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ABSTRACT

Purpose: This study was made to evaluate and compare the efficacy of photodynamic 
periodontal therapy and diode laser as an adjunctive approach to conventional 
periodontal therapy in management of chronic periodontitis. Subjects and methods: 
30 patients with chronic periodontitis and age range from 30-40 years old were 
divided randomly into three groups. Group I (control group) 10 patients received 
conventional periodontal therapy alone. Group II (laser group): patients received 
SRP + additional application of a 940-nm diode laser. Group III (photodynamic 
group): patients received SRP + antimicrobial photodynamic therapy by using low 
level 670 nm diode laser application in addition to application of 1% toluidine blue as 
photosensitizer. Results: there were a significant difference of PD, CAL, IL-1β, IL6, 
NO, NO2 between three groups with superior result found in photodynamic group, 
but there were no significant differences between three groups in the term of NO3. 
Conclusion: Diode laser and photodynamic therapies add a beneficial effect in clinical 
and biochemical parameters when used as adjunctive to scaling and root planning but 

there was no significant difference between them.

INTRODUCTION

Periodontitis is an inflammatory disease affecting the supporting 
tissues of the teeth. In the presence of risk factors, it is a multi-factorial 
and multi-etiological infectious disease process induced by periodontal 
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bacteria and the host immunological response (1). It 
is characterized by apical drifting of the junctional 
epithelium along the root surface, loss of attachment, 
deepening of pockets, and alveolar bone loss (2). 
This drifting is caused directly by microorganisms 
and indirectly by the immunological response of the 
host (3).

The disease’s pathogenicity was triggered by 
bacterial colonization, which changed the micro-
biota’s composition and total numbers, disrupting 
tissue homeostasis. The immune response is over-
activated in these circumstances, resulting in im-
mune cell infiltration and inflammatory mediator 
activation such as cytokines and prostaglandins that 
stimulate osteoclastic activity, and eventually lead 
to bone resorption (4).

Periodontal tissue degeneration can be reduced 
by removing pathogenic biofilms and suppressing 
inflammation. However, the ability to restore lost 
tissues is dependent on a multiple factors, including 
the extent of tissue defect, overall health, and age (5).

Periodontal therapy relies heavily on scaling 
and root planning (SRP). Its main objective is 
to remove both soft and hard microbial residues 
from the diseased root surfaces. It reduces clinical 
inflammation and pocket probing depth remarkably 
well (6). However, the efficacy of SRP can be 
restricted because it is incapable of completely 
eradicating all bacteria in cases with deep pocket, 
root concavities, grooves , furcation involvement, 
and invasion of root surface abnormalities (7).

In order to overcome this limitation other 
treatment modalities began to gain traction as 
supplementary to mechanical procedures (8). 
Pharmacological disinfectants and antibiotics as 
adjuncts to SRP may facilitate resolution of the 
inflammation (9). However, Because of the risk of 
bacterial resistance and the effect on the entire 
microbiota composition of the human organism 
that is deeply connected to systemic antibiotic 
administration, antibiotic use must be critically 
questioned, especially in terms of its potential added 
benefit and adverse side effects for the patient (10).

Due to the ability of laser application to remove 
inactivated pathogens and subgingival calculus, 
laser application as an adjuvant to SRP currently 
exhibits satisfactory bacteriostatic and decontami-
nation capacity, especially in areas where standard 
periodontal tools cannot reach. Furthermore, lasers 
offer specific benefits in hemostasis, greater visibil-
ity, improved healing, and the potential avoidance 
of surgical intervention (11).

Photodynamic therapy is one of the recent treat-
ment modalities for periodontitis. It is an oxygen-
dependent photochemical process that takes place 
when a photosensitizing molecule is activated by 
light, resulting in the generation of cytotoxic reac-
tive oxygen species, primarily singlet oxygen (12). 
PDT efficiency is determined by the correct col-
laboration of light, oxygen, and photosensitizers 
(PSs),which are responsible for the production of 
reactive oxygen species (ROS) and the ablation of 
the targeted cells (13). PSs are dyes consisting of mol-
ecules that can absorb light energy and using that 
to induce chemical reactions in cells and surround-
ing tissues. PS must be activated by a specific wave-
length of light in order to  triggering the mechanism 
required to detect and eliminate harmful tissue (14).

So this study aimed to evaluate and compare 
the efficacy of photodynamic periodontal therapy 
and diode laser as an adjunctive approach to 
conventional periodontal therapy in management of 
chronic periodontitis.

SUBJECTS AND METHODS

Thirty patients of both genders suffering peri-
odontitis were considered into this study. They were 
selected from those attending at the Out-patient 
clinics of department of Oral Medicine, Periodon-
tology, oral Diagnosis and Radiology, Faculty of 
Dental Medicine, Al-Azhar University for girls.

The patients were chosen based on clinical and 
radiographic examination according to the following 
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inclusion criteria: Patient aged range from 30-40 
years old, free from any systemic illness that have 
an effect on the periodontium and suffering from 
chronic periodontitis (Fig.1). Pregnant or lactating 
women, Smokers or chewing any form of tobacco 
and patients that may have allergy to toluidine blue 
photosensitizer agent used in this current study were 
excluded.

All subjects were instructed about the nature 
and benefits of their involvement in the study 
prior to the procedure. Satisfactory written consent 
will be obtained from all patient denoting their 
convenience about scheduled research program and 
experimental design. The research protocol was 
approved by the Research Ethics Committee. Code 
(REC-ME-22-09).

Figure (1) Showing chronic periodontitis with probing depth 6mm

Sample size:

Power calculation test was performed, setting an 
effect size = 0.80, α = 0.05, and a power at 80%.  

The sample size calculation showed a requirement 
for 8 subjects per group. Accordingly, at the present 
study, 10 subjects were recruited per group.

The 30 enrolled patients were randomly assigned 
to three groups (I, II, and III) on the basis of the 
periodontal treatment protocol as follow:  Group 
I (control group): 10 patients received SRP only. 
Group II (Diode laser group): 10 patients were treated 

with SRP with application of a 940-nm diode laser 
as an adjunctive to the periodontal therapy. Group 
III (Photodynamic group): 10 patients were treated 
with SRP with photodynamic treatment protocol, 
which consisted of low level 635 nm diode laser 
application in addition to application of (toluidine 
blue) as photosensitizer.  Each tooth was irradiated 
for 2 min (60 s buccally, 60 s palatally). The tip 
diameter was 1cm was inserted in the pocket and 
was operated with a sweeping movement, apically 
to coronally direction for 30 s. 

All patients of the three groups were treated with 
conventional therapy which includes Supragingi-
val, subgingival scaling and root planning using ul-
trasound scaler and curettes, chlorhexidine mouth 
wash for 1 week post periodontal therapy, Oral hy-
giene instructions. The instruction include brushing 
teeth with gentle oral brush 3 times daily and floss-
ing once a day.

Groups II and III received laser irradiation in 
three sessions: the first 48 hours after conventional 
periodontal therapy, the second on the 7th day of 
the first session, and the third on the 14th day of the 
first session.

Outcome measurements:

1- Clinical evaluation: 

The clinical results of the study will be evaluated 
pocket depth measurements (15), and clinical 
attachment level (15). The clinical measurements 
will be obtained at the baseline, 1month interval, 3 
months interval and 6 months interval.

2- Biochemical evaluation: 

Samples of gingival crevicular fluid collected 
from periodontal pockets at the site of periodontal 
treatment at the baseline (before the starting), 3days, 
1week and 1month intervals. Samples were pooled 
from the selected periodontal sites (in the deepest 
site). Cotton rolls were used to isolate the sampling 
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area, which was then cleaned supragingivally with 
sterile cotton pellets. Until resistance was sensed, 
a sterile absorbent paper point was pushed into 
the gingival sulcus or pocket. the paper point was 
maintained in place for 30s. The samples were 
immediately placed in Eppendorf tubes, transported 
to the laboratory, and stored at -80°C. The enzyme 
linked immunosorbent assay (ELIZA) was used 
to examine the collected samples for evaluation 
of nitrate (NO3), nitrite (NO2) and total nitric 
oxide (NO) contents and the following cytokines; 
interlukin 1β, and interlukin 6.

Statistical analysis:

Statistical analysis was performed by applying 
One-way ANOVA to compare between normal 
distributed data followed by Post Hoc test for 
multiple comparisons between different groups. 
Statistical analysis for ordinal data was performed 
by Kruskal-Wallis followed by Mann-Whitney Test 
for pairwise comparisons between groups. P-value 
≤ 0.05 was considered statistically significant 
(95% significance level), and P-value ≤ 0.001 was 
considered highly statistically significant (99% 
significance level). Shapiro Wilk test was used for 
testing the normality of data. Data were analyzed 
using the statistical software SPSS (version 23, 
IBM Co. USA). 

RESULTS

Clinical evaluation: 

In the term of probing depth (PD):   

Before therapy the mean was (6.36±0.56) in 
the control group, (6.21±0.49) in the laser group, 
and (6.64±0.75) in the photodynamic group with 
nonsignificant P-value = 0.423. 

After one month of therapy the mean was 
(5.71±0.64) in the control group, (4.21±0.76) in the 
laser group, and (4.57±0.84) in the photodynamic 

group with significant P-value = 0.006.

After three months of therapy the mean was 
(5.00±1.00) in the control group, (3.36±0.85) in the 
laser group, and (3.57±0.53) in the photodynamic 
group with significant P-value = 0.004.

After six months of therapy the mean of Max PD 
was (4.57±0.67) in the control group, (3.14±0.75) in 
the laser group, and (2.43±0.53) in the photodynamic 
group with highly significant P-value = 0.000.

In the term of clinical attachment loss:

Before therapy the mean was (4.5±0.71) in 
the control group, (4.71±0.99) in the laser group, 
and (5.14±0.85) in the photodynamic group with 
nonsignificant P-value = 0.382.

After one month of therapy the mean of CAL 
was (3.64±0.85) in the control group, (3.14±0.8) in 
the laser group, and (3.21±0.7) in the photodynamic 
group with nonsignificant P-value = 0.453.

After three months of therapy the mean of CAL 
was (3.29±0.91) in the control group, (2.29±0.91) in 
the laser group, and (2.29±0.76) in the photodynamic 
group with nonsignificant P-value = 0.067.

After six months of therapy the mean of CAL was 
(2.93±0.73) in the control group, (1.86±0.63) in the 
laser group, and (1.14±0.69) in the photodynamic 
group with highly significant P-value = 0.000.

So intra group comparison for all group showed, 
there were significant difference between baseline 
and three months and also between baseline and 
6 months with the highest mean of PD and CAL 
were achieved before the start of therapy (baseline), 
while the lowest was achieved after 6 months of 
therapy. While inter group comparison showed the 
laser group achieved the lowest mean of PD and 
CAL after one month of therapy but Photodynamic 
group showed the lowest mean after 6 months of 
therapy. (table 1).
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Table (1): Mean ±SD of Max PD and CAL (mm) for all groups at different time intervals.

Baseline 1 Month 3 Months 6 Months P-value*

M
ax

 P
D

Control 6.36±0.56Aa 5.71±0.64 Aab 5.00±1.00Abc 4.57±0.67Ac 0.001HS

Laser 6.21±0.49 Aa 4.21±0.76Bb 3.36±0.85Bbc 3.14±0.75Bc 0.000HS

Photodynamic 6.64±0.75 Aa 4.57±0.84Bb 3.57±0.53Bc 2.43±0.53Bd 0.000HS

P-value** 0.423NS 0.006S 0.004S 0.000HS

C
A

L

Control 4.5±0.71Aa 3.64±0.85Aab 3.29±0.91Ab 2.93±0.73Ab 0.008S

Laser 4.71±0.99Aa 3.14±0.8Ab 2.29±0.91Abc 1.86±0.63Bc 0.000HS

Photodynamic 5.14±0.85Aa 3.21±0.7Ab 2.29±0.76Abc 1.14±0.69Bc 0.000HS

P-value** 0.382NS 0.453NS 0.067NS 0.000HS

-HS =highly significant (P ≤ 0.001)   -S = significant (P ≤ 0.05)    -NS =Non significant (P ˃ 0.05)  

Table (2) Mean ±SD of Biochemistry variables for all groups at different time intervals.

Baseline 3 Days 1 Week 1 Month P*

In
te

rl
eu

ki
n 

 
1 

(n
g/

m
l)

C 246.39±56.38Aa 198.30±58.40Aab 171.89±47.41Aab 158.58±43.32Ab 0.021S

L 234.8±55.96Aa 162.4±56.76Aab 126.8±40.02 Ab 117.46±86.56ABb 0.007S

Ph 230.51±33.2Aa 169.33±37.57Ab 134.04±28.68Abc 90.24±34.59Bc 0.000HS

P** 0.828NS 0.406NS 0.099NS 0.034S

In
te

rl
eu

ki
n 

 
6 

(n
g/

m
l)

C 4.14±0.96Aa 3.24±0.89Aab 2.15±1.03Ab 2.11±0.95Ab 0.001HS

L 3.8±1.19Aa 2.43±0.75Ab 1.33±0.49Abc 1.27±0.36Bc 0.000HS

Ph 3.79±0.8Aa 2.62±0.77Aab 1.57±0.83Abc 0.84±0.98Bc 0.000HS

P** 0.761NS 0.176NS 0.179NS 0.028S

Biochemical evaluation: intra group comparison 
for all groups showed the highest of IL1, IL6, NO, 
NO2 and NO3 were achieved before the start of 
therapy (baseline), while the lowest mean of all 
was achieved after one month of therapy. In regard 
to IL1, IL6, NO and NO2 there were a significant 
difference between all time intervals, and the overall 
p value was statistically significant. But in regard 
to NO3 there was no significant difference between 
all time intervals, and the overall p value was not 
statistically significant (table 2). 

While intergroup comparison showed the laser 
group achieved the lowest IL1, IL6 and NO2 

after one day and one week but the photodynamic 
group achieved the lowest value after one month 
of therapy. There was no significant difference 
between the three groups at base line, 3 days and 
one week while there was a statistically significant 
difference between groups after one month. 

In regard to NO, NO3 intergroup comparison 
showed the photodynamic group achieved the 
lowest value at all time intervals. While there was 
a statistically significant difference of NO after one 
week and one month of therapy but there was no 
significant differences of NO3 between the three 
groups at all time interval (See table2).
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Baseline 3 Days 1 Week 1 Month P*

N
O

C 76.42±14.86Aa 69.38±16.35Aa 63±17.27Aa 67.21±19.07Aa 0.307NS

L 76.92±12.72Aa 55.57±7.74Ab 46.4±9.65Abb 50.51±9.65Ab 0.000HS

Ph 78.94±12.3Aa 55.22±13.62Ab 37.28±8.41Bc 41.2±13.53Abc 0.000HS

P** 0.933NS 0.096NS 0.004S 0.021S

N
O

2

C 3.08±0.52Aa 2.32±0.67Aab 1.81±0.66Aa 1.79±0.77Ab 0.004S

L 3.03±0.5Aa 1.75±0.28Ab 1.31±0.39Aac 0.86±0.5Bc 0.000HS

Ph 3.04±0.3Aa 2.11±0.48Ab 1.29±0.55Ac 0.76±0.66Bc 0.000HS

P** 0.971NS 0.134NS 0.164NS 0.015S

N
O

3

C 7.36±1.69Aa 6.75±1.38Aa 6.28±1.38Aa 6.11±1.16Aa 0.371NS

L 8.46±2.27Aa 7.47±2.04Aa 6.68±2.14Aa 6.23±2.31Aa 0.266NS

Ph 8.32±2.51Aa 6.74±2.79Aa 5.79±3.12Aa 5.44±3.37Aa 0.291NS

P** 0.596NS 0.768NS 0.776NS 0.814NS

-HS =highly significant (P ≤ 0.001)   -S = significant (P ≤ 0.05)    -NS =Non significant (P ˃ 0.05) 

DISCUSSION

Following SRP, excellent dental hygiene can 
significantly minimize microbial diversity in 
pockets less than 5mm depth. As a result, periodontal 
pockets more than 5mm in depth were chosen to test 
the efficacy of various treatment options (16).

According to the findings of this research, there 
was no substantial difference in terms of clinical 
parameters. (PI, GI, PD, CAL) at the base line 
examination. a finding that ensured comparable 
treatment outcomes at the follow up. 

Regarding to PD, there were a significant 
improvement in PD with laser and photodynamic 
groups than control group after one, three and six 
months of therapy. But there was no substantial 
difference between laser and photodynamic group 
with only a propensity for higher reduction of PD in 
photodynamic group after 6month of therapy.

Regarding to CAL, there were no significant 
difference between the three groups after one, 
three months of therapy. While there was marked 
improvement in laser and photodynamic groups 

than control group after 6month of therapy with 
no substantial difference between laser group and 
photodynamic group.

This finding is supported by a study evaluating 
the effect of PDT with 660 nm diode laser and 
methylene blue as an alternative to scaling and root 
planning (SRP) on clinical periodontal indices and 
observed that PDT improved PD considerably when 
compared to SRP alone (17).

A study made for a group of patients with chronic 
periodontal disease, evaluated the efficiency of 
adjunctive photodynamic low-level laser therapy 
(670 nm) with methylene blue as a photosensitizer 
and a diode laser (940 nm) with traditional non-
surgical mechanical treatment. In terms of probing 
depth, CAL, and bleeding on probing 6 months after 
treatment, the results of this study demonstrated no 
additional clinical benefit when employing diode 
or photodynamic laser therapy in conjunction with 
standard SRP compared to mechanical therapy alone 
which contradict with the finding of this study (18).

In the term of biochemical evaluation, the 
results of current study showed that no substantial 
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difference between groups in (IL-1β, IL6, NO, NO2 
and NO3) at the base line. 

Regarding to IL-1β and IL6, there were no 
significant differences between the three groups at 
3 days and one week. While there was a significant 
improvement in laser and photodynamic groups 
than control group after 1month of therapy with 
no significant difference between laser group and 
photodynamic group.

These findings are supported by another study 
made to assess the efficacy of PDT as an adjuvant 
to NSPT and its effects on GCF levels of IL-6, IL-
8, and IL-10 in chronic periodontitis. At 3 months, 
the PDT group exhibited lower levels of pro-
inflammatory cytokines (IL-6 and IL-8) than the 
control group (19).

Regarding nitric oxide (NO), there were no sig-
nificant differences between the three groups at 
3days and one month while there was a significant 
difference between groups after one week. These re-
sults probably occurred due to NO is un stable bio-
marker so it is gradually return to its level by time.

Regarding to nitrite (NO2), there were no 
significant differences between the three groups at 
3days, and one week while there was a significant 
improvement in laser and photodynamic groups 
than control group after 1month of therapy with 
no significant difference between laser group and 
photodynamic group.

Regarding nitrate (NO3), there was no significant 
differences between all time intervals, and the 
overall p value was not statistically significant.

The findings of this study are similar to those 
of other researcher, who focused on nitric oxide, 
nitrite, and nitrate levels in chronic periodontitis 
patients treated with IPT and probiotic dietary 
supplements and found that both groups resulted in 
a decrease in NO and NO2. In contrast to the control 
group, adding probiotic-rich dietary supplements to 
IPT resulted in a significant reduction in NO and 
NO2 levels for up to 6 months of follow-up. NO3 
levels did not alter much (20).

CONCLUSION

Diode laser and photodynamic therapies add 
a beneficial effect in clinical and biochemical 
parameters when used as adjunctive to scaling and 
root planning but there was no significant difference 
between them.
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