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Abstract
Aim  To investigate the effects of low-level laser therapy (LLLT) as an adjunct to non-surgical periodontal treatment (NSPT) 
on the plasminogen-activating system.
Materials and Methods  Stage 3–4 Grade C periodontitis and age-gender-matched healthy individuals participated in the split-
mouth study (ClinicalTrials.gov identifier, NCT05233501). The study groups were Periodontitis/NSPT (Sham); Periodontitis/
NSPT + LLLT (LLLT); Healthy (Control). Following NSPT, LLLT was applied on Days 0, 2 and 7. Clinical parameters 
were recorded at baseline and on Day 30. Gingival crevicular fluid (GCF) was collected at baseline, on days 7, 14, and 30; 
tissue-type plasminogen activator (tPA) and plasminogen activator inhibitor-1 (PAI-1) levels were measured with ELISA.
Results  Clinical parameters, total GCF tPA (tPAt) and PAI-1 (PAI-1t) levels significantly reduced in LLLT and Sham groups 
(< 0.001). GCF tPAt levels in LLLT were significantly lower (< 0.05) than Sham on Day 7. GCF tPAt levels in periodontitis 
groups were significantly higher than the Control at baseline, on Days 7 and 14 (< 0.01). By Day 30, both groups decreased 
to control levels (> 0.05). GCF PAI-1t levels were significantly lower in LLLT than the Sham on day 30 (< 0.01), comparable 
to healthy controls (> 0.05).
Conclusion  Adjunctive LLLT modulates the plasminogen activating system in severe periodontitis by altering GCF tPA 
and PAI-1 levels.
Clinical relevance  LLLT as an adjunct to non-surgical periodontal treatment in patients with Stage 3–4 Grade C leads to 
reduced plasminogen activation.
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Introduction

Periodontitis is one of the most prevalent chronic diseases, 
affecting more than 65% of the population worldwide. The 
new 2018 Classification of Periodontal Diseases has pro-
vided a multidimensional characterization of periodontitis 
comprised of stage and grade to capture disease severity, 
extent, and progression. Untreated periodontitis results in the 
progressive development of pocket formation, loss of attach-
ment, alveolar bone atrophy, and tooth loss. Non-surgical 
periodontal treatment (NSPT) and individualized supportive 
periodontal therapy (SPT) have been shown to reduce tooth 
loss and increase long-term tooth retention [1]. Mechanical 
debridement to eradicate pathological bacteria within infected 
pockets is the gold standard in periodontal treatment [2]. 
This consists primarily of scaling and root planing (SRP), 
which has demonstrated clinical efficacy [3], particularly for 
4–6 mm pockets. However, as pocket depth increases, con-
trolling plaque and inflammation becomes more complicated 
because the complex anatomy of the furcation area, pocket 
depth, and penetration of microorganisms into tissue makes 
it difficult to gain access for mechanical debridement. Stud-
ies have shown that Aggregatibacter actinomycetemcomitans 
and Porphyromonas gingivalis are capable of aggressive tis-
sue invasion and are not entirely eradicated using mechanical 
debridement alone, which is unable to provide complete relief 
to patients suffering from generalized aggressive periodontitis 
[4–7]. Considering the contradictory data and the multifacto-
rial biological interactions that affect the post-treatment heal-
ing process, it is difficult to form a solid conclusion regarding 
the effectiveness and long-term stability of NSPT in severe 
and progressive patients [8, 9]. Various strategies, including 
supplementary anti-infective therapies [10–12] and laser treat-
ment [13–15] have been suggested to improve the success of 
traditional treatment methods in such severe and progressive 
periodontitis cases.

Also known as soft laser therapy or photobiomodulation, 
low-level laser therapy (LLLT) entails exposure to low-
level laser light to achieve tissue ablation and hemostasis, 
eliminate periodontal pathogens, enhance tissue growth and 
regeneration, resolve inflammation, reduce pain, and pro-
mote wound healing [16]. LLLT has been shown to pos-
sess biostimulatory action on various cell and tissue types 
through its ability to affect the mitochondrial respiratory 
chain, thereby increasing adenosine triphosphate production, 
facilitating fibroblast proliferation, angiogenesis, growth fac-
tor release, and collagen synthesis [17]. Limited clinical tri-
als have investigated the benefits of LLLT as an adjunct to 
NSPT with conflicting results [13, 18–21].

One of the potential targets of LLLT in tissues is 
the plasminogen-activating (PA) system. This pathway 
involves various physiological and pathological processes, 

including tissue repair and remodeling, wound healing, 
angiogenesis, and local inflammatory reactions [22]. The 
PA system remains in balance through the activities of 
plasminogen activators – such as the urokinase-type plas-
minogen activator (u-PA) and the tissue/blood vessel-type 
plasminogen activator (t-PA) – and plasminogen activator 
inhibitors – such as PAI-1 produced primarily by endothe-
lial and malignant cells, and PAI-2 produced mainly by 
monocytes, macrophages, epithelial cells, and fibroblasts 
[23, 24]. The PA system has been implicated in the degra-
dation of periodontal tissue due to periodontal inflamma-
tory processes as well as the entire process of periodon-
tal wound healing [23, 25–27]. Limited data is available 
regarding the effects of various periodontal treatment 
protocols on GCF t-PA and PAI-1 levels and the extent 
to which LLLT in conjunction with NSPT affects these 
levels in patients with Stage 3–4, Grade C periodontitis. 
Therefore, this study was undertaken to evaluate the clini-
cal outcomes and GCF t-PA and PAI-1 levels in patients 
with Stage 3–4 Grade C periodontitis to assess the use of 
LLLT as an adjunct to standard NSPT.

Materials and methods

Study design and participants

This study was designed as a split-mouth randomized con-
trolled clinical trial. The study protocol was approved by 
the Local Ethics Committee of Istanbul University (No: 
2013/1225), and written informed consent was obtained 
from all study participants following the Helsinki Declara-
tion (1975; revised, 2002). Participants were recruited from 
those individuals applying consecutively to the Istanbul 
Aydin University Dental Faculty's Department of Periodon-
tology between January and September 2017. (ClinicalTri-
als.gov identifier, NCT05233501).

Stage 3–4, Grade C periodontitis was diagnosed accord-
ing to the clinical criteria of the World Workshop in Peri-
odontitis [28, 29]. Criteria for inclusion in the study group 
were as follows: (i) Stage 3–4, Grade C periodontitis (at least 
one site with probing depth (PD) and clinical attachment 
level (CAL) ≥ 5 mm in their incisors and first molars and at 
least 6 other teeth with similar PD and CAL measurements, 
with alveolar bone loss confirmed by radiography; familial 
aggregation; the (ii) presence of ≥ 16 teeth; (iii) no periodon-
tal treatment in the 6 months before data collection; (iv) 
non-smoker. Exclusion criteria were as follows: (i) systemic 
problems, including a medical history of cancer, rheumatoid 
arthritis, diabetes mellitus, or cardiovascular disease; (ii) 
compromised immune system; (iii) pregnancy, menopause, 
or lactation; (iv) ongoing drug therapy that might affect the 
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clinical characteristics of periodontitis; (v) use of systemic 
antimicrobials during the 6 weeks before data collection 
[30]. Of 254 individuals screened, 15 were included in the 
split-mouth-designed study. Patients fulfilling these criteria 
were randomly assigned to one of two groups based on the 
treatment protocol as follows: NSPT + Sham Group (n = 15): 
Stage 3–4, Grade C periodontitis receiving NSPT only and 
NSPT + LLLT (n = 15): Stage 3–4, Grade C periodontitis 
receiving NSPT and LLLT. In addition, a control group (C) 
(n = 15) comprised periodontally healthy individuals who 
fulfilled the other criteria described above.

NSPT

Following clinical measurements and GCF sampling, NSPT 
was performed on periodontitis patients. Treatment con-
sisted of oral-hygiene procedures, full-mouth scaling, and 
root planing (SRP) performed under local anesthesia using 
scalers, curettes, and ultrasonic devices. NSPT was com-
pleted in a single visit. Supragingival polishing was also 
performed; however, no subgingival irrigation or mouth 
rinsing/tongue brushing with chlorhexidine was performed, 
and patients were instructed not to use any antimicrobial 
mouth-rinsing solutions for the length of the study.

LLLT Application

In the LLLT group, LLLT was performed following SRP in 
either the left or right maxillary quadrant selected randomly 
by a coin toss. LLLT was applied to the selected group of 
teeth 3 times (Days 0, 2, and 7) [31]. Treatment was per-
formed using a 940 nm indium Gallium Arsenide Phospho-
rous (lnGaAsP) diode laser (Epic Biolase, Irvine, CA, USA) 
applied perpendicularly to the periodontal pocket for 20 s at 
a constant distance of 15 mm and with a continuous wave-
length (3.76 J/cm2 delivery with a 1.76 cm2 spot and average 
output of 0.3 W). In the Sham group, laser application was 
simulated without pushing the start button.

GCF sampling and processing

The same clinician (CZK) blinded to the study groups per-
formed all clinical procedures and GCF sampling. All treat-
ments were performed by another clinician (FP). For each 
patient, the 5 teeth with the highest PPD were identified, 
and GCF sampling was performed on these teeth and the 
contralateral teeth (total: 10 teeth). The following clinical 
parameters were recorded: Silness & Löe plaque index (PI) 
[32]; Löe & Silness gingival index (GI) [33]; probing pocket 
depth (PPD); clinical attachment level (CAL); bleeding on 
probing (BOP). Measurements were performed on 6 sites per 
tooth (mesio-buccal, mid-buccal, disto-buccal, mesio-lin-
gual, mid-lingual, disto-lingual locations) using a Williams 

periodontal probe (Nordent Manufacturing Inc., Elk Grove 
Village, IL, USA) calibrated in mm for both treatment and 
control groups. Clinical measurements were repeated on the 
same teeth during follow-up visits on Day 30.

The sites selected for sampling showed the most clinical 
signs of inflammation (i.e., redness, bleeding on probing, 
and edema) and greatest PPD, with radiographic confir-
mation of alveolar bone loss, before periodontal therapy. 
GCF samples were collected on the initial visit after clinical 
measurements were obtained and again on follow-up visits 
on Days 7, 14, and 30. Before sampling, sites were gen-
tly air-dried and isolated with cotton rolls to prevent saliva 
contamination, and supragingival plaque, if present, was 
removed using a sterile curette. GCF was sampled by placing 
strips of filter paper (Periopaper, ProFlow, Inc, Amityville, 
NewYork, USA) into the crevice until mild resistance was 
felt and then leaving the strips in this position for 30 s. Any 
strips with visible signs of saliva or blood contamination 
were discarded. The GCF volume of each strip was deter-
mined by electronic impedance (Periotron 8000, ProFlow 
Inc, New York, USA). Samples were placed in sterile poly-
propylene tubes and stored at -70 °C until analysis.

GCF elution was performed according to Curtis et al. [34] 
with a slight modification. A total of 150 μL 2% bovine 
serum albumin (0.01 M, pH 7.2) in phosphate-buffered 
saline (PBS) was added to each tube, and the samples were 
incubated at 4 °C for 60 min. Following incubation, a ster-
ile drill was used to bore a hole in the bottom of each tube, 
which was then placed inside a 1.5 mL tube, and the nested 
tubes were centrifuged at 10,000 g for 10 min at 4 °C.

ELISA

The amounts of t-PA (eBioscience catalog no: BMS258/2/
BMS258/2TEN; Bender MedSystems GmbH Campus 
Vienna Biocenter 2, 1030 Vienna, Austria) and PAI-
1(eBioscience catalog no: BMS2033/BMSTEN; Bender 
MedSystems GmbH Campus Vienna Biocenter 2, 1030 
Vienna, Austria) in each GCF sample were determined using 
a standard enzyme-linked immunosorbent assay (ELISA) 
according to the manufacturer's instructions. Reactions were 
terminated by adding an acid solution, and color change 
was measured spectrophotometrically at a wavelength of 
450 nm. Concentrations of t-PA and PAI-1 and total amounts 
(pg/30 s) of t-PA and PAI-1 collected from each sample in 
30 s were calculated using standard curves and recorded for 
analysis.

Statistical analysis and sample size calculation

Statistical analysis was performed using the statistical 
software program SPSS (SPSS v.21.0 Inc., Chicago, IL, 
USA). A Shapiro–Wilk test was performed to evaluate data 
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normality. Data showing normal distribution were evalu-
ated with One-way ANOVA followed by post-hoc Tukey and 
Student-t tests, with the results presented as mean ± standard 
error of the mean (SEM). Data not showing normal distribu-
tion were evaluated with non-parametric Mann Whitney U 
and Wilcoxon Signed rank tests with Bonferroni correction, 
with the results presented as median (min–max). A p-value 
of < 0.05 was considered statistically significant. The sample 
size required to ensure adequate power for this study was 
calculated based on changes in clinical attachment levels 
(CAL) [35], with a minimum requirement of 15 patients per 
group identified to ensure accuracy of α = 0.05 at a confi-
dence level of 82%.

Results

All study participants completed the 1-month evaluation 
and treatment period without missing appointments. Heal-
ing was uneventful in all cases, with no reports of adverse 
effects (e.g., burning, pain) related to laser irradiation. Pre- 
and post-treatment clinical measurements and the change 
in the clinical parameters (PPD reduction and CAL gain) 
before and after treatment are given in Tables 1 and 2. All 
clinical parameters showed statistically significant reduc-
tions between baseline and Day 30 in the LLLT and Sham 
groups, with no significant differences in the reductions 
observed between groups. Significant reductions in GCF 
volumes were observed at all time points in both treatment 
groups (Table 3, p < 0.001). Steady decreases in GCF vol-
umes were observed in both the LLLT and Sham groups 
throughout the treatment period. GCF volumes did not vary 
significantly between the LLLT and Sham groups at any time 
tested (> 0.05). Whereas GCF volumes had been reduced to 
levels similar to those of the healthy Control group by Day 
14 in the LLLT group (> 0.05), similar reductions were not 
observed in the Sham group until Day 30 (> 0.05) (Tables 1 
and 2).

GCF tPA  No significant decreases (> 0.05) over time were 
observed in the GCF concentrations of tPA levels of either 
the LLLT or Sham group at any time. Total GCF tPA 
decreased significantly (< 0.001) in both groups at each 
time point examined (Table 3, Fig. 1). When LLLT and 
Sham groups were compared, no differences were observed 
between the groups in either GCF concentrations of tPA 
or total GCF tPA levels at any time point, except the total 
GCF tPA levels measured on Day 7, which were significantly 
(< 0.05) lower in the LLLT group as compared to the Sham 
group. Moreover, the LLLT group generally tended to have 
lower total GCF tPA levels than the Sham group (Table 3). 
When compared to the Control group, both periodontitis 
treatment groups had significantly lower GCF concentrations Ta
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of tPA levels at baseline (< 0.05); however, these differences 
were no longer observed after Day 7 (> 0.05). Compared to 
the Control group, both periodontitis treatment groups had 
significantly higher total GCF tPA levels at baseline, and 
these differences continued to be observed on both Days 7 
and 14 (< 0.01). It was not until Day 30 that total GCF tPA 
levels in both treatment groups decreased to a level similar 
to that of the healthy Control group (> 0.05; Table 3, Fig. 1).

GCF PAI‑1  As with GCF concentrations of tPA levels, no 
significant decreases (> 0.05) over time were observed in 
the GCF concentrations of PAI-1 levels of either the LLLT 
or Sham group at any time. By contrast, steady reductions 

in total GCF PAI-1 levels of both treatment groups were 
observed over time, with significant differences detected at 
each examination time point (< 0.001; Table 3, Fig. 2). When 
LLLT and Sham groups were compared, no differences were 
observed between either the GCF concentrations of PAI-1 or 
total GCF PAI-1 levels of the groups at any time point except 
total GCF PAI-1 levels on Day 30, which were significantly 
(< 0.01) lower in the LLLT group (Table 3). Compared to 
the Control group, baseline GCF concentrations of PAI-1 
levels were significantly lower in both periodontitis treatment 
groups (< 0.05). Levels in both treatment groups increased 
to a level similar to that of the Control group by Day 7 and 
remained similar throughout the study (> 0.05). By contrast, 

Table 2   Comparison of 
the change in the clinical 
parameters (PPD reduction and 
CAL gain) before and after 
treatment (*LLLT versus Sham; 
Mann whitney U test test)

Parameters NSPT + Sham NSPT + LLLT P

PPD reduction (mm) Mean ± SD 1.29 ± 1.26 0.78 ± 0.84
PPD reduction (mm) Median (min–max) 1.17 (0–4) 0.66 (0–2) >0.05*
CAL gain (mm) Mean ± SD 1.32 ± 1.28 0.66 ± 0.50
CAL gain (mm) Median (min–max) 0.67 (0–3.99) 0.66 (0–1.67) >0.05*

Table 3   Biochemical assessment of the gingival crevicular fluid of the sampling sites

*LLLT versus Sham; **NSPT + Sham at each time point vs control, †NSPT + LLLT at each time point vs control, ‡Study groups at time points 
during follow-up

NSPT + Sham N = 15 NSPT + LLLT N = 15 p Control N = 15 p p

Concentration of tPA Baseline 173.90 ± 15.35 189.10 ± 19.29  > 0.05* 250.42 ± 27.61 0.021** 0.041†

Day 7 217.29 ± 19.65 195.07 ± 24.35  > 0.05* 250.42 ± 27.61 > 0.05**  > 0.05†

Day 14 270.83 ± 25.33 278.04 ± 16.41  > 0.05* 250.42 ± 27.61  > 0.05**  > 0.05†

Day 30 237.79 ± 19.13 216.05 ± 39.05  > 0.05* 250.42 ± 27.61  > 0.05**  > 0.05†

P >0.05‡ >0.05‡

Total amount of tPA Baseline 87.62 ± 5.12 90.56 ± 7.88  > 0.05* 37.33 ± 2.28 0.000** 0.000†

Day 7 60.97 ± 3.15 49.08 ± 4.55 0.041* 37.33 ± 2.28 0.000** 0.033†

Day 14 54.02 ± 3.42 49.34 ± 3.60  > 0.05* 37.33 ± 2.28 0.001** 0.010†

Day 30 39.45 ± 3.42 34.53 ± 4.96  > 0.05* 37.33 ± 2.28  > 0.05**  > 0.05†

P 0.000‡ 0.000‡

Concentration of PAI-1 Baseline 187.45 ± 18.24 202.63 ± 15.91 P > 0.05* 262.58 ± 24.24 0.019** 0.046†

Day 7 239.26 ± 24.06 248.01 ± 24.12 p > 0.05* 262.58 ± 24.24 P > 0.05*  > 0.05*
Day 14 289.21 ± 30.20 287.04 ± 20.76 p > 0.05* 262.58 ± 24.24 p > 0.05*  > 0.05*
Day 30 326.27 ± 17.24 297.07 ± 48.36 p > 0.05* 262.58 ± 24.24 p > 0.05*  > 0.05*
P 0.001‡ >0.05‡

Total amount of PAI-1 Baseline 93.26 ± 5.42 97.62 ± 5.67 P > 0.05* 39.73 ± 1.31 0.000** 0.000†

Day 7 65.93 ± 2.03 62.94 ± 4.98 p > 0.05* 39.73 ± 1.31 0.000** 0.000†

Day 14 57.60 ± 3.58 49.70 ± 2.54 p > 0.05* 39.73 ± 1.31 0.000** 0.000†

Day 30 53.73 ± 1.97 43.75 ± 2.75 0.007* 39.73 ± 1.31 0.000**  > 0.05†

P 0.000‡ 0.000‡

GCF Baseline 0.53 ± 0.03 0.51 ± 0.04 p > 0.05* 0.17 ± 0.02 0.000** 0.000†

Day 7 0.33 ± 0.04 0.29 ± 0.03 p > 0.05* 0.17 ± 0.02 0.001** 0.001†

Day 14 0.22 ± 0.02 0.20 ± 0.02 p > 0.05* 0.17 ± 0.02 0.024**  > 0.05†

Day 30 0.18 ± 0.01 0.19 ± 0.02 p > 0.05* 0.17 ± 0.02 p > 0.05 p > 0.05†

P 0.000‡ 0.000‡



6444	 Clinical Oral Investigations (2023) 27:6439–6449

1 3

total GCF PAI-1 levels were significantly higher in both peri-
odontitis treatment groups compared to the Control group at 
baseline (< 0.001). While the levels in the LLLT group had 
decreased to those of the Control group on Day 30 (> 0.05), 
levels in the Sham group continued to remain significantly 
(< 0.001) higher than the levels of the Control group through-
out the study, and, increased significantly at each time point 
measured (Table 3, Fig. 2).

Discussion

The use of diode lasers or any low-level laser irradiation as 
either monotherapy or as an adjunct to SRP in treating any 
form of periodontitis is still controversial [36–38]. While 
Annaji et al. [39] and Kamma et al. [40] found clinical and 
immunological outcomes in Stage 3–4, Grade C patients 
to be significantly better with LLLT compared to SRP, 

Fig. 1   A GCF concentrations of tPA levels (tPAc) of the control and 
the study groups at baseline and during follow-up visits on days 7, 
14, and 30. B Total GCF tPA levels (tPAt) of the control and the study 
groups at baseline and during follow-up visits on days 7, 14, and 30. 
Box plots show the median, first and third quartiles, and minimum 

and maximum values (whiskers). (*Significantly different compared 
to baseline in NSPT + Sham, post-hoc Tukey test, P < 0,001; †Sig-
nificantly different compared to baseline in NSPT + LLLT, post-hoc 
Tukey test, P < 0,001; ‡Significantly different compared to healthy 
control, Student's t-test, P < 0,05)

Fig. 2   A GCF concentrations of PAI-1 levels (PAI-1c) of the control 
and the study groups at baseline and during follow-up visits on days 
7, 14, and 30. B Total GCF PAI-1 levels (PAI-1t)of the control and 
the study groups at baseline and during follow-up visits on days 7, 
14, and 30. Box plots show the median, first and third quartiles, and 

minimum and maximum values (whiskers). (*Significantly different 
compared to baseline in NSPT + Sham, post-hoc Tukey test, P < 0, 
001; † Significantly different compared to baseline in NSPT + LLLT, 
post-hoc Tukey test, P < 0, 001; ‡ Significantly different compared to 
healthy control, Student's t-test, P < 0, 05)
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Ertugrul et al. [41] reported comparable improvements in 
the clinical outcomes with both LLLT and SRP. Given the 
current lack of clarity on the subject, this study examined 
the effects of LLLT as an adjunct to NSPT on clinical 
parameters and inflammatory markers in non-smoking 
Stage 3–4, Grade C periodontitis patients. In all cases, 
postoperative healing was uneventful, and no complica-
tions were observed. While using LLLT did not signifi-
cantly improve clinical periodontal parameters, decreases 
in total tPA and PAI-1 GCF levels were observed, sug-
gesting that LLLT, in conjunction with NSPT, may have 
beneficial effects on the healing of periodontal tissue.

NSPT combined with plaque control improve clinical 
conditions, reduce clinical inflammation, decrease pocket 
depth, and increase clinical attachment levels in patients 
with Stage 3–4, Grade C periodontitis [4]. In the present 
study, the clinical parameters of patients receiving NSPT 
improved significantly throughout the 1 month following 
initial treatment, regardless of whether or not LLLT was 
applied as an adjunct therapy. These findings align with a 
split-mouth study [41], in which SRP was only performed 
in the right maxillary and mandibular quadrants. In contrast, 
SRP plus Er, Cr: YSGG laser treatment was applied in the 
left maxillary quadrant, and SRP plus diode laser treatment 
was applied in the left mandibular quadrant. The authors 
concluded that diode lasers did not provide additional clini-
cal benefits over conventional treatment in patients with 
Stage 3–4, Grade C periodontitis. Several previous studies 
[39, 40, 42, 43] have reported significantly better outcomes 
when laser treatment is used as an adjunct to non-surgical 
treatment for Stage 3–4, Grade C periodontitis. The differ-
ences in study findings may be attributed to differences in 
examination periods of studies, some of which conducted 
short-term follow-up periods of the month. In our study, for 
example, the 1-month follow-up period may not have been 
long enough to detect appropriate re-epithelization and the 
regeneration of epithelial attachment by healing connective 
tissue [44]. Besides differences in follow-up periods, dif-
ferences in laser energy fluence, power output, application 
procedures, and duration could explain the conflicting find-
ings among studies [31].

The initiation and progression of periodontal disease, 
wound healing, and tissue remodeling are affected by the 
plasminogen activating system [45], which must be kept 
under strict control of tissue integrity [24]. Components of 
the plasminogen system have been found in periodontal tissue 
[26, 27] suggesting that plasminogen activators and inhibitors 
are produced locally in both gingival tissue and GCF [27, 46, 
47]. Gingivitis and periodontitis patients have higher GCF 
tPA levels than healthy individuals [23, 46, 48], and gingival 
biopsies have shown PAI-1 levels to be higher in patients with 
the periodontal disease when compared to healthy individuals 
[49]. The present study found that total GCF tPA and PAI-1 

decreased significantly in Stage 3–4, Grade C periodontitis 
patients following NSPT treatment with or without LLLT; 
however, no changes were observed in GCF concentrations 
of tPA and PAI-1 levels. This may be related to the decrease 
in the volume of GCF found in periodontal tissue once the 
inflammation has been resolved through periodontal treatment 
and the concurrent increase in the concentrations of the com-
ponent biological molecules [50].

Studies evaluating changes in t-PA about periodontal 
treatment in Stage 3–4, Grade C periodontitis patients are 
rare. Tuter et al. [48] reported reductions in GCF t-PA levels 
of both aggressive and chronic periodontitis patients follow-
ing periodontal treatment; however, neither the levels nor 
the reductions in the amounts of GCF t-PA were affected by 
periodontitis type. The GCF levels of several cytokines and 
t-PA in patients with different types of periodontal disease 
were also evaluated by Toyman et al. [23], who found that 
regardless of periodontitis type, total amounts of t-PA were 
higher in patients with the periodontal disease when com-
pared to normal controls. Similarly, our study found higher 
t-PA levels among periodontal patients and reductions in 
t-PA following periodontal treatment.

The present study is the first to evaluate GCF PAI-1 levels 
before and after periodontal treatment in Stage 3–4, Grade 
C periodontitis. Previously, we investigated the effects of 
LLLT as an adjunct to SRP on smoking and non-smoking 
patients with chronic periodontitis [51]. We chose to study 
up to 30 days mainly based on the biological actions of 
the PAI-I. PAI-1 plays an important role in the early/initial 
response of periodontal tissue to treatment. Therefore, we 
evaluated the short-term inflammation period up to 30 days. 
We found that GCF PAI levels showed steady reductions 
over time in both the LLLT and Sham groups of smokers 
as well as non-smokers, with the differences in reductions 
achieved with LLLT as compared to sham treatment sig-
nificant only for smokers (P < 0.05). Moreover, the changes 
in GCF PAI-1 levels did not vary significantly between the 
LLLT and Sham groups. Compared to the control group, the 
gingival crevicular fluid PAI-1 levels in chronic periodon-
titis remained significantly higher. Deppe et al. [49] which 
looked at biopsied periodontal tissue, but not GCF, found 
the amounts of urokinase-type plasminogen activator (uPA) 
and its PAI-1 to be higher in inflamed periodontal tissue 
when compared to the healthy oral mucosa [49] consistent 
with our study. Behle et al. [52] examined serum PAI-1 lev-
els in periodontitis patients receiving comprehensive peri-
odontal treatment and found significant reductions within a 
6-week period, which is consistent with the findings of the 
present study. Similarly, Taylor et al. [53] reported declines 
in serum PAI-1 levels within 3 months of the initiation of 
periodontal treatment. Both Bizzaro et al. [54] and Akman 
et al. [55] documented the importance of serum PAI-1 as a 
marker in periodontal disease, with PAI-1 levels increasing 
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with increases in inflammation and disease progression. The 
reduction of total GCF PAI-1 in our study reflects the reduc-
tions in tissue inflammation achieved through periodontal 
treatment. Ozawa et al. [56] found that low-energy diode-
laser irradiation applied to human periodontal ligament 
cells in a culture medium significantly inhibited the pro-
duction of stress-induced tPA. Takema et al. [57] reported 
that low-level laser irradiation reduced tPA mRNA levels, 
significantly decreasing lipopolysaccharide-induced PA 
activity in human gingival fibroblasts. Another study in 
which changes in GCF tPA and PAI-1 were evaluated about 
laser irradiation [51] concluded that by modulating GCF 
tPA and PAI-1 levels, LLLT administered as an adjunct 
to non-surgical periodontal treatment could help resolve 
inflammation and support periodontal tissue-healing, par-
ticularly in patients with chronic periodontitis who smoke. 
A recent review study by Mokeem et al. [38] stated that 
SRP combined with LLLT in the treatment of aggressive 
periodontitis appears to promote positive outcomes in terms 
of periodontal parameters but that the lack of available data 
makes it impossible to reach a definitive conclusion as to 
whether SRP plus LLLT adjunct therapy is superior to SRP 
alone. In the present study, changes in GCF concentrations 
of tPA and PAI-1 levels did not vary significantly between 
the LLLT and Sham groups. The concentrations of these 
markers in both treatment groups were similar to those 
of healthy controls after Day 7. Although total GCF tPA 
levels in the LLLT group tended to be lower than those 
in the Sham group at all time points, it was only on Day 
7 that any statistically significant differences between the 
two groups were observed, with the LLLT group exhibiting 
significantly lower total GCF tPA levels as well as lower 
total amounts of GCF tPA and PAI-1 at this time. The LLLT 
group also showed lower total GCF PAI-1 levels than the 
Sham group at all times, but the difference was only statisti-
cally significant on Day 30. Moreover, while the whole GCF 
PAI-1 level of the LLLT group had decreased to a level 
similar to that of the healthy Control group on Day 30, a 
similar decrease was not observed in the total GCF PAI-1 
levels of the Sham group on Day 30. This differs from the 
outcomes for total GCF tPA, for which levels in the LLLT 
and Sham groups dropped to levels similar to those of the 
healthy controls on Day 30.

LLLT may play a role in the observed fluctuations in plas-
minogen inhibitors and activators. The ability of specific 
periodontal pathogens to invade periodontal tissue is well 
known. For example, A.actinomycetemcomitans has been 
found in the connective tissue of both active and inactive sites 
[58], and P.gingivalis has been shown to adhere to and enter 
oral epithelial cells [59]. Both these organisms can invade tis-
sue in Stage 3–4, Grade C periodontitis patients and are thus 
highly pathogenic. Due to their bactericidal and detoxifying 
properties, diode lasers have previously been proposed as 

an adjunctive treatment to facilitate non-surgical periodontal 
treatment [60]. Laser-assisted treatment has shown strong 
antibacterial effects in terms of periodontopathogen counts 
[40]. A significant dose-dependent drop in bacterial LPS-
induced elevated plasminogen activity in gingival fibroblasts 
has also been demonstrated following laser irradiation [57] 
Furthermore, the ability of bacteria to, directly and indirectly, 
modulate plasminogen activation [61] implies that a well-
balanced equilibrium must be maintained [62]. Through its 
effects on the levels of plasminogen activator system compo-
nents, periodontal treatment may modulate local proteolytic 
activity.

The present study has several methodological limitations. 
The study's small sample size may affect the reproducibility 
of the results, which must, therefore, be interpreted with cau-
tion. Standardized criteria for periodontal laser therapy that 
address energy levels, application time, irradiation modes, 
power settings, and laser types are needed. In summary, the 
application of LLLT as an adjunct to non-surgical periodon-
tal treatment of Stage 3–4, Grade C periodontitis patients 
can have a considerable positive impact on the resolution of 
inflammation and periodontal tissue-healing by modulating 
GCF tPA and PAI-1 levels.
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