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Abstract 

Introduction: Lasers are the recent applications for the various procedures in dentistry. Hence in 

the present study we aim to evaluate the consequence of low-level laser therapy (LLLT) as an 

adjunct to periodontal therapy of those with the tobacco habits and having moderate to advanced 

chronic periodontitis.  

Materials and Methods: Forty subjects were selected. They were divided to two groups of LLLT 

and control groups of 20 each. Diode laser was used for the adjunct non-surgical periodontal 

therapy applied to the gingival surface after periodontal treatment. These groups were further 

divided as those with tobacco habit and without habit. Gingival crevicular fluid was tested for 

Matrix metalloproteinase-1, tissue inhibitor matrix metalloproteinase-1, transforming growth 

factor-b1, and basic-fibroblast growth factor levels in the 1
st
, 3

rd
, 5

th
 months after treatment.  

Results: Better improvement levels were shown by LLLT group in sulcus bleeding index, clinical 

attachment, probing depth levels compared to the control group (P <0.001). Significant 

progresses in the LLLT smokers’ PD and SBI levels compared to smokers of controls at all the 

months was seen. (P <0.001) Significant decrease in the marker levels at the time periods 

between both the groups was seen. (P <0.001) Basic-fibroblast growth factor levels significantly 

diminished in both groups in the first month after the treatment, then increased in the third and 

sixth months (P <0.005).  

Conclusion: The periodontal non-surgical therapy with the low-level laser therapy can 

successfully be used for the periodontal health.  
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Introduction 

The periodontal therapy includes both the surgical and nonsurgical methods. The application of 

the laser has been used as an adjuvant for non-surgical therapies in the various dental 

procedures.
1
 The low-level laser therapy (LLLT) is applied for its speed wound repair properties, 

lower pain, anti-inflammatory properties.
2 

This laser works at molecular level and promotes the 

healing. There has been inadequate data on how the laser properties can be used for the 

periodontal surgeries. Some studies have evaluated the LLLT as an adjunct only in periodontal 

surgeries.
3-6 

Tobacco habits like smoking has been associated with poor prognosis with the 

periodontal surgeries. There are only few studies that have evaluated the use of low level lasers 

in the periodontal nonsurgical therapies.
7
 Hence in this study we intend to evaluate the 

application of the LLTE in nonsurgical periodontal therapy as an adjuvant, by measuring the 

molecular markers in the GCF for TGF-b1, TIMP-1, MMP-1, and fibroblast growth factors-beta 

levels. We also compared the subjects with and without smoking.  

Materials and methods 

We included 40 subjects for the study who had chronic periodontitis (moderate to advanced). 

These subjects were divided as LLLT and control group (n=20), and each group further divided 

into smokers and nonsmokers equally (n=10). The subjects were selected after ethics committee 

approval, based on exclusion of those who were without any systemic diseases, were not using 

the antibiotics, unwilling for surgery. Those subjects who have never smoked in life were 

considered as controls, and those who smoked 10 cigarettes/day were considered as smokers. 

Only scaling and root planing were done in Control, while LLLT with the diode laser was 

applied after scaling and root planing in case group. Clinical attachment level (CAL), Plaque 

index (PI),
 
Probing Depth, and sulcus bleeding index (SBI) were recorded on six sites per tooth 

at baseline, 1, 3, and 6 months after the treatment. GCF was collected using filter paper strips
 

from the deepest pre pocket sites of 5 mm depth of the incisors and premolars. Samples were 

collected to assess GCF level of MMP-1, TIMP-1, TGF-b1, and b-FGF, by using the ELISA. 

Statistical analysis was done keeping the p< 0.05 and using the appropriate statistical tools.  

Results 

We observed that the mean age was 42.3 ±7.5 years. The gender distribution was M:F=11:9. In 

the follow up for the period of six months it was noted that all the patients were followed up 

through the 6 months period. No adversative effects with the laser therapy were noted. When the 

clinical parameters were compared no statistically significant differences in PI, SBI, PD, and 

CAL between the groups at baseline was seen. In both the case and the control groups the PI, 

SBI, PD, and CAL showed reduction. The SBI scores, PD, and CAL reduction were significantly 

better in the LLLT group between baseline and time points (P <0.001). No statistically 

significant difference of reduction was observed in CAL changes at baseline and 6 months 

between the subgroups. We observed a statistically significant clinical betterment in the laser-

applied smokers’ PD and SBI levels compared to smokers to whom laser was not applied, 

between the baseline and all time points (P <0.001) No statistically significant difference was 

seen in PD and CAL variations of the laser group among the smokers and non-smokers at 

different time points. (Table-1) When the biochemical analysis was done we observed no 

statistically significant difference in any analyzed biochemical marker level changes between the 

groups at any time points. MMP-1/TIMP-1 and TGF-b1 showed a statistically significant 
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decrease at baseline and all time points in the case and the control groups. A significant 

reduction between baseline and first month and a significant increase between baseline, third, 

and sixth months were observed in b-FGF levels. (Table-2) 

Table 1: Comparison of the clinical parameters  

* Mann-Whitney U test P <0.01. 

† Wilcoxon test P <0.05. 

 

 

Variable  

(SD) 

Baseline 1st Month Variance(0 

to 1 month) 

P 

Value
†
 

3rd 

Month 

Variance(0 

to 3 months) 

P 

Value
†
 

6th Month Variance(0 

to 6 months) 

P 

Value
†
 

PI  

Control 

 

1.79 

 

0– 

 

0.66 

 

1.701 

 

– 

0.67 

 

1.090 – 0.80 

 

<0.001 

 

 

0.59 

 

– 

0.60 

 

1.201 – 

0.750 

 

<0.001 

 

0.68 

 

0– 

0.620 

 

1.101 – 

0.704 

 

<0.001 

 LLLT 

P 

value* 

1.86 0– 0.52 1.660 – 

0.59 

1.200 – 

1.640 

<0.001 

<0.001 0.61 0– 

0.504 

1.250 – 0.64 

<0.001 

0<0.001  

0.667 

– 

0.600 

1.191 – 0.66 

<0.001 

<0.001 

SBI 

Control 

 

1.89 

 

1– 

 

1.031 

 

0.501 

 

– 

0.59 

 

1.390 – 

1.000 

 

<0.001 

 

0.50 

 

1– 

0.757 

 

1.390 – 

1.141 

 

<0.001 

 

0.370 

 

– 

0.671 

 

1.522 – 

1.080 

 

<0.001 

LLLT 

P value* 

1.81 0– 1.041 0.301 – 

0.57 

1.501 – 

1.018 

<0.001 

<0.001 0.21 – 

0.406 

1.610 – 1.18 

<0.001 

<0.001 0.118 – 

0.408 

1.613 – 

1.111 

0.001 

<0.001 

PD (mm) 

Control 

 

4.14 

 

– 

 

1.809 

 

3.12 

 

– 

1.48 

 

1.12 –1.106 

 

<0.001 

 

2.91 

 

– 

1.32 

 

1.17 – 1.16 

 

<0.001 

 

2.92 

 

– 

1.405 

 

1.13 – 1.23 

 

<0.001 

LLLT 

P value* 

3.79 – 1.61 2.18 – 

1.11 

1.30 – 1.20 

<0.001 

<0.001 2.41 – 

1.26 

1.48 – 1.2 

<0.001 

<0.001 2.47 – 

1.20 

1.41 – 1.25 

<0.001 

<0.001 

CAL 

(mm) 

Control 

 

4.63 

 

– 

 

2.07 

 

3.60 

 

– 

1.87 

 

0.83 – 1.105 

 

<0.001 

 

3.71 

 

– 

1.912 

 

0.85 – 1.206 

 

<0.001 

 

3.534 

 

– 

1.937 

 

1.11 – 1.17 

 

<0.001 

LLLT 

P value* 

4.50 – 1.91 3.37 – 

1.54 

1.047 –

1.112 

<0.001 

<0.001 3.40 – 

1.57 

1.20 – 1.21 

<0.001 

<0.001 3.40 – 

1.65 

1.15 – 1.20 

0.103 

 

<0.001 
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Table 2: Comparison of the biochemical parameters 

Paramete

r (SD) 
Baselin

e 

1 

mont

h 

Differenc

e  

(0 to1 

month) 

P Value
†
 

3 

Month

s 

Differenc

e  

(0 to 3 

months 

P Value
†
 

6 

Month

s 

Differenc

e  

(0 to 6 

months) 

P Value
†
 

MMP-1 

(ng/sample) 

Control 1.021– 

0.57 

LLLT  

0.84– 0.48 

P value*  

0.289 

 

0.57 – 

0.31 

0.44 – 

0.21 

 

0.194 

 

0.48 – 

0.56 

0.41 – 

0.51 

 

<0.001 

<0.001 

 

0.53 – 0.35 0.47 

– 0.42 

0.47 – 0.28 0.37 

– 0.49 

 

0.610 

 

<0.00

1 

0.002 

 

0.430– 0.13 0.575 

– 0.551 

0.441– 0.14 0.40 

– 0.410 

 

0.748 

 

<0.001 

<0.001 

TIMP-1 

(ng/sample) 

Control  

1.81 – 0.92 

LLLT  

1.55 – 0.61 

P value* 0.457 

 

2.11 – 

1.10 

1.78 – 

0.82 

 

0.27 

 

-0.48 – 

1.01 

-0.21 – 

0.598 

 

0.013 

0.070

8 

 

1.89 – 0.979   -

0.112 – 0.500 

1.515 – 0.416

 0.00 

– 0.715 

 

0.419 

 

0.064 

0.528 

 

2.023 – 1.300   -

0.211 – 0.801 

1.712 – 0.719   -

0.15 – 0.804 

 

0.286 

 

0.111

2 

0.170

0 

MMP-1/TIMP-1 

Control  

0.67 – 0.45 

LLLT  

0.58 – 0.29 

P value* 0.743 

 

0.321 

– 

0.109 

0.289 

– 

0.107 

0.664 

 

0.402 

– 0.434 

0.219 

– 0.246 

 

<0.001 

<0.001 

 

0.324 – 0.226

 0.31

4 – 0.229 

0.312 – 0.200

 0.21

5 – 0.234 

0.671 

 

<0.00

1 

0.007 

 

0.206 – 0.102

 0.41

1 – 0.328 

0.218 – 0.008

 0.31

0 – 0.217 

0.362 

 

<0.001 

<0.001 

TGF-b1  

(pg/sample) 

Control 196.97 – 115.798 

66.406 – 45.512  

121.010 – 101.967 

LLLT 137.105 – 61.213  

41.001 – 22.418  

95.135 – 61.910 

P value* 0.1510 0.1600 

 

<0.001 

<0.001 

 

37.97 – 43.410 

158.99 – 108.910 

21.845 – 15.15 

116.301 – 60.143 

0.247 

 

<0.00

1 

<0.00

1 

 

15.60 – 16.981 

181.36 – 11.489 

12.715 – 12.25 

125.41 – 62.54 

0.505 

 

<0.001 

<0.001 

b-FGF 

(pg/sample) 

Control 34.80 

– 16.24 

LLLT

 30.10

0 – 14.808 

P value*0.338 

 

9.261 

– 

5.541 

12.85

2 – 

8.724 

0.325 

 

26.64 – 

13.24 

17.06 – 

10.28 

 

<0.001 

<0.001 

 

22.01 – 12.64 

12.81 – 10.45 

23.84 – 12.12 6.04 

– 7.75 

0.627 

 

<0.00

1 

0.005 

 

43.94 – 15.41 -

9.122– 7.31 

38.54 – 15.15 -

8.57 – 6.17 

0.191 

 

0.001 

0.001 

* Mann-Whitney U test P <0.01. 

† Wilcoxon test P <0.05. 
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Discussion 

The lasers have been used in the medical procedures extensively recently. Low level lasers have 

been associated with better healing in the various specialties like dermatology, ophthalmology, 

etc.
1,7 

These are known to work at molecular levels. These factors are Dose dependent. 

Biostimulation is reported with the LLLT at0.001 and 10 J/cm
2
. 

2-4 
Mester et al.

8
 proposed that 

doses of 1 to 2 J/cm
2
 are essential to see an outcome on wound healing. In the present study 

wavelength of 807 nm laser, output power of 0.24W, and 4.0 J/cm
2
 energy density on the 1

st
, 2

nd
 

and 7
th

 day after the treatment. At this dosage there has been noted wound healing and 

epithelization.
9,10

 In our study there were statistically significant enhancement in clinical 

parameters after non-surgical periodontal treatment in each group. This could be due to the 

reduction of clinical inflammation, microbial shifts to a less pathogenic sub-gingival flora, PD 

reduction, and gain of clinical attachment. We also noted significant improvement in the LLLT 

group in PD, CAL, and SBI compared to the controls. In the study of Qadri et al.
11

 low-level 

lasers lowered the periodontal gingival inflammation and PD, similar observations are made in 

our study. However in the study of Lai et al.
12

 low-power laser did not bring about any clinical 

advantages than routine. This is contradictory to our study. This could be due to research design 

variations to our study. LLLT ensued in significantly decrease of SBI score associated to the 

controls. This could be due to the anti-inflammatory cytokine levels increase and an upsurge of 

microcirculation by the low-level laser therapy.
13,14 

In our study the alteration of reduction of PD 

in both moderate and deeper sites was seen to be statistically significant among the groups. The 

LLLT group’s reduction was significantly more in the 6 months post- treatment. Smoking 

impacts periodontal treatment outputs.
15

 We have also found additional improvements in the 

smoking LLLT group compared to control group smokers. Significant lowering was seen in SBI 

and PD in 6
th

 month and CAL in 3
rd

 month. The reason may be an increased microcirculation in 

the LLLT where it is hindered in smokers. When in the case group the bio-clinical parameter of 

SBI, PD and CAL was compared there was no statistical difference between the smokers and 

nonsmokers. MMPs play a vital part in the tissue repair and remodeling after surgical 

procedures. MMP-1 is the major type of proteolytic enzyme that can break interstitial collagens 

type I and type III.
16 

Its activity is further in control of controlled through TIMP-1. Their ratio 

MMP-1 to TIMP-1 acts as predictor of wound repair.
17,18

 In the study of Tuter et al.
19

 the 

decrease of the ratio of MMP-1 to TIMP-1 after non-surgical periodontal therapy was published.  

Similar observations were made in our study where we noted a reduction in the ratio of MMP-1 

to TIMP-1 after LLLT was noted. But there was no significant variation between the control and 

LLLT groups. Fibroblast proliferation is enhanced in repair by the TGF-β1.
16

 When there is 

inflammation the levels of TGF-b1 levels rise like in situations of gingival tissues and GCF at 

sites of inflammation related to normal subjects.
35

 This growth factor is also a subject of the 

cytokine levels. In the study of Skaleric et al.
20

 the TGF-β1 levels in GCF positively correlated 

with PD. Similarly in the present study, total amount of TGF-β1 in GCF lowered in both the 

LLLT and control groups after removal of inflammation. However there was no significant 

difference between the LLLT and control groups. β-FGF from the gingival fibroblasts helps in 

fibroblast activation and collagen production.
21,22

 We observed that GCF level of b-FGF lowered 

in both the groups in the first month but later increase of β-FGF levels in GCF were noticed in 

the following months. This study is the first to report β-FGF in GCF variations using the LLLT.  

It can be concluded from our study that the low level laser therapy develops clinical results, after 

the routine scaling and root planing. The biochemical changes are in accordance with the clinical 

progress. Also the variations of the clinical parameter were evident when laser was used than 
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only the non-surgical periodontal treatment. Only the laser-applied group in smokers depicted 

statistically significant clinical improvements. Nevertheless, the variations between test and 

control group in all the parameters were least at 6 months. 

Conclusion 

The periodontal non-surgical therapy with the low-level laser therapy can successfully be used 

for the periodontal health. Also the clinical and the biochemical parameters have improved in the 

individuals with the smoking habits. Hence the LLLT can be used as an adjuvant in the 

periodontal nonsurgical therapies.  
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