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Abstract The purpose of this split-mouth, single-blind, con-
trolled clinical study was to evaluate the impact of low-level
laser therapy (LLLT) as an adjunct to non-surgical treatment
of chronic periodontitis. Twenty-five systemically healthy and
non-smoking adults with chronic periodontitis who had at
least two bilateral premolar teeth with probing pocket depth
(PPD) of 7 ≥ x ≥ 5 mm were included in the study. In the
periodontal examination of these patients, PPD, gingival
index (GI), plaque index (PI), clinical attachment level
(CAL), and bleeding on probing (BOP) were recorded at the
baseline, first, third, and sixth months after treatment.
Gingival crevicular fluid (GCF) samples were taken at the
baseline, first week, and first month after treatment. The
collected GCF samples were analyzed using the MAGPIX™
system with a Bio-Plex Pro™ Human Cytokine 27-plex kit.
After non-surgical periodontal treatment, LLLTwith an energy
density of 7.64 J/cm2 was performed four times: immediately
after scaling and root planning (SRP) and on the first, third, and
seventh day after treatment. In the first month, PPD levels were
significantly (p < 0.05) lower in the SRP + LLLT group than in
the SRP group. At the third and sixth months, CAL, PPD, and
GI were significantly (p < 0.05) lower in the SRP + LLLT

group than in the SRP group. Differences in GCF cytokines
levels among the group were not statistically significant.
Within the limitations of this study, it is indicated that LLLT
as an adjunct to non-surgical periodontal treatment has a
positive impact on clinical parameters.
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Introduction

Periodontal diseases are infectious inflammatory diseases that
occur because of the specific and complex interaction between
pathogenic bacteria and the host response. Periodontal dis-
eases can result in the loss of teeth-supporting tissue and teeth
[1]. The main goal in the treatment of periodontal diseases is
to remove supragingival and subgingival microbial biofilm
and/or calculus [2]. In general, this objective is achieved by
scaling and root planing, which includes removing bacteria
and by-products from the environment and planing roughness
and irregularities on the root surface [3]. In this regard, non-
surgical periodontal treatment is the principal therapy, and its
effectiveness has been documented by numerous studies [2].
However, in some cases, more comprehensive therapies are
needed. Research is ongoing to improve the effectiveness of
non-surgical periodontal therapy and reduce the patient com-
pliance requirements after treatment with additional modali-
ties, such as employing chemotherapeutic agents or lasers
[4–7].

In recent years, various studies have been made to increase
the effectiveness of non-surgical periodontal treatment; one of
the promising modalities is the use of lasers [8–10]. Recently,
low-level laser therapy (LLLT) has become popular with
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clinicians, primarily because of its anti-inflammatory and bio-
stimulatory effects. Though studies have indicated that LLLT
increases wound recovery [11–14] and offers anti-infla
mmatory effects [15], only limited studies have been made
about the adjunctive use of LLLTwith non-surgical periodon-
tal treatment [9, 16–18].

Various mediators, such as cytokines, play an important
role in periodontal disease and in recovery from wounds that
occur after periodontal treatment [19, 20]. Cytokines is the
general name for the extended mediator family formed by
interleukins, colony stimulating factors (CSF), growth factors,
and cytotoxic factors. In periodontal diseases, it is known that
cytokines play a role inmany important biological events such
as inflammation, proliferation, regeneration, differentiation,
and hemostasis [21, 22]. Furthermore, a few studies have
shown that LLLT affects COX2, IL-1 β, MMP-8, PDGF,
TGF-β, and plasminogen levels [16–18, 23].

This study aimed to evaluate the effect of low-level laser
therapy, as an adjunct to non-surgical periodontal treatment,
on periodontal clinical and biochemical parameters (IL-1β,
IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12
(p70), IL-13, IL-15, IL-17, basic FGF, eotaxin, G-CSF, GM-
CSF, IFN-γ, IP-10, MCP-1, MIP-1α, MIP-1β, PDGF-BB,
RANTES, TNF-α, and VEGF) in the gingival crevicular
fluid.

Material and methods

Subjects and study design

Twenty-five non-smoking adults diagnosed with generalized
chronic periodontitis, according to the American Academy of
Periodontology (AAP) 1999 criteria, were recruited from
Gaziantep University Faculty of Dentistry Dental Hospital
for inclusion in this study between October 2013 and
September 2014. The ethics committee of the University of
Gaziantep approved the protocol for this study (date 03.
04.2012; number 152). All participants were given informa-
tion about the research, and oral and written informed consent
was obtained from all participants.

This study was designed as a randomized, controlled,
single-blinded, split-mouth clinical trial. The inclusion cri
teria for the study were (i) aged 18 years and above with
chronic periodontitis; (ii) systemic healthy condition; and
(iii) the presence of at least two bilateral premolars with
≥5-mm periodontal pocket depth (PPD). The exclusion
criteria were (i) pregnant or lactating women; (ii) the use
of antibiotics, anti-inflammatory drugs, hormones, or im-
munosuppressive agents during the 6 months prior to the
study; or (iii) any dental treatment during the last 1 year
before the study.

Clinical examination

The gingival index [24] (Gİ), PPD, plaque index [25] (PI), and
clinical attachment level (CAL) were measured from six areas
(mesio-buccal, mid-buccal, distobuccal, mesiopalatal, mid
palatal, and distopalatal) of each tooth to determine each indi-
vidual’s periodontal status. The results were recorded at the
baseline (visit 1) and at 1, 3, and 6 months after periodontal
treatment. PPD is the distance between the bottom of the peri-
odontal pocket and the free gingival margin, while CAL is
defined as the distance between the bottom of the periodontal
pocket and the cemento-enamel junctions. A millimetrically
calibrated BWilliams periodontal probe^ is used (Hu-Friedy,
Chicago, IL, USA) for these measurements. One examiner
(S.Z.Ş.), who was blinded to the treatment procedures, per-
formed the clinical examination and collected the gingival
crevicular fluid samples.

GCF sampling

Gingival crevicular fluid samples were taken at the baseline
(visit 2), 1 week, and 1 month after treatment. For the samples,
contralateral maxillary premolar teeth with 5–7 mm of pocket
depth were preferred. The teeth were isolatedwith cotton rolls,
and the area was gently dried with air spray vertically to the
long axis of the tooth. Then, paper strips (Periopaper®,
OraFlow Inc., PlainView, New York, USA) were installed
inside the crevice until there is mild resistance. To measure
their gingival crevicular fluid (GCF) volumes, after a 30-s
wait, the strips were put into a Periotron 8000 (Orafow Inc.,
Plainview, New York, USA) device that was calibrated before
the measurement. Their volumes were then measured and re-
corded. The samples were stored at −80 °C until they could be
further analyzed.

GCF analysis

Cytokine, chemokine, and growth factor levels were deter-
mined by using a MAGPIX system with the Bio-Plex
Human 27-Plex Cytokine Panel and Bio-Plex Cytokine
Reagent Kit (Bio-Rad, USA), according to the manufacturer’s
instructions for a Bio-Plex 27-Plex cytokine immunoassay
and Teles et al. [26]. The panel consisted of IL-1β, IL-1ra,
IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-
13, IL-15, IL-17, basic FGF, eotaxin, G-CSF, GM-CSF,
IFN-γ, IP-10, MCP-1, MIP-1α, MIP-1β, PDGF-BB,
RANTES, TNF-α, and VEGF.

Treatment protocol

Before starting periodontal treatment, all participants were
informed of the relationship between microbial dental plaque
and periodontal diseases; they were also given oral hygiene
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training (visit 1). In the same session, clinical measurements
of the patients were made by S.Z.Ş. The patients included in
the study were separated into two sites for the split-mouth
treatment protocol. The site that would receive the LLLT ap-
plication was determined by a coin flip randomization tech-
nique. The periodontal treatment and LLLT were performed
by a single practitioner (H.G.).

One week later, after the oral hygiene instruction (visit 2) to
the patients, control and GCF samples were taken from the
pre-determined premolar teeth, including one tooth from the
control and one from the test region. On this appointment
(visit 2), full-mouth supragingival and subgingival scaling
and root planing were performed within 24 h (one side in a
morning session and the other side in an afternoon session)
under local anesthesia (Ultracain D-S, Aventis Pharma
ceuticals, Istanbul, Turkey). These procedures were carried
out with ultrasonic devices (Piezon, OEM Built-in Kit,
EMS, Switzerland) and curettes (Gracey Curette, SG 1/2,
3/4, 5/6, 7/8, 11/12, 13/14; Gracey Minifive Curette, SAS
3/4, 11/12, 13/14; Hu-Friedy, USA). Afterwards, the tooth
surfaces were polished with paste (Sultan Prophylaxy paste,
Topex, PA, USA) and a rubber brush (Kerr Manufactor, Co.,
Romulus, MI, USA).

LLLT application was provided from the buccal surface
with a GaAlAs diode laser at a 980-nm wavelength (CHE
ESE™, GIGAA Laser, Wuhan Gigaa Optronics Tech
nology Co., Ltd., China). LLLT applied non-contact and tip-
tissue distance was approximately 5 mm.

LLLT was applied on every tooth on the test side (lower
and upper jaw) for 15 s in the continuous mode, at 0.4 Wand
with an application tip 1 cm in diameter. The area covered by
the ray beam coming out of the application tip was approxi-
mately 0.785 cm2, and the density of energy applied (if
π = 3.14) was 7.64 J/cm2. The LLLT application was made
in four sessions: after periodontal treatment (visit 2), on the
first day (visit 3), on the third day (visit 4), and on the seventh
day (visit 5) post-treatment (Fig. 1).

Statistical analysis

For the analysis of the data obtained with our study, the SPSS
for Mac version 22.0 (SPSS for Mac 22.0, Chicago, IL) pack-
age software has been used, and the results are deemed to be
statistically significant at the p < 0.05 level. Whether the con-
tinuous variables have a normal distribution was controlled
using the Kolmogorov Smirnov test. In the intergroup com-
parison of variables that do not have normal distribution, the
MannWhitney U test was used. In the successive comparison
of two dependent measurements, the Wilcoxon test was used.
Relations between numerical variables were tested with the
Spearman rank correlation coefficient. As descriptive statis-
tics, mean ± standard deviation values have been given.

Results

Twenty-five patients (9 males and 16 females) were included
in the study. Post-treatment recovery was realized in all cases
without any problems. No side effects of the laser have been
reported. The mean age of the participants was 40.44 ± 8.69
(between 28 and 57 years of age) years.

The periodontal parameters of the SRP + LLLT and SRP
alone are shown in Table 1.

No significant (p > 0.05) differences in any clinical param-
eter between the SRP alone and SRP + LLLT groups at the
baseline were found. In the first month, PPD levels were sig-
nificantly (p < 0.05) lower in the SRP + LLLT group than in
the SRP group. At the third and sixth months, CAL, PPD, and
gingival index (GI) were all significantly (p < 0.05) lower in
the SRP + LLLT group than in the SRP group.

PI levels showed no statistically significant difference be-
tween the test and control groups. However, the intergroup
comparisons showed a statistically significant change in the
first, third, and sixth months compared to the outset data
(p < 0.05).

GCF cytokine levels

Differences in the biochemical parameters between the time
points are shown in Table 2. At all times, there are no signif-
icant differences in GCF cytokine levels between the SRP +
LLLT and SRP groups. IL-1β, IL-5, and VEGF showed a
statistically significant reduction between the baseline and
all other time points for both groups. While the SRP group
displayed a statistically significant reduction between the
baseline and first month in IL-6, IL-8, eotaxin, and IL-10

Fig. 1 Study Flowchart. Abbreviations: OHI oral hygiene instruction,
CE clinical examination, SRP scaling and root planning, LLLT low-level
laser therapy, GCF gingival crevicular fluid, mo month, wk week
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Table 2 Differences in biochemical parameters

Baseline 1 week 1 month

pg/30sn SRP + LLLT SRP SRP + LLLT SRP SRP + LLLT SRP

IL-1β 104.82 ± 55.18 79.01 ± 63.89 57.56 ± 66.36† 49.28 ± 39.13† 32.84 ± 26.97† 48.17 ± 35.28†

IL-1 Ra 35.21 ± 43.03 35.66 ± 47.15 37.14 ± 43.72 48.57 ± 74.83 24.68 ± 31.39 31.18 ± 38.91

IL-2 2.12 ± 1.68 3.53 ± 2.65 3.66 ± 5.69 6.79 ± 13.70 2.35 ± 2 3.46 ± 4.91

IL-4 1.13 ± 1.15 1.43 ± 1.14 1 ± 0.98† 1.31 ± 1.71 0.96 ± 1.19† 1.61 ± 1.32

IL-5 4.54 ± 4.86 6.57 ± 9.28 4.83 ± 5.48† 4.09 ± 5.04† 3.62 ± 4.86† 6.33 ± 6.84†

IL-6 6.14 ± 6.42 9.50 ± 9.86 6.50 ± 8.59 8.35 ± 8.46 6.3 ± 9.1 4.35 ± 4.76†, Ω

IL-7 8.13 ± 13.53 7.60 ± 8.32 7.43 ± 9.42 6.88 ± 9.91 6.96 ± 9.57 5.74 ± 8.60

IL-8 130.23 ± 106.56 135.65 ± 125.42 112.69 ± 164.95 75.91 ± 63.48† 42.91 ± 29.32†, Ω 59.13 ± 65.99†

IL-9 1.75 ± 1.49 1.90 ± 2.19 1.33 ± 0.82 2.59 ± 4.82 1.70 ± 1.38 1.78 ± 2.04

IL-10 6.49 ± 4.20 6.67 ± 5.47 6.34 ± 4.96 8.32 ± 5.98 4.96 ± 2.97 4.36 ± 2.70†

IL-12 17.80 ± 12.23 17.13 ± 15.29 20.13 ± 10.44 20.42 ± 19.17 12.79 ± 11.70Ω 12.69 ± 12.54

IL-13 2.78 ± 2.79 1.17 ± 1.57 2.22 ± 3.44 2.453.81± 2.98 ± 4.10 2.53 ± 3.87

IL-15 4.05 ± 2.69 3.92 ± 3.21 7.65 ± 11.07 4.61 ± 3.70 8.57 ± 11.09 Ω 6.22 ± 9.03

IL-17 4.65 ± 2.05 5.01 ± 2.98 3.43 ± 2.58 4.80 ± 2.81 5.24 ± 3.96Ω 6.36 ± 5.51Ω

Eotaxin 5.55 ± 8.48 5.62 ± 8.31 6.18 ± 12.24† 3.38 ± 3.64† 2.16 ± 1.63†, Ω 2.27 ± 1.53†, Ω

FGF-b 2.85 ± 1.58 2.91 ± 2.62 1.76 ± 0.88 1.94 ± 2.01 1.96 ± 1.44 Ω 4.37 ± 4.07Ω

G-CSF 36.47 ± 48.22 31.08 ± 59.13 12.73 ± 15.37† 11.21 ± 13.44† 9.85 ± 8.40 8.08 ± 14.78

GM-CSF 22.64 ± 14.69 18.90 ± 12.78 18.54 ± 13.88 21.39 ± 11.28 18.49 ± 16.93 15.14 ± 12.26

IP-10 6.88 ± 5.49 22.44 ± 64.06 24.70 ± 55.72 18.93 ± 19.67 9.01 ± 7.86 Ω 22.36 ± 55.98

MIP-1α 6.65 ± 7.91 5.32 ± 6.04 5.16 ± 6.39 6.38 ± 6.01 5.12 ± 6.89 4.78 ± 6.55

MIP-1β 8.21 ± 17.89 12.20 ± 31.63 8.64 ± 10.50 8.92 ± 20.81 5.15 ± 6.73 6.97 ± 15.74Ω

PDGF 4.54 ± 6.11 5.75 ± 8.75 7.02 ± 8.53 5.60 ± 6.81 2.86 ± 5.11 4.82 ± 7.12

RANTES 18.27 ± 45.16 14.18 ± 15.57 15.32 ± 24.84 8.94 ± 17.84 4.31 ± 5.74 14.83 ± 24.19

TNF-α 17.04 ± 15.21 23.29 ± 17.62 22.62 ± 38.94 18.92 ± 18.01 19.53 ± 17.90 13.71 ± 15.71

VEGF 21.15 ± 19.77 15.67 ± 15.61 9.69 ± 9.28† 11.90 ± 10.81† 6.61 ± 6.05† 7.05 ± 8.43†

IFN-γ 7.69 ± 2.84 5.97 ± 3.25 6.16 ± 3.78 5.72 ± 3.55 4.90 ± 3.83 5.34 ± 3.90

MCP-1 9.6 ± 16.54 12.85 ± 15.36 6.73 ± 15.44 12.50 ± 20.08 5.32 ± 7.51 7.93 ± 11.72

† Significant difference from baseline (p < 0.05)
Ω Significant difference from 1 week (p < 0.05)

Table 1 Differences in clinical
parameters Baseline 1 month 3 months 6 months

PPD (mm) SRP 4.26 ± 0.41 2.86 ± 0.40† 2.67 ± 0.31†, Ω 2.47 ± 0.35†, Ω, Ж

SRP + LLLT 4.33 ± 0.41 2.61 ± 0.36†, * 2.24 ± 0.25†, *, Ω 2.15 ± 0.29†, *, Ω

CAL (mm) SRP 4.26 ± 0.44 2.89 ± 0.45† 2.69 ± 0.31†, Ω 2.49 ± 0.37†, Ω, Ж

SRP + LLLT 4.35 ± 0.37 2.79 ± 0.66† 2.43 ± 0.45†, *, Ω 2.31 ± 0.54†, *, Ω, Ж

pı SRP 2.09 ± 0.60 0.77 ± 0.33† 0.61 ± 0.41† 0.78 ± 0.34†

SRP + LLLT 2.14 ± 0.68 0.81 ± 0.34† 0.62 ± 0.39†, Ω 0.84 ± 0.39†, Ж

gı SRP 2.03 ± 0.34 1.20 ± 0.22† 1.15 ± 0.17† 1.12 ± 0.16†

SRP + LLLT 2.03 ± 0.45 1.10 ± 0.17† 1.05 ± 0.12†, * 1.05 ± 0.14†, *

*Significant difference between groups (p < 0.05)
† Significant difference from baseline (p < 0.05)
Ω Significant difference from 1 month (p < 0.05)
Ж Significant difference from 3 months (p < 0.05)
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levels, the LLLT + SRP group presented the same reduction
between the baseline and first month in IL-4, IL-8, and eotaxin
levels (p < 0.05).

Discussion

Non-surgical periodontal therapy, using supra- and subgi
ngival debridement or combined with adjunctive treatments,
such as low laser therapy, is a well-established modality in
treating chronic periodontitis. The present split-mouth study
evaluates LLLTeffects as an adjunct to non-surgical treatment
of chronic periodontitis.

The results of this study demonstrate that the adjunct use of
LLLT promotes clinical improvements. In addition, LLLT has
the ability to promote cytokine level modulation. With respect
to clinical outcomes, the present study demonstrated improve-
ments in terms of PPD, CAL, and GI in sites treated with the
LLLT + SRP compared to sites treated with SRP alone.
Previous studies on the adjunct use of LLLT in treating chron-
ic periodontitis are few and have reached differing results. In
accordance with our results, Qadri et al. found a statistically
significant decrease in PPD and GI levels for the LLLT group
compared with SRP alone [16], but a split-mouth study by
Makhlouf et al. stated there was no statistical difference be-
tween the LLLT and control groups in PI and GI levels and
that there was a statistical difference for PPD levels in the
short term but not in the long term [18]. Another parallel-
designed study by Aykol et al. stated that LLLT results in a
statistically significant decrease in PPD and CAL levels in the
first, third, and sixth months [17].

Research related to LLLT is more typically conducted at
the level of in vitro or animal studies. According to in vitro
studies, which have investigated the effects of LLLT applica-
tion in different doses on human gingival fibroblasts, LLLT
application has a positive effect on cell proliferation in gingi-
val fibroblasts and causes an increase in FGF-b expression
[27–29]. In another study, it was detected that FGF-b levels
increase more as a result of 780-nm GaAlAs diode laser ap-
plications [30]. Moreover, in their study conducted on rats,
Tuby et al. found that LLLT application with stem cells has
a positive effect on cardiomyocyte formation [31]. In a study
by Hakkı et al., it was reported that type-1 collagen mRNA
expression increases significantly when diode lasers are ap-
plied at the level of bio-stimulation [32]. There is limited
information in the literature regarding the effect of adjunct
use of LLLT on gingival crevicular fluid biomarker patterns
after SRP [16–18, 33]. IL-1β, IL-1Ra, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, FGF-b,
eotaxin, G-CSF, GM-CSF, IFN-γ, IP-10, RANTES, MCP-1,
MIP-1α, MIP-1β, PDGF-BB, TNF-α, and VEGF molecules
present in GCF, all of which have an influence on periodontal
disease pathogenesis, have been evaluated. Even though,

aforenamed in vitro studies showed that a biochemical change
after LLLT application, our study showed no statistically sig-
nificant change between groups in these biochemical param-
eters at any time. We think that these inconsistencies related
with lasers nature (such as penetration depth), study design,
and laser duration. Nonetheless, biochemical parameters
showed no statistically differences, and it may have related
with minor clinical improvement.

IL-1β is a proinflammatory mediator linked to periodontal
disease. Previous studies have compared healthy individuals
to individuals with chronic periodontitis, and these studies
have found that periodontally healthy patients’ IL-1β levels
are lower than levels of those with chronic periodontitis and
that there is a decrease in IL-1β level after treatment in pa-
tients with chronic periodontitis [20]. In this study, there was
no statistically significant difference in intergroup evaluations
of GCF levels of IL-1β found at any time. However, in the
intragroup evaluations, both the control and the laser group
registered statistically significant decreases in the first week
and first month after treatment compared to the data at the
beginning. These findings show similarity with the studies
by Lui et al. [33], Makhlouf et al. [18], and Qadri et al. [16].

The fibroblast growth factor (FGF-b) can be secreted from
keratinocytes, fibroblasts, endothelial cells, muscle cells,
chondrocytes, and mast cells and is responsible for wound
recovery and angiogenesis [34]. Various studies have stated
that LLLT increases FGF release from the fibroblast [29, 30]
In the present research, when FGF-b data was evaluated, there
was no statistically different intergroup at any time; however,
in the intragroup evaluation, LLLT and SRP groups showed a
statistically significant reduction in the first month compared
to the data for the first week after treatment. These findings are
in accordance with the study by Aykol et al. [17].

Platelet-derived growth factor (PDGF), which is secreted
from platelets, macrophages, endothelial cells, fibroblasts, and
keratinocytes, is a molecule that plays a role in all phases of
wound recovery [34]. Moreover, there have been studies per-
formed on the use of recombinant PDGF in regenerative peri-
odontal surgery [35]. To our knowledge, no prior study has
investigated the effect of LLLT application as an adjunct to
non-surgical periodontal treatment on the GCF PDGF levels.
However, Safavi et al. [36] investigated the effects of LLLT by
forming wounds on rat gingivae and oral mucosae; they did
not find a statistical difference from the control group in
PDGF gene expression in the wound region. Although the
laser energy density applied in our study had a positive effect
in terms of clinical parameter changes, LLLT did not have a
statistical effect on GCF PDGF levels in either the intragroup
or the intergroup comparisons.

In the present study, we aimed to observe the adjunct ef-
fects of LLLT on SRP. Within the limits of our study, LLLT
was seen to provide statistically significant benefits between
groups with regard to clinical parameters. We did not find a
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statistically significant change in the biochemical parameters
in the intergroup comparison.

Currently, lasers are being used and researched both in
combination with in-pocket disinfection methods and for
speeding up wound recovery and possible anti-inflammatory
effects. Despite this, the ideal means for using LLLT in addi-
tion to SRP is not currently available. The data from our clin-
ical trial indicates that LLLT adjunct to SRP improves clinical
parameters. Moreover, we are of the opinion that more re-
search should be conducted on the kinds of cellular mecha-
nisms through which the clinically observed minor positive
changes take place via LLLT application in addition to non-
surgical periodontal treatment. We think that LLLT use, in
addition to periodontal treatment, will increase treatment
efficacy.
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