions regarding the potential clinical application
of low-level light irradiation and its photobiomodulatory effects in periodontology and implantology. The
literature was searched for in vivo (animal or clinical) articles written in English in four electronic databases of
PubMed, Scopus, Google scholar, and Cochrane Library until April 2019. Only studies with low irradiation
doses without any thermal effects used only for their photobiomodulatory purposes were included.
Results: We were able to find relevant studies for all of our questions, and positive effects for the application of
light therapy were reported in most of the studies. However, there is still great deal of heterogeneity in terms of
study designs and most importantly in light irradiation devices and the parameters used. Owing to this issue it was
not possible to reach specific evidence-based irradiation protocols for the questions addressed in this review.
Conclusions: Based on our search results, an obvious positive effect of LLLT on stimulation of healing of
periodontal soft and hard tissues and reduction of inflammation can be seen. Future well-designed randomized
control studies with the same irradiation settings and systematic reviews evaluating the studies found on the
questions mentioned are necessary to reach evidence-based recommendations.
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Introduction

Low-level light therapy (LLLT) or rather called
photobiomodulation (PBM) therapy has attracted special

attention recently, and its applications in dentistry and med-
icine are continuously growing. PBM of tissue can lead to

either positive healing responses or sometimes inhibitory bi-
ological effects. These are all possible as a result of nonthermal
photochemical and biological interactions. Light-emitting di-
odes (LEDs), broad light sources, and lasers may be used for
this purpose. Clinically many different advantages, such as
relief and reduction of pain and inflammation and promotion
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of healing, have been observed. However, the exact mecha-
nisms are not yet fully understood.1–3

Laser technology has revolutionized the dental practice.
With the wide range of wavelengths and devices now avail-
able in dentistry a variety of different applications, from hard
tissue ablative or coagulative surgical applications and anti-
infective effects using high powers to favorable tissue inter-
actions using low levels of laser energy, are now possible.
There has been a great demand in the dental practice to use
less invasive methods and reduce the pain and discomfort of
patients and promote tissue healing, and laser or light PBM
has the potential to be used as an adjunctive method to reach
these goals. PBM can be achieved using low levels of laser
irradiation and seems to be a promising technique due to its
positive effects and biomodulatory interaction with cells
and living tissue. It was first used in medicine and phys-
iotherapy, but recently it is also finding its way into routine
dental practice.

PBM or laser therapy is performed by using energy
densities that do not cause any heat in tissues, but rather
result in photochemical and biological interactions.4 Visible
red and also infrared lasers (600–1000 nm) are mainly used
for laser therapy, but other wavelengths and lasers, such as
Nd:YAG, CO2, and Erbium family lasers, may also provide
such effects with correct adjustment of the parameters.5 A
thorough knowledge and understanding of the laser physics
and optical properties of tissue and its optimal therapeutic
window is needed to correctly translate the cellular effects
of laser interaction with tissue to result in the desired
treatment objectives in clinical practice and avoid contra-
dictory results.6

Periodontics is a field of dentistry that has adopted laser
technology in its surgical and nonsurgical treatments in
periodontal and peri-implant tissues either alone or as an
adjunctive treatment with many successful results. Different
high- and low-level lasers have been used in periodontal
treatments with benefits of coagulation, antibacterial effects,
root surface detoxification, and smear layer removal, and
even bone recontouring or calculus removal is possible with
new pulsed high-power devices.7,8 Obtaining better treat-
ment results in implant surgery and also predictable therapy
for peri-implant diseases has been a focus of many re-
searches in this field. Lasers have been employed for dental
implantology from its manufacturing stages (e.g., laser
sintering) to its surgical placement and most importantly in
the treatment of peri-implant infections.9

Although these potential applications are now well known
and there are a large number of publications and studies
addressing the application of lasers or other light sources in
periodontology and implant dentistry, there are still con-
troversies in the results and we still lack clear clinical
guidelines for many of the applications. Recently, some
systematic reviews have focused on lasers in periodontology
and implant dentistry. However, they have not specifically
addressed potential clinical applications of PBM using low-
level light irradiations.8,10–14

In this review we aimed to focus only on the status of
research in the fascinating field of PBM using low-intensity
light and its potential applications in periodontology and
oral implantology and try to present some evidence-based
answers and guidance for clinical therapies and future well-
designed research.

Methods and Search Strategy

The literature was searched for in vivo (animal or clinical)
articles written in English in four electronic databases of
PubMed, Scopus, Google scholar, and Cochrane until April
2019. Specific clinical questions were designed regarding po-
tential applications of low levels of light in periodontology and
implant dentistry. Each question was searched separately by
combining the search keyword of ‘‘low-level laser therapy’’
OR ‘‘low-power laser therapy’’ OR ‘‘low-intensity laser
therapy’’ OR ‘‘cold laser’’ OR ‘‘soft laser’’ OR ‘‘photo-
biomodulation therapy’’ OR ‘‘photobiostimulation thera-
py’’ OR ‘‘LED’’ with specific keywords chosen for each
question. The inclusion criteria slightly varied in some of
the questions and are mentioned for each question sepa-
rately. The inclusion criteria were studies that utilized ir-
radiation doses without any potential thermal effects and
only used for photobiomodulatory purposes.

Periodontology and Laser PBM

Clinical Question 1

Can PBM improve periodontal condition
as an adjunctive therapy to conventional
nonsurgical periodontal treatment?

Evidence search strategy. A literature search was con-
ducted in the four databases mentioned for clinical studies
evaluating the use of LLLT as an adjunct to nonsurgical
treatment of periodontitis. The keywords previously stated
for ‘‘low-level light therapy’’ were combined with keyword
of ‘‘periodontal disease’’ OR ‘‘periodontitis’’ OR ‘‘nonsur-
gical periodontal treatment’’ OR ‘‘periodontal treatment ‘‘
OR ‘‘periodontal disease’’ OR ‘‘adjunct’’ OR ‘‘scaling and
root planing.’’

All clinical studies evaluating adjunctive low-level light
therapy plus scaling and root planing (SRP) (root surface
debridement) and assessing clinical parameters or bio-
chemical markers related to periodontal inflammation were
included. Study populations considered eligible for inclu-
sion included nonsmoking healthy adult patients (‡18 years
old) with aggressive periodontitis (AgP) or chronic period-
ontitis (CP).

Low-level light was defined by including power settings
that would not produce a thermal effect but rather a photo-
biomodulatory result (average output powers of 1 W or less).
Therefore, studies in which lasers were used as an adjunctive
tool for pocket debridement, pocket wall de-epithelialization,
or for photodynamic therapy were also excluded.

A total of 584 studies were found to be potentially eli-
gible by screening the titles. The search results were further
screened for relevance and after a more detailed full text
analysis of the articles, 26 articles were included that are
listed in Table 1.15–38

Evidence-based conclusion and recommendations. The
gold standard treatment of periodontitis is still considered
to be mechanical debridement of the periodontal pockets
(SRP). Most studies using lasers in nonsurgical treatment
have used high-power lasers as adjuncts for debridement
and also for their antiseptic and bactericidal effects. Some
laser wavelengths such as Erbium lasers are also able to
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Table 1. Characteristics of Included Studies: Effect of Adjunctive Photobiomodulation in Conventional Nonsurgical Periodontal Treatment

Author
(year)ref. Wavelength Irradiation parameters

Study
population/groups Evaluations Main results

Qadri et al.
(2005)15

2 Wavelengths
(630 and
830 nm)

1 Week after SRP
Outputs: 10 and 70 mW
They treated (1) the buccal papillae with

635 nm laser for 90 sec (0.9 J) and (2)
6 mm more apically with 830 nm for
25 sec (1.75 J), from the buccal and
lingual sides. The energy densities
were 4.5 and 8.75 J/cm2 and the
power densities 50 and 350 mW/cm2

Moderate
periodontitis

GCF samples for
elastase activity, IL-
1b, and MMP-8

Subgingival plaque

The clinical variables, i.e., PPD, plaque, and
gingival indices were reduced more on the laser
side than on the placebo one. The decrease in GCF
volume was also greater on the laser side, 0,
12 mL, than on the placebo side, 0.05 mL. The
total amount of MMP-8 increased on the placebo
side but was slightly lower on the laser side.
Elastase activity, IL-1b concentration, and the
microbiological analyses showed no significant
differences between the laser and placebo sides.

Kreisler
et al.
(2005)16

GaAlAs laser
809 nm

Power output of 1.0 W
Continuous wave
600 lm optical fiber
Energy/power density: NA

G1: SRP
G2: SRP+LLLT

PI, GI, BOP, SFFR, PT,
PPD, and CAL

Teeth treated with the laser revealed a significantly
higher reduction in tooth mobility, pocket depth,
and CAL.

No significant group differences, for the PI, gingival
index, BOP, and the SFFR.

The application of the DL was considered safe and
can be recommended.

Vieru et al.
(2005)17

Infrared DL with
2 laser beams

(1) infrared with
830 nm

(2) visible red
with 630 nm

Energy between 0.5 and 3 J
Continuous or pulsed mode with

frequency of 4.68 or 9.12 Hz

G1: classic
periodontal
treatment

G2: LLLT as
adjunctive

Gingival bleeding time,
pain relief time, and
bone recovery time

LLLT, as an adjuvant, increased the rate and quality
of healing and shortened the healing time.

LLLT as an adjuvant led to better results in treatment
of periodontal diseases, but the results also depended
upon the age and general health of the patient, and
existence of any metabolic problems.

Qadri et al.
(2007)18

HeNe laser
632.8 nm

DL (nominally
635 nm)

3 mW size of the aperture (2 mm in
diameter)

100 mW/cm2

G1: SRP+HeNe
G2: SRP+DL

PPD, GI, PI, GCF
volume, MMP-8, IL-
8, and subgingival
microflora

The results from this study suggest that there is a
difference in the biological effect between lasers
of long and short coherence length and that the
lasers of longer lengths of coherence have a
stronger stimulating effect.

Assaf et al.
(2007)19

DL
810 nm

Power: 1 W
Pulsed mode

G1: US
G2: US+DLs

PI, SBI, PD, and
relative attachment
level

Application of DL energy can reduce bacteria in gingival
crevices that may reduce bacteremia after US.

The use of DL did not show additional clinical influence
on gingival healing after treatment of gingivitis with
US.

Pejcic and
Zivkovic
(2007)20

DL
670 nm

Power density 100–200 mW/cm2,
power output of 4–15 mW, spot
width of 3 mm

CP with marked
clinical symptoms
of gingival
inflammation

G1: SRP+LLLT
G2: SRP

Histologically Based on the results obtained, it can be concluded
that laser therapy as an adjunct procedure in the
treatment of periodontitis is very successful in the
reduction of gingival tissue inflammation.

Ribeiro
et al.
(2008)21

GaAlAs laser
780 nm
630 nm

Laser energy was applied at a wavelength
of 780 nm (35 J/cm2, 70 mW, 20 sec per
site) for preoperative analgesia, and SRP
were performed with application of laser
energy at a wavelength of 780 nm
(35 J/cm2, 70 mW, 20 sec) for analgesia,
and at a wavelength of 630 nm
(8.8 J/cm2, 35 mW, 10 sec) for healing

G1: SRP
G2: SRP+laser

PD, CAL, and GI
VAS

Utilization of the DL as an auxiliary in subgingival
SRP did not provide any apparent clinical benefit
for teeth with shallow to moderate pockets

(continued)
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Table 1. (Continued)

Author
(year)ref. Wavelength Irradiation parameters

Study
population/groups Evaluations Main results

Lai et al.
(2009)22

He–Ne laser
632 nm

0.2 mW
The dose delivered at each application

was 1.7 J/cm2 (2.83 mW/cm2), and the
total dosage for the entire course of
treatment was 13.6 J/cm2

16 Patients moderate
to advanced CP

G1: SRP+Laser
G2: SRP

Supragingival plaque
(PL), BOP, PPD, and
probing attachment
level were recorded
at baseline and at 3,
6, 9, and 12 months,
while GCF samples
and standardized
intraoral radiographs
for digital subtraction
radiography were
taken

No statistically significant difference in any clinical
parameters or radiographic findings was found
between the test and control sites. Changes in
GCF volume were significant only at 3 months in
the test sites.

Within the limits of this pilot study, the use of the
low-power He–Ne laser as an adjunct to
nonsurgical periodontal therapy in patients with
moderate to advanced CP did not seem to provide
additional clinical benefits.

Pejcic et al.
(2010)23

DL
670 nm

Power density of 150 mW/cm2

spot diameter was 3 mm with 2-min
field exposure per session. Laser
radiation was performed daily, within
the period of 10 days, power density
was set to 150 mW/cm2, energy density
to 18 J/cm2, and later on, until the end
of the treatment a presumed optimal
dose of 100 mW/cm2 was used

CP (mild)
G1: conservative

treatment+LLLT
G2: conservative

treatment

PI, GI, and BOP A general conclusion can be drawn that low-level
laser irradiation can be used as a successful
physical adjuvant method of treatment, which,
together with traditional periodontal therapy,
leads to better and longer-lasting therapeutic
results.

Gómez et al.
(2011)24

Nd:YAG laser
1064 nm

75 mJ
Pulsed mode
60 sec, 1 session
200 lm
Contact beam

G1: SRP
G2: SRP+Laser

PPD, BOP, PI, GCF,
and subgingival
microbiota

GCF samples were
analyzed for IL-1b,
TNF-a, and total
antioxidative status.

Application of the Nd:YAG laser in the treatment of
CP is a viable adjunct to conventional SRP
treatment.

Pejcic and
Mirkovic
(2011)25

Semiconductor
laser

670 nm

Optical fiber with a spot width of 3 mm, a
power density of 150 mW/cm2, an
energy density of 4 J/cm2, and a power
output of 10 mW.

Laser irradiation was conducted every
day after conservative instrumental
treatment of the periodontal pockets
for 10 days continuous mode and
applied and kept in light contact for
15 sec with the gingival tissues around
every tooth (facial and lingual) for
*4 min per quadrant. The laser beam
was directed at an angle of 90� in
relation to gingival surface, with the
laser tip 2 mm from the surface

CP
G1: conservative

treatment+LLLT
G2: conservative

treatment

PPD, BOP, CAL,
supragingival plaque
measurements (PL)
and GCF
measurements

Based on the results obtained, it can be concluded
that the use of LLLT as an adjunct procedure in
the conservative treatment of periodontitis is very
successful in reducing gingival tissue
inflammation.

(continued)
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Table 1. (Continued)

Author
(year)ref. Wavelength Irradiation parameters

Study
population/groups Evaluations Main results

Eltas et al.
(2012)26

Nd:YAG laser
1064 nm

1 W, 100 mJ, 10 Hz
Optic fiber (diameter 200 lm)
Contact fiber tip inserted at the bottom of

the periodontal pocket and slowly moved
from apical to coronal in a sweeping
motion during laser light emission

This was done mesially, distally, buccally,
and lingually during an exposition time
of 120 sec

Generalized moderate
CP

G1: SRP+Laser
G2: SRP

PI, GI, PPD, CAL, and
GCF samples to
determine levels of
IL-1b and MMP-8

We found that SRP+Laser treatment of periodontal
pockets was more effective than SRP alone in
reducing PPD, CAL, GI, and GCF values.

Calderı̀n
et al.
(2013)27

DL
670 nm

Maximum power of 200 mW. All
treatments were performed at a
continuous power setting of 200 mW,
60 sec/tooth.

SRP+rPT group, adjunctive PT was
repeated 5 times in 2 weeks (days 1, 2,
4, 7, and 11)

27 Moderate-
advanced CP
patients

G1: SRP
G2: SRP+PT
G3: SRP+rPT

FMPS, FMBS, PPD,
and CAL were
recorded before SRP.
GCF samples were
used to determine the
levels of IL-1b, TNF-
a, RANKL, and OPG

PT used in a single or repeated dose does not
produce a significant reduction in the clinical
parameters essayed levels of IL-1b in GCF were
significantly reduced in SRP+PT and SRP+rPT
groups compared with the SRP group.

SRP+rPT group showed a significant reduction of
proinflammatory cytokine TNF-a and
RANKL/OPG ratio at 4 weeks post-treatment
compared with the SRP+PT and SRP groups.

SRP+PT group also showed a significant reduction
in TNF-a and RANKL/OPG ratio at 8 weeks post-
treatment compared with the SRP group.

PT exerts a biostimulative effect on the periodontal
tissue. Multiple sessions of PT showed a faster
and greater tendency to reduce proinflammatory
mediators and RANKL/OPG ratio.

Multiple sessions of PT showed a faster and greater
tendency to reduce proinflammatory mediators
and RANKL/OPG ratio.

Hazeem
et al.
(2013)28

DL
810 nm

Low-density laser irradiation was
operated at a frequency of 5.0 Hz and
delivered a 0.5 W continuous wave
output at 810 nm with a power density
of 1.6 J/cm2

High-density laser irradiation was
performed by using a power of 2 W,
25 sec with continuous wave output at
a wavelength of 980 nm with a power
density of 1193.7 W/cm2

G1: SRP
G2: SRP+low-level

laser
G3: SRP+high-level

laser

PI, GI, BOP, CAL, and
PPD

Results were positive and predictable in both lasers
irradiation modes. The differences between the
changes of the SRP group, and 2 lasers low- and
high-density lasers combined with SRP groups at
baseline were not significant.

Low- and high-level DL can have a beneficial effect
in treatment of CP in combination with traditional
mechanical treatment.

Dukić et al.
(2013)29

DL
980 nm

Peak power: 2 W, average power, 0.66
W; time on (laser beam operative),
25 ms; and time off (laser beam
inoperative), 50 ms with a continuous
timer

Compare with SRP as
an adjunctive for
chronic
periodontitis

API, BOP, PD, and
CAL

The results were similar for both groups in terms of
API, BOP, PD in deep pockets, and CAL.

The LG showed only significant PD gain in
moderate pockets during the baseline to 18-week
and 6- to 18-week periods, whereas no difference
was found between LG and conventional group in
the remaining clinical parameters.

(continued)
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Table 1. (Continued)

Author
(year)ref. Wavelength Irradiation parameters

Study
population/groups Evaluations Main results

Saafan et al.
(2013)30

DL
810 nm

200 mW, CW energy of 16 J, and the
total exposure time was 80 sec. Spot
size was 4 mm circle, so the power
density was 0.2 W/cm2 and the energy
density was 16 J/cm2.

Total of 8 sessions

Mild to moderate
AgP.

G1: SRP+laser
G2: SRP

PPD, CAL, PI, MGI,
and GR, TGF-b1 was
screened by sampling
GCF

Significant decrease of PPD and CAL in favor of
LG.

PI, MGI, and GR showed not significant.
TGF-b1 mean percentage showed a significant

steady decrease in the LG.
Low-power laser parameters in this clinical trial can

be used as an adjunct to SRP in treatment of mild
to moderate AgP.

Ismaili et al.
(2014)31

DL
635 nm

Initial laser power: 25 mW; exposure per
irradiation area involving one tooth
and one interproximal area: 4 min

The size of the aperture was 2 mm in
diameter allowing the power density
of about 100 mW/cm2

CP
G1: SRP+LLLT
G2: SRP

PI, PBI, PPD, and GR.
GCF was collected
and the levels of IL-
1a, IL-1b and MMP-
9 were determined.

LLLT attenuated periodontal inflammation in CP
patients, as judged by clinical parameters and
decreased levels of IL-1 in GCF. It remains to be
studied whether elevated levels of MMP-9 in GCF
might be beneficial for reparation processes.

Nguyen
et al.
(2015 )32

940 nm Power: 0.8 W
Continuous pulse mode
0.80 J/sec

Adult periodontal
maintenance patient
with a history of
treatment for CP

PD, CAL, and BOP,
and GCF IL-1 levels

In periodontal maintenance patients, adjunctive use
of the DL to SRP did not enhance clinical
outcomes compared with SRP alone in the
treatment of inflamed sites with ‡5 mm probing
depth.

Obradovic
et al.
(2015)33

GaAlAs laser
670 nm

5 mW, CW
Probe diameter 2 mm. Treatment time

14 min on the gingiva around the teeth
17–11 and 47–41

50 Patients with
periodontitis and
clinical symptoms
of gingival
inflammation

PI, GI, periodontal
Ramfjord index

Low-power lasers are effective in the elimination of
gingival inflammation and improvement of
periodontal health. They can be recommended as
an adjunct to the basic periodontal therapy.

Gündoğar
et al.
(2016)34

GaAlAs DL
980 nm

0.4 W, CW, energy density of
7.64 J/cm215 sec

4 Sessions of irradiation

Compare with SRP as
an adjunctive for
CP

PPD, GI, PI, CAL, and
BOP

GCF sampling

In the 1st month, PPD levels were significantly lower
in the SRP+LLLT group than in the SRP group.

At the 3rd and 6th months, CAL, PPD, and GI were
significantly lower in the SRP+LLLT group than in
the SRP group.

Differences in GCF cytokines levels among the group
were not statistically significant.

LLLT as an adjunct to NSPT has a positive impact on
clinical parameters.

Kumaresan
et al.
(2016)35

DL
810 nm

0.7 W in continuous mode with the tip
(0.5 mm). The laser was applied at
about 0.5–1 mm away from the
gingival margin for 20 sec over each
surface covering the entire oral cavity

CP patients
G1: RSD
G2: RSD+LLLT

PPD, CAL, and SBI
GCF samples were

collected

Within the limitations of this study, LLLT
application was found to have additional benefits
over RSD with respect to clinical periodontal
parameters and GCF periostin levels. Moreover,
periostin may be used as a possible biomarker to
evaluate the outcome after NSPT.

(continued)
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Table 1. (Continued)

Author
(year)ref. Wavelength Irradiation parameters

Study
population/groups Evaluations Main results

Matarese
et al.
(2017 )36

DL
810 nm

1 W in pulsating mode at 50 Hz,
toff = 100 msec, ton = 100 msec, and an
energy density of 24.84 J/cm2, with a
300-lm fiber optic delivery system
20 sec for each tooth

Single session after instrumentation

Generalized AgP
G1: SRP+laser
G2: SRP

PD, CAL, BOP, and
FMPS

Microbiological and
inflammatory
evaluation

GCF was obtained

At 1 year, SRP+DL yielded a significant reduction in
some clinical parameters (PD, CAL), whereas
microbial and inflammatory mediator changes were
not significantly reduced compared with SRP alone.

Although in short term SRP+DL determined a
reduction in orange complex bacteria and mean
GCF level of IL-1b and IL-1b/IL-10 ratio compared
with SRP alone.

Petrovic
et al.
(2018)37

980 nm 0.2 W, 6 J/cm2 60 Subjects with CP
G1: SRP
G2: SRP+LLT

Subgingival samples for
Aa, Prevotella
intermedia,
Porphyromonas
gingivalis, Tannerella
forsythia and
Treponema denticola
by PCR. Gingival
swabs were taken, and
direct smears were
prepared on slides for
cytomorphometric
analysis

LLLT as an adjunct to periodontal therapy
demonstrates short-term additional
bacteriological, cytological, and clinical benefits.

Mastrangelo
et al.
(2018)38

DL
600–1000 nm

0.04–60 J/cm2 energy density for 3 sec
spotlights

30 CP patients
G1: SRP
G2: SRP+LLLT

PPD
BOP
IL-1b in GCF

Etiological treatment associated with LLLT
improves BOP and inflammation in periodontal
disease.

Moreover, the IL-1b concentration changes in GCF
suggest these cytokines as a predictable marker of
gingival inflammation in CP patients.

Aa, Aggregatibacter actinomycetemcomitans; AgP, aggressive periodontitis; API, approximal plaque index; BOP, bleeding on probing; CAL, clinical attachment loss/level; CP, chronic
periodontitis; CW, continuous wave; DL, diode laser; FMBS, full-mouth bleeding score; FMPS, full mouth plaque score; GCF, gingival crevicular fluid; GI, gingival index; GR, gingival recession; IL,
interleukin; LG, laser group; LLLT, low-level light therapy; LLT, low level therapy; MGI, modified gingival index; MMP, metalloproteinase; NA, not available; NSPT, nonsurgical periodontal
treatment; OPG, osteoprotegerin; PBI, papillary bleeding index; PCR, polymerase chain reaction; PD, probing depth; PI, plaque index; PL, plaque; PPD, probing pocket depth; PT, periotest; RANKL,
receptor activator of nuclear factor jB ligand; rPT, repeated phototherapy; RSD, root surface debridement; SBI, sulcus bleeding index; SFFR, sulcus fluid flow rate; SRP, scaling and root planing;
TGF-b1, transforming growth factor beta 1; TNF-a, tumor necrosis factor alpha; US, ultrasonic scaling; VAS, visual analog scale.
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debride the pockets and remove calculus and biofilm. However,
the purpose of our question was the adjunctive application of
low level of light energy in nonsurgical periodontal therapy to
produce biomodulation of the periodontal tissues and possibly
enhance tissue regeneration and healing. Therefore, we did not
include articles in which either high powers of light or laser
were used or even studies that low-level light energy was used
to activate photosensitive dyes to produce antibacterial effect as
commonly referred to as photodynamic therapy.

In a recent systematic review and meta-analysis by
Chambrone et al., 28 articles were included in which the
majority had used medium- to high-power infrared lasers as
an adjunctive for periodontal therapy.7 They concluded that
in patients with moderate to severe periodontitis (AgP or
CP) the nonsurgical treatment by SRP plus infrared diode
laser, and the surgical treatment of CP by Er:YAG laser
therapy alone may promote statistically significant im-
provements in probing depth (PD) and clinical attachment
levels (CALs). However, these gains are relatively small
(<1 mm) resulting in modest clinical relevance compared
with SRP alone. In 2017, Ren et al. performed a systematic
review and meta-analysis on the photobiomodulatory effect
of low-level laser in nonsurgical treatment of CP patients.14

Eight publications [seven randomized clinical trials (RCTs)]
finally met their inclusion criteria of this systematic review
and based on their meta-analysis LLLT-mediated SRP re-
sulted in a significant improvement in probing pocket depth
(PPD) and levels of interleukin (IL)-1b in the gingival cre-
vicular fluid compared with SRP in the short term. However,
no significant intermediate or long-term effect on clinical or
biochemical parameters could be found.

In the studies included in this review, some of the re-
searches confirmed no significant difference between ad-
junctive low-level light treatment group and SRP alone in
improvement of clinical periodontal outcomes.19,21,22,27,32

Nguyen et al. have evaluated adjunctive low-level laser
therapy in supportive periodontal therapy phase of inflamed
sites with ‡5 mm probing depth in previously treated CP
patients, but no additional benefit compared with SRP alone
was observed.32 The majority of the reports have shown more
significant improvement in periodontal conditions and some
of the measured outcomes by low level light (LLL) irradia-
tion (Table 1). However, most of the studies have recorded
and evaluated short-term outcomes. None of the studies have
reported any adverse effects.

In some of the included studies, findings for changes in
clinical parameters were different from molecular/immu-
nological results and in most cases although the molecular
test showed significant differences, the clinical outcomes
were not statistically different. For instance, in the study by
Calderin et al. no significant change in clinical parameters
was observed, although multiple sessions of phototherapy
resulted in a greater and faster reduction of proinflammatory
mediators such as IL-1b tumor necrosis factor (TNF)-a
levels in gingival crevicular fluid (GCF) and the receptor
activator of nuclear factor kappa-B ligand/osteoprotegerin
(RANKL/OPG) ratio.27 Also a split-mouth study by Ma-
tarese et al. in 2017 showed a significant reduction of
probing pocket depth (PDD) and CAL at a 1 year follow-up
session, but regarding the microbial (orange complex) and
inflammatory mediator changes although was significant
reduction in the short-term follow-ups (at 15, 30, and 60

days) the changes were not significant compared with SRP
alone after 1 year.36 A short-term decrease in periodontal
pathogenic bacteria levels were also reported by Petrovic
et al.37

Overall a positive effect is clear for adjunctive photo-
therapy in nonsurgical periodontal treatment; however, we
were not able to reach to a specific treatment protocol since
the studies have a great amount of variation in terms of study
protocol, irradiation devices, and parameter settings. Despite
the relatively large number of articles on this topic the evi-
dence is still insufficient to reach evidence-based conclusions.
Further long-term randomized clinical trials with similar de-
signs are needed to determine the appropriate low-level laser
or light therapy settings for this kind of treatment.

Clinical Question 2

Can PBM improve periodontal conditions as an adjunct
to nonsurgical periodontal treatments in patients
with systemic disease or drug consumption?

Evidence search strategy. To find related articles on
this issue, the four databases were once again searched with
a combination of keywords for low-level laser therapy and
keywords of ‘‘systemic disease’’ OR ‘‘diabetes’’ OR ‘‘smoker’’
OR ‘‘medication’’ AND ‘‘periodontal’’ OR ‘‘periodontitis.’’

In vivo clinical human studies or animal studies comparing
the effect of adjunctive LLLT in nonsurgical periodontitis
treatment of subjects with systemic conditions that can affect
periodontal health and healing were considered eligible.

Twenty-three articles were selected in the first round of
screening. After full text evaluation 11 articles were selected
(Table 2).39–49

Evidence-based conclusion and recommendation.
Adjunctive application of low levels of laser has been used
in some periodontitis patients with systemic condi-
tions/diseases known to be able to modify the course of
periodontal disease. It is proposed that the potential biosti-
mulatory effects of this treatment may help enhance healing
of periodontal tissues after nonsurgical SRP treatment and
affect the periodontal outcomes.

From the 11 studies considered eligible 5 were conducted
on patients with diabetes, 3 in smokers, and 3 were animal
studies. The animal studies were conducted on animals (rats)
that were treated with medication (simvastatin, dexametha-
sone, 5-fluorouracil chemotherapy drug) and the effect of
adjunctive use of low-level lasers in nonsurgical treatment of
experimental periodontitis was evaluated. A significant pos-
itive effect was reported with adjunctive laser therapy com-
pared with nonirradiated groups in reducing the amount of
alveolar bone loss. Multiple sessions of laser therapy were
compared with a single session in Theodoro et al.47 study and
reported this method to be more effective (Table 2).

We identified three studies evaluating the adjunctive ap-
plication of low-level laser in nonsurgical treatment of
smokers.41,48 All the studies concluded that laser therapy
applications provided additional benefits in the periodontal
treatment of smokers. However, Pamuk et al. did not ob-
serve any significant differences between the clinical pa-
rameters in LLLT and sham groups of either the smokers or
nonsmokers. Overall, they recommended LLLT as an ad-
junctive treatment of periodontitis in smokers.48
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Table 2. Characteristics of Included Studies Evaluation Adjunct Photobiomodulation in Nonsurgical Periodontal

Treatments in Patients with Systemic Disease or Drug Consumption

Authors
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Garcia et al.
(2010)39

GaAlAs
(660 nm)

0.03 W for 133 sec per point,
spot size of 0.07 cm2

Power density of 0.428 W/cm2,
and energy of 4 J per point
(57.14 J/cm2 per point). The
treated area received total
energy of 24 J.

Nonsurgical therapy for
periodontitis in rats treated with
dexamethasone

Radiographic and histometric
values

In all groups radiographic and histometric
analysis showed less bone loss
( p < 0.05) in animals treated with
SRP+LLLT in all experimental periods.

Obradovic
et al.
(2011)40

GaAlAs
(670 nm)

5 mW 150 Patients
G1: 50 patients with CP and

diabetes mellitus type 1
G2: 50 patients with CP and

diabetes mellitus type 2
G3: 50 patients with CP and no

diabetes mellitus

Gingival health evaluation was
done using GI Löe-Silness

LLLT is efficient in gingival
inflammation elimination and can be
proposed as an adjuvant tool in basic
periodontal therapy of diabetic patients.

Aykol et al.
(2011)41

GaAlAs DL
(808 nm)

0.25 W; spot size, 0.28 cm2;
and continuous wave
output

The energy density was
4 J/cm2

Nonsurgical periodontal therapy of
smoking and nonsmoking
patients

PI, 21 SBI, 22 PD, and CAL
GCF samples for

matrixmetalloproteinase-1,
tissue inhibitor matrix

MMP-1, TGF-b1, and basic-
fibroblast growth factor levels

There were clinically significant
improvements in the laser-applied
smokers CAL, PD, and SBI levels
compared with smokers to whom a
laser was not applied, between the
baseline and all time points ( p < 0.001).

No marker level change showed significant
differences between the groups ( p < 0.05).

Obradovic
et al.
(2012)42

GaAlAs
(670 nm)

5 mW, 14 min/day, with
contact to gingiva

300 Patients
G1: periodontitis and T1DM
G2: periodontitis and T2DM
G3: periodontitis (control group)

GI
Smears from both sides of jaws

were taken (morphometric
analysis)

Parameters were significantly lower after
therapy compared with values before
therapy. After therapy on the side
subjected to LLLT, there was no
significantly difference between
patients with DM and the control group.

LLLT as an adjunct in periodontal therapy
reduces gingival inflammation in
patients with DM and periodontitis.

Eltas et al.
(2012)43

Nd:YAG
(NDL) laser

1064 nm

1 W
100 mJ, 10 Hz

Smoking and nonsmoking patients
with moderate CP

PI, GI, pocket depth (PD), and
CAL

Our results supported the idea that NDL
applications provide additional benefits
in the periodontal treatment of smokers.

Obradovic
et al.
(2013)44

GaAlAs
(670 nm)

5 mW, 16 min, 2 J/cm2

5 consecutive days
300 Patients with CP and diabetes

needing tooth extraction (150 and
diabetes mellitus type 1, 150
diabetes mellitus type 2) teeth
indicated for extraction were
assigned into 6 equal groups. In
the groups 1 and 4, indicated
teeth were extracted before
treatment, and in the rest of the
groups upon completion of the
entire treatment

Histological LLT showed expressed healing, as is evident
by the absence of inflammatory cells.
Tissue edema could not be seen, and the
number of blood vessels was reduced. In
the gingival lamina propria pronounced
collagenization and homogenization were
present. It can be concluded that LLLT
has shown efficacy in the treatment of
periodontitis in diabetics. Because of
more pronounced alterations of
periodontium in diabetics the use of LLLT
is of particular importance.

(continued)
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Table 2. (Continued)

Authors
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Demirturk-
Gocgun
et al.
(2017)45

GaAlAs DL
808 nm

0.25 W; continuous mode
spot diameter, 6 mm; spot

size, 0.28 cm2 noncontact
technique

Type 2 diabetic BOP, PI, GI, probing depth (PD),
and CAL

Use of a low-level laser as an adjunct to
SRP showed a minor short-term
additional benefit on gingival bleeding,
but it did not significantly enhance
other clinical parameters.

Swerts
et al.
201746

GaAlAs
(660 nm)

0.03 W
133 sec/point,
power density 0.428 W/cm2

energy 4 J/point (57.14 J/cm2/
point)

Spot size: 0.07 cm2

Experimental periodontal disease
(ligature on the first molar) in
simvastatin-modified rats

The tissue oxidative damage by
the expressions of tripeptide
glutathione, malondialdehyde
and carbonylated proteins,
radiographic analysis

LLLT was effective as adjuvant treatment
for SRP protecting against the
occurrence of oxidative tissue damages
as well as for reducing ABL.

Theodoro
et al.
(2016 )47

(InGaAlP)
laser

660 nm

0.035 W, CW
0.0283 cm2 output fiber

diameter, 60 sec in the
center of the labial surface
and for 60 sec in the center
of the lingual surface (4.2 J
total energy). The tooth
received 74.2 J/cm2

(2.1 J/point) energy density
per point.

Single or 4 sessions

Animal study periodontitis induced
in rats subjected to 5-fluorouracil
chemotherapy

5 Groups:
No treatment
(5FU)
5FU-SRP
SRP-1LLLT
5FU-SRP-4LLLT

The ABL area in the furcation
region was analyzed
histometrically. TRAP,
proliferating cell nuclear
antigen, RANKL, OPG, and
activated caspase-3 patterns
were analyzed by
immunolabeling. Prostaglandin
E2 was quantified using an
ELISA, and TNF-a and IL-6
were assessed using the
multiplex method. The
prevalence rates of Aa, PG, Pn,
Pi, Fn were assessed using the
PCR method

SRP-4LLLT group showed lower ABL
compared with the 5FU group.

Treatment with 5FU worsened EP, and
multiple LLLT sessions adjuvant to
SRP seemed to improve periodontitis in
rats subjected to 5FU chemotherapy.

There was reduction in some bacteria
(Pn and Aa) with LLLT but overall the
action of LLLT alone proved inefficient
in reducing the numbers of bacteria.

Pamuk
et al.
(2017)48

940 nm 0.3 W, CW, 3.41 J/cm2

delivery with a 1.76 cm2

spot size
Applied perpendicularly to

the periodontal pocket for
20 sec at a constant
distance of 15 mm

30 Patients with CP (15 smokers, 15
nonsmokers) and 30 healthy
individuals matched for age, gender,
and smoking status as controls.

Split-mouth design
Cp/SRP+LLLT
Cp/SRP+sham
Smoker Cp/SRP+sham
Smoker Cp/SRP+LLLT control group

SC: periodontally healthy smoking
age-/gender-matched control group

Silness and Löe PI
24; Löe and Silness GI
25; probing depth; CAL; BOP
GCF, TGF-b1, tPA, and PAI-1

levels

LLLT may be understood to play a role in
the modulation of periodontal tissue tPA
and PAI-1 GCF levels, particularly in
smoking patients with CP, and may thus
be recommended as an adjunct to NSPT.

Although no significant differences were
observed for clinical parameters or
markers in GCF between the LLLT and
sham groups of either the smokers or
nonsmokers.

Bunjaku
et al.
(2017) 49

Laser
660 nm

10 mW, 8 min/daily, in
contact with gingiva for 5
consecutive days

96 Subjects suffering from T2DM
3 Groups: underweight, normal

weight, and obese subjects.
Before and after NSPT with

additional LLLT

hsCRP and HbA1c, PI, GI, CAL,
and general periodontal index

Baseline, 3 months

NSPT together with LLLT is associated
with improved clinical parameters and
decreased levels of hsCRP and HbA1c
in normal weight patients with diabetes
mellitus type 2, but there was low
impact on those levels for obese and
underweight subjects.

ABL, alveolar bone loss; CAL, clinical attachment loss/level; DM, diabetes mellitus; ELISA, enzyme-linked immunosorbent assay; EP, experimental periodontitis; Fn, Fusobacterium nucleatum;
NDL, Nd:YAG laser; PAI-1, plasminogen activator inhibitor 1; Pg, Porphyromonas gingivalis; Pi, Prevotella intermedia; Pn, Prevotella nigrescens; SC, smoker control; tPA, tissue plasminogen
activator; TRAP, tartrate-resistant acid phosphatase.
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In the studies on diabetic patients LLLT was found to
have an additional benefit in nonsurgical treatment of peri-
odontitis and reducing gingival inflammation.40,45 However,
Demirturk-Gocgun et al. only reported a minor short-term
additional benefit on gingival bleeding, but it did not sig-
nificantly enhance other clinical parameters (PD, CAL).45

In Obradovic et al.’s report in 2012 on patients with di-
abetes type I and II although clinical parameters and gin-
gival inflammation reduced after treatment in all groups, no
significant difference between patients with diabetes melli-
tus (DM) and the control group was observed.42

Obradovic et al. also conducted a histological study in
type I and II diabetic patients and found a pronounced
healing and absence of inflammatory cells in periodontal
tissues after adjunctive LLLT.44

In a study by Bunjaku et al. adjunctive LLLT in patients
with type II diabetes was found to be associated with a
reduction in clinical parameters (PI, GI<FAL) and HbA1c
and hsCRP in the normal weight patients, but this was not
seen in low weight or obese group of patients.49

In the systematic review recently published by Cham-
brone et al.,50 two studies of Eltas and Kocak were included
that evaluated SRP plus infrared lasers versus SRP alone for
the nonsurgical treatment of CP in smokers and patients
with diabetes mellitus. We excluded Kocak’s study in our
report since the average power used was 1.5 W in pulsed
mode.50 Overall, they concluded that the evidence is still
lacking and the level of certainty is low. Based on the studies
identified here although some benefits were reported for ad-
junctive LLLT; however, once again considerable variations
in study designs and phototherapy parameters are observed.
Further well-designed studies are recommended to reach
evidence-based protocols to benefit from the application of
this technology in treatment of patients with systemic dis-
eases that affect periodontal conditions and treatment results.

Clinical Question 3

Can PBM improve outcomes of periodontal conditions
and bone regeneration as an adjunct to periodontal
regenerative surgeries?

Evidence search strategy. A literature search was con-
ducted in the four databases mentioned earlier using the key-
words for ‘‘low-level laser therapy’’ combined with keywords
such as ‘‘periodontal’’ AND ‘‘surgery’’ OR ‘‘periodontal’’
AND ‘‘disease’’ OR ‘‘periodontal treatment’’ OR ‘‘periodontal
surgery’’ OR ‘‘guided tissue regeneration, periodontal.’’

In vivo studies on human or animal subjects evaluating
the effect of adjunctive low levels of light used only in
periodontal bone regeneration surgeries were included.
A total of 98 articles with potential relevance were selected
after an evaluation of their titles. These articles were more
carefully evaluated by studying their abstract and full text
details. Only eight articles fulfilled the inclusion criteria,
consisting of six RCT, one animal study, and a case report.
Studies utilizing lasers as an adjunctive for debridement
during flap and regenerative surgery or used for bacterial
disinfection of the defects were not included (Table 3).51–58

Evidence-based conclusion and recommendation. In a
meta-analysis and systemic review by Behdin et al. in 201559

on the effectiveness of laser application in periodontal

surgical therapy the evidence was considered insuffi-
cient to support adjunctive laser application in reparative/
regenerative surgical periodontal treatments. However,
they have reported a few studies with positive effects for
lasers used as adjunctive biostimulatory tools for periodontal
regeneration. In this review we have only included articles
evaluating this adjunctive therapeutic effect of phototherapy
in regenerative periodontal surgery procedures.

From the six clinical trials included in our search the
majority reported that adjunctive LLLT can significantly
improve the periodontal treatment outcomes (clinical prob-
ing depth [PPD] and CAL).52–54,56,60

In all these studies low output power levels (<100 mJ)
with energy densities of around 3–4 J/cm2 were applied and
repeated in the first postoperative week.

In a study by Abolfazli et al., reduction of intrabony
defect depth was reported.54 Dogan et al. compared guided
tissue regeneration (GTR) surgery alone with GTR plus
low-level laser therapy in the treatment of Grade II furcation
defects and also reported more improvement in horizontal
probing depth of the defects and alkaline phosphatase levels
of GCF with adjunctive LLLT compared with GTR alone.56

Ozcelik et al. showed that adjunctive application of 4 J/cm2

of diode laser used together with enamel matrix derivatives
(EMD) in the treatment of intrabony defects can improve the
effect of EMD.51 The case report by Bhardwaj et al. also had
successful results with 4 mm of CAL gain and 37% bone fill
and minimal amount of recession after adjunctive low-level
laser in treatment of a periodontal intrabony defect.57

A histological animal study by Tao et al. has also revealed
positive effects of LED irradiation on inflammation, mu-
coperiosteal flap healing, and periodontal reattachment.58

Significant promotion of osteogenesis in open flap de-
bridement with LED light irradiation was also observed.
However, in their report a limited enhancement of osteo-
genesis was observed when barrier membrane or xenograft
was simultaneously used for treatment.

Based on the clinical studies included it seems that ad-
junctive PBM therapy may result in better outcomes of bone
healing and periodontal parameters when used in periodontal
regenerative therapies of intrabony defects. However, further
long-term RCTs with similar laser application protocols will
help better evaluate this effect on periodontal bone regener-
ation to provide evidence-based future guidelines.

Clinical Question 4

Can PBM improve wound healing of periodontal
soft tissue as an adjunct to periodontal surgeries?

Evidence search strategy. The four databases were
searched with the keywords used for low-level light therapy
as previously mentioned and keywords of ‘‘periodontal graft’’
OR ‘‘wound healing,’’ ‘‘gingival’’ OR ‘‘gingival graft’’ OR’’
gingivectomy’’ to identify in vivo animal or human studies
that assessed oral soft tissue wound healing after periodontal
surgeries with adjunctive application of low levels of light.
A total of 19 studies consisting of 16 clinical studies and 3
animal studies were included after thorough evaluation of full
texts of relevant studies (Table 4).61–79

Evidence-based recommendation and conclusion. Three
of the studies were performed on animal modules and all
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Table 3. Characteristics of Included Studies: Effect of Photobiomodulation on Periodontal Conditions and Bone Regeneration

as an Adjunct to Periodontal Regenerative Surgeries

Author
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Ozcelik
et al.
(2008)51

DL
588 nm

4 J/cm2 22 Patients
Bilateral infra-bony (PD ‡6 mm)
EMD+LLLT (T)
EMD alone (C)

Immediate postoperative pain
(VAS), wound healing,
clinical PPDs, CALs

EMD alone or EMD+LLLT leads to probing
depth reduction and attachment-level gain.

In addition, EMD+LLLT had resulted in less
GR ( p < 0.05), less swelling ( p < 0.001)
and less VAS scores ( p < 0.02) compared
with EMD alone.

LLLT may improve the effects of EMD.
AboElsaad

et al.
(2009)52

Diode
830 nm

CW 40 mW
Fluence 4 J/cm2

Energy density of 16 J/cm2

(on days 3, 5, and 7
postoperatively)

20 Patients with CP and bilateral
infra-bony defects

G1: bioactive glass
G2: bioactive glass+laser

(on days 3, 5, and 7
postoperatively)

Clinical PPDs, CALs and
standardized periapical
radiographs were recorded
at baseline and at 3 and
6 months

At 3 months there was a statistically
significant difference between the laser
and non-laser sites in the parameters
investigated. However, at 6 months, no
difference was observed. Our results have
confirmed the positive effect of soft laser
in accelerating periodontal wound healing.

Dilsiz et al.
(2010)53

Nd:YAG laser
1064 nm

1 W, 100 mJ, 10 Hz 42 Intrabony defects in 21
patients with CP

G1: (C)-EDTA+EMP
G2: (T)-EMP+LLLT

Probing depth (PD) and gain
in CAL

Baseline, after 6 and 12
months.

The control group showed a greater
reduction in PD and gain in CAL
compared with the test group.

Both therapies led to improvements of the
clinical parameters, and Nd:YAG laser
root conditioning as used in this study
compared with EDTA root conditioning
did not improve the outcome of EMP use.

Abolfazli
et al.
(2012)54

DL 830 nm 40 mW CW
4 J/cm2

total energy density of 16 J/cm2

postsurgery and repeated on days
3, 5, and 7

14 Patients with moderate to
severe CP were with bilateral
intrabony defect (PPD of at
least 5 mm and intrabony
component of at least 3 mm)

G1: OFD and autogenous bone
G2: OFD and autogenous

bone+LLLT

Clinical PPD, CAL, gingival
margin level, alveolar crest
level intrabony defect
depth baseline and after
3 months

LLLT significantly reduce probing depth.
Improved the CAL.
Reduced the distance between deepest part of

the defect to stent (reduced defect depth).
No significant effect on gingival margin level

and alveolar crest level.
Adjunctive LLLT with autogenous bone can

improve the periodontal treatment outcome.
Dogan et al.

(2014)60
Nd:YAG laser

1064 nm
100 mW, 100 mJ, energy density

4 J/cm2

300 sec per tooth, 60 sec for each
application to a defect

GTR after the application of
equine bone and membrane
alone or combined with LLLT

PI, 17 SBI, 18 clinical
gingival recession level
(REC), clinical probing
depth (PPD), and CAL

GTR plus LLLT resulted in statistically
significant lower REC lower SBI score, more
reduction of PPD and CAL gain compared
with GTR alone at 6th month control.

(continued)
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Table 3. (Continued)

Author
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Doğan et al.
(2016)56

Nd:YAG laser
1064 nm

100 mW
energy density 3 J/cm2.
600 lm therapeutic fibers. 1 cm

to the target area.
Exposure time 300 sec per each

tooth and applied at the time
of surgery and on days 1, 2, 3,
5, and 7 postoperatively

33 Furcation grade II defects in
CP patients

G1: GTR
G2: GTR+LLLT

PPD, CAL, HPD and ALP
and osteocalcin levels in
the GCF were recorded at
baseline and at 3rd and 6th
months postoperatively

Both treatments led to significantly favorable
clinical improvements in furcation
periodontal defects.

At the 6th month, PPD, CAL, HPD, and ALP
values showed significantly more
improvement in laser group.

LLLT plus GTR may be more effective
treatment modality compared with GTR
alone.

Bhardwaj
et al.
(2016)57

Diode
810 nm

100 mW CW
4 J/cm2 5 min to the inner

margins of flap in contact
mode and the defect was
irradiated with LLLT in a
noncontact mode for 10 min
repeated for 5 days on the
outer buccal and lingual flap
surfaces

A patient with moderate CP with
chronic localized periodontal
abscess a periodontal
infrabony defect.

LLLT+GTR

CAL
PPD
GR
Bone fill

A CAL gain of 4 mm and 37% bone fill was
noted radiographically at the end of 12
months combined approach of LLLT and
demineralized bone matrix of bovine
origin showed a positive outcome with
CAL gain, reduction in periodontal
probing depth (PPD), minimal recession
clinically and linear bone gain and bone
fill radiographically was observed.

Tao et al.
(2016)58

LED
660 – 25 nm

Each group received daily 0 or
10 J/cm2 LED light
irradiation. Customized LED
devices (1 · 2 mm2 in area)
that emit 3.5 mW/cm2

(maximum output 40 mW,
continuous mode) visible red
light aligned 2 · 2 at 1 mm
intervals mesiodistally and
5 mm intervals buccolingually
on a plate connected to an
external controller. The plate
was placed over the occlusal
surface of maxillary molars of
each rat

48 Sprague-Dawley rats, large-
sized periodontal intrabony
defects were created
bilaterally on the mesial
aspect of the maxillary second
molars.

4 Groups
G1: open flap debridement alone

(OD)
G2: barrier membrane alone

(MB)
G3: xenograft alone (BG)
G4: xenograft plus barrier

membrane (MG)

Gross observation of wound
dehiscence and healing

Micro-computed tomography
imaging for osteogenesis,
histological assessments
for inflammatory cell
infiltration and periodontal
reattachment (1 and 4 week
evaluation)

Extent of wound dehiscence was reduced,
wound closure was accelerated, epithelial
downgrowth was prevented, inflammation
was reduced, and periodontal reattachment
was promoted in all treatment strategies.
Significant reduction of inflammation with
LED light irradiation was noted at 1 week
in the groups BG and MG ( p < 0.05).
Osteogenesis was significantly promoted
only in the group OD at both time points
( p < 0.05). Our study showed that 660 nm
LED light accelerates mucoperiosteal flap
healing and periodontal reattachment.
However, the enhancement of
osteogenesis appeared to be limited while
simultaneously treating with a barrier
membrane or xenograft.

ALP, alkaline phosphatase; BG, bone graft; EDTA, ethylenediaminetetraacetic acid; EMD, enamel matrix derivative; EMP, enamel matrix protein; GTR, guided tissue regeneration; HPD,
horizontal probing depth; LED, light-emitting diode; MB, membrane; MG, membrane-graft; OD, open flap debridement; OFD, open flap debridement; REC, recession.
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Table 4. Characteristics of Included Studies: Effect of Photobiomodulation on Wound Healing of Periodontal Soft Tissue

as an Adjunct to Periodontal Surgeries

Author (year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Amorim et al.
(2006)61

Diode
685 nm

50 mW, CW beam diameter of 2 lm
The irradiation was made in contact

mode, scanning an area of about
1 cm2 during 80 sec

Energy density 4 J/cm2

Irradiated immediately after surgery,
and at 24 h, and 3 and 7 days
postsurgery

20 Patients with periodontal
disease gingivectomy to
bilateral maxillary and
mandibular premolar teeth

Adjunctive LLLT in one side

Probing depth (PD) measurement
of attached gingiva

Gingival wound healing
Healing was evaluated, clinically

and biometrically,
immediately postsurgery and
on days 3, 7, 14, 21, 28, and 35

Biometrical evaluation indicated a significant
improvement in healing for the LG at 21 and 28
days. Clinical evaluation showed better repair
for the LG, mainly after the 3rd day. LLLT was
an effective adjunctive treatment that appeared
to promote healing after gingivectomy.

Ozcelik et al.
(2008)62

Diode
588 nm

120 mW, and the irradiance for
5 min was 4.0 J/cm2, delivered by
applying in the continuous wave
mode for 5 min for 7 days

20 Patients with bilateral
inflammatory gingival
hyperplasias

Wound healing [disclosed by a
solution (Mira-2-tones) to
visualize the areas in which the
epithelium is absent].
Comparison of the surface areas
on the LLLT-applied sites and
controls were made with an
image-analyzing software

Statistically significant differences between the
stained surface areas of the LLLT applied and
the control sites immediately after the surgery,
LLLT-applied sites had significantly lower
stained areas compared with the controls on the
postoperative 3rd, 7th, and 15th day.

Almeida et al.
(2009)63

Diode 780 and
660 nm

40 mW, CW 10 J/cm2, and
individually applied (20 sec/site),
initially at 1 mm from the graft
margins and with a 1-mm
distance between sites, contouring
the entire extent of the graft.

Immediate postoperative and after
48 h. (780 nm) to achieve
analgesia, and also at (660 nm) to
accelerate the healing.

10 Patients needing bilateral
FGG in the mandibular arch

Pain (VAS)
Healing of FGG

Low-intensity laser therapy did not improve the
healing of gingival grafts and did not influence
analgesia.

Vieira et al.
(2010)64

LED
650 nm

5 W
8 J/cm2

0, 48 and 72 h after surgery

10 Patients with insufficient
keratinized gingiva

Needing FGG

Intensity of pain
Wound healing of all patients

was evaluated by visual
inspection (7, 14, and 21 days
after surgery).

Significant differences in pain level were found
between the control and LGs on days 1 and 2
after surgery ( p < 0.05).

The wound-healing analysis showed that 80% of
the irradiated patients and 40% of patients in the
control group were healed 14 days after surgery.

Laser improved healing and pain (limited sample
size).

Ozturan et al.
(2011)65

DL 588 nm 120 mW, CW
4.0 J/cm2 for 5 min (before and

immediately after surgery), and
for 5 min daily 7 days
postoperatively

10 Patients with symmetrical
total of 74 Miller I and II GR

G1: CAF+LILT
G2: CAF

GRD, GRW and WKT and CAL
measurements after 1 year

The test group presented greater complete root
coverage

Firat et al.
(2013)66

940 nm 0.1 W—CW
spot size 0.09 cm2. 400 lm optical

fiber. The optical fiber was
positioned at a distance of 5 mm
proximal to the wound, and the
irradiation time was 9 sec

10 J/cm2 2 h after surgery, and was
repeated on the 2nd, 4th, and 6th
days postsurgery (4 sessions)

42 Male Wistar rats
Experimental diabetes (using

streptozotocin)
Full thickness wound in the

mucoperiosteum of the hard
palates

Histological evaluation of 7, 14,
21 day specimens
(inflammation, fibroblast
proliferation, keratohyalin
granules, and vascularization)

Blood samples were collected;
total antioxidant capacity was
measured using Erel’s method

Histopathological findings revealed reduced
numbers of inflammatory cells, and increased
mitotic activity of fibroblasts, collagen
synthesis, and vascularization in the irradiated
group.

The total oxidative status was significantly
decreased in the laser-treated group on the 21st
day.

LLLT elicits a positive healing effect and can
modulate the total oxidant status

(continued)
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Table 4. (Continued)

Author (year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Moslemi et al.
(2014)67

660 nm Power: 200 mW for 32 sec
immediately postsurgery and on
days 1, 2, 4, and 7 after

12 Patients
Split-mouth palatal grafts

Donor site epithelialization and
healing

Number of palliative pills and
bleeding

LG showed better epithelialization ( p = 0.02) and
healing ( p = 0.01) on day 14 after surgery and
showed better epithelialization on day 21
( p = 0.05). No statistical differences were
observed between LG and control group in
terms of bleeding and medication.

Dias et al.
(2015)68

660 nm 30 mW was used for 20 sec, 15 J/cm2

(3 J/cm2 per point and an
application time of 4 sec per
point).

Punctual contact immediate
postoperative followed by 7
sessions every other day

32 Patients with Class I or II
Miller GR

G1: CTG+LLLT on donor site
G2: CTG

Donor site remaining wound area
Scar and colorimetry tissue
The presence or absence of scar

or keloid
TT
Postoperative discomfort (D)
(baseline and 7, 14, 45, 60, and

90 days after surgery)

The test group presented statistically significant
smaller wounds on days 14 and 45. None of the
patients presented a scar at the operated area,
and colorimetry analysis revealed that there
was no statistically significant difference
between groups ( p > 0.05).

Patients reported mild to moderate discomfort,
with low consumption of analgesic pills. We
concluded that LLLT irradiation can accelerate
wound healing on palatine mucosa after CTG.

Fekrazad et al.
(2015)69

Red (630 nm),
green
(532 nm),
blue (425 nm)
lasers

2 J/cm2 and a treatment schedule of
3 times/week for 10 days

Oral wound (10 mm · 2 mm) was
created aseptically with a
scalpel on hard palate of the
diabetic Wistar rats

Area of wounds
Histological evaluation of full-

thickness sample of wound
area after 10 days

Significant difference in the mean slope values of
wound healing between treatment and control
groups and also, between red laser and 2 other
lasers, but no significant difference between
blue laser and green laser.

Fernandes-Dias
et al. (2015)70

Diode 660 nm 30 mW was used for 20 sec and the
total applied energy density
(Fluence) was 15 J/cm2 (3 J/cm2

per point and an application time
of 4 sec per point).

Punctual contact immediate
postoperative followed by 7
sessions every other day

40 Patients presenting 40 Miller
Class I and II GRs

G1: CTG + L
G2: CTG

Percentage of root coverage
Dentine sensitivity

Test group showed more complete and higher
percentage of root coverage than the control group

Dentine sensitivity decreased significantly after 6
months in both groups.

Wang et al.
(2015)71

LED
660 – 25

3.5 mW/cm2

Energy density of 5, 10, or 20 J/cm2

(6, 12, or 24 min of irradiation)
Daily 0, 10 (LD), or 20 (HD) J/cm2

LED

72 Male Sprague-Dawley rats
Harvested rat gingival fibroblasts
Bilateral 5 · 1.5 mm2 palatal

wounds in 3 groups
G1: LD group daily 10 J/cm2

LED
G2: HD group, daily 20 J/cm2

LED

Cellular viability (Proliferation)
Cytotoxicity wound closure
(scratch)

Healing pattern was assessed by
histology, histochemistry for
collagen deposition, and
immunohistochemistry for
TNF-a infiltration

mRNA levels of HO-1
TNF-a, the receptor for advanced

glycation end products,
vascular endothelial growth
factor, periostin, type I
collagen, and fibronectin

Cellular viability and wound closure were
significantly promoted and cytotoxicity was
significantly inhibited <5 J/cm2 LED light
irradiation in vitro.

The wound closure, re-epithelialization, and
collagen deposition were accelerated, and
sequestrum formation, and inflammatory cell and
TNF-a infiltration were significantly reduced in
the LD group.

HO-1 and TNF-a were significantly upregulated in
the HD group, and most of the repair-associated
genes were significantly upregulated in both the
LD and HD groups on day 7. Persistent RAGE
upregulation was noted in both the LD and HD
groups until day 14.

Singh et al.
201572

810 nm 0.3 W CW
4 J/cm2

10 sec (during 1 week)

10 Subjects with bilateral
multiple adjacent maxillary
facial GR defects (Miller I and
II) were included in this study
(20 in test, 20 in control
group)

T: SCAF + L
C: SCAF

GRD, GRW, CAL, and WKT Significant differences were observed between
test and control sites in the change in GRD,
GRW, CAL, and WKT measurements and
significantly greater complete root coverage
after 6 months

Low-level laser technique application may
enhance the predictability of SCAF procedure

(continued)
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Table 4. (Continued)

Author (year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Ozcelik et al.
(2016)73

Diode 810 nm 0.1 W CW contact 5 min
Total dose of 4 J/cm2 (at palatal

wound area)

52 Patients with isolated
recessions were treated. DL
was used to de-epithelialize
the outer part of the FGG and
photobiostimulate the palatal
wound area

The CTG resulted from the
de-epithelialization of a
FGG was used

G1 de-epithelialization with
blade

G2 with DL
DL was used to de-epithelialize

the outer part of the FGG and
photobiostimulate the palatal
wound area

OHQoL and VAS-discomfort.
Root coverage outcomes

Statistically significant differences were found for
OHQoL ( p = 0.0001) and VAS ( p = 0.0001) at
the 7th day postoperatively favoring LG. Root
coverage results did not show a statistically
significant difference.

Chawla et al.
(2016)74

Diode 810 nm 1 W CW DL at 1 mm distance for
5 min

12 Patients with bilateral melanin
hyperpigmentation were
treated with surgical stripping
using a blade

Wound healing was assessed
using erythrosine solution on
the 3rd, 7th, and 15th day

LLLT promotes wound healing after
depigmentation procedure until the 3rd day. On
the 7th and 15th day, the difference in healing
was not statistically significant.

da Silva Neves
et al. (2016)75

Diode 660 nm 30 mW total area of irradiation of
0.06 cm2.

G1: 60 J/cm2 and a time of 60 sec
(2 points, 30 J/cm2 per point,
application time of 30 sec per
point) and G2: 30 J/cm2 and a
time of 30 sec (2 points, 15 J/cm2

per point, application time of
15 sec per point) immediate
postoperative and every other
(7 sessions)

51 Patients presenting buccal GR
were randomized into one of
the following groups:

group 1: CTG procedure for root
coverage and PBM 60 J/cm2

group 2: CTG and PBM
application using a 30 J/cm2

dose group 3: CTG and sham
application

Donor site pain (VAS), wound
remaining area, scar and TC,
TT, and postoperative
discomfort (D), evaluated at
baseline and 7, 14, 45, 60, and
90 days

There was no statistically significant difference of
pain, TT, TC scores among the group.

The 60 J/cm2 group showed faster wound healing
7 days after removing the CTG.

Heidari et al.
201776

Diode
660 nm

200 mW, continuous mode, time of
irradiation: 32 sec energy density:
4 J/cm2, spot size: 0.5 cm.

Immediately after FGG surgery, and
1, 2, 4, and 7 days later.

12 Patients (split-mouth) test
side, donor and recipient sites
received DL control side
received the same sequence of
irradiation with the laser-off

Wound epithelialization of donor
site, clinical wound healing,
VAS pain score of donor and
recipient sites on 14 and 21
days after surgery

At 14 and 21 days after surgery, the number of
donor sites with complete epithelialization was
greater in LG compared with the placebo.

Clinical healing of the recipient and donor sites,
the test and control groups did not show any
significant difference during the 45-day period,
except on days 1 (for recipient site) and 14 (for
donor site), when the test group showed better
results ( p values 0.01 and 0.03, respectively).

PBM after FGG procedure with the parameters
used in this study could accelerate the rate of
epithelialization at the donor site.

Did not reduce postoperative pain.

(continued)
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Table 4. (Continued)

Author (year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Santamaria et al.
(2017)77

Diode
660 nm

30 mW. The power density was
15 J/cm2 (3 J/cm2 per point),
delivered by application in
continuous wave mode for 4 sec
per point (5 points). The tip of the
laser device was placed, with
slight contact, on the gingival
tissue.

Immediately after surgery and every
other day for 14 days (total of 8
applications)

40 Patients presenting Miller
Class I and II

G1: CTG+LLLT
G2: CTG

Mean percentage of root
coverage

Number of cases with complete
root coverage

LLLT showed no additional benefit in the long
term when associated with a CTG in the
treatment of Miller Class I and II GRs.

Ustaoglu et al.
(2017)78

Diode
940 nm

3 W
1.07 W/cm2

2.8 cm2 Continuous wave 1 mm
Stable
8.6 J/cm2

8 sec
4 times (48 h interval) 34.4 J/cm2

2.8 cm

40 Patients requiring FGG WHI, tissue consistency, color
match, and H2O2 bubbling test
for the evaluation of complete
wound epithelialization were
recorded on the 3rd, 7th, 14th,
and 21st days. The pain-
burning level, number of
analgesics, and bleeding were
recorded for 7 days. Donor
area soft TT was measured at
baseline and on the 1st month.

Prevalence of complete wound epithelialization
was higher in the LLLT group (14th day)

Bleeding was lower in the test group (first 2 days)
Higher WHI scores were observed in the test

group.
Color match scores were higher in the test group

first 3 visits.
Less TT changes
LLLT enhances FGG donor site wound healing

and preserves TT at palatal donor sites.

Kohale et al.
(2018)79

Diode 940 nm 100 mW CW
100 mW/cm2

Aperture diameter 1 cm 1st, 3rd, and
7th day postoperatively

40 Patients with gingival
enlargement in the maxillary
and mandibular anterior
region (bilaterally
symmetrical
Gingivectomy+LL in one side

Epithelialization disclosed by a
solution (Alpha Plac�)

Pain (NRS)

Significantly lower than the NRS scores in the
control group

LLLT-applied sites had significantly lower stained
areas signifying improved wound healing
compared with the controls on the
postoperative 7th and 30th day.

CAF, coronally advanced flap; CTG, connective tissue graft; HD, high-dose; HO-1, heme oxygenase-1; FGG, free gingival graft; GRD, gingival recession depth; GRW, gingival recession width;
LD, low-dose; LILT, low intensity laser therapy; LL, low level; NRS, Numeric Rating Scale; OHQoL, oral health-related quality of life; PBM, photobiomodulation; RAGE, receptor for advanced
glycation end products; SCAF, semilunar coronally advanced flap; TC, tissue colorimetry; TT, tissue thickness; WHI, wound-healing index; WKT, width of keratinized tissue.
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confirm the positive effect of phototherapy on gingival wound
healing. In the study by Wang et al. after a daily 10 J/cm2

LED irradiation better wound closure, re-epithelialization,
and collagen were observed, and the amount of sequestrum
formation, infiltration of inflammatory cell, and TNF-a de-
crease significantly.71

Fekrazad et al. evaluated three different laser wave-
lengths on palatal wound healing in a rat model. It was
interestingly observed that only the red laser resulted in
better wound-healing results when wound area was mea-
sured clinically and evaluated histologically.69 In another
histological study on palatal wound healing with and
without laser therapy in rats by Firat et al., reduction of the
number of inflammatory cells, increase in collagen syn-
thesis, vascularization, and fibroblast cell mitotic activity
were reported in the irradiated areas. The laser-treated
group also revealed a significant reduction of total oxi-
dative status on the 21st day.66

From the total of 16 clinical studies evaluating wound
healing, 4 studies evaluated healing in gingivectomy proce-
dures and 10 studies were conducted on patients receiving
gingival graft surgeries. In all the gingivectomy studies im-
proved wound healing was reported in the laser-treated sites
compared with the nonirradiated controls (Table 4). From the
studies conducted on grafts most of the studies reported better
wound healing and epithelialization of the donor site, only a
study by Almeida et al. evaluated free gingival graft healing
and reported no improved healing of gingival grafts and also
concluded that LLLT did not influence analgesia in this
surgery.63

In most of these clinical studies a total dose of around
30 J/cm2 was applied and reported to be effective in wound
healing (by measuring remaining wound area or epithelial-
ization). However, in da Silva Neves study higher energy
density of 60 J/cm2 resulted in better wound healing in the
early stages of healing (7th day postoperatively) compared
with the 30 J/cm2 and control.

A few studies have compared root coverage results with
the adjunctive application of LLLT with contradictory
results.65,70,72,73,77 Although most studies have reported
higher percentage of root coverage with adjunctive PBM in
conjunction with connective tissue graft (CTG) in the study
by Santamaria LLLT, no additional benefit in terms of per-
centage of root coverage using CTG was observed.

In a recent systematic review and meta-analysis, the
effect of laser therapy as an adjunctive procedure in the
treatment of gingival recession with flap graft techniques
was investigated. In some of these studies lasers were used
for root surface conditioning. This meta-analysis showed
an additional clinical advantage in terms of width of ker-
atinized tissue and PD and CAL for the laser-treated
groups. However, laser had no additional benefit in terms
of amount of root coverage and esthetics results in gingival
recession treatments. It must be noted that in the seven studies
evaluated in this meta-analysis, study design and laser treat-
ment protocols had great variation. They finally recommended
long-term studies for better evaluation of the effect.80

Regarding our question on PBM and periodontal soft
tissue wound healing it may be concluded that adjunctive
LLLT can enhance donor site wound healing as reported in
clinical trials and animal studies. Future randomized clin-
ical trials to determine the efficacy of laser as adjunctive

phototherapy in recipient site healing and root coverage
results and management of postoperative complications
and pain level after soft tissue periodontal surgeries such as
grafts may be valuable to fully evaluate the potential of
PBM in periodontal plastic surgeries.

Clinical Question 5

Does PBM reduce inflammation in periodontitis?

Evidence search strategy. The databases of PubMed,
Google scholar, Scopus, and Cochrane were searched using the
keywords for LLLT as mentioned and keywords of ‘‘peri-
odontal inflammation’’ OR ‘‘inflammation’’ OR’’ gingival
inflammation’’ OR ‘‘gingivitis’’ OR ‘‘anti-inflammatory.’’

In vivo human or animal studies focusing on the effect of
low-level light therapy on gingival inflammation by measuring
gingival inflammatory indices or markers were included. After
title screening 103 studies remained out of which 14 studies
met the inclusion criteria after evaluating their full text as
previously mentioned we only included studies with low power
settings (1 W or less). The included studies characteristics can
be found in Table 5.15,18,20,23,26,27,30,31,81–86

Evidence-based recommendations and conclusion.
Reduction of gingival inflammation is clearly observed after
effective nonsurgical and surgical periodontal treatments;
however, it is proposed that adjunctive application of low
levels of light can also be beneficial in this process. Two
animal studies have been conducted on rats, which have
reported positive effects for gingival inflammation reduction
after low-level laser therapy.81,86 In one study, Safavi et al.
observed that low-level He–Ne laser irradiation leads to a
decrease in the inflammation, wound healing was also
accelerated, and changes in expression of inflammatory
cytokines genes were also reported.

It was observed that expression of IL-1b and inter-
feron (IFN)-c was significantly inhibited laser-treated group,
whereas the gene expression of platelet-derived growth
factor (PDGF) and transforming growth factor (TGF)-b in-
creased with significant difference. However, in their report
no significant difference in gene expression of TNF-a and
basic fibroblast growth factor was observed. In Uslu’s study
myeloperoxidase levels evaluated by western blot were sig-
nificantly lower in the laser group.

The clinical studies included have evaluated periodontal
inflammation changes by studying the effect of PBM on
clinical periodontal parameters and also some of the in-
flammatory markers found in the GCF such as metallopro-
teinase (MMP)-8, IL-1b, TGF-b1, and COX-2.26,27,30,87

Positive results were reported for adjunctive PBM therapy in
all the studies except for a study by Giannopoulou et al.82

that reported no additional benefit for low-level diode laser
therapy (810 nm) and also photodynamic therapy using
660 nm laser in terms of changes in expression of some of
the 13 cytokines and 9 acute-phase proteins in the GCF.
Contrary to most of the other reports an increase in GCF
MMP-9 levels, after LLLT was reported by Ismaili et al. In
this study decreased levels of IL-1 in GCF decreased and
they concluded that further study is necessary to better un-
derstand whether elevated levels of MMP-9 in GCF might
be even beneficial for the repair process in periodontal
disease.31 Inflammatory changes in gingival tissue were also
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Table 5. Characteristics of Included Studies: Effect of Photobiomodulation on Reduction of Inflammation in Periodontitis

Author
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Qadri et al.
(2005)15

LED
653 nm
Diode
820 nm

LED
10 mW (50 mW/cm2) CW
0.9 J, 90 sec
Diode
70 mW (350 mW/cm2)
25 sec
CW
1.75 J

17 Patients with moderate
periodontitis 2 weeks after
SRP

Control side:
Very low-power LED as placebo
Test side:
buccal papillae with 635 nm
6 mm more apically with 820 nm

on buccal and lingual

Clinical parameters—
IL-1b
MMP-8
Elastase activity in GCF

PPD, plaque and gingival indices were reduced
more on the laser side than on the placebo one
( p < 0.01). The decrease in GCF volume was also
greater on the laser side, 0, 12 microl, than on the
placebo side, 0.05 microl ( p = 0.01). The total
amount of MMP-8 increased on the placebo side
but was slightly lower on the laser side
( p = 0.052). Elastase activity, IL-1b
concentration, and the microbiological analyses
showed no significant differences.

Low-level lasers reduced periodontal gingival
inflammation.

Pejcic et al.
(2007)20

DL 670 nm 200 mW/cm2, and a power output of 4
to 15 mW. 2 min from both the
vestibular and oral sides. Spot
width of 3 mm, power 100 laser tip
2 mm from the surface. Every day
after SRP for 5 days

30 CP patients with marked
clinical symptoms of gingival
inflammation 2 groups

SRP
SRP+LLLT

Histological examination of
gingiva treated with low-level
laser in periodontal therapy

Complete regeneration of gingival tissue with few
inflammatory cells and marked collagen tissue
homogenization

Reduction of tissue inflammation correlates
positively with histopathological changes of the
gingival tissue

Qadri et al.
(2007)18

HeNe 632.8 nm,
InGaAlP
650 nm, laser

HeNe: 3 mW
InGaAlP laser:
180 sec per point, energy 0.54 J) was

then performed once a week for 6
weeks

20 Patients with moderate
periodontitis (split-mouth laser
irradiation of upper jaws)

Pocket depth, GI, PI, GCF
volume, matrix MMP-8, IL-8,
and subgingival microflora

More pronounced decrease of clinical inflammation
was observed after HeNe treatment.

MMP-8 levels were considerably reduced on the
HeNe side, no difference for IL-8 or microflora.
Coherence length appears to be an important factor
in laser phototherapy.

Safavi et al.
(2008)81

He–Ne laser
632.8 nm

3 h after incision, the rats were
sedated again and the samples of
the case groups (A24 and A48)
were exposed to continuous
noncontact laser irradiation at the
dose of 7.5 J/cm2 for 300 sec, with
the power output of 17 mW. The
beam diameter was 0.96 mm

20 Male Wistar rats were
randomly assigned into 4
groups (A24, A48, B24, and
B48) in which A24 and A48
were cases, and B24 and B48
were controls.

Incision was made on gingiva
and mucosa of the labial
surface of the rats’ mandibular
incisors

Rats were killed 30 min after the
last irradiation of case and
control groups, and then
excisional biopsy was
performed. Gene expression of
the cytokines was measured
using RT-PCR technique. IL-
1b, TNF-a, IFN-c, TGF-b,
bFGF, and PDGF

Low-level He–Ne laser irradiation decreases the
amount of inflammation and accelerates the
wound-healing process by changing the
expression of genes responsible for the
production of inflammatory cytokines gene
expression of IL-1b and IFN-c was significantly
inhibited in the test groups ( p < 0.05), whereas
the gene expression of PDGF and TGF-b were
significantly increased ( p < 0.05). The case and
control groups did not have a significant
difference in the gene expression of TNF-a and
bFGF ( p > 0.05).

Pejcic et al.
(2010)23

DL
670 nm

Power density of 150 mW/cm2

spot diameter was 3 mm with 2-
min field exposure per session.
Laser radiation was performed
daily, within the period of 10 days,
power density was set to
150 mW/cm2, energy density to
18 J/cm2, and later on, until the end
of the treatment a presumed
optimal dose of 100 mW/cm2 was
used

CP (mild)
G1: conservative

treatment+LLLT
G2: conservative treatment

A general conclusion can be drawn that low-level
laser irradiation can be used as a successful
physical adjuvant method of treatment, which,
together with traditional periodontal therapy,
leads to better and longer-lasting therapeutic
results.

(continued)
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Table 5. (Continued)

Author
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Pejcic et al.
(2011)25

Diode
670 nm

150 mW/cm2, an energy density of
4 J/cm2, and a power output of
10 mW. Laser irradiation was
conducted every day after
conservative instrumental
treatment of the periodontal
pockets for 10 days. The tip was
set to continuous mode and
applied and kept in light contact
for 15 sec with the gingival tissues
around every tooth (facial and
lingual) for *4 min per quadrant

34 CP patients
G1: SRP+LLLT
G2: SRP

PPD, BOP, CAL, as well as
supragingival plaque
measurements (PL) and GCF
measurements

Histological evaluation in
gingival 0, 3, and 6 months

6 Months after the therapy, the average PPD, CAL,
and CGF reduction in the experimental group
with LLLT was significantly greater.

Histological findings in gingivae after the laser
therapy indicated completely regenerated
gingival tissue with few inflammatory cells as
well as marked collagen tissue homogenization
successful in reducing gingival tissue
inflammation.

Eltas et al.
(2012)26

Nd:YAG
1064 nm

1.0 W 100 mJ, 10 Hz). T
Optic fiber (diameter 200 lm moved

from apical to coronal in a
sweeping motion 120 sec

40 Teeth from 20 patients with
CP. G1 SRP + L

G2 SRP

PI, GI, PPD, and CAL GCF
samples were analyzed for IL-
1b and MMP-8. baseline and
post-therapy (3 and 9 months
after treatment)

There was postoperative improvement of all clinical
parameters in both groups, but test side GI, PPD,
and CAL recovery was higher than that of the
control side ( p < 0.05). Although levels of IL-1b
and MMP-8 in GCF after treatment were lower
in the test side than the control side, there was
not a statistically significant difference.

Adjunctive laser treatment of periodontal pockets
was more effective than SRP alone in reducing
PPD, CAL, GI, and GCF values.

Giannopoulou
et al.
(2012)82

810 nm
660 nm

Subgingival irradiation 60 sec
810 nm 1 W

PDT:
100 mg/mL phenothiazine chloride

sterile 660 nm; output power of
laser diode of 100 mW,
corresponding to an energy
density of 3 J/qcm)

G1 SRP
G2 SRP+DL
G3 SRP+PDT

Cytokines and 9 acute-phase
proteins in the GCF. GCF was
collected before treatment,
after 14 days, and at 2 and 6
months

All 3 treatment modalities resulted in changes in the
expression of some of the 13 cytokines and 9 acute-
phase proteins in the GCF. DSL and PDT achieved
changes in cytokine and acute-phase protein levels
comparable with traditional SRP therapy, avoiding
any mechanical surface interaction and damage.
However, within the limits of the study, no
additional benefit could be found with DSL and
PDT compared with traditional SRP.

Igic et al.
(2012)83

635 nm 25 mW, CW
power density of 200 mW/cm2

Exposure time of 120 sec
Every day for 5 days.
Light contact with the gingival

tissues around every tooth (facial
and lingual). The laser beam was
directed at an angle of 90� to the
gingival surface with the laser tip
2 mm from the surface.

130 Children with chronic
catarrhal gingivitis

G1 basic treatment
G2 basic treatment+LLLT
G3 healthy gingiva as controls

Inflammation of the gingiva was
monitored by
cytomorphometric evaluation.

Cytomorphometric analysis showed that after basic
treatment the nuclei of the stratified squamous
epithelial cells of the gingiva were reduced in
size, although not to the size found in healthy
gingiva. However, after adjuvant LLLT, the size
of the nuclei of the stratified squamous epithelial
cells in the gingiva matched the size of the nuclei
in the cells in healthy gingiva.

(continued)
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Table 5. (Continued)

Author
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Pesevska
et al.
(2012)84

630–670 nm 25 mW
spot size 0.2 cm2

Treatment time per papilla 15 sec
Energy 0.375 J
Energy density (J/cm2) 1.875
Light contact to the gingival tissue

corresponding to the treated
pockets in apical-coronal direction
in all interdental spaces for 15 sec
per site, scanning both lingual and
buccal papilla side. The laser
irradiation was in continuous mode
on both facial and lingual surfaces.
Laser treatment was performed on
all oral sites at each visit for a total
of 16 min per visit (4 min per quad)

60 Patients previously diagnosed
with moderate or severe
chronic (adult) periodontal
disease (n = 20/group; groups
A, B, C, and D. A Healthy
control

B SRP
C SRP + L 5 days
D SRP + L 10 days

Papilla biopsies were obtained
from subjects and evaluated
by ELISA for levels of TNF-a.

The values in the control group were
5.2 – 3.21 pg/mg and baseline values for the
examined groups were 46.01 – 16.69.
Significantly decreased level of TNF-a for
groups C and D was found after treatment,
whereas group B demonstrated reduction of
TNF-a of 31.34%. The results of this study show
suppression of TNF-a in gingival tissue after
low-level laser treatment as adjunct to SRP. Data
may suggest beneficial anti-inflammatory effects
of the laser treatment when used as adjunctive
periodontal treatment.

Saafan et al.
(2013)30

Diode
810 nm

200 mW (at the end of the intraoral
tip in contact mode)

16 J, 80 sec per defect. The spot size
was 4 mm circle; so, the power
density was 0.2 W/cm2, energy
density was 16 J/cm2.

8 sessions every other day

32 Periodontal defects in 8
patients with untreated AgP

Split-mouth design

Clinical evaluation included
periodontal pocket depth
(PPD), CAL, PI, MGI, and
GR, was taken at baseline and
at 3 months. (TGF-b1in GCF
at baseline and at 1, 2, 3, and 4
weeks after SRP)

Showed a significant decrease of PPD and CAL in
favor of LG. PI, MGI, and GR showed no
significant difference between both groups. TGF-
b1 mean percentage showed a significant steady
decrease in the LG

Calderı̀n et al.
(2013)27

670 nm 200 mW. CW 60 sec/tooth
Phototherapy repeated 5 times in 2

weeks (days 1, 2, 4, 7, and 11)

27 Moderate-advanced CP
patients

SRP
SRP+PT
SRP+repeated PT treatment

FMPS, full-FMBS, PPD, and
CAL were recorded before
SRP.

GCF samples were used to
determine the levels of IL-1b,
TNF-a, RANKL, and OPG in
GCF.

PT used in a single or repeated doses does not
produce a significant reduction in the clinical
parameters.

Levels of IL-1b in GCF were significantly reduced
in SRP+PT and SRP+rPT groups compared with
the SRP group.

SRP+rPT group showed a significant reduction of
proinflammatory cytokine TNF-a and
RANKL/OPG ratio at 4 weeks post-treatment
compared with the SRP+PT and SRP groups.

SRP+PT group also showed a significant reduction
in TNF-a and RANKL/OPG ratio at 8 weeks
post-treatment compared with the SRP group.

PT exerts a biostimulative effect on the periodontal
tissue. Multiple sessions of PT showed a faster
and greater tendency to reduce proinflammatory
mediators and RANKL/OPG ratio.

(continued)
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Table 5. (Continued)

Author
(year)ref. Wavelength Irradiation parameters Study population/groups Evaluations Main results

Ismaili et al.
(2014)31

635 nm 100 mW/cm2, by applying the laser
beam to diseased teeth for 9 days

36 CP patients
T: SRP+LL
C: SRP

Clinical examination was
performed at baseline and 10
days after the treatment. GCF
samples were collected from
the same periodontal site
before and after therapy. The
levels of IL-1 and matrix
MMP-9 in GCF were
measured by ELISA.

LLLT decreased clinical parameters of CP. The
levels of IL-1a and IL-1b in GCF were decreased
( p < 0.05), but the level of MMP-9 was increased
( p < 0.01). After LLLT, the level of IL-1a
correlated positively with MMP-9 ( p < 0.05) and
the MMP-9 levels correlated negatively with PI
( p < 0.05) and PBI ( p < 0.01). Conclusion: LLLT
attenuated periodontal inflammation in CP
patients, as judged by clinical parameters and
decreased levels of IL-1 in GCF. It remains to be
studied whether elevated levels of MMP-9 in GCF
might be beneficial for reparation processes.

Pesevska
et al.
(2017)85

630–670 nm 25 mW
0.375 J, 1.875 J/cm2

15 sec per site
Beam spot size 0.2 cm2

60 Patients previously diagnosed
with moderate or severe CP
(divided into 3 groups)

20 healthy controls
A: control.
B: SRP
C: SRP+LLLT 5 sessions
D: SRP+LLLT 10 sessions

Baseline and post-treatment
excisional papilla biopsies

RT-PCR for expression of
COX-2

Significantly decreased level of COX-2 expression
for groups C and D was found after treatment,
whereas lowest average expression was found in
the group that had the 10 laser treatments.

Uslu et al.
(2018)86

810 nm 1 W, CW 20 Hz, energy of 10 J/cm2

spot size of 0.04 cm
in diameter and an area of

0.00126 cm2

power of T-on_ms: 500, T-off_ms:
500, 20s per teeth

Experimental periodontitis by
ligature in rats

Inflammatory cell infiltration
MPO levels

LLLT reduced inflammation and MPO when
applied in addition to SRP

bFGF, basic fibroblast growth factor; DSL, diode soft laser; GCF, gingival crevicular fluid; IFN, interferon; MPO, myeloperoxidase; PDGF, platelet-derived growth factor; PDT, photodynamic
therapy; RT, reverse transcriptase.
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evaluated by histological evaluation of gingival biopsies in
some of the studies.

Pesevska et al. observed in their study that supplemen-
tal low-level laser to SRP was able to suppress TNF-a in
gingival tissue, and also a significant in level of COX-2
expression was observed in their recent study. In this study
they reported lower expression levels of COX-2 in the 10
sessions of laser therapy group than 5 sessions.84,85

In addition, in a histological study by Igic, a positive
effect was observed when low-level laser therapy was
applied as an adjunctive to basic treatment of gingivitis.
This study reports a change in size of the nuclei of the
stratified squamous epithelial cells in the gingiva to the
same size as healthy cells after laser therapy. This also
occurred in the group that received only basic periodontal
treatment; however, it did not reach the size of normal
gingiva in this group.83 Histological evaluation by Pejcic
and Zivkovic reported laser therapy to be successful in
gingival inflammation reduction with complete healing and
regeneration of gingiva in which only a few inflammatory
cells could be found. Marked collagen tissue homogeni-
zation was also reported for this group.20

Although most studies have clearly demonstrated
positive effects of photobiostimulation on inflammation,
based on the evaluation of its effects on clinical inflam-
mation indices or measuring inflammatory markers, with
the variation in irradiation parameters it is still difficult
to propose a specific treatment protocol. Further research
in this field with well-designed studies considering the
confounding factors that might alter inflammation results
in periodontal tissues is recommended. The other effects
of PBM on pain control and implantology will be dis-
cussed in Part II.87
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24. Gómez C, Domı́nguez A, Garcı́a-Kass AI, Garcı́a-Nuñez
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