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Abstract: 

Periodontitis remains a major clinical challenge because conventional scaling and root planing (SRP) alone may not completely 
eliminate pathogenic microorganisms from periodontal pockets. Therefore, it is of interest to evaluate the efficacy of antimicrobial 
photodynamic therapy (a-PDT) using indocyanine green activated by a diode laser and erythrosine activated by LEDs as adjuncts 
to SRP in 15 patients with periodontitis. Clinical parameters including plaque index (PI), modified sulcular bleeding index (mSBI), 
probing pocket depth (PPD) and clinical attachment level (CAL) were assessed at baseline, 15 days and 3 months. All groups 
demonstrated significant improvements over time (p<0.001), with the indocyanine green–diode laser group showing significantly 
greater reductions in PI, mSBI and PPD and greater CAL gain than the erythrosine–LED and SRP-alone groups. Thus, data shows 
that indocyanine green-mediated a-PDT used with a diode laser is a more effective adjunct to SRP for improving clinical 
periodontal outcomes. 
 
Keywords: Antimicrobial photodynamic therapy (a-PDT), indocyanine green dye, erythrosine dye, light amplification by 
stimulation of radiation, light emitting diode, scaling and root planing (SRP)  

 
Back ground: 
Chronic periodontitis is a host immune-mediated and 
microbially driven inflammatory disease characterized by the 
progressive destruction of the tooth-supporting periodontal 
tissues. The disease involves complex molecular pathways that 
result in apical migration of the junctional epithelium, apical 
extension of the microbial biofilm along the root surface and 
degradation of the periodontal collagen matrix through 
activation of host-derived proteinases, ultimately leading to 
clinical attachment loss and alveolar bone destruction [1]. The 
primary objective of periodontal therapy is to eliminate the 
etiological factors responsible for disease progression through 
scaling and root planing (SRP), performed using manual or 
powered instruments, in conjunction with appropriate oral 
hygiene measures [2]. In recent years, antimicrobial 
photodynamic therapy (a-PDT) has emerged as a promising 
adjunctive treatment modality in periodontology. This 
minimally invasive approach combines a photosensitizing 
agent, a light source of an appropriate wavelength and 
molecular oxygen to generate reactive oxygen species, including 
singlet oxygen and free radicals, which selectively destroy 
pathogenic microorganisms without causing significant damage 
to the surrounding host tissues [3]. In addition to its 
antimicrobial action, a-PDT has been shown to promote wound 
healing, reduce inflammation and improve overall periodontal 
treatment outcomes [4]. Antimicrobial photodynamic therapy 
consists of three essential components: a selective 
photosensitizer, oxygen molecules present within the tissues 
and a laser or light-emitting diode (LED) light source capable of 
activating the photosensitizer [3]. Adjunctive photodynamic 
therapy with scaling and root planing has demonstrated 
additional periodontal benefits, including improvement in 
clinical parameters and favorable changes in the subgingival 
microbial composition [5]. Erythrosine, a xanthene dye 

commonly used as a plaque-disclosing agent, has also 
demonstrated promising photosensitizing properties. It 
efficiently absorbs visible light within the wavelength range of 
500–550 nm and exhibits potent antimicrobial activity against 
both Gram-positive and Gram-negative bacteria. Furthermore, 
erythrosine remains chemically stable over a wide range of pH 
values and can be effectively activated using LED light sources, 
making it a cost-effective and clinically feasible alternative 
photosensitizer for antimicrobial photodynamic therapy [6]. 
Therefore, it is of interest to compare the clinical effectiveness of 
indocyanine green activated by diode laser and erythrosine 
activated by LED as adjuncts to scaling and root planing in 
patients with chronic periodontitis. 
 
Materials and Methods: 
Study design and ethical approval: 
The study was conducted as a randomized, controlled 
clinical study in the Department of Periodontology, Kothiwal 
Dental College and Research Centre, Moradabad. Ethical 
clearance was obtained from the Institutional Ethics and 
Review Board (KDCRC/IERB/02/2024/28) and written 
informed consent was obtained from all participants. The 
study was conducted in accordance with the Helsinki 
Declaration of 1975, as revised in 2000. 
 
Sample selection: 

Patients aged 18–65 years diagnosed with periodontitis. 
Subjects with minimum three non-consecutive sites with 
periodontal pocket depth ≥5mm and ≤10mm were selected 
and then each site was further allocated to either of the three 
groups by chit picking method. Exclusion criteria comprised 
patients who had received antibiotic within the previous three 
months, smokers, pregnant or lactating women, individuals 
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with systemic conditions influencing periodontal health and 
those on medications affecting wound healing. 
 
Statistical methods:  

All the data was collected and analyzed. The statistical software 
SPSS 16.0 is used for analysis of data. The descriptive statistics 
like mean, SD of data was calculated. The normality of data was 
tested by Shapiro Wilks test. The (Intra group comparison) 
significance of means of parameters in a group between 
different time intervals was tested by repeated measure of 
ANOVA followed by post-hoc Bonferroni test. The (inter group 
comparison) significance of means of parameters between 
groups at different time intervals was tested by one way 
ANOVA followed by post-hoc Bonferroni test with p < 0.05 
considered statistically significant. The 95% CI and 5% level of 
significance was used for analysis of data. 
        
Group allocation and surgical procedure: 

A total of 45 periodontal sites were randomly allocated into 
three groups: 
[1] Group A: SRP alone. 
[2] Group B: After completion of the SRP, the site which has 

periodontal pocket depth was subjected to a-PDT therapy. 
This therapy includes Indocyanine green photosensitizer 
obtained by dissolving 0.5mg of dye with 1ml of saline 
(0.5mg/ml). The photosensitizer was applied to depth of 
periodontal pocket using 1 ml syringe. The indocyanine 
green was excited by an 810nm diode laser (FONA LASER) 
(Sirona dental system, Germany) with a power of 200mW 
in continuous mode and a total energy of 4J. The Laser was 
inserted into the papilla for 30 seconds followed by 
insertion inside the periodontal pocket depth for 10s, 
starting from the buccal and lingual side and moving 
toward the coronal direction. To guard against potential 
laser light eye injury, the dentist assistant, patient and 
clinician wore safety goggles.   

[3] Group C: After completion of the SRP, Erythrosine was 
used as a photosensitizer. The photosensitizer was applied 
to depth of periodontal pocket by an applicator. A LED 
blue curing light (Woodpecker, China) of wavelength 
385nm-515nm was used to activate the erythrosine for 60 
seconds. Modified Bass Technique was advised to all 
research participants.  

 

Clinical parameters: 

Parameters recorded at baseline, 15 days and 3 months included 
Plaque Index, Modified Sulcular Bleeding Index, Probing Pocket 
Depth and Clinical Attachment Level. Measurements were 
obtained using a UNC-15 periodontal probe and customized 
acrylic stents to ensure reproducibility.  
 
Results:  
 

A total of 15 participants completed the study, with five 
participants allocated to each of the three treatment groups. All 
participants completed the scheduled follow-up examinations at 
baseline, 15 days, and 3 months, and no adverse events related 
to the interventions were reported. Clinical parameters assessed 

included Plaque Index (PI), Modified Sulcular Bleeding Index 
(mSBI), Probing Pocket Depth (PPD), and Clinical Attachment 
Level (CAL). Overall, all treatment modalities resulted in 
improvements in periodontal clinical parameters over the 3-
month follow-up period. However, the magnitude of 
improvement varied among the treatment groups. Both 
adjunctive antimicrobial photodynamic therapy (a-PDT) 
protocols demonstrated superior clinical outcomes compared 
with scaling and root planing (SRP) alone. Among the 
adjunctive therapies, Indocyanine Green (ICG) activated with 
diode laser produced the greatest improvements, while 
Erythrosine activated with LED also showed significant clinical 
benefits but to a comparatively lesser extent. Within-group 
analysis demonstrated statistically significant improvements in 
all clinical parameters from baseline to 3 months in each of the 
three treatment groups (p < 0.01). All groups exhibited 
progressive reductions in plaque accumulation, gingival 
inflammation, and periodontal pocket depth, accompanied by 
gains in clinical attachment levels throughout the study period. 
Group A (SRP alone) showed moderate reductions in PI, mSBI, 
and PPD together with modest CAL gain, confirming the 
effectiveness of conventional mechanical periodontal therapy. 
Nevertheless, residual inflammation and deeper periodontal 
pockets persisted at the end of the study. Group B (SRP 
combined with Indocyanine Green-mediated laser 
photodynamic therapy) demonstrated the greatest 
improvements among all groups. Marked reductions were 
observed in gingival bleeding, probing depth, and plaque 
accumulation, together with substantial clinical attachment 
gain, indicating enhanced periodontal healing following 
adjunctive laser-assisted a-PDT. Group C (SRP combined with 
Erythrosine-mediated LED photodynamic therapy) also 
exhibited significant improvements in all periodontal 
parameters. Although the reductions were greater than those 
achieved with SRP alone, they were generally less pronounced 
than those observed in the laser-assisted ICG group. Baseline 
comparison revealed no statistically significant differences 
among the treatment groups for PI, mSBI, PPD, or CAL (p > 
0.05), indicating that all groups were clinically comparable 
before treatment. At the 15-day evaluation, both adjunctive 
therapy groups demonstrated faster resolution of gingival 
inflammation than the SRP-alone group. Reduction in bleeding 
scores was more evident in Groups B and C, suggesting an early 
antimicrobial effect of photodynamic therapy. By the end of the 
3-month follow-up, clear differences were observed between the 
treatment modalities. Group B exhibited significantly lower 
plaque accumulation, gingival bleeding scores, probing pocket 
depth, and greater clinical attachment gain compared with 
Group A. These findings demonstrate that adjunctive 
Indocyanine Green-mediated laser photodynamic therapy 
significantly enhanced the effectiveness of conventional SRP. 
Similarly, Group C showed significantly better periodontal 
outcomes than Group A, with lower plaque scores, reduced 
gingival bleeding, shallower periodontal pockets, and improved 
attachment levels. However, the magnitude of improvement 
was comparatively smaller than that observed in Group B. 
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Direct comparison between Groups B and C demonstrated that 
plaque control was comparable between the two adjunctive 
therapies, with no statistically significant difference in Plaque 
Index at 3 months (p > 0.05). Modified Sulcular Bleeding Index 
was also numerically lower in Group B, although the intergroup 
difference was not statistically significant. In contrast, probing 
pocket depth and clinical attachment level showed significantly 
greater improvement in Group B, indicating superior 
periodontal tissue healing with laser-assisted Indocyanine 

Green therapy. Overall, the clinical findings indicate that both 
antimicrobial photodynamic therapy protocols enhanced 
periodontal treatment outcomes beyond those achieved by SRP 
alone. Nevertheless, Indocyanine Green activated with diode 
laser consistently produced the greatest reduction in 
periodontal inflammation and pocket depth together with the 
highest clinical attachment gain during the 3-month follow-up 
period (Table 1-3). 

 
Table 1: Intergroup comparison of clinical parameters between Group A (SRP) and Group B (SRP + Indocyanine Green with Laser) 

Clinical Parameter Time Interval Group A (Mean ± SD) Group B (Mean ± SD) p value 

Plaque Index Baseline 1.60 ± 0.50 1.60 ± 0.50 >0.05 (NS) 
 3 Months 1.13 ± 0.74 0.53 ± 0.51 <0.05* 
mSBI Baseline 1.73 ± 0.45 1.80 ± 0.41 >0.05 (NS) 
 3 Months 1.60 ± 0.50 0.27 ± 0.45 <0.05* 
PPD (mm) Baseline 5.47 ± 0.64 5.27 ± 0.45 >0.05 (NS) 
 3 Months 4.80 ± 0.77 3.40 ± 0.63 <0.001** 
CAL (mm) Baseline 11.27 ± 1.53 10.27 ± 1.28 >0.05 (NS) 
 3 Months 9.60 ± 0.91 8.60 ± 1.05 <0.05* 

 
Table 2: Intergroup comparison of clinical parameters between Group A (SRP) and Group C (SRP + Erythrosine with LED) 

Clinical Parameter Time Interval Group A (Mean ± SD) Group C (Mean ± SD) p value 

Plaque Index Baseline 1.60 ± 0.50 1.67 ± 0.48 >0.05 (NS) 
 3 Months 1.13 ± 0.74 0.73 ± 0.59 <0.05* 
mSBI Baseline 1.73 ± 0.45 1.80 ± 0.41 >0.05 (NS) 
 3 Months 1.60 ± 0.50 1.07 ± 0.59 <0.05* 
PPD (mm) Baseline 5.47 ± 0.64 5.40 ± 0.63 >0.05 (NS) 
 3 Months 4.80 ± 0.77 4.33 ± 0.72 <0.05* 
CAL (mm) Baseline 11.27 ± 1.53 10.67 ± 1.11 >0.05 (NS) 
 3 Months 9.60 ± 0.91 9.93 ± 0.79 <0.05* 

 
Table 3: Intergroup comparison of clinical parameters between Group B (Indocyanine Green + Laser) and Group C (Erythrosine + LED) 

Clinical Parameter Time Interval Group B (Mean ± SD) Group C (Mean ± SD) p value 

Plaque Index Baseline 1.60 ± 0.50 1.67 ± 0.48 >0.05 (NS) 
 3 Months 0.53 ± 0.51 0.73 ± 0.59 >0.05 (NS) 
mSBI Baseline 1.80 ± 0.41 1.80 ± 0.41 >0.05 (NS) 
 3 Months 0.27 ± 0.45 1.07 ± 0.59 >0.05 (NS) 
PPD (mm) Baseline 5.27 ± 0.45 5.40 ± 0.63 >0.05 (NS) 
 3 Months 3.40 ± 0.63 4.33 ± 0.72 <0.01** 
CAL (mm) Baseline 10.27 ± 1.28 10.67 ± 1.11 >0.05 (NS) 
 3 Months 8.60 ± 1.05 9.93 ± 0.79 <0.001** 

 
Discussion: 

Periodontal disease is one of the most prevalent oral diseases 
worldwide and remains a leading cause of tooth loss among 
adults [1]. The pathogenesis of periodontitis is closely associated 
with the formation of complex microbial biofilms, which have 
been implicated in the majority of chronic infectious diseases. It 
has been estimated that nearly 80% of microbial infections are 
associated with biofilm formation, highlighting the importance 
of effective biofilm disruption during periodontal therapy [2]. In 
the present study, the clinical efficacy of two antimicrobial 
photodynamic therapy (a-PDT) protocols indocyanine green 
(ICG) activated by diode laser and erythrosine activated by LED 
was evaluated as adjuncts to conventional scaling and root 
planing in patients with chronic periodontitis. The findings 
demonstrated that both treatment modalities enhanced the 
clinical outcomes of non-surgical periodontal therapy, 
supporting the beneficial role of a-PDT in periodontal 
management. The increasing application of photodynamic 

therapy in dentistry reflects its potential as an effective and 
minimally invasive therapeutic approach for controlling oral 
biofilms and improving periodontal health [3]. Owing to its 
versatility, PDT can be successfully employed in tissues with 
compromised vascularity, such as infected wounds and burns, 
where conventional antimicrobial therapies may be less effective 
[4]. In periodontal therapy, diode laser-assisted ICG-mediated 
photodynamic therapy offers additional biostimulatory effects, 
including enhanced fibroblast proliferation, increased collagen 
synthesis and stimulation of angiogenesis, thereby facilitating 
periodontal tissue repair and regeneration [5]. Indocyanine 
green-mediated photodynamic therapy has also been shown to 
reduce the expression of local inflammatory mediators, 
including pro-inflammatory cytokines, resulting in decreased 
gingival inflammation and bleeding on probing [6]. Due to its 
preferential localization within bacterial cell membranes and 
inflamed periodontal tissues, ICG enables selective destruction 
of periodontal pathogens while minimizing collateral damage to 
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surrounding healthy tissues. Consequently, ICG- Antimicrobial 
photodynamic therapy using a photosensitizing dye can 
enhance the clinical and microbiological outcomes of 
conventional nonsurgical periodontal treatment compared with 
scaling and root planing alone. Indocyanine green-mediated 
photodynamic therapy has shown additional clinical and 
microbial benefits when combined with scaling and root 
planing, supporting its use as an adjunctive approach in 
periodontitis management [7, 8]. Although both 
photosensitizers demonstrated clinical benefits as adjuncts to 
scaling and root planing, the present study observed 
comparatively superior and more sustained clinical 
improvements with indocyanine green-mediated photodynamic 
therapy. These findings suggest that ICG-PDT may provide 
greater long-term therapeutic advantages over erythrosine-
mediated LED photodynamic therapy in the nonsurgical 
management of chronic periodontitis. The intragroup 
comparison demonstrated a highly significant reduction in 
plaque scores at both the 15th day and the 3-month follow-up 
compared with baseline across all study groups. However, the 
reduction observed between the 15th day and the 3-month 
evaluation was not statistically significant, suggesting that most 
plaque control was achieved during the early phase following 
therapy and subsequently maintained. On intergroup 
comparison, plaque scores at the 15th day did not differ 
significantly among Groups A, B and C. Nevertheless, after 3 
months, Group B (indocyanine green with diode laser) exhibited 
a significantly greater reduction in plaque scores than Group A. 
This enhanced clinical outcome may be attributed to the 
superior antimicrobial and photoactive properties of 
indocyanine green, which facilitate more effective disruption of 
periodontal biofilms and improved decontamination of 
periodontal pockets, thereby enhancing plaque control [2, 5]. 
Intragroup analysis of the modified sulcular bleeding index 
revealed a progressive reduction in bleeding scores throughout 
the study period in all three groups. Group B demonstrated a 
significant reduction from baseline to the 15th day, followed by 
further improvement at the 3-month evaluation, indicating the 
sustained anti-inflammatory effects of indocyanine green-
mediated antimicrobial photodynamic therapy. Likewise, Group 
C also exhibited a highly significant reduction in bleeding scores 
at both follow-up intervals compared with baseline. Intergroup 
comparison showed highly significant differences among the 
three groups at the 15-day assessment, while at the 3-month 
follow-up, Group B demonstrated significantly greater 
improvement than Group A. These findings suggest that 
adjunctive ICG-mediated photodynamic therapy effectively 
suppresses periodontal pathogens and inflammatory mediators, 
thereby promoting improved gingival health and reducing 
bleeding on probing [7]. Clinical attachment level (CAL) also 
demonstrated highly significant gains within each group at both 
follow-up intervals compared with baseline. The initial 
improvement may be attributed to the resolution of gingival 
inflammation and edema following scaling and root planing 
combined with antimicrobial photodynamic therapy, resulting 
in improved periodontal attachment. Intergroup analysis 

demonstrated highly significant differences among the three 
groups at the 15-day evaluation, with Group B showing the 
greatest gain in clinical attachment level. The sustained 
reduction in bacterial load and inflammatory mediators 
achieved with indocyanine green-mediated photodynamic 
therapy likely created a favorable environment for periodontal 
tissue repair, connective tissue maturation and reattachment, 
thereby contributing to greater clinical attachment gain over 
time [8, 9]. Overall, the findings of the present study are 
consistent with previous investigations demonstrating that 
antimicrobial photodynamic therapy is an effective adjunct to 
conventional scaling and root planing in the management of 
chronic periodontitis. Both indocyanine green-mediated diode 
laser photodynamic therapy and erythrosine-mediated LED 
photodynamic therapy significantly improved clinical 
periodontal parameters; however, indocyanine green combined 
with diode laser consistently produced superior reductions in 
plaque accumulation, gingival bleeding, probing pocket depth 
and greater gains in clinical attachment level. These findings 
support the growing evidence that indocyanine green-mediated 
photodynamic therapy provides enhanced antimicrobial efficacy 
and superior long-term clinical outcomes in non-surgical 
periodontal therapy [10, 11]. 
 
Conclusion: 

We show that indocyanine green dye activated with a diode 
laser is a valuable adjunctive therapeutic modality that 
enhances the clinical outcomes of scaling and root planing in 
the management of periodontitis. The combined 
antimicrobial, photoactive and host- modulatory effects 
make it a promising addition to contemporary periodontal 
therapy. 
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