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Abstract

Objective: To determine the effects of laser and photodynamic therapy (PDT) on crevicular procalcitonin (PCT) and red-com-
plex bacteria in periodontitis stage II grade A patients.

Methods: 66 sites with periodontitis were selected. After scaling and root planing (SRP), the participants were randomized to receive 
810-nm diode laser and PDT using indocyanine green (ICG). The change in the crevicular PCT levels and red-complex bacterial 
loads using BAPNA assay was the primary outcome, probing depth (PPD), clinical attachment loss (CAL), relative attachment lev-
el (RAL), plaque and gingival indices were the secondary outcome, measured at baseline and 3 month post-intervention. 

Results: Within each group, significant improvements (P<0.001) were found for all variables in 3 month follow-up, compared 
to the baseline. Of the treatment groups, SRP+ICG-PDT showed a better reduction in the BAPNA and PCT levels than SRP+ la-
ser and SRP alone. Correlation analysis between BAPNA and PCT showed a significant positive correlation (r= 0.64; p=0.001).

Conclusion: In periodontitis stage II grade A patients, a single application of PDT (using 810-nm laser and ICG) provided 
enhanced benefit compared to SRP alone or SRP + laser, in terms of reduction of red complex bacterial load and gingival 
crevicular procalcitonin levels 3 months following the intervention. 

Keywords: Procalcitonin. Laser. Photodynamic therapy. Periodontitis. Scaling and root planing. Gingival crevicular 
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Introduction
Periodontitis is one of the major causes of tooth loss in 
adults, and is considered primarily an anaerobic bacteri-
al infection caused by the red complex species. Enzymes, 
endotoxins, and other cytotoxic factors from these bac-
teria lead to tissue destruction and initiate chronic in-
flammation (Page and Kornman, 1997). Debridement in 
the form of scaling and root planing (SRP) is the most 
commonly employed form of mechanical therapy. It is 
used not only to treat periodontal diseases, but is also 
used to maintain the periodontium after surgical thera-
py and in the prevention of disease recurrence (Orlandi 
et al., 2022). Periodic mechanical disruption of oral 
microbial biofilm or maintaining therapeutic concen-
trations of antimicrobials in the oral cavity are full of 

limitations (Pretzl et al., 2019; Socransky and Haffajee, 
2002), hence suitable adjuncts to SRP need to be inves-
tigated. Combining SRP with laser disinfection or pho-
todynamic therapy (PDT) has been shown to improve 
the antimicrobial effects, and this seems to be important, 
as an increasing number in antibiotic resistance has been 
documented for a vast number of periodontopathic mi-
croorganisms (Pretzl et al., 2019; Khattri, et al., 2020, 
Feres et al., 1999). Lasers generate unipolar compression 
waves, which are one of the latest technology platforms 
for killing biofilm microorganisms at a shorter time 
(Amaroli A et al., 2022).  Apart from being antimicro-
bial, lasers have cell proliferative, analgesic, and anti-in-
flammatory effects (Doukas et al., 1996). The reduction 
of prostaglandin E2 (PG-E2) by laser application has 
been considered very useful in limiting the progres-
sion of gingivitis or periodontitis (Aoki et al., 2004). Correspondence to: Sridharan Srirangarajan 
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However, its effectiveness in the treatment of periodon-
tal disease is still controversial, and the concept of PDT 
came through. In PDT the photosensitizing agent is ex-
cited to a higher energy state in the presence of oxygen, 
by utilizing the laser light energy to release singlet oxy-
gen, which is cytotoxic to bacteria (Amaroli et al., 2022). 
It is interesting to note that the radius of action cannot 
usually exceed more than 0.02µm, and the primitive mo-
lecular nature of singlet oxygen limits the microorgan-
isms to develop any resistance to this cytotoxic reaction 
(Konopka, et al., 2007 and George et al., 2009). 

There is no consensus in the literature to show great-
er clinical benefits of PDT as an adjunct to SRP than 
the results of SRP alone (Giannopoulou et al., 2012, Jia 
et al., 2020 and Christodoulides et al., 2008). It is possi-
ble that short exposures to light or the photo-sensitizer 
used may be responsible for the lack of clinical benefits.
(Merchat et al., 1996 and Soukos et al., 2011).

Indocyanine green (ICG) has shown promising us-
age in the medical diagnostics relating to heart, liver, and 
ophthalmic diagnosis, and has been recently introduced 
in dentistry (Bashir et al., 2021). The key features mak-
ing its use in periodontics worthwhile are its effective-
ness even in areas with no oxygen, its rapid uptake by 
anaerobic bacteria, and non- staining of the tissues in 
the vicinity of usage (Marshall et al., 2010). The wave-
length of laser light for activation of ICG also concurs 
to the commonly used soft tissue diode lasers in the 
field of non-surgical periodontal therapy. Among sev-
eral markers for inflammation and sepsis, procalcitonin 
(PCT) and C reactive protein (CRP) are being studied 
for their accuracy in the diagnosis of bacterial infection. 
But after SRP, the levels of CRP were reduced within the 
normal range, reflecting its limitation to predict the re-
sidual bacterial infection or inflammation (Srirangarajan 
et al., 2022). Serum PCT has been shown to be a better 
marker for predicting bacteremia and residual infection 
after SRP (Ranjitha et al., 2021). With this background, 
we hypothesize that ICG-mediated PDT would reduce 
the red complex bacterial load and subsequent gingival 
crevicular fluid (GCF) PCT levels more than SRP alone 
or SRP plus laser in stage II grade A periodontitis pa-
tients. Therefore this prospective, split-mouth, double- 
blind, parallel designed randomized controlled clinical 
trial was envisioned to compare and evaluate the efficacy 
of diode laser and ICG mediated photodynamic therapy 
and SRP on the red complex microflora, and the asso-
ciated changes in the gingival crevicular procalcitonin 
levels in stage II grade A periodontitis patients. 

Materials and Methods
Study design and registration
The present study was a prospective double-blind, par-
allel design, split-mouth, randomized, clinical trial con-
ducted at Bangalore Institute of Dental Sciences and 

Post-Graduate research center (BIDS), from September 
2022 to February 2023. The study was approved by the 
ethical committee of BIDS and was designed and con-
ducted following the declaration of Helsinki as modified 
in 2013. This trial evaluated the 3 months clinical, mi-
crobiological, and biochemical outcomes of periodontal 
pocket treatment by SRP alone, SRP plus laser, and SRP 
plus PDT using ICG, similar to the reports in literature 
(Lindhe J et al., 1982). The primary outcome was reduc-
tion in microbial and PCT values at the end of 3 months. 
The secondary outcomes were: changes in the probing 
pocket depth (PPD), clinical attachment loss (CAL), 
relative attachment level (RAL), gingival index (GI), 
and plaque index (PI). This study followed the consoli-
dated standards of reporting (CONSORT) trials guide-
lines (Fig 1), and was registered in the clinical trial regis-
try India under the identifier CTRI/2022/08/045099, 
before the start of the patient’s enrollment.

Sample size calculation
Sample size calculation was done by using nMaster ver-
sion 2.0 software (Christian Medical College; Vellore, 
India). The effective sample size for the present clini-
cal trial was estimated by applying a power of 85% and 
α-error set at 5%. Sixty sites from 20 participants would 
be needed to detect statistically significant differences. 
Considering a 10% attrition rate during the 3 months 
follow-up period, 3 sites were increased in each group 
from 2 patients, making it a total of 66 periodontal 
pocket sites from 22 patients. Considering the mean and 
standard deviation from the data acquired, the statistical 
effect size (Cohen’s d) was calculated with deviation of 
1.4 between the groups. 

Examiner calibration
A single examiner (AA) was calibrated before the study. 
Five subjects who were not included in the study were 
requested to volunteer for the calibration exercise. 
The clinical parameters recording was done in two ses-
sions 48 hours apart. Intra-examiner calibration was per-
formed by assessing PPD in duplicate. The periodontal 
parameters estimation was judged to be reproducible if 
the kappa value (0.8) for the calibration exercise showed 
good agreement for observation and measurement.

Study participants
Twenty-two patients aged between 35-55 years with a 
diagnosis of Stage II grade A periodontitis, according to 
the new classification (Papapanou et al 2018) and case 
definition of periodontitis were recruited They had ra-
diographic evidence of bone loss extending to the coro-
nal third (15-33%), inter-dental CAL of 3-4 mm, with 
no tooth loss due to periodontitis, maximum PPD of 
5  mm, with mostly horizontal bone loss. Patients were 
included if had: (i)  ASA stage 1- good general health; 
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Figure 1. CONSORT flow diagram.
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(ii)  the presence of 3 multi-rooted teeth in the pos-
terior segment with identical PD ≤ 5 mm (one in 
each quadrant); (iii) more than 20 permanent teeth 
excluding third molars. Patients with the following 
criteria were excluded: (i) known allergic to ICG dye; 
(ii) those who had received antibiotics, or surgical or 
non-surgical periodontal treatment within the past 12 
months; (iii) pregnant patients; (iv) current smokers; 
(v) history of treatment for recent bacterial infections; 
(vi) thyroid disorders; (vii) evidence of other system-
ic diseases (ischemic heart disease, liver disease, renal 
disease, immunodeficiency, and diabetic mellitus); 
(viii) HIV, hepatitis or any other contagious diseases.

The treatment and follow-up periods were explained 
verbally to the patients, and comprehensive oral hygiene 
instructions were given. Only those who agreed to par-
ticipate signed a written informed consent.  

Clinical periodontal parameters data 
collection
The clinical periodontal measurements were per-
formed by one calibrated examiner who was blinded 
to the experimental sites. The following information 
was recorded: full-mouth plaque index scores; full-
mouth gingival index scores (Loe and Silness, 1963). 
PPD (mm), measured from the gingival margin to the 
base of the periodontal pocket; and interdental CAL 
(mm), measured from the inter-dental cement enamel 
junction (CEJ) to the base of the periodontal pocket, 
were both measured using a manual probe (UNC-15-
HuFriedy, Chicago, USA) at six sites per tooth surface 
(mesio-facial, facial, disto-facial, mesiolingual lin-
gual, distolingual). The  deepest PPD and inter-den-
tal CAL of the examined tooth were registered. RAL 
(mm) was measured for the sites to be used for treat-
ment, using a customized acrylic stent, from a fixed 
reference point to the base of the periodontal pock-
et. All the clinical measurements (Listagarten, 1980, 
Yang et al., 1992) were done at baseline (before the 
treatment) and 3 months post-treatment.

Randomization and grouping of patients 
Identical sites, one in each arch, on the multi-rooted 
teeth were randomly allocated to the intervention and 
control groups at an allocation ratio of 1:1, using a 
computer-guided allotment software (CLINSTAT 
MS DOS; United Kingdom), as follows:

» Group I: SRP alone (control) – 22 sites; 
» Group II: SRP + LASER (810-nm diode laser) 

– 22 sites;
» Group III: SRP + PDT (ICG mediated PDT 

using 810-nm diode laser) – 22 sites.

Microbiome and gingival crevicular fluid (GCF) 
sample collection
Procedure for subgingival plaque sample

After the site selection and clinical examinations, 
supragingival plaque was carefully removed using 
hand and ultrasonic scaling instruments (Woodpecker, 
China). Subgingival plaque sample was then collected, 
using sterile Gracey curettes (HuFriedy, Chicago, USA). 
After isolating the area, the curette was inserted parallel 
to the long axis of the tooth into the deepest portion of 
the periodontal pocket. It was then moved coronally by 
scraping along the root surface. The collected samples 
were stored in 1ml of Brucella Broth solution contained 
in micro-centrifuged polypropylene vials (1.5ml with 
conical bottom, Digital Hub®, India). The samples were 
then dispatched to the laboratory on the same day and 
stored at -20°C until further analysis for estimation of 
the red complex microorganisms. The same procedure 
was repeated at the end of 3 months after completion of 
the treatment.

Procedure of GCF collection
GCF samples were collected for the allocated sites a 
day after the collection of plaque samples and record-
ing of clinical parameters. The selected sites were air- 
dried and isolated using cotton rolls, to avoid blood 
and saliva contamination. GCF was collected by cal-
ibrated microcapillary pipettes (Global Scientific, 
India) of known diameter. The calibrated pipettes 
were placed at the entrance of the gingival crevice of 
the selected tooth and a standardized volume of 2-3 µl 
of GCF was collected and immediately transferred to 
plastic vials (Digital Hub®, India) containing Phosphate 
Buffer Saline (PBS). It was then stored at -20°C until 
further analysis for procalcitonin by ELISA. The same 
sampling procedure was followed at the end of 3 months 
after the completion of treatment. 

Treatment
The selected sites from each individual were then random-
ly allocated to the therapeutic groups by a dental hygienist 
(DH). The interventions were then entirely performed by 
an experienced periodontist (BT) who was unaware of the 
main objectives of the study and data collection.

Protocol for nonsurgical periodontal therapy 
(NSPT)
All participants (22) received full mouth supra and sub-
gingival scaling and root planing using a combination of 
manual and ultrasonic instruments. Two-stage protocols 
at a gap of 24 hrs were followed for the same. For one 
of the three selected treatment group, SRP alone was 
done. The remaining two sites in the split-mouth design 
received Laser and PDT in addition to SRP. 
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Laser therapy and antimicrobial PDT
Twenty-two sites were selected for laser thera-
py. A diode laser (ZOLAR Technology; Ontario: 
CANADA) with a wavelength of 810 nm, and 0.8W 
output in continuous mode was chosen for pocket 
disinfection/sulcular debridement. The fiber tip (400 
microns), which was placed at the deepest portion of 
the pocket and the laser, was activated by pressing the 
footswitch. The tip was moved using an inward and 
outward movement, parallel to the long axis of the 
tooth, within the gingival sulcus, for 60 seconds. For 
the remaining 22 sites receiving PDT, the periodontal 
pocket was filled with a fresh solution, by mixing 5mL 
of sterile water to 5mg/mL of the ICG stock solution. 
The stock solution was further diluted in a 1:5 ratio, to 
achieve a final concentration of 5mg/ml. The delivery 
of the photosensitizer into the pocket was done using 
a flexible applicator tip (0.04 mm PACT Curndente) 
in a coronal direction, starting from the most apical 
portion. A photosensitization period of 60 sec was 
given and then the pockets were rinsed thoroughly 
with distilled water, and the sites were irradiated for 
60 sec using the same wavelength laser and protocol as 
explained in the laser treatment group.

Follow-up visits
All the treated patients were monitored by the den-

tal hygienist for compliance with oral hygiene instruc-
tions given, and were instructed to refrain from any 
other forms of oral hygiene aids, like dental floss or the 
use of mouthwash. There were no reports of any adverse 
events throughout the study period. The subjects were 
recalled at the end of 3 months, and the clinical, micro-
biological, and the biochemical tests were repeated in a 
similar way to the baseline records. 

Laboratory procedures
Quantification of red complex bacteria using 
Nα-Benzoyl-DL-arginine p-nitroanilide hydro-
chloride (BAPNA) assay
One milliliter of a solution containing the enzyme-sub-
strate BAPNA (Sigma Aldrich B-4875) with a final con-
centration of 1.0 nmol/l in the assay buffer (0.05 mmol/l 
Tris-HCl, 5 mM CaCl2, pH 7.5), containing 5% dimeth-
yl sulfoxide (DMSO), was added to the Eppendorf tubes 
containing plaque samples. This suspension was vortexed 
and then placed in an ultrasonic bath on ice for 10 min-
utes with 2-second cycles and 2-second intervals, at 17 
W using a 100-W ultrasonic processor. After 30 minutes 
of incubation at 37°C, the reaction was stopped by the 
addition of 100 ml glacial acetic acid. A spectrometric 
assay was performed (OD 405nm) and, as a measure of 
protease activity, the color changed from clear to yellow. 
The quantitative calculation for red-complex was done 
based on the OD values. 

GCF analysis for procalcitonin, by en-
zyme-linked immunosorbent assay (ELISA)
Human Procalcitonin ELISA kit (Evron life sciences, 
India), with a sensitivity of - 0.00249ng/ml and range 
of 0.005ng/ml – 2ng/ml, was used for this study. All re-
agents were brought to room temperature before use. 
Standard reconstitute: 120μl of the standard (2.4ng/
ml) with 120μl of standard diluent was used to generate 
a 1.2ng/ml standard stock solution, as per the instruc-
tions given. 40μl sample was added to the corresponding 
sample wells and then 10μl anti-PCT antibodies were 
added to sample wells. 50μl streptavidin-HRP (horse-
radish peroxidase) was added to both the sample wells 
and standard wells, and mixed. It was then incubated for 
60 minutes at 37°C. After removing the sealer, the plates 
were washed with wash buffer (300 μl/well) for 5 times. 
After washing, 50μl substrate solution A was added to 
each well and then 50μl substrate solution B was added 
to each well. The plate was covered and re-incubated for 
10 minutes at 37°C in the dark. 50μl Stop Solution was 
added to each well, and the optical density (OD) values 
of each well were determined immediately, using a mi-
croplate reader set to 450 nm within 10 minutes.

Statistical analysis
All statistical analyses were computed using R ver-

sion 4.2.2 software (Bell Laboratories, University 
of Auckland). Normality of data was checked using 
Shapiro-Wilk test and Q-Q plotting. Descriptive statis-
tics such as mean, standard deviation (SD), and range 
values was calculated for variables in normal distribu-
tion. Intra-group comparison of the full-mouth indices 
was done using repeated measures ANOVA. Intra-group 
comparison of the primary and secondary outcome vari-
ables was done using paired t-test. Inter-group compar-
ison was done using unpaired t-test. To correlate the 
red complex microorganism counts to procalcitonin, 
Pearson’s correlation analysis was done. Statistical signif-
icance was considered if the p-value was less than 0.05. 

Results
Of the 22 patients (66 sites) treated for periodontitis, 
one patient (3 sites) was lost during the follow-up. Thus 
a total of 21 patients (63 sites) were subjected to statis-
tical evaluation. The mean age of the patients was 40.7 
± 7.19 years (7 females and 14 males) given a total of 
63 teeth, with an equal number of 21 sites for each of 
the three treatment groups. The intra-group compari-
son using repeated measures ANOVA showed signifi-
cant reduction in both mean plaque scores (1.48±0.16 
to 1.01±0.14) and gingival scores (1.38±0.18 to 
0.93±0.21) at 3 months than at baseline (p <0.001) 
(Table 1). Intra-group analysis by paired t-test showed 
significant reduction in both the primary outcome mea-
sures (red-complex bacteria and GCF PCT) at three 
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Table 1. Comparative analysis of plaque and gingival index scores by repeated measures ANOVA. 

Variable Baseline 3 month P value* 

GI (mean ± SD) 1.38±0.18 0.93±0.21 < 0.001 

PI (Mean ± SD) 1.48±0.16 1.01±0.14 < 0.001 

GI - gingival index;  PI - Plaque index.

Table 3. Inter-group comparison of primary outcome variables at 3 month, using unpaired t-test.

GROUP BAPNA PCT

SRP 1.33 ± 0.23a 0.12 ± 0.01a

Laser 0.84 ± 0.39b 0.11 ± 0.01b

PDT 0.34 ± 0.32c 0.06`± 0.01c

P-value < 0.001 < 0.001

SRP - Scaling and root planing group; PDT - Photodynamic therapy group; BAPNA - Nα-Benzoyl-DL-arginine p-nitroanilide 
hydrochloride assay; PCT - procalcitonin.

Table 2. Intra-group comparison of primary outcome variables within groups, by paired t-test. 

BAPNA PCT

Group Baseline 3 months MD P value Baseline 3 months MD P value

SRP 1.64±0.22 1.33±0.23 0.31 <0.001 0.20±0.03 0.12±0.01 0.08 <0.001

Laser 1.64±0.21 0.84±0.39 0.8 <0.001 0.20±0.01 0.11±0.01 0.09 <0.001

PDT 1.67±0.20 0.34±0.32 1.33 <0.001 0.20±0.01 0.06±0.01 0.14 <0.001

SRP - Scaling and root planing group; PDT - Photodynamic therapy group; MD - mean difference; BAPNA - Nα-Benzoyl-DL-arginine 
p-nitroanilide hydrochloride assay; PCT - procalcitonin.

months post-treatment for all the treatment groups 
(p<0.001) (Table 2). Inter-group comparative results 
using t-test showed PDT to reduce both BAPNA and 
PCT better than the laser and SRP groups (MD for 
BAPNA 1.33 and MD for PCT 0.14 ng/ml) (Table 3, 
Fig 2). Intra-group analysis by paired t-test showed all 
three treatment groups to significantly show reduction 
in PPD (p < 0.001), with higher reduction in CAL and 
RAL for the laser group, followed by PDT and SRP (p 
< 0.001) (Table 4). Inter-group analysis for PPD CAL 
and RAL at 3 months using unpaired t-test showed a 
higher reduction in PPD for the PDT group, compared 
to laser and SRP, although insignificant between the 

groups. Both laser and PDT showed a significant re-
duction in comparison to SRP alone (p =0.01), CAL 
showed higher CAL gain in laser group followed by 
PDT and SRP groups, but the differences between all  
three groups were not statistically significant (p =0.91). 
There was higher RAL gain in the PDT group, followed 
by laser and SRP, but the differences between PDT and 
laser were statistically insignificant, whereas the differ-
ences between PDT and SRP as well as laser and SRP 
were statistically significant (p =0.003) (Table 5, Fig 3). 
Pearson’s correlation statistics revealed a mild to moder-
ate positive significant correlation between BAPNA and 
PCT at 3 months (p< 0.001) (Fig 4).
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Table 4. Intra-group comparison of secondary outcome variables, by paired t-test.

Table 5. Inter-group comparison of secondary outcome variables at 3 months, by unpaired t-test. 

Groups Baseline 3 Month MD  P-Value

PPD (mm)

SRP 4.67 ± 0.64 4.42 ± 0.67 0.25 0.001*

Laser 4.53 ± 0.55 4.03 ± 0.50 0.5 <0.001*

PDT 4.62 ± 0.58 3.97 ± 0.43 0.65 <0.001*

SRP 4.05 ± 0.90 3.62 ± 1.03 0.42 0.013*

CAL (mm) Laser 4.19 ± 0.85 3.65 ± 0.64 0.54 <0.001*

PDT 4.24 ± 0.98 3.73 ± 0.88 0.52 <0.001*

RAL (mm)

SRP 8.05 ± 0.82 7.56 ± 1.20 0.49 0.022*

Laser 7.99 ± 0.71 6.88 ± 0.52 1.11 <0.001*

PDT 7.94 ± 0.88 6.69 ± 0.60 1.25 <0.001*

SRP - Scaling and root planing group; PDT - photodynamic therapy group; MD - Mean difference; PPD - Probing pocket depth; 
CAL - Clinical attachment loss; RAL - Relative attachment level.

Group
PPD CAL RAL

Baseline 3 Months Baseline 3 Months Baseline 3 Months

SRP 4.67± 0.6 4.42 ±0.62a 4.05 ±0.9 3.62± 1.03a 8.05 ±0.82 7.56 ±1.20a

Laser 4.53± 0.5 4.03 ±0.45b 4.19 ±0.85 3.65± 0.64a 7.99± 0.71 6.88 ±0.58b

PDT 4.62 ±0.58 3.42± 0.43b 4.24 ±0.98 3.73± 0.8a 7.94± 0.88 6.69± 0.5b

P value 0.72 0.01 0.78 0.91 1.000 0.003

SRP - Scaling and root planing group; PDT - photodynamic therapy group; MD - Mean difference; PPD - Probing pocket depth; 
CAL - Clinical attachment loss; RAL - Relative attachment level.

Figure 2. Inter-group comparison 
of primary outcome variables at 3 
month, using unpaired t-test.
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Figure 3. Inter-group comparison 
of clinical parameters.
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Figure 4. Correlation between 
PCT and BAPNA. 

Discussion
In the present study, it was found that all three treat-
ment groups demonstrated a significant reduction in 
red complex bacterial counts, which was reflected by 
their crevicular PCT levels as well. Inter-group com-
parisons showed statistically significant reductions, 
with superior outcomes for the microbial reduction in 
the ICG-PDT (MD=1.33) group, followed by the laser 
group (MD=0.8) and SRP group (MD=0.31).

On a biological level, it is known that the percent-
age of red complex species of bacteria is 0.15% of the 
total bacteria counts in periodontal health, and attains 
three folds the numbers in  deeper pockets (>3mm). 
Controversial results on the antimicrobial efficacy of 
both laser and PDT in periodontal pockets speculate 
its benefits over conventional SRP (Haffajee et al.,1995, 
Xue et al., 2017, Azarpazhooh et al., 2010). The cause 
for these biased results could be the presence of bivalent 
cations in the anaerobic environment of the periodon-
tal pocket, which can limit or reduce the uptake of vari-
ous photosensitizers like the Methylene blue, Toluidine 
blue O, Chlorine e6, which were used in a majority of 
these studies (Alwaeli et al., 2015). The laser group also 
showed a significant reduction in the red complex bac-
terial counts, which could be attributed to the wave-
length (810nm) and its excellent tissue ablation and de-
toxifying properties (De Sousa et al., 2016). The results 
of the current study are in agreement with the conclu-
sion of the systematic review done by Qadri et al. (2015), 
which stated that diode lasers of wavelength 808-980nm 
displayed an effective reduction in the gram-negative 
anaerobic periodontal pathogens in pockets ranging 
from 5-6mm depth. Although we know that SRP can be 
clinically successful, it may not eradicate all the putative 
pathogens. The persistence or re-growth of these micro-
organisms should be considered a cause for unsatisfacto-
ry treatment outcomes. This was also evidenced in our 

study when SRP was compared to PDT and laser group 
for reduction of red complex microbial load. It would 
be of interest to note that bacterial counts returned to 
near pre-treatment levels within 3-7 days after SRP, but 
there was a predominant shift from gram-negative to a 
gram-positive subgingival microflora, which persisted 
for an extended duration (Slots et al., 1979). This could 
probably be an explanation as to why we got a significant 
reduction in red complex microbial loads at the end of 3 
months even in the SRP group.

A meta-analysis report shows PCT as a promising 
biomarker for bacterial infection (Simon et al., 2004).  
Studies on PCT in periodontal disease have shown PCT 
to be useful to predict the severity of periodontal dis-
ease and also to be sensitive enough to relate the tran-
sient bacteremic changes after non-surgical periodon-
tal therapy (Srirangarajan et al., 2022, Ranjitha et al., 
2021). The GCF PCT values in our study ranged from 
0.17 ng/ml to 0.32 ng/ml in three months after SRP, and 
after adjunctive periodontal therapy these values ranged 
from 0.04 ng/ml to 0.13 ng/ml. The inter-group compar-
ison displayed a significant reduction in the PDT group 
(0.06ng/ml), followed by the laser group (0.11ng/ml) 
and SRP group (0.12ng.ml). A positive correlation was 
seen between BAPNA and PCT levels at both baseline 
and 3 months. These findings suggest that PCT levels 
may tend to increase or decrease in conjunction with red 
complex bacterial levels, supporting its hypothetic cor-
relation to microbial infection. The results of our study 
are in accordance with the limited literature available 
(Giannopoulou et al., 2012, Selvadurai et al., 2019).

The results of clinical parameters revealed a signif-
icant improvement in probing pocket depth (PPD) 
(MD=0.65mm), CAL gain (MD=0.52mm) and RAL 
gain (MD=1.25mm) in the ICG-PDT group, followed 
by the laser group and SRP group at 3 months. The ob-
served benefits in the clinical periodontal parameters 
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