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A b s t r ac t
Aim: To evaluate and compare the efficacy of surgical periodontal therapy (SurgPT) in conjunction with photodynamic-assisted surgery (PTAS)
with SurgPT alone.
Materials and methods: A total of 13 participants with stages II and III, with grades B and C periodontitis and contralateral probing pocket
depths (PPD) ≥5 mm on at least two adjacent teeth, were randomly assigned to PTAS and SurgPT groups. Plaque index (PI), gingival index
(GI), PPD, and clinical attachment level (CAL) were measured at baseline, 3, and 6 months. Red complex bacteria levels were measured using
polymerase chain reaction (PCR) at baseline and 3 months.
Results: All clinical parameters were reduced significantly in both groups. Intergroup comparison revealed that the PTAS group had a considerably
higher PI and GI decrease. However, the difference in reduction of PPD and CAL was not significant at given time intervals. At 3 months, PCR
evaluation showed a decrease in levels of red complex bacteria with no intergroup differences.
Conclusion: Both the PTAS and SurgPT showed definitive improvement in all parameters. PTAS using indocyanine green (ICG) yielded a resolution
of PI and GI, which can be attributed to the antimicrobial photodynamic therapy (PDT).
Clinical significance: PTAS may be a safe alternative for systemic antibiotics in combination with SurgPT for the management of chronic
periodontitis.
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Introduction

1–6

Periodontitis is an infectious condition that causes inflammation
in the tooth-supporting tissues, resulting in periodontal pocket
formation, attachment loss, and bone loss.1 The local host
inflammatory response is primarily triggered by a shift in the
microbial flora from gram-positive aerobes to gram-negative
anaerobes in the subgingival environment, which releases several
lysosomal enzymes, resulting in severe tissue damage. 2 The
rationale behind periodontal therapy is the elimination of these
microorganisms, which are considered could play a role in the
onset and development of periodontal disease. 3 In multiple
clinical studies, nonsurgical periodontal treatment is considered
to be the gold standard. However, it may not entirely eradicate
subgingival bacteria in deeper pockets, concavities of the root
surface, and furcation regions where accessibility is limited, leading
to persistent periodontal pocketing. Although antimicrobial
therapy combined with scaling and root planing may be effective
in suppressing certain bacteria, systemic antimicrobial drugs have
a number of potential side effects as well as an increased risk of
antibiotic resistance.4
Photodynamic therapy or phototherapy is a recent
advance in nonsurgical periodontal therapy (NSPT) in which
the photosensitizing agents, light, and oxygen are the three
components of the PDT that allow it to work. These photosensitizers
are light-activated components that convert oxygen to nascent
oxygen, resulting in the production of harmful reactive oxygen

species, primarily singlet oxygen.5 ICG exhibits strong absorption in
the spectrum, with an absorption peak at 810 nm, which is close to
the emission wavelength of diode lasers. The presence of ICG along
with diode laser greatly enhances bacterial killing at low power.6 The
ICG is effective against the bacteria when activated at a wavelength
of 810 nm by a diode laser and also is less toxic, with fast elimination
and is considered to be a good photosensitizer.7 PDT may be a
beneficial complement to mechanical and antibiotic treatment
in the elimination of periodontopathogenic microorganisms.
Though the clinical application of light-based therapies has long
been acknowledged, the use of PDT has only lately been shown.8
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Photodynamics in Surgical Periodontal Therapy
Most of the clinical studies in periodontics evaluated the efficacy
of PDT as an adjuvant to nonsurgical periodontal treatment
in shallow pockets. However, management of deeper pockets
always remains a challenge due to the incomplete reduction of
pockets after SurgPT. Therefore, the aim of the current study is to
assess the usefulness of PDT as an adjunct to SurgPT in moderate
to severe periodontitis, that is, periodontitis stages II and III with
grades B and C.

M at e r ia l s

and

Methods

Study Design, Ethical Aspects
This was a randomized single-blinded split-mouth clinical study
conducted between January 2019 and March 2020. Before the
commencement of the study, it was approved by the Institutional
Ethical Committee (VDC/IEC/2018/17) and registered under the
Clinical Trials Registry of India (CTRI/2019/08/020775). All the eligible
participants signed informed consent. Fifteen participants with
moderate to severe periodontitis, that is, periodontitis stages II,
III, and grades B and C were included after obtaining informed
consent.9 G*Power 3.1 software was used to compute the sample
size. It was determined that 12 samples per group were required
at a level of significance of 95%, a research power of 80%, and an
estimated effect size of 0.70. However, with a 20% dropout rate, a
total of 15 samples per group were considered.

Selection Criteria
Participants with interproximal attachment loss involving at least
two adjacent teeth in a quadrant with probing depth (PD) ≥5 mm,
contralateral maxillary and mandibular posterior teeth with
persistent PPD ≥5 mm, and CAL ≥3 mm were included. Participants
who underwent subgingival periodontal therapy or antibiotic
therapy in the previous 6 months, with uncontrolled systemic
diseases, smokers, and pregnant women were excluded.

Randomization and Blinding
The study followed simple randomization using the coin toss
method. All the baseline and postoperative assessment of the

clinical parameters was done by a single investigator who is
blinded to the study design. Intraexaminer calibration was done
before the start of the study in five periodontitis patients at three
different time intervals in participants not included in the current
study. Intraexaminer correlation obtained was 0.80. All the surgical
procedures were performed by a single examiner.

Study Groups
A total of 15 participants fulfilling the selection criteria with a
PPD ≥5 mm on contralateral sides were randomly assigned by
coin toss method to PTAS and SurgPT groups. However, only
13 participants were evaluated at the end of the study due to
dropouts. Consolidated Standards of Reporting Trials (CONSORT)
guidelines were followed (Flowchart 1).
•
•

Photodynamic-assisted surgery group: received SurgPT with
ICG-assisted PDT.
Surgical periodontal therapy group: received SurgPT alone.

All the participants underwent supragingival scaling and oral
hygiene instructions before the start of the study. For clinical
and microbiological tests, one molar tooth per quadrant with
proximal sites displaying PPD ≥5 mm and CAL ≥3 mm was chosen.
PI, GI, PPD, and CAL were measured at baseline, 3, and 6 months
following surgical periodontal treatment.10,11 Plaque samples
were collected at baseline and 3 months intervals using a sterile
curette for multiplex PCR for quantitative analysis of red complex
bacteria viz. Porphyromonas gingivalis, Tannerella forsythia, and
Treponema denticola. All clinical parameters were measured to
the closest millimeter by a single calibrated examiner using a UNC
15 probe (Fig. 1A).

Surgical Protocol
A single clinician performed all the surgical procedures. Under
aseptic circumstances, all procedures were conducted under
local anesthetic with 2% lignocaine with adrenaline at a dosage
of 1:200,000. Plaque samples were obtained and preserved in
ethylenediaminetetraacetic acid (EDTA) solution from both the
PTAS and SurgPT sites.

Flowchart 1: CONSORT flowchart
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Figs 1A to F: (A) Preoperative view showing PPD of 7 mm irt 23; (B) Flap elevation and debridement; (C) ICG dye application; (D) Activation of dye
with 810 nm diode laser; (E) Simple interrupted suturing; (F) Reduction of PPD to 2 mm at 6 months

PTAS Group
A full-thickness mucoperiosteal flap was reflected, and mechanical
debridement was done (Fig. 1B). After complete mechanical
debridement, ICG solution was applied to the PTAS site (Fig. 1C)
and activated with 810 nm diode laser (Fig. 1D) with continuous
wave frequency and power of 0.3 W with 400 µm fiber tip for
20 seconds and irrigated, suturing was accomplished, and the
surgical area was covered and protected using noneugenol
periodontal dressing (Fig. 1E).

SurgPT Group
A full-thickness mucoperiosteal flap was reflected, and mechanical
debridement was done. Osseous reshaping or corrections wherever
required was done. Suturing was accomplished using resorbable
polyglactin sutures and noneugenol periodontal dressing placed
to cover the surgical site.

Postoperative Care and Evaluation
Routine postoperative instructions were given. For 3 days, all
participants were prescribed postoperative analgesics. For 1 week,
patients were directed not to brush their teeth at the surgery
site and to rinse their mouths with 0.2% chlorhexidine gluconate
mouthwash twice daily. The periodontal dressing and sutures were
removed at the 1-week postoperative check-up.
S68

At 3 and 6 months postoperatively, all the clinical parameters
were evaluated. The red complex microorganisms, that is, P.
gingivalis, T. forsythia, and T. denticola were evaluated at 3 months
postoperatively using multiplex PCR.

Microbiological Analysis
DNA Extraction Procedure (Modified Proteinase-K Method)
The plaque sample was transferred to the tube containing tris-EDTA
(TE) buffer and centrifuged at 5000 rpm for 5 minutes. The
supernatant obtained was discarded, and 500 µL fresh TE buffer was
added and centrifuged for 3–4 minutes and repeated 3–4 times.
Subsequently, buffer I, lysis buffer II, and 10 µL proteinase-K
(10 mg/mL) were added and mixed vigorously. The solution was
kept in a water bath at 60°C for 2 hours and in a boiling water bath
for 10 minutes. The supernatant containing DNA was transferred
to a fresh tube and stored at −20°C.

PCR Procedure
Multiplex PCR kits with species-specific primers for the identification
of P. gingivalis, T. forsythia, and T. denticola with high specificity
for subgingival plaque samples were utilized for the study.
Biotin-labeled primers were used to amplify the extracted DNA
in the 16S rRNA region. The amplified DNA fragments were then
employed in the inverse hybridization test, which begins by
denaturing the amplified DNA. Following that, the hybridization
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buffer was applied to the strip, which was coaptated with two
control lines and three particular probes for periodontal pathogens.

Detection of Amplified Products (Agarose Gel Electrophoresis)
Amplified products were subjected to electrophoresis through 2%
agarose gel containing 1× tris acetate EDTA buffer, and 20 µL of
each amplified product was loaded into each well. Electrophoresis
was performed at 25 V for 2 hours. The gel was visualized under
ultraviolet light illuminator after staining with ethidium bromide
(0.5 µg/mL). The gel image was captured and analyzed using gel
documentation system (Major Science, USA).

Statistical Analysis
The data were analyzed using Statistical Package for the Social
Sciences 21.0 (SPSS, IBM, Armonk, NY) software. The results were
statistically analyzed using the independent t-test for intergroup
comparison and the paired t-test for intragroup comparison. For
all analyses, a p-value of <0.05 was deemed statistically significant.

R e s u lts

(p < 0.001) in both the groups from baseline (6.20 ± 0.52 and
6.14 ± 0.62) to 6 months (2.63 ± 0.50 and 2.51 ± 0.25) in the SurgPT
and PTAS groups, respectively. Intergroup comparison showed no
significant difference in PPD at 3 and 6 months with p = 0.516 and
0.790, respectively (Table 2). Similarly, no intergroup differences
were observed in the CAL values with p = 0.82 and 0.40 at 3 and
6 months, respectively.

Bacterial Count
The mean bacterial count of P. gingivalis, T. denticola (Fig. 2), and
T. forsythia (Fig. 3) was analyzed in both the groups at baseline
and 3 months. There was a reduction in the P. gingivalis bacterial
count from baseline (8.747 × 105) to 6 months (0.09395 × 105) in
the SurgPT group. A similar reduction was seen in T. denticola
and T. forsythia count in SurgPT group from baseline (4.35796 ×
105 and 0.62894 × 105) to 6 months (0.04507 × 105 and 0.06013 ×
105). Also, in the PTAS group, comparable reductions were seen
in all three microbial counts from baseline to 6 months. However,
intergroup comparisons showed no difference between the groups
(Table 3, Fig. 4).

Demographic Variables
The participants’ ages varied from 35 to 50 years, with a mean
of 42.5 years. The study group included seven males and
eight females, accounting for 46 and 54% of total participants,
respectively.

Clinical Parameters
On baseline examination, no clinical parameters showed a
significant difference between the PTAS and SurgPT groups except
PI and GI, where a statistically significant difference was observed
at baseline in PI (0.033) and at baseline (0.015) and 3 months (0.022)
in GI. All the clinical parameters showed a significant improvement
from baseline to 3 months and baseline to 6 months in both groups
(Table 1, Fig. 1F).
Furthermore, there is a considerable improvement in PPD in
both the groups from baseline (5.82 ± 0.56 and 5.86 ± 0.5 mm) to
6 months (2.36 ± 0.20 and 2.34 ± 0.23) in the SurgPT group and
PTAS group with a highly significant statistical difference (p < 0.001).
Similarly, the CAL levels also showed significant improvements

Fig. 2: PCR of P. gingivalis and T. denticola in plaque samples

Table 1: Intergroup comparison of PI and GI scores between the PTAS group and SurgPT group at baseline, 3, and 6 months
Variable

Comparison

Mean

Minimum

Maximum

t-value

p-value

PI (SurgPT vs PTAS)

Baseline
3 months
6 months
Baseline
3 months

–0.46077
–0.01231
–0.01462
–0.28692
0.10385

–0.87698
–0.11225
–0.08711
–0.50695
–0.18996

–0.04456
0.08763
0.05788
–0.06690
–0.01773

–2.412
–0.268
–0.439
–2.841
–2.627

0.033*
0.793
0.668
0.015*
0.022*

6 months

0.04615

–0.11341

0.20572

0.630

0.540

GI (SurgPT vs PTAS)

*Statistically significant (p ≤ 0.05)

Table 2: Intergroup comparison of PPD and CAL scores between the PTAS group and SurgPT group at different time intervals
Variable

Comparison

PPD (SurgPT vs PTAS)

CAL (SurgPT vs PTAS)

Mean

Minimum

Maximum

t-value

p-value

Baseline
3 months
6 months
Baseline
3 months

−0.0393
0.39615
0.02385
0.05615
−0.50154

−0.55407
−0.89405
−0.16656
−0.54615
−1.46698

0.47561
1.68636
0.21425
0.65845
0.46390

−0.166
0.669
0.273
0.203
−1.132

0.871
0.516
0.790
0.842
0.280

6 months

0.12077

−0.18092

0.42246

0.872

0.400

World Journal of Dentistry, Volume 13 Special Issue 1 (September 2022)

S69

Photodynamics in Surgical Periodontal Therapy
Table 3: Intergroup comparison of microbiological profile between the PTAS group and SurgPT group at baseline and 3 months
Paired differences
95% confidence interval of the difference
Variable

Comparison

Mean difference

Max

Min

t

p-value

P. gingivalis

Baseline
3 months
Baseline
3 months
Baseline

0.00005 × 105
0.093 × 105
0.54813 × 105
0.05906 × 105
0.09182 × 105

–0.00007 × 105
–0.05332 × 105
–0.18280 × 105
–0.04494 × 105
–0.00001 × 105

0.00001 × 105
0.23934 × 105
0.00001 × 105
0.16306 × 105
0.00001 × 105

0.896
1.373
1.620
1.227
0.019

0.387
0.193
0.129
0.242
0.985

3 months

0.03267 × 105

–0.04720 × 105

0.11255 × 105

0.884

0.393

T. forsythia
T. denticola

Fig. 3: PCR of T. forsythia in plaque samples

Discussion
The benefits of PDT on the nonsurgical treatment of chronic
periodontitis have been extensively studied; however, there is
little data on the efficiency of PDT in the surgical management of
periodontitis. The effectiveness of PDT in reducing periodontal
microorganisms may be critical in adopting new procedures for
periodontitis surgical therapy. Thus, the goal of this study was to
look into the potential function of PDT as an adjunct to SurgPT in
the treatment of moderate to severe periodontitis.
The current study evaluated the response of PDT as an adjunct to
SurgPT in stage II and stage III with grades B and C periodontitis with
moderate to severe attachment loss and favorable prognosis. The
clinical parameters were assessed at 3 and 6 months postoperatively
because 3 months is an appropriate interval for primary evaluation
following healing after SurgPT. The findings of this study indicate
that both treatment methods may result in clinically substantial
improvements in all clinical parameters studied at 3 and 6 months
after therapy. There was no statistically significant difference in
CAL and PD changes between the two groups. The SurgPT group’s
good clinical outcomes are consistent with previously reported
data on the clinical effectiveness of SurgPT in the treatment of
chronic periodontitis, where SurgPT was shown to be beneficial in
reducing PD and enhancing CAL.7 However, Heitz-Mayfield et al., in
a systematic review, compared NSPT to SurgPT, and revealed that
SurgPT resulted in a considerable reduction in PD from baseline
to 6 months than NSPT.12 At 3 months, the PTAS group showed a
greater reduction in GI scores compared to the SurgPT group. These
results were in accordance with a randomized clinical trial where
PDT in adjunct to SurgPT in chronic periodontitis patients showed
a reduction in GI scores from baseline to 3 months. Bundidpun et al.
reported a similar greater reduction in GI scores in PDT-assisted
NSPT as compared to NSPT alone.13 These positive results may be
attributed to the reduction of proinflammatory cytokines and, thus,
a considerable reduction of gingival crevicular fluid volume, causing
S70

Fig. 4: Intergroup comparison of the study groups with respect to
bacterial counts at baseline and 3 months

a reduced tendency of bleeding. No changes in PI scores were
observed between the two groups during re-evaluation, suggesting
that the reduction in GI scores and bleeding tendency may be
attributed to the potential benefit of PDT in reducing gingival
inflammation. Another systematic review suggested the potential
benefits of PDT, such as an additional effect at difficult-to-access
sites influencing the biofilm in residual deep pockets, lowering
the risk of bacteremia occurring after periodontal treatment,
or as a substitute for reducing the risk of a rise in antibiotic
resistance.14 However, in a recent controlled clinical trial of patients
with aggressive periodontitis, SurgPT alone was compared to PDT
plus SurgPT. There were no statistically significant changes in any of
the clinical measures studied 3 months after therapy, showing that
the two therapies had comparable results in the surgical treatment
of aggressive periodontitis.15 In the current research, the microbial
counts of periodontal pathogens showed no differences between
the two groups at baseline and 3 months. Contradictorily in a study
where 20 patients were treated with PDT + SurgPT in the PTAS
group and SurgPT alone in the SurgPT group, microbial counts
of 40 subgingival microbes were assessed using checkerboard
DNA-DNA hybridization at baseline, 60, and 150 days and stated the
PDT as an adjunct to SurgPT could significantly improve the clinical
findings and also reduce the periodontal microbes significantly.16
The improvement in clinical parameters in the PTAS group
was attributed to the role of ICG-associated PDT in reducing GI
when compared to the SurgPT group due to the reduction in
inflammatory mediators, thus causing decreased inflammation and
bleeding on probing. In addition, Woodruff et al. showed that the
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favorable effect of PDT and laser treatment on soft tissue healing
would allow an increase in collagen fiber production in the region
where phototherapy was administered.17 Additionally, in PDT,
photo destruction is mainly caused by damage to the cytoplasmic
membrane and DNA. The major advantage of PDT over antibiotics
is that the polysaccharides present in the bacterial biofilm are
susceptible to photodamage. The effects of employing ICG are
assumed to be mostly photothermal and photochemical in nature.
ICG has been shown to improve the photothermal effects of high
penetration 810 nm diode lasers, hence amplifying the advantages
of lasers. Furthermore, resistance to the cytotoxic effect of singlet
oxygen or free radicals does not appear to be likely.18 In the current
investigation, no adverse effects were observed, and all the sites
healed uneventfully. These properties strengthen the discussion
that PDT with ICG could probably contribute to achieving better
periodontal health without any allergic reactions. Hence, these may
prove to be a safe alternative for systemic antibiotics in combination
with SurgPT for the management of chronic periodontitis. Though
there is no significant reduction in the clinical parameters and
microbial count, the greater mean reduction in microbial counts
in the PDT group implies a beneficial effect that, upon multiple
applications at different time intervals, might improve the treatment
outcome. Further multicentric studies with larger sample sizes
evaluating the outcomes of a repeated and single application of PDT
may prove the beneficial effects of PDT over SurgPT. The results of
the current study, that is, greater reduction of gingival inflammation
with a similar reduction of PI scores imply the potential use of PDT in
subjects with reduced host response in conditions such as aggressive
periodontitis and periodontitis associated with systemic diseases.

Limitations
The sample size was modest, and only red complex bacteria were
evaluated microbiologically. Long-term multicenter trials with a
larger sample size and a longer research duration are necessary to
firmly show the favorable effect of PDT.

C o n c lu s i o n
A single application of PDT as an adjunct to SurgPT did not show
any significant improvement in clinical parameters. However, PDT
showed a significant reduction in GI scores.

Clinical Significance
Photodynamic-assisted surgery may be a potential alternative to
SurgPT in terms of early reduction of inflammation and maintenance
of patient’s quality of life.
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