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Abstract
Background The aim of the present study was to evaluate whether different Nd:YAG laser applications as an adjunct to 
scaling and root planning (SRP) improve the healing response to periodontal therapy in smokers with periodontitis.
Methods This clinical trial included eighty systemically healthy smokers with periodontitis. Patients were randomly allocated 
to a treatment group: SRP alone (group 1), SRP+low-level laser therapy (LLLT) with Nd:YAG laser (group 2), SRP+pocket 
debridement with ND:YAG laser (group 3), and SRP+combined pocket debridement and LLLT with Nd:YAG laser (group 
4). Gingival index (GI), plaque index (PI), bleeding on probing (%), probing depth (PD), and clinical attachment level 
(CAL) were recorded, and gingival crevicular fluid (GCF) samples for metalloproteinase-8 (MMP-8) levels were collected 
at baseline, 1 month and 3 months after treatment.
Results There were no significant differences between the treatment groups for the GI, PI, and BOP (%) parameters and 
MMP-8 levels at any time points (p > 0.05). For moderately deep pockets, PD and CAL reductions were significantly greater 
in all test groups compared to group 1 (p ˂ 0.05). For deep pockets, these reductions were significantly greater in group 2 
and group 4 compared to group 1 (p ˂ 0.05). PD and CAL reductions were generally similar between test groups (p > 0.05) 
except PD reduction between baseline and 3 months in deep pockets (p ˂ 0.05).
Conclusions The findings of this clinical trial suggest that Nd:YAG laser applications may be beneficial on the healing 
response of smokers to non-surgical therapy compared to SRP alone.
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Introduction

Periodontitis is defined as a multifactorial inflammatory 
disease initiated by dental plaque and results in periodontal 
supporting tissues destruction and eventually tooth loss 
[1]. Smoking is confirmed as a risk factor for periodontitis 

considering the substantial body of evidence that 
demonstrates the relationship between the destruction of 
periodontium and cigarette smoking. Compared to non-
smokers, smokers exhibit more attachment loss [2, 3], 
a higher number of deep periodontal pockets [4, 5], and 
more alveolar bone loss [6, 7]. Smokers are more likely to 
lose their teeth [8, 9] and have more furcation involvement 
than non-smokers [10, 11]. Smoking also affects the 
progression of periodontal disease. Heitz-Mayfield indicated 
that smoking is a powerful dose-related predictor for 
periodontitis progression [12]. Kibayashi et al. investigated 
the relationship between smoking and periodontal disease 
progression. They found that 38.5% of disease progression 
was associated with current smoking status [13]. It has been 
also demonstrated that some sites in smokers presented high 
gingival crevicular fluid (GCF) MMP-8 levels. These sites 
were also more likely to have progressive disease [14]. 
Longitudinal studies reported that smokers developed more 
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sites with increased probing depth and alveolar bone loss 
[15–17]. Considering the wound healing after periodontal 
therapy in smokers, smokers exhibit decreased healing 
response compared to non-smokers after periodontal 
treatment [18–20].

Plaque control, scaling, and root planing (SRP) are main 
procedures for reducing or eliminating bacteria and provide 
clinical improvement for periodontal health [21]. Although 
the success of non-surgical periodontal treatment is well 
proven, there are some limitations decreasing the success 
rate such as inaccessible areas including furcation lesions, 
concavities and grooves on root surfaces, and distal sites of 
molars [21]. Until this time, dental lasers have been used for 
improving the treatment outcomes as an adjunct or alterna-
tive treatment procedure in the treatment of periodontitis 
with a great interest [22, 23]. One commonly used dental 
laser in periodontal therapy is Neodymium-doped yttrium 
aluminum garnet (Nd:YAG) laser with 1064 nm wavelength. 
It has low absorption in water. It penetrates deeply into soft 
tissues and has an affinity for pigmented tissues [24, 25]. 
Excellent soft tissue ablation, potential bactericidal, and 
detoxification effects are important features of this laser 
[26–28]. Nd:YAG laser can be easily inserted into peri-
odontal pockets with a flexible optical fiber and has been 
used for periodontal pocket curettage and root debridement 
[22]. It can remove contaminated gingival epithelium com-
pletely without damaging the connective tissue and micro 
vessels [29]. In the literature, clinical researches demon-
strated beneficial effects of Nd:YAG laser applications as 
an adjunct to non-surgical periodontal therapy on improv-
ing clinical parameters such as probing depth (PD), clini-
cal attachment level (CAL), gingival index (GI), plaque 
index (PI), and bleeding on probing (BOP) [29–33], reduc-
ing interleukin-1β (IL-1β) and matrix metalloproteinase-8 
(MMP-8) levels [30] and periodontal bacteria counts such 
as Aggregatibacter actinomycetemcomitans, Porphyromonas 
gingivalis, Prevotella intermedia, Tannerella forsythia, and 
Treponema denticola [29, 33]. Considering the application 
of Nd:YAG laser with SRP in smokers with periodontitis, 
there is only one study in the literature. In that study, Eltas 
et al. reported that SRP+Nd:YAG laser did not provide any 
considerable improvements for clinical parameters and GCF 
volume compared to SRP alone in smokers with chronic 
periodontitis [34].

It has been demonstrated that LLLT in periodontology 
has various advantages, such as reducing pain or discom-
fort, promoting wound healing and regeneration of alveo-
lar bone, and suppressing inflammation [23]. Considering 
in vitro studies investigating the bio stimulatory effects of 
Nd:YAG laser, it has been reported that LLLT with this laser 
may stimulate gingival [35], periodontal ligament fibroblast 
[36], and osteoblast proliferation [37]. In a mucositis animal 
model, LLLT with Nd:YAG laser stimulated wound healing 

by modulating basic fibroblast growth factor and platelet-
derived growth factor gene expressions related to fibroblast 
growth and cell proliferation [38]. In the literature, no clini-
cal research investigating the effects of LLLT with Nd:YAG 
laser in addition to SRP for periodontitis treatment has been 
found.

To the best of our knowledge, there is no information 
about LLLT with Nd:YAG laser or combination of pocket 
debridement and LLLT with Nd:YAG laser in periodontal 
treatment of smokers with periodontitis. Our hypothesis is 
that different Nd:YAG laser applications as pocket debride-
ment, LLLT, and combination of pocket debridement and 
LLLT with SRP may enhance the healing response in smok-
ers with periodontitis. The purpose of the present clini-
cal trial was to explore the short-term effects of different 
application methods of Nd:YAG laser (pocket debridement, 
LLLT, and pocket debridement+LLLT) in addition to SRP 
in treatment of smokers with stage III grade C periodontitis.

Material and methods

This study was a single-blind, randomized controlled trial 
and carried out using parallel group design. The protocol 
for this clinical trial was reviewed and approved by the 
Ethics Committee of Izmir Katip Celebi University for 
human subjects (2017/106) and also the Republic of Turkey 
Ministry of Health, Turkey Pharmaceuticals and Medical 
Devices Agency (No: 71146310-511.06-E.213417 Subject: 
2017-102). The registration number for clinical trials is 
TCTR20190926001. A written informed consent form fol-
lowing the Helsinki Declaration (1975; revised, 2013) was 
obtained from all participants.

Sample size calculation was performed using G*Power 
software, version 3.1.5 (Franz Faul, Christian-Albrechts-
Universität Kiel, Kiel, Germany). PD parameter was used 
for sample size calculation, and effect size was 0.37 consid-
ering the previous research similar to the present study [34]. 
A minimum of 20 participants for each group were needed 
in this study with a power of 80 % and α = 0.05 according 
to power analysis software.

For the present study, of a total 250 individual screened, 
systemically healthy 80 smokers with chronic periodonti-
tis (CP) (44 females, 36 males aged 23 to 64 years) were 
enrolled from October 2017 to May 2019 at the Department 
of Periodontology, Faculty of Dentistry, Izmir Katip Cel-
ebi University, Izmir, Turkey. According to the consensus 
report of the 2017 World Workshop on the Classification 
of Periodontal and Peri-implant Diseases and Conditions 
[39], the individuals who participated in the present clinical 
trial match with the definition of generalized stage III peri-
odontitis in terms of the extent and severity and grade C due 
to radiographic bone loss (%)/age being > 1.0 and smoking 
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≥ 10 cigarettes a day. Radiographic bone loss %/age was 
calculated according to previous reports [40, 41]. For deter-
mination of radiographic bone loss/age, the tooth showing 
the most severe bone loss is used. Radiographic bone loss 
%/age measured as radiographicbone loss in percentage of 
root length divided by the age of the subject.

Periodontitis patients had PD ≥ 6 mm, CAL ≥ 5 mm, 
alveolar bone loss at radiographs reaching to the middle or 
apical third of the root, BOP ≥ 30%, and 30% or more of 
the teeth with CAL ≥ 5 mm (generalized type) in terms of 
disease extent and distribution

Exclusion criteria were as follows: (i) having periodontal 
therapy in the last 1 year, (ii) using any drugs (anti-
inflammatory/antibiotics/steroids) and in last 6 months, (iii) 
pregnancy or lactation, and (iv) alcohol consumption.

Clinical assessments

The following measurements were performed at 1–2 days 
before GCF sampling visit and 1 and 3 months after peri-
odontal treatment by the same blinded calibrated periodon-
tist (İ.T):

• Six sites (mesiobuccal, mid-buccal, disto-buccal, mesio-
lingual/mesio-palatal, mid-lingual/mid-palatal, and disto-
lingual/disto-palatal) in each tooth for PD and CAL

• Four sites (mesial, buccal, lingual/palatinal and distal) 
in each tooth for GI [42], PI [43], and BOP [44]. A peri-
odontal probe (Hu-Friedy, Chicago, IL, USA) was used 
for measurements.

Calibration of examiner

For calibration of examiner, four patients, each having two 
pairs of contralateral teeth with PD > 5 mm, were chosen. 
The examiner (İ.T) evaluates these patients on 2 visits, 48 h 
apart. Calibration was accepted if the baseline and 48 h later 
data were similar to the millimeter at a > 90% level.

Treatment procedure

Supragingival debridement was performed using hand 
instruments (Hu- Friedy, Chicago, IL, USA) and ultrasonic 
scalers (EMS Mini-Piezon, Nyon, Switzerland), and detailed 
oral hygiene instructions were given for all participants after 
the initial GCF sampling by an experienced periodontologist 
(AE). The randomization for therapy allocation was done 
at this visit. A computer-generated set of random numbers 
obtained from a website (http:// www. random. org) were used 
for randomization process. A computer-generated random 
list was used for randomizing the participants to one of the 
four study groups. Opaque sealed envelopes were used for 
allocation concealment. Blinding was provided by the study 

coordinator (MS) who registered the treatment assignment 
and was not associated with the treatments and examinations 
of the study. Study treatment groups were as follows:

• Group 1: SRP alone (control group)
• Group 2: SRP + LLLT with Nd:YAG laser
• Group 3: SRP + pocket debridement with Nd:YAG laser
• Group 4: SRP + combined pocket debridement and 

LLLT with Nd:YAG laser

In group 1:  Subgingival SRP procedures were performed 
using hand instruments (H6/7 scaler, Gracey Curets, Hu- 
Friedy, Chicago, IL, USA) and ultrasonic scaler with sub-
gingival tips under local anesthesia in full mouth manner. 
Saline irrigation was done subgingivally in addition to SRP 
procedure.

In group 2:  First, the same procedure in group 1 was per-
formed. Then LLLT was applied to the pocket site for 2 min 
(1 min buccally + 1 min lingually/palatinally) from 1 cm 
distance using Nd:YAG laser (Fotona Fidelis AT, Ljubljana, 
Slovenia) (0.50-W, 10 Hz, long-pulse mode) with a 950-µm 
fiber handpiece (R24).

In group 3: First, the same procedure in group 1 was per-
formed. Then pocket debridement with Nd:YAG laser (Fotona 
Fidelis AT, Ljubljana, Slovenia) (2 W, 200 mj, 10 Hz, short 
pulse) was performed for removing pocket epithelium and 
detoxification purpose. A 320-µm fiber tip was used for this 
procedure. The laser fiber tip was placed in the periodontal 
pocket parallel to the root surface, and a sweeping motion was 
used in apical to coronal direction during the laser irradiation. 
Laser irradiation was applied to the pocket site for 30 s.

In group 4: First, the same procedure in group 1 was per-
formed. Then pocket debridement with Nd:YAG laser (2 W, 
200 mj, 10 Hz, short pulse) was performed as in group 3, 
and finally LLLT with Nd:YAG laser (0.50 W, 10 Hz, long-
pulse) was performed as in group 2.

All these treatment procedures were performed by an 
experienced periodontologist (AE).

GCF sampling and analysis

GCF sampling was performed at baseline, 1 and 3 months 
after treatment. The paper strip method was chosen for GCF 
sampling. Sampling was done 1–2 days after baseline clini-
cal recordings. An interproximal site (deepest pocket with 
PD ≥ 6 mm, CAL ≥5 mm, BOP (+) and GI = 2) of one 
selected tooth from each quadrant was chosen for GCF sam-
pling in each participant.

http://www.random.org
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After isolation of the sampling area was provided, a sterile 
curette was used for supragingival biofilm removal. Sampling 
sites were gently dried before sampling, and then paper 
strips (Periopaper, Oraflow Inc.) were gently placed into the 
periodontal pocket (1–2 mm subgingivally) and removed after 
30 s. Paper strips contaminated with blood and saliva were 
discarded. GCF volume was measured by a calibrated device 
(Periotron 8000, Oraflow). Totally four strips were obtained 
from each participant and pooled in the same sterile tube. 
Samples were stored at –80 °C before biochemical analysis.

A commercial enzyme-linked immunosorbent assay kit 
(Elabscience, Houston, USA) was used for analyzes of GCF 
MMP-8 level in accordance with the manufacturer’s instructions.

Outcome variables

In this study, PD was the primary outcome and used for cal-
culating the study sample size. CAL, GI, PI, BOP (%), and 
GCF levels of MMP-8 were secondary outcome variables.

Statistical analyses

A software program (SPSS v. 20.0; IBM, Chicago, IL) was used 
for statistical analyses. The normality of the data was evaluated by 
the Shapiro-Wilk test. One-way analysis of variance (ANOVA) 
followed by Tukey’s test was used for intergroup analysis, and 
repeated measures ANOVA test was used for intragroup analysis 
in full-mouth PD, CAL, GI, PI, and BOP (%) parameters and 
MMP-8 levels. The post-hoc test was used after repeated meas-
ures ANOVA for intragroup comparison between two different 
time points (baseline, 1 month, and 3 months after treatment). 
Kruskal–Wallis test followed by Dunn’s test were used for inter-
group analysis in PD and CAL changes. A p value of < 0.05 was 
considered to be statistically significant.

Results

A study flowchart is presented in Fig. 1. All participants 
completed the study, and no adverse events were observed 
in treatment groups. Table 1 presents baseline demographic 
data of all participants in study groups.

Clinical findings

Full-mouth PD, CAL, PI, GI, BOP (%), and GCF vol-
ume values are presented in Table 2. These parameters 
significantly reduced at 1 and 3 months postoperatively 
compared to baseline in all study groups (p ˂ 0.01). How-
ever, there were no significant differences between study 
groups at any time point in terms of these parameters (p 
˃ 0.05).

PD and CAL changes for moderately deep pockets (4 mm 
≤ PD ≤ 6 mm) are presented in Table 3. The number of 
sites for moderately deep pockets for groups was as follows: 
group 1: 914, group 2: 901, group 3: 926, and group 4: 906. 
All test groups provided more PD and CAL reductions com-
pared to group 1 between baseline and 1 month and between 
baseline and 3 months (p < 0.001). Test groups showed simi-
lar effects in PD and CAL reductions between baseline and 1 
month and between baseline and 3 months (p > 0.05).

PD and CAL changes for deep pockets (PD ≥ 7 mm) are 
presented in Table 3. The number of sites for deep pockets 
for groups was as follows: group 1: 76, group 2: 75, group 3: 
72, and group 4: 81. There were greater PD and CAL reduc-
tions in group 2 and group 4 compared to group 1 between 
baseline and 1 month (p = 0.001). These reductions were 
similar between test groups and also between group 1 and 
group 3 (p > 0.05). There was more significant reduction for 
PD in group 2 compared to other groups between baseline 
and 3 months (p ˂ 0.05). PD reduction was higher in group 
4 compared to group 1 (p ˂ 0.05) but similar to group 3 
between baseline and 3 months (p > 0.05). PD reduction was 
also similar between group 1 and group 3 between baseline 
and 3 months (p > 0.05). There were more significant reduc-
tions in CAL in group 2 and group 4 compared to group 1 
between baseline and 3 months (p < 0.001). These reduc-
tions were similar between test groups (p > 0.05) and also 
between group 1 and group 3 (p > 0.05).

Biochemical findings

GCF total amounts of MMP-8 for study groups are presented 
in Table 4. All study groups provided significant reductions 
in GCF MMP-8 levels at 1 and 3 months after therapy com-
pared to baseline (p ˂ 0.05). There were no significant dif-
ferences between all study groups at 1 and 3 months after 
treatment in terms of MMP-8 levels (p > 0.05).

Fig. 1  A flowchart of the study
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Table 1  Demographic 
characteristics of the study 
groups

Groups N Number of teeth Age (years) Smoking status 
(pack year)

Sex

Mean±SD Mean±SD Mean±SD Male Female

Group 1 20 24.25 ± 2.71 44.70 ± 9.24 24.16±15.72 9 11
Group 2 20 25.45 ± 2.56 45.40 ± 8.15 19.34±11.87 10 10
Group 3 20 25.55 ± 2.08 40.75 ± 9.16 15.51±9.46 7 13
Group 4 20 24.40 ± 3.06 43.70 ± 10.95 22.47±13.93 10 10

Table 2  Full-mouth PD, CAL, 
PI, GI, BOP (%), and GCF 
volume (μL) (mean±SD) at 
baseline and 1 and 3 months

* Statistically significant intragroup difference from baseline (ANOVA for repeated measurements)
p  valuea for intragroup analysis (ANOVA for repeated measurements)
p  valueb for intergroup analysis (ANOVA and Tukey test)

Baseline 1 month 3 months p  valuea

PD (mm)
       Group 1 3.51 (0.61) 2.63 (0.50)* 2.68 (0.48)* < 0.001
       Group 2 3.40 (0.49) 2.41 (0.40)* 2.40 (0.35)* < 0.001
       Group 3 3.45 (0.57) 2.55 (0.46)* 2.54 (0.42)* < 0.001
       Group 4 3.67 (0.76) 2.60 (0.50)* 2.66 (0.58)* < 0.001

p  valueb 0.537 0.443 0.234
CAL (mm)
       Group 1 4.33 (1.33) 3.31 (1.00)* 3.33 (0.95)* 0.001
       Group 2 4.06 (0.95) 3.13 (0.96)* 3.12 (0.90)* < 0.001
       Group 3 3.75 (0.89) 2.91 (0.88)* 2.88 (0.79)* < 0.001
       Group 4 4.40 (1.04) 3.39 (1.07)* 3.46 (1.14)* < 0.001

p  valueb 0.228 0.417 0.245
GI
       Group 1 1.66 (0.37) 0.90 (0.28)* 0.84 (0.31)* < 0.001
       Group 2 1.72 (0.39) 0.98 (0.40)* 0.96 (0.35)* 0.003
       Group 3 1.65 (0.20) 0.91 (0.24)* 0.94 (0.30)* < 0.001
       Group 4 1.62 (0.30) 0.89 (0.32)* 0.99 (0.32)* < 0.001

p  valueb 0.791 0.874 0.617
PI
       Group 1 1.78 (0.61) 0.87 (0.34)* 0.89 (0.27)* 0.002
       Group 2 2.11 (0.52) 0.96 (0.34)* 0.96 (0.36)* < 0.001
       Group 3 1.78 (0.39) 0.93 (0.28)* 0.95 (0.31)* < 0.001
       Group 4 1.92 (0.43) 0.98 (0.26)* 0.94 (0.32)* < 0.001

p  valueb 0.120 0.791 0.928
BOP (%)
       Group 1 62.47 (26.65) 19.23 (15.88) * 24.05 (18.17)* < 0.001
       Group 2 67.34 (26.21) 22.81 (14.12) * 22.35 (16.01)* 0.002
       Group 3 64.84 (20.20) 17.66 (12.10) * 23.90 (16.38) * < 0.001
       Group 4 60.88 (21.04) 18.04 (12.29) * 21.12 (14.10)* < 0.001

p  valueb 0.838 0.772 0.942
GCF volume (µl)
       Group 1 0.51 (0.19) 0.31(0.10)* 0.30(0.09)* < 0.001
       Group 2 0.58 (0.21) 0.31(0.14)* 0.34(0.09)* < 0.001
       Group 3 0.51 (0.16) 0.25(0.15)* 0.31(0.12)* < 0.001
       Group 4 0.46 (0.19) 0.34(0.13)* 0.34(0.12)* 0.007

p  valueb 0.337 0.297 0.592
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Table 3  PD and CAL changes for moderately deep pockets (4 mm ≤ PD ≤ 6 mm) and deep pockets (PD ≥7 mm)

Different letters mean statistically significant differences among groups (Kruskal–Wallis/Dunn’s test)
p value* for intergroup analysis (Kruskal–Wallis/Dunn’s test)

Changes 
in PD for 
moderately 
deep pockets 
(4 mm ≤ PD 
≤ 6 mm)

ΔPD (baseline, 1 month) ΔPD (baseline, 3 months)

Mean (SD) Median Min.-Max. Mean (SD) Median Min.-Max.
       Group 1 1.64 (0.76) 2.00 a (0.00–4.00) 1.64 (0.90) 2.00 a (−1.00–4.00)
       Group 2 1.84 (0.86) 2.00 b (0.00–4.00) 1.91 (0.86) 2.00 b (0.00–4.00)
       Group 3 1.79 (0.76) 2.00 b (0.00–4.00) 1.79 (0.84) 2.00 b (−3.00–4.00)
       Group 4 1.87 (0.85) 2.00 b (0.00–4.00) 1.82 (0.92) 2.00 b (0.00–5.00)
p value* < 0.001 < 0.001
Changes in 

CAL for 
moderately 
deep 
pockets (4 
mm ≤ PD 
≤ 6 mm)

ΔCAL (baseline, 1 month) ΔCAL (baseline, 3 months)

Mean (SD) Median Min.-Max. Mean (SD) Median Min.-Max.
       Group 1 1.57 (0.88) 2.00 a (−1.00–5.00) 1.58 (0.98) 2.00 a (−1.00–5.00)
       Group 2 1.79 (1.04) 2.00 b (0.00–7.00) 1.87 (1.05) 2.00 b (−1.00–7.00)
       Group 3 1.74 (0.85) 2.00 b (0.00–4.00) 1.78 (0.91) 2.00 b (−3.00–5.00)
       Group 4 1.81 (0.93) 2.00 b (0.00–5.00) 1.73 (1.02) 2.00 b (−1.00–5.00)
p value* < 0.001 < 0.001
Changes in 

PD for deep 
pockets (PD 
≥ 7 mm)

ΔPD (baseline, 1 month) ΔPD (baseline, 3 months)

Mean (SD) Median Min.-Max. Mean (SD) Median Min.-Max.
       Group 1 2.34 (1.17) 2.00(1.00)a (0.00–4.00) 2.13 (1.46) 2.00(2.00)a (−1.00–6.00)
       Group 2 3.47 (1.40) 4.00(2.00)b (1.00–7.00) 3.74 (1.56) 4.00(3.00)b (1.00–7.00)
       Group 3 2.72 (1.53) 2.00(2.00)ab (1.00–7.00) 2.81 (1.28) 3.00(2.00)ac (0.00–6.00)
       Group 4 2.94 (1.51) 3.00(2.00)b (0.00–7.00) 2.84 (1.50) 3.00(2.00)c (0.00–7.00)
p value* 0.001 < 0.001
Changes 

in CAL 
for deep 
pockets (PD 
≥ 7 mm)

ΔCAL (baseline, 1 month) ΔCAL (baseline, 3 months)

Mean (SD) Median Min.-Max. Mean (SD) Median Min.-Max.
       Group 1 2.23 (1.16) 2.00 (2.00)a (0.00–4.00) 1.94 (1.59) 2.00 (2.00)a (−2.00–6.00)
       Group 2 3.12 (1.46) 3.00 (2.00)b (1.00–8.00) 3.30 (1.65) 3.00 (2.00)b (0.00–8.00)
       Group 3 2.62 (1.49) 2.00 (2.25)ab (1.00–7.00) 2.65 (1.34) 2.00 (2.00)ab (0.00–6.00)
       Group 4 2.80 (1.54) 3.00 (2.00)b (0.00–8.00) 2.67 (1.57) 3.00 (2.00)b (0.00–8.00)
p value* 0.005 < 0.001
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Discussion

In this study, we examined whether different Nd:YAG laser 
applications in addition to non-surgical periodontal therapy 
improve the healing response to periodontal therapy in 
smokers.

Based on our clinical findings, full-mouth PI, GI, and 
BOP values were significantly reduced in all treatment 
groups compared to baseline. No statistically significant 
differences were found between the test groups and group 1 
at 1 and 3 months postoperatively in terms of these param-
eters. There were also no significant differences between 
test groups. This finding confirmed the importance of con-
ventional SRP procedure and performing daily optimal indi-
vidual oral hygiene instructions in the healing of periodontal 
disease independently of the treatment procedure. Thus, in 
this study, it has been shown once again that SRP with oral 
hygiene instructions is the main procedure (gold standard) 
in the resolution of periodontal inflammation.

The most striking findings in this study were significant 
reductions in PD and CAL parameters in moderately deep 
pockets and deep pockets in laser-treated groups compared 
to the control group. Considering group 2, it has been shown 
in the literature that LLLT with Nd:YAG laser has benefi-
cial effects on wound healing and suppressing inflammation 
such as inducing proliferation of gingival fibroblasts [35] 
and periodontal ligament fibroblasts [36], stimulation of epi-
dermal growth factor [35], type I collagen, platelet-derived 
growth factor and basic fibroblast growth factor expres-
sions [45], and inhibiting TNF-α expression for bone mar-
row mesenchymal stem cells in an inflammatory environ-
ment [46]. In our study, the favorable results for LLLT with 
Nd:YAG laser in PD and CAL parameters may be related to 
these beneficial effects of Nd:YAG laser mentioned above. 
As it was mentioned before, we could not find any study 
investigating the effects of LLLT with Nd:YAG laser as an 
adjunct to non-surgical periodontal therapy in the treatment 
of periodontitis. In most of clinical studies investigating the 

efficacy of LLLT, diode lasers have been used. Considering 
some of these studies, it has been demonstrated that LLLT 
with diode laser provide significant improvements in PD 
and CAL parameters compared to SRP alone [47–49]. Our 
results were in agreement with these studies.

Considering group 3, the literature suggests that the 
pocket therapy with Nd:YAG laser is beneficial for peri-
odontal healing such as complete removal of pocket epithe-
lium [50], formation of new cementum and new connective 
tissue attachment on root surface [51], and eliminating endo-
toxins and smear layer from root surface [52]. These favora-
ble effects may provide significant PD and CAL reductions 
in group 3 compared to group 1 in our study. Based on the 
clinical studies, there are contrary results in the literature. 
While some investigators have reported additional benefits 
of Nd:YAG laser as an adjunct to conventional therapy in 
periodontal pocket healing [30, 32, 53], others have not 
[54–56]. These controversial findings might be due to the 
different application power densities, type of laser fiber tip, 
application time, single or repeated application of laser, 
and severity of the periodontal disease. Our clinical results 
are in agreement with the studies that demonstrated benefi-
cial effects of Nd:YAG laser [30, 32, 53]. Considering the 
smoker population in our study, we could find two clinical 
studies investigating the efficiency of additional Nd:YAG 
laser in smokers with periodontitis patients [34, 57].

Maden reported that SRP+Nd:YAG laser (2 W, 100 mj, 
20 Hz) provided significant improvements in PD and CAL 
parameters compared to SRP alone between baseline and 
first month and between baseline and 3 months in moder-
ately deep pockets (4 mm ≤ PD ≤ 6 mm). They also found 
significant improvements in PD compared to SRP alone 
between baseline and first month in deep pockets (PD ≥ 7 
mm) [57]. Our clinical results were in agreement with this 
study in terms of PD and CAL changes in moderately deep 
pockets but not for deep pockets. These different findings 
may be related to the application times of laser and applica-
tion methods. While laser irradiation was performed at buc-
cal and lingual/palatinal root surfaces for total 50 s and laser 
treatment was performed three times, 1 week apart in their 
study, laser irradiation was performed to the only pocket 
site for 30 s, and laser treatment was performed only once 
in our study. In another study, Eltas et al. demonstrated that 
SRP+Nd:YAG laser and SRP alone have similar effects in 
PD and CAL parameters in smokers with chronic periodon-
titis patients [34]. Their energy setting was 1 W, 100 mj, 
and 10 Hz, and laser irradiation was conducted mesially, 
distally, buccally, and lingually for a total of 120 s. The dif-
ferent findings between their study and ours may be due to 
the energy setting. In our study, energy setting was 2 W, 
200 mj, and 10 Hz, and it was demonstrated that this energy 
setting could completely remove diseased pocket epithelium 
without damaging the healthy epithelium [50].

Table 4  GCF levels of MMP-8 (mean±SD) in the study groups

* Statistically significant intragroup difference from baseline (ANOVA 
for repeated measurements)
p  valuea for intragroup analysis (ANOVA for repeated measurements)
p  valueb for intergroup analysis (ANOVA and Tukey test)

Baseline 1 month 3 months p valuea

MMP-8 (ng/30 s)
Group 1 1.08 (0.22) 0.27 (0.24)* 0.23 (0.14)* < 0.001
Group 2 1.07 (0.32) 0.17 (0.17)* 0.17 (0.30)* < 0.001
Group 3 1.18 (0.28) 0.36 (0.37)* 0.30 (0.11)* < 0.001
Group 4 1.07 (0.24) 0.28 (0.11)* 0.29 (0.34)* < 0.001
p valueb 0.547 0.149 0.390
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While we found that additional pocket debridement with 
Nd:YAG laser provides significant improvements in PD and 
CAL parameters compared to group1 in moderately deep 
pockets, we did not find these improvements in deep pock-
ets. This situation may be associated with the same laser 
application time (30 s) for both moderately deep pockets and 
deep pockets. This application time may be beneficial for 
moderately deep pockets but insufficient for deep pockets. 
Another reason is that, since mechanical debridement may 
be insufficient in pockets of 7 mm and greater, dark colored 
subgingival calculus at the apical region of the pocket may 
absorb the Nd:YAG laser beam, causing thermal damage 
on the cementum surface and adversely affect the healing.

In group 4, a combined laser procedure was applied for 
the first time in this study to the best of our knowledge. 
Considering the beneficial effects of pocket debridement 
with Nd:YAG laser and LLLT with Nd:YAG laser as we 
mentioned above, these findings for PD and CAL parameters 
were expected.

It is known that the Nd:YAG laser is well absorbed by 
dark pigments [58] and gingival melanin pigmentation is 
common in smokers. Nd:YAG laser may have been well-
absorbed by these pigmented tissues and become more effec-
tive in the treatment of smokers with periodontitis.

Considering the effects of lasers on microbiological 
parameters in the literature, Petrovic et al. reported that 
additional LLLT could decrease the levels of T. forsythia, 
T. denticola, P. gingivalis, P. intermedia, and A. actinomy-
cetemcomitans in chronic periodontitis patients [59]. Hatit 
et al. also indicated that additional Nd:YAG could decrease 
the levels of T. forsythia, T. denticola, P. gingivalis, and A. 
actinomycetemcomitans in periodontitis patients [28]. In our 
study, we did not examine the microbiologic parameters, 
but the probable anti-microbial effect of Nd:YAG laser 
biostimulation and pocket debridement with Nd:YAG may 
have improved the PD and CAL parameters in laser groups 
compared to group 1.

Comparing the test groups, we generally observed similar 
effects in PD and CAL reductions except for PD reduction 
between baseline and 3 months in deep pockets. PD reduc-
tion for deep pockets was significantly greater in group 2 
compared to group 3 and group 4 between baseline and 3 
months. This situation may be explained by possible recol-
onization facilitating effect of pocket debridement with 
Nd:YAG laser in group 3 and group 4. It has been reported 
that Nd:YAG laser may cause pits and crater formation 
(porous structures) on the surface with charring, carboniza-
tion, and melting, even if the laser application is made paral-
lel to the root surface [60]. This root surface may accelerate 
the recolonization rate of bacteria.

Considering the MMP-8 levels in GCF, significant reduc-
tions were found in all treatment groups at 1 and 3 months 
postoperatively compared to baseline. We did not observe 

any significant differences between the control and test 
groups at any time point in terms of MMP-8 levels. Con-
sidering the studies investigating the MMP-8 levels after 
Nd:YAG laser applications, Qadri et al. demonstrated that 
there was no significant difference in MMP-8 levels after 
treatment between SRP+LLLT with diode laser and SRP 
alone [47]. In another clinical study, Eltas et al. reported 
that SRP+Nd:YAG laser and SRP alone have similar effects 
on reducing MMP-8 levels [31]. Our findings for MMP-8 
levels were in agreement with these studies. Reductions in 
MMP-8 levels and full-mouth PI, GI, and BOP were con-
sistent. Three different laser procedures were effective in 
the resolution of inflammation, but they did not provide any 
additional advantage.

Considering the limitations of this study, microbiological 
parameters could be investigated. If we could examine the 
levels of periodontopathogens before and after treatment in 
our study, we could better explain the significant improve-
ments in PD and CAL parameters in the test groups. Smok-
ing status could be managed as light, moderate, and heavy 
smokers. Thus, we would have observed how much smoking 
status affects the response to treatment. At last the study 
could be conducted with a greater sample size.

Conclusion

The findings of this study demonstrated that additional 
Nd:YAG laser applications provided more significant reduc-
tions in PD and CAL parameters in moderately deep and 
deep pockets compared to SRP alone in smokers with stage 
III grade C periodontitis. Therefore, in this study, we showed 
that the Nd:YAG laser may be beneficial for the PD and 
CAL parameters of the healing response of smokers to non-
surgical periodontal therapy.

Considering the application methods, LLLT with 
Nd:YAG laser is more suitable for clinicians and patients 
regarding treatment time and ease of application. Well-
designed, greater sample-sized studies searching the long-
term results of these procedures are needed to understand 
the efficacy of Nd:YAG laser on the healing response of 
smokers more clearly.
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