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Abstract
Background Periodontitis is a microbially induced disease destroying structures anchoring teeth to jaw bones. 
Although metronidazole in combination with spiramycin is the effective conventional treatment of stage III grade 
C periodontitis, it has several systemic side effects. Laser therapy is widely used nowadays as an adjunct to scaling 
and root planing (SRP) to modulate inflammatory host response and eradicate microbes, due to bactericidal and 
detoxifying effects. Since microbiological analysis is one of the diagnostic methods identifying periodontal risk; our 
research aimed to investigate the efficacy of intra-pocket application of diode laser (980 nm) versus antibiotic therapy 
in enhancing clinical and microbiological parameters in stage III grade C periodontitis.

Methods A randomized controlled clinical trial was conducted on fifty patients with stage III grade C periodontitis, 
divided equally into two groups. We managed test group by SRP with intra-pocket application of diode laser (980 nm) 
and the control group by SRP with systemic antibiotic administration (spiramycin and metronidazole). Then, we 
measured periodontal pocket depth (PPD) and clinical attachment loss (CAL) for both groups, before treatment 
(baseline), four and twelve weeks after. Moreover, we collected gingival crevicular fluid from both groups at baseline, 
four and twelve weeks after treatment and analyzed by real-time polymerase chain reaction to detect the relative 
count of Aggregatibacter actinomycetemcomitans and Porhyromonas gingivalis.

Results Compared to baseline, all assessed clinical and microbiological parameters attested improvement at the 
end of the study period in each group individually with no significant difference between the two studied groups. 
Although, at twelve weeks, flare up of bacterial levels was detected with systemic antibiotic administration.

Conclusion Laser therapy can be considered as an effective treatment modality in stage III grade C periodontitis, 
avoiding the systemic antibiotic side effects and solving the recurrence problems due to bacterial resistance by long 
term usage.

Trial registration NCT05222737 retrospectively on 03/02/2022, Clinicaltrial.gov.
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Background
Periodontitis is a microbially induced inflammation 
of the supporting tissue surrounding teeth that causes 
irreversible destruction in case causative agents are not 
removed [1].

The disease’s pathophysiology characterized by key 
molecular pathways that lead to activation of host-
derived proteinases, which propagate marginal peri-
odontal ligament fibers’ loss and apical migration of 
the junctional epithelium, allowing bacterial biofilm to 
spread apically along the root surface [2].

Following the new periodontal disease classification 
(the world workshop 2017), stage III and IV grade C peri-
odontitis is characterized by rapid periodontal attach-
ment loss of 5 mm and bone loss extending to the middle 
third of the root and beyond, with a rapid rate of progres-
sion (radiographic bone loss of 2 mm over 5 years) [3].

Severe periodontitis (grade C) formerly called aggres-
sive periodontitis is caused by an imbalance of a variety 
of microorganisms, host response, and modifying factors 
[4]. The microbial biofilm is an important protagonist in 
the etiology and progression of periodontitis [4]. Given 
the importance of biofilm, periodontal therapy should 
aim to prevent inflammatory responses by reducing and 
eliminating these microbial active factors [5]. Stage III 
grade C periodontitis is primarily caused by the bacteria 
Aggregatibacter actinomycetemcomitans (Aa), whereas 
stage IV grade C periodontitis is caused by Porphyromo-
nas gingivalis (Pg), Tannerella forsythia, and Aa, Gram-
negative coccobacillus, capnophile, and microaerophilic 
bacteria [4].

Appropriate diagnosis can identify the severity, activity 
and progression of periodontitis, which is important for 
reaching the best treatment plan. Nowadays, the novel 
methods of diagnosis can identify periodontal risk and 
predict its progression and thus allow earlier detection of 
the disease. Those methods include microbiological anal-
ysis and biomarkers in oral fluid [6]. Real-time PCR has 
been demonstrated to be a sensitive and rapid method for 
detecting and quantifying individual microbial species 
[7]. The majority of real-time PCR tests rely on detect-
ing bacterial small-subunit 16 S rRNA sequences [8]. All 
bacterial species have multiple copies of this DNA sub-
unit, which contains highly conserved species-specific 
sequences [8].

Conventional treatment of stage III grade C periodon-
titis with metronidazole in combination with spiramy-
cin in addition to SRP, is an effective treatment of active 
periodontitis eliminating most of the pathogenic bacteria 
[9]. However, systemic antimicrobials cause several side 

effects, the most important of which is the development 
of resistant species, despite controlling or eradicating 
many pathogens [10].

Consequently, the bactericidal and detoxifying effects 
of lasers have been proposed as an alternative treatment 
modality to facilitate non-surgical periodontal treatment 
providing good results using 980  nm diode laser [11]. 
Additional use of the diode laser with stage III grade C 
periodontitis has shown to be more effective than SRP 
alone in terms of clinical, biochemical and microbio-
logical parameters [5]. The diode laser energy improves 
healing by interacting strongly with inflamed tissues, 
removing the biofilm within the necrotic tissue of pocket 
wall [12].

To our knowledge, comparisons between conventional 
treatment by antibiotics and diode laser have been rarely 
investigated. Therefore, we were interested to further 
investigate the efficacy of intra-pocket application of 
diode laser versus systemic antibiotic therapy in manage-
ment of stage III grade C periodontitis using clinical and 
microbiological analytical parameters.

The null hypothesis was that there would be no signifi-
cant difference in clinical and microbiological parameters 
following treatment of stage III grade C periodontitis 
patients with diode laser in comparison with systemic 
antibiotic.

Methods
Study design
We conducted a two-arm parallel randomized controlled 
clinical trial on fifty patients diagnosed with severe peri-
odontitis (stage III grade C). Patients were recruited from 
the outpatient clinic of the Department of Oral Medicine, 
Periodontology, Diagnosis and Oral Radiology, Faculty of 
Dentistry, Alexandria University, Egypt.

Ethical approval
The study was accepted by the Research Ethics Commit-
tee of the Faculty of Dentistry, Alexandria University, 
Egypt (IRB NO: 00010556-IORG0008839). It was also 
performed in accordance with principles of the modi-
fied Helsinki code for human clinical studies (2013) [13] 
and CONSORT guidelines (2010) for reporting random-
ized clinical trials [14]. The protocol of this study was 
explained to all subjects and/or their legal guardian(s) 
and their informed consent was obtained. Registration of 
the study was done at U.S. National Institutes of Health 
Clinical Trials Registry (NCT05222737).

Keywords Aggregatibacter actinomycetemcomitans, Antibiotic, Diode laser, Gingival crevicular fluid, Periodontitis, 
Porhyromonas Gingivalis, Real-time polymerase chain reaction
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Inclusion and exclusion criteria
We included patients that were systemically healthy, 
of both sexes, with an age between 15 and 35 years old 
having severe periodontitis (stage III grade C) with inter-
dental clinical attachment loss (CAL) ≥ 5, probing depth 
(PD) ≥ 6 mm and rapid rate of bone loss showed by pan-
oramic radiograph [1]. Eligibility criteria also included 
patients with no history of previously taken any antibi-
otic therapy for the past three months [5]. We excluded 
patients if they had history of smoking, usage of antimi-
crobial mouthwash during the previous 3 weeks, with 
< 20 teeth present and pregnant or lactating women [5].

Sample size estimation
Sample size was estimated assuming 5% alpha error 
and study power of 80% [15]. Reported mean differ-
ence log10 colony forming units (CFU) P.gingivalis 
after 6 months when antibiotics were used = 4.1, confi-
dence interval = 1.9, 6.3, and calculated standard devia-
tion (SD) = 2.63 [16]. Reported mean ± SD log10 CFU 
P.gingivalis at baseline = 9.22 ± 1.63 and at 6 months 
after laser therapy = 7.00 ± 1.10, making the mean differ-
ence = 2.22. Based on comparison of means, the mini-
mum sample size was calculated, using G*power 3.1.9.4 
sample size calculator, to be 20 per group which was 
increased to 25 to control for attrition (withdrawal) bias. 
The total sample size required = number of groups × 
number per group = 2 × 25 = 50 [17, 18].

Grouping and randomization of the study participants
Fifty participants diagnosed with severe periodontitis 
(stage III grade C) were randomly assigned into two equal 
groups: Group I (test) was managed by SRP with intra-
pocket application of diode laser (980 nm) and Group II 
(control) was managed by SRP with systemic antibiotic 
administration (spiramycin and metronidazole).

Simple randomization of subjects fulfilled the eligibility 
criteria was carried out using a computer-generated list 
of random numbers (https://www.sealedenvelope.com/
simple-randomiser/v1/lists). The list was generated using 
random allocation software. Each allocation was repre-
sented by a code and sealed in sequentially numbered 
opaque envelopes that were opened at the time of the 
intervention.

Intervention
After completion of baseline measurements for both clin-
ical parameters and microbiological evaluation, the two 
groups received full mouth SRP using hand instruments 
and ultrasonic scalers and oral hygiene instructions.

The test group underwent a treatment using a 980-nm 
diode laser (Medency Primo, Piazza della Libertà, 49, 
36,077 Altavilla Vicentina VI, Italy) in continuous con-
tact focused mode at 2 watts power, with a flexible glass 

fiberoptic of 300-µm spot diameter and power density of 
2830 W/cm2. The total energy per unit area (fluency) was 
94.3  J/cm2 [5, 12]. Our previously stated protocol [19] 
was followed, which involved calibrating and inserting 
the laser fiberoptic to be 1  mm less than the measured 
pocket depth. This shortening by 1 mm allowed absorp-
tion of laser energy around its tip and irradiation of the 
pathogenic periodontal tissues without thermal damage 
to healthy tissues. The laser was then activated, and the 
tip was initiated after the fiber had reached the calibrated 
depth. The fiber was then inserted in light contact par-
allel to the root surface towards the diseased soft tissue 
lining of the pocket. Then it was moved with a sweeping 
motion at a constant speed of 2.5 mm/sec, starting from 
the base of the pocket, and moving upward maintain-
ing contact with the soft tissue lining of the pocket. The 
procedure was repeated until the entire circumference of 
the root was irradiated, and fresh bleeding was observed. 
The total irradiation period was approximately 30  s per 
pocket. This allowed laser-assisted soft-tissue curettage. 
After fulfilling laser irradiation, we rinsed with thorough 
saline solution to prevent heat injury to the root surface 
[5, 20]. Between treatments of each tooth, the fiber tip 
was cleaned with damp gauze followed by 5 s of wiping 
with ethanol to prevent the buildup of debris. The end of 
the tip was cut and tested prior to and between succes-
sive treatments to ensure good beam emission [5]. (Fig. 
1a,b).

For control group, the patients were given a combi-
nation of Spiramycin 1.5 minimum inhibitory concen-
tration and Metronidazole 250  mg (Spirazole forte®, 
pharoina pharmaceuticals, Helioplis - Cairo, Egypt) at a 
dosage of 17 mg per Kg, taken on an empty stomach for 
two weeks. We discontinued the antibiotic for a period 
of eight weeks and then re-administered three times daily 
for the following two weeks [21].

Clinical parameters assessment
Periodontal clinical parameters including: PPD and CAL 
were recorded at baseline, four and twelve weeks after 
treatment. All measurements were recorded at tested 
sites using a periodontal probe (UNC-15; Hu-Friedy, Chi-
cago, IL), before getting gingival crevicular fluid (GCF) 
samples, by a blinded pre-calibrated clinicians [22, 23]. 
Calibration was performed for two examiners prior to 
the study, inter- and intra-examiner reliability were cal-
culated; and kappa ranged from 0.82 to 0.88 indicating 
excellent agreement between examiners and across time 
[24].

Microbiological sampling technique
In all patients, we collect GCF samples from the area 
showing the deepest pocket depth to analyze the two 
bacteria (Aa and Pg), at baseline, four- and twelve-weeks 

https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists
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Fig. 1 Clinical photographs showing a) Intra pocket diode laser application in test group. b) Fresh bleeding after laser application in test group
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following treatment. To permit specimen analysis, all 
sites to be sampled were isolated using cotton rolls and 
gently air dried. For each site GCF was collected using 
sterile paper points in intra pocket depth until minimal 
resistance was felt. Then we transported the paper points 
an Eppendorf tube containing 200  ml sterile saline to 
Alexandria Main University Hospital Microbiology labo-
ratory. Any paper points contaminated with blood was 
discarded. Privacy & confidentiality of the samples and 
the information from the samples were assured. We used 
Code to label the samples. We stored the tubes at -20 °C 
till we performed DNA extraction and quantitation of the 
bacteria by real-time polymerase chain reaction (PCR) 
method [25, 26] (Fig. 2a,b).

SYBR Green Real-Time PCR assays for P.gingivalis and A. 
actinomycetemcomitans
Oligonucleotide primers (as shown in Table 1) were tar-
geting the 16 S rRNA gene (rDNA) sequences of the bac-
teria (universal primer set, recognizing domain bacteria), 
Pg and Aa. Amplification was performed in a light cycler 
(Rotor Gene Q, Qiagen, Germany). Forward and reverse 
primers (4 pmol each) were used in 20 µl total reactions 
volume containing 10 µl 2x Maxima SYBR Green qPCR 
kit, and 2 µl of the DNA extract. PCR amplification was 
performed with initial denaturation at 95 ˚C for 10 min, 
followed by 40 cycles of denaturation at 95 ˚C for 30  s, 
annealing at 60 ˚C for 1 min, and extension at 72 ˚C for 
30 s. Melting curve analysis was performed from 40 to 95 
˚C with a plate reading step after every 1 ˚C and held at 
a particular temperature for 10 s to check the specificity 
of the product formed. Quantitation of the targeted bac-
terial DNA was expressed as relative quantitation and 
calculated automatically by the Rotor-Gene. The cycle 
threshold (Ct) at which DNA of a specific target was 
detected relative to the Ct at which universal bacterial 
DNA was detected [27, 28].

Statistical analysis
Data was fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp). The Shapiro-Wilk test was used to verify the nor-
mality of distribution. Comparisons between groups for 
categorical variables was assessed using Chi-square test 
(Monte Carlo). The Mann Whitney test was used to com-
pare two groups for not normally distributed quantitative 
variables. Friedman test was used for not normally dis-
tributed quantitative variables, to compare between more 
than two periods and Post Hoc Test (Dunn’s) for pairwise 
comparisons. The significance of the obtained results was 
judged at the 5% level.

Result
Fifty individuals with age ranging from 17 to 35 years, 
consisting of 22 males and 28 females, who met the eligi-
bility criteria were included in this study after screening 
65 potentially eligible patients. They underwent baseline 
evaluations and were randomly assigned to study groups, 
as shown in Table  2. Each group consist of twenty-five 
patients suffering from stage III grade C periodontitis 
(CAL > 5). The three-month clinical trial was successfully 
completed by all participants. None of the patients stated 
any oral health problems during the study.

Concerning PPD, at baseline there was no statistically 
significance difference between the two groups allowing 
for un biased comparison, also there was no statistically 
significant difference between the two groups at the three 
times points (p = 0.0423, 0.219, 0.089 respectively). How-
ever, there was a highly statistically significant decrease in 
PPD comparing between the standard periods (p < 0.001*) 
in each of the test and control group (Table 3; Fig. 3a).

Although, the significant decrease in the PPD in con-
trol group from baseline to 3 months (median from 7.0 
to 3.0) was greater than that in test group (median from 
7.0 to 4.0) there was no statistically significance differ-
ence between the two groups at the end of the treatment 
(p = 0.089) (Table 3; Fig. 3a).

Concerning CAL, on comparing both groups, they 
showed non-statistically significant difference at three 
times points (P = 1.000, 0.125, 0.078 respectively). 
(Table 3 and Graph 2)

However, there was a highly statistically significant 
decrease in CAL comparing the studied periods in 
each of the test and control groups (p < 0.001*) (Table 3; 
Fig. 3b).

On the other hand, the significant decrease in the CAL 
in control group from baseline to 3 months (median from 
7.0 to 2.0) was greater than that in test group (median 
from 7.0 to 4.0) with no statistically significance differ-
ence between the two groups at the end of the treatment 
(p = 0.078) (Table 3; Fig. 3b).

Regarding Pg level intracreviculary, there was high 
statistically significance decrease in both groups from 
baseline to the end of the treatment yet, there was no 
statistically significant difference between test and 
control groups at baseline and 3 months respectively 
(p = 0.793,0701) (Table 3; Fig. 3c).

A noticeable point, there was a highly statistically sig-
nificant difference between two groups on 1 month 
(p < 0.001*), where the control group showed an early 
rapid decrease in the level of Pg (median from 160.0 to 
0.41) in comparison to test group (median from 150.0 
to 55.1). However, on the 3 months the control group 
showed a slight increase in the level of Pg (median from 
0.41 to 2.95) in comparison to the steady decrease in the 
test group (median from 55.1 to 1.39) (Table 3; Fig. 3c).
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Fig. 2 Clinical photographs showing a) GCF collection by paper point. b) Eppendorf tube containing 500 µl phosphate-buffered saline and the collected 
GCF sample
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Moreover, on comparing between the two groups, 
there was a highly statistically significant decrease from 1 
month to 3 months interval in the test group (p = 0.001*) 
with no statistically significant difference in control 
group (p = 0.572) (Table 3; Fig. 3c).

As for intracrevicular level of Aa, there was no statisti-
cally significant difference between both test and control 
groups at baseline and 3 months (p = 0.056, 0.187 respec-
tively) (Table 3; Fig. 3d).

On the other hand, there was a highly statistically sig-
nificant difference between two groups on 1 month 
(p = 0.001*), where the control group showed an early 
rapid decrease in the level of Aa (median from 0.25 to 
0.03) in comparison to test group (median from 1.78 to 
0.66) (Table 3; Fig. 3d).

However, on the 3 months the control group showed 
an increase in the level of Aa (median from 0.03 to 0.22) 
in comparison to the steady decrease in the test group 
(median from 0.66 to 0.0) (Table 3; Fig. 3d).

Furthermore, on comparing each group in the first 
month and third month, there was a highly statisti-
cally significant decrease in the test group (p = 0.048*) 
while statistically significant increase in control group 
(p = 0.007*) (Table 3; Fig. 3d).

In both groups, from baseline to 3 months, the clini-
cal parameters concerning PPD and CAL has signifi-
cantly been improved in correlation with the significant 
decrease in the microbiological changes concerning the 
relative count or the levels of Pg and Aa (Table 3).

Discussion
Gingival inflammation is initiated by bacterial biofilm 
formation; however, periodontitis initiation and pro-
gression are dependent on symbiotic ecological changes 
in the microbiome in response to nutrients come from 
gingival inflammatory and tissue breakdown products, 
as well as anti-bacterial mechanisms that tries to contain 
the microbial challenge once inflammation has begun in 
the gingival sulcus. This activates several key molecular 
pathways, which in turn activate host-derived protein-
ases, allowing for the loss of marginal periodontal liga-
ment fibers, junctional epithelial apical migration, and 
bacterial biofilm apical spread along the root surface [3]. 
As a result, the primary characteristics of periodontitis 
are the loss of periodontal tissue support, manifested as 
clinical attachment loss and radiographic alveolar bone 
loss, the presence of periodontal pocketing, and gingival 
bleeding [1].

Hence, periodontal therapy aims to reduce or remove 
pathogenic bacteria besides limiting and preventing the 
inflammatory disease process [1, 29]. Clinicians face a 
challenge in treating aggressive periodontitis since there 
are no established guidelines or protocols for effective 
disease management. Scaling and root planing is the first 
conventional method of non-surgical treatment for the 
management of stage III grade C; periodontitis formerly 
known as aggressive periodontitis [30]. However, it was 
demonstrated that due to the periodontal bacteria’ capac-
ity to infiltrate periodontal tissues, SRP does not entirely 
eradicate them from deep periodontal tissues [31, 32].

Antibiotics have proved to produce positive results, 
when combined with SRP [33]. Research has demon-
strated that spiramycin and metronidazole are an effi-
cient therapy for active periodontitis [33, 34]. However, 
in addition to their systemic side effects, it has been con-
firmed that utilizing antibiotics results in bacterial resis-
tance [10, 34, 35].

Laser periodontal therapy has been advocated as an 
adjunctive or alternative for traditional mechanical peri-
odontal treatments since 1994 [36]. It has been dem-
onstrated that several advantageous characteristics of 
lasers, such as their hemostatic effects, calculus removal, 

Table 1 Oligonucleotide primers targeted the 16 S rRNA gene 
(rDNA) sequences of the bacteria
Bacteria Primer 

Name
Primer Sequence (5’-3’) Prod-

uct 
bp

Total 
bacteria

UnivF 5′- C G C T A G T A A T C G T G G A T C A G A A T G- 69
UnivR 5′- T G T G A C G G G C G G T G T G T A-3′

Aa F 5′-  G C G A A C G T T A C G C G T T T T A C-3′ 220
R 5′-  G G C A A A T A A A C G T G G G T G A C-3′

Pg F 5′- T G G T T T C A T G C A G C T T C T T T-3′ 126
R 5′- T C G G C A C C T T C G T A A T T C T T-3′

Table 2 Comparison between the two studied groups according to demographic data
Test
(n = 25)

Control
(n = 25)

Test of Sig. p

No. % No. %
Sex
 Male 14 56.0 8 32.0 χ2=

2.922
0.087

 Female 11 44.0 17 68.0
Age (years)
 Min. – Max. 19.0–34.0 17.0–35.0 t = 

1.762
0.084

 Mean ± SD. 28.52 ± 5.64 25.40 ± 6.82
 Median (IQR) 30.0(21.0–33.0) 27.0(23.0–29.0)
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or bactericidal activity and detoxification against peri-
odontal bacteria, improve the treatment outcomes [37].

Numerous types of lasers have been applied to peri-
odontics. These include semiconductor diode lasers 
that range in wavelength from 610  nm (red) to 980  nm 
(infrared) and Nd:YAG lasers emitting light at 1064 nm. 
Both pulsed wave (PW) and continuous wave (CW) 
modes can be used with it. Depending on how it interacts 
with the tissue surface, the laser light may be transmit-
ted, absorbed, dispersed, or refracted. The wavelength, 
power, and optical characteristics of the tissue deter-
mine whether the laser energy absorbed by the tissues 
causes thermal, coagulation, or vaporization effects 
[38]. Due to its strong absorption by blood hemoglobin, 
diode laser light is a great option for removing the highly 
vascularized, inflammatory tissues found in the peri-
odontal pocket [37, 39]. In addition, periodontal patho-
genic microorganisms are eliminated by the thermal and 
photo-disruptive effects of a diode laser (wavelength 
980 nm, 2 watts power) [40]. Laser light absorption raises 
tissue temperatures, which makes the majority of non-
sporulating bacteria, including anaerobes, easily inacti-
vated [41, 42]. When utilized for subgingival curettage 
and periodontal pocket disinfection, soft tissue lasers, 
such as these semiconductor diodes and the Nd:YAG 
lasers emitting light at 1064 nm, have variable degrees of 
effectiveness [37, 43]. However, as it has been shown that 
lasers are unable to remove calcified deposits from the 
root surface, they should only be used as a supplement to 
mechanical periodontal therapy [44].

Thus, the effectiveness of laser therapy compared to 
conventional antibiotic therapy on PPD, CAL param-
eters, and GCF levels of Aa and Pg in stage III grade C 
periodontitis piqued our curiosity.

To the best of our knowledge, this is the first study 
that compared intra-pocket diode laser therapy (980 w) 
for one session with systemic antibiotic (combination of 
spiramycin and metronidazole) as adjunctive with SRP in 
stage III grade C periodontitis investigating the gingival 
crevicular levels of Aa and Pg in addition to clinical eval-
uation based on PPD, CAL.

The current study found a statistically significant 
decrease in PPD and CAL in the laser group between the 
baseline and three months after therapy. This was con-
sistent with several studies that employed various diode 
laser wavelengths ranging from 660 to 980 nm and pho-
todynamic therapy (PDT) with varied photosensitizers 
and follow-up times to arrive at the same conclusion as 
our study [5, 12, 45–49]. While there was a substantial 
decrease in PPD in the 3-month follow-up period, Annaji 
et al. [45] found no significant difference in CAL when 
comparing the diode laser group with PDT laser group. 
Additionally, Talamac et al. [50] and Ertugrul et al. [51], 
employing a different kind of laser (Er,Cr:YSGG laser), 

concurred with our results. In contrast to SRP-only, they 
discovered that the SRP plus Er,Cr:YSGG laser treatment 
in aggressive periodontitis was more effective in improv-
ing the clinical periodontal parameters (PD + CAL).
They explained this in light of research showing that 
Er,Cr:YSGG enhance cell attachment and migration on 
the root surfaces.

Other researches asserted the effect of laser irradiation 
which enhance connective tissue attachment through de-
epithelization of periodontal pockets and promotion of 
wound healing by favorably influencing the cells needed 
for this process, such as fibroblasts and endothelial cells, 
as well as by increasing collagen synthesis [46, 52, 53].

In other trials, antibiotics combination as metronida-
zole-amoxicillin, spiramycin-metronidazole, ciprofloxa-
cin-metronidazole, metronidazole alone, doxycycline and 
metronidazole-amoxicillin–clavulanic acid when used 
with SRP, they reduced PPD and CAL significantly com-
pared to SRP alone giving a beneficial outcome over 3,6 
or 12 months follow up and remained stable for 1 year 
[54–56].

In line with Quee et al.‘s [57] findings, who used sys-
temic rodogyl (spiramycin and metronidazole) three 
tablets twice daily for 14 days and observed a greater 
improvement in CAL and PPD at intervals of two to six 
months in advanced periodontal disease, the PPD and 
CAL results for the antibiotic group in our study showed 
a statistically significant difference from baseline to three 
months after therapy. A different antibiotic (clarithro-
mycin) was also employed by Andere et al. [58], who 
also found that the antibiotic and antibiotic plus PDT 
groups had considerably lower probing depths than the 
other groups. The clinical attachment level did, how-
ever, improve statistically only in the antibiotic plus PDT 
group.

A greater amount of healing of the tissues in the 
pocket’s apical region was achieved as a result of the 
pathogenic bacteria found subgingivally being more suc-
cessfully eliminated by the combination of spiramycin 
and metronidazole due to their synergistic effect against 
a variety of infections as well as a wider spectrum of 
activity [57].

In our study comparing the two groups, the improve-
ment of PPD and CAL in antibiotic group from baseline 
to 3 months was greater than that in laser group with no 
statistically significance difference between them. On the 
contrary, another found that SRP plus antibiotic (amoxi-
cillin + metronidazole 7 days, 3 times daily) significantly 
reduced CAL and PPD compared to SRP plus PDT using 
diode laser (810  nm) [59]. By eradicating subgingival 
microorganisms that are still present after SRP, metro-
nidazole’s positive effect seeks to boost the host defense 
system in infection. The secret to the effectiveness of sys-
temic antibiotics in treating periodontal disorders may 
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Fig. 3 Representative graphs showing a) Comparison between the three studied periods according to periodontal probing pocket depth (PD) in each 
group.  b) Comparison between the three studied periods according to attachment loss (AL) in each group. c) Comparison between the three studied pe-
riods according to porphyromonas gingivalis in each group. d) Comparison between the three studied periods according to A.actinomycetemcomitans 
in each group
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lie in how sensitive bacteria are to them [59]. However, 
in agreement with our findings, others reported that in 
stage III and IV grade C periodontitis treated with PDT 
for four sessions, clinical parameters were significantly 
reduced [60].

New diagnostic tests for periodontitis, according to 
most studies, cannot replace the conventional proce-
dures, although they can be used in conjunction. Tradi-
tional diagnostic approaches depict signs connected to 
pathological processes associated with periodontal dis-
ease, as bleeding on probing, deep probing depths, and 
clinical attachment loss [6, 61]. These approaches offer 
a variety of advantages, including cost-effectiveness and 
convenience of use, as well as clinically valuable informa-
tion about the illness site and the presence or absence of 
damaged tissues. However, they have a lot of flaws, such 

as failing to offer relevant information on periodontal 
inflammatory morbidity or outcome [62].

Microbiological diagnosis, is one of the most recent 
approaches for diagnosing periodontitis which is use-
ful in bacterial detection and quantification either from 
saliva or gingival crevicular fluid [63].

For periodontitis, qualitative testing are bacterial diag-
nostic methods that identify the presence but not the 
quantity of microorganisms. Because periodontal disease 
is caused by endogenous bacteria, periodontal bacteria 
can be found in both healthy gingival sulcus and diseased 
periodontal pockets, making qualitative approaches inef-
fective for diagnosing periodontal disease. Analysis of 
changes in bacterial counts after and before periodontal 
treatment, which enables us to assess the effectiveness 
of periodontal treatment, is the most crucial application 

Table 3 Comparison between the three studied periods according to different parameters in each group
Baseline 1 month 3 months Fr (p0) Pairwise

PPD (mm) Test (n = 25)
 Mean ± SD. 7.56 ± 1.85 5.52 ± 1.83 4.52 ± 1.96 41.892*

(< 0.001*)
p1 < 0.001*,p2 < 0.001*,p3 = 0.007*

 Median (Min. – Max.) 7 (5–11) 5 (3–10) 4 (2–10)
Control (n = 25)
 Mean ± SD. 8.0 ± 1.91 4.92 ± 2.20 3.88 ± 2.05 45.516*

(< 0.001*)
p1 < 0.001*,p2 < 0.001*,p3 = 0.048*

 Median (Min. – Max.) 7 (5–13) 5 (2–10) 3 (2–10)
U (p) 272.00 (0.423) 250.00 (0.219) 227.00 (0.089)

CAL (mm) Test (n = 25)
 Mean ± SD. 7.56 ± 2.84 5.68 ± 2.95 4.84 ± 3.05 41.231*

(< 0.001*)
p1 < 0.001*,p2 < 0.001*,p3 = 0.016*

 Median (Min. – Max.) 7.0 (3.0–15.0) 5.0 (2.0–13.0) 4.0 (1.0–11.0)
Control (n = 25)
 Mean ± SD. 7.40 ± 2.60 4.44 ± 2.74 3.48 ± 3.04 41.692*

(< 0.001*)
p1 < 0.001*,p2 < 0.001*,p3 = 0.028*

 Median (Min. – Max.) 7.0 (3.0–13.0) 4.0 (1.0–10.0) 2.0 (0.0–10.0)
U (p) 312.50 (1.000) 234.0 (0.125) 222.50 (0.078)

Pg (×10− 3) Test (n = 25)
 Mean ± SD. 186.7 ± 224.3 141.0 ± 187.0 54.49 ± 93.63 15.360*

(< 0.001*)
p1 = 1.000,p2 = 0.001*

,p3 = 0.001*
 Median (Min. – Max.) 150(0.23–1000) 55.1(0.05–0.593) 1.39(0–309)
Control (n = 25)
 Mean ± SD. 188.5 ± 215.7 8.9 ± 27.24 23.96 ± 39.15 24.320*

(< 0.001*)
p1 < 0.001*,p2 < 0.001*

,p3 = 0.572 Median (Min. – Max.) 160(1.27–1000) 0.41(0.09–125) 2.95(0.0–36.3)
U (p) 299.00 (0.793) 94.0* (< 0.001*) 293.00 (0.701)

Aa (×10 − 3) Test (n = 25)
 Mean ± SD. 12.71 ± 37.09 6.32 ± 13.46 2.05 ± 3.95 16.333*

(< 0.001*)
p1 = 0.048*,p2 < 0.001*,p3 = 0.048*

 Median (Min. – Max.) 1.78 (0.04–174.0) 0.66 (0.0–63.20) 0.0 (0.0–14.20)
Control (n = 25)
 Mean ± SD. 13.29 ± 51.65 0.13 ± 0.35 4.08 ± 4.76 19.567*

(< 0.001*)
p1 < 0.001*,p2 = 0.104,p3 = 0.007*

 Median (Min. – Max.) 0.25(0.22–253.2) 0.03 (0.0–1.75) 0.22 (0.0–11.30)
U (p) 214.0 (0.056) 141.0* (0.001*) 247.0 (0.187)

SD: Standard deviation U: Mann Whitney test χ2: Chi square test MC: Monte Carlo

Fr: Friedman test, Sig. bet. periods was done using Post Hoc Test (Dunn’s)

p: p value for comparing between Test and Control in each period

p0: p value for comparing between the three studied periods in each group

p1: p value for comparing between Baseline and 1 month

p2: p value for comparing between Baseline and 3 months

p3: p value for comparing between 1 month and 3 months

*: Statistically significant at p ≤ 0.05
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of microbiological investigation in periodontal disease. 
For this, quantitative bacteria examinations are required 
[63–65].(48–50)

Real-time PCR has lately grown in popularity for quan-
titative detection of periodontal microorganisms [64, 66]. 
This approach, which was first used to count the copies of 
DNA, has been used to quantify the number of bacteria 
[65].

The levels of Pg and Aa in each group individually 
decreased from baseline to 3 months following therapy, 
according to the current study, in a statistically significant 
way. Although the levels of 2 bacteria reduced more in 
the laser group than in the antibiotic group at the end of 
treatment, there was no statistically significant difference 
between the two groups.

The test group’s Pg and Aa levels decreased steadily 
from the baseline to the end of the treatment. This is con-
sistent with prior studies, despite using varied diode laser 
wavelengths [5, 12, 45]. Additionally, other investigations 
using PDT with a diode laser at a wavelength of 670 nm 
for a single or series of sessions with a three-month fol-
low-up reached the same conclusions [45, 48, 49, 67]. 
This proves that periodontal lesions are a key cause of 
inflammation and bone resorption and supports the 
laser’s bactericidal and detoxifying effects by reducing 
bacterial load and inflammation via lowering the levels of 
prostaglandin E2, which increase in periodontal connec-
tive tissues [12, 68–70].

According to many publications, the most effec-
tive treatment option for deep periodontal pockets that 
keeps the levels of all bacterial species at extremely low 
levels even 12 weeks following therapy is intra pocket 
diode laser therapy (980 nm) plus SRP [12, 20, 53]. The 
best bacterial reduction was recorded two weeks after 
therapy and then significantly reduced after 12 weeks. 
They attributed this result to laser irradiation’s capacity 
to eradicate pathogenic bacteria from dentinal tubules, 
which serve as a reservoir for recolonization and pocket 
infection [71, 72].

Derdilopoulou et al. [73] used Er:YAG Laser and sonic 
instruments in contrast to our study. However, these 
methods failed to reduce Aa in periodontal pockets. Bac-
terial reduction achieved in his study did not retain three 
months after therapy.

According to Chan et al. [74], wavelength and energy 
density are crucial factors, for laser treatment. Low-
power lasers that have the appropriate wavelength, dos-
age, along with the right photosensitizer can have a viable 
bactericidal effect. They concluded that providing 60 s of 
irradiation with a diode laser of appropriate power 100 
mW and wavelength 830  nm could be a useful supple-
ment to mechanical debridement in preventing patho-
genic germs from colonizing subgingival lesions.

Concerning the Pg and Aa levels in our study’s antibi-
otic group. There was a rapid early decrease in the lev-
els of both bacteria from baseline to 1 month then the 
levels slightly increased from 1 month to the end of the 
study. This may be explained by the bacterial resistance 
of antibiotic in accordance with Amano et al. [75] who 
explained that the bacteria decreased rapidly by 1 month 
by the effect of antibiotic administration for 2 weeks then 
some of the bacteria resist the effect of second adminis-
tration of antibiotic so its level increased slightly from 1 
month to the end of the study.

In line with our findings, Johnson et al. [76] used dif-
ferent systemic antibiotic (amoxicillin and metronida-
zole) found that total bacteria including Aa reduced 
significantly from baseline to 3 months, with the excep-
tion of Pg as it was able to recolonize in subgingival 
sites in which it had been suppressed shortly after active 
periodontal treatment. Additionally, Ardila et al. [77] 
demonstrated that Pg and Aa isolates were resistant to 
amoxicillin, azithromycin, and metronidazole. This is 
because Pg and Aa have a variety of strategies for evading 
the host immune system along with their high virulence, 
which enables them to affect human tissues and cause 
periodontal disease. These microorganisms have also 
developed sophisticated ways for developing antibiotic 
resistance [75].

The decline in levels of Pg and Aa following laser ther-
apy is a predictor of the therapeutic effect and the state 
of the patient’s condition. Nonetheless, the current study 
has some limitations. These include the length of the fol-
low-up period. Therefore, further studies with longer fol-
low up period are still needed and would allow more solid 
conclusions to be drawn. Furthermore, studies are also 
needed to assess the treatment outcomes using different 
types of lasers with different setting parameters using 
photosensitizer and multiple treatment sessions versus 
local delivery antibiotic. Moreover, additional studies test 
the efficacy of combing intra-pocket laser therapy with 
3-day systemic antibiotic, evading antibiotic resistance 
with long term usage. Additionally, research supported 
by histological and clinical analysis is also needed to be 
conducted to give confirming evidence using latest analy-
sis regarding the advantageous effect of laser therapy on 
the levels of Pg and Aa in the management of severe peri-
odontitis (stage III grade C).

Conclusion
Within the limitation of this study, we can conclude that 
both treatment modalities can be used in management 
of stage III grade C periodontitis. However, due to the 
flare-up of bacterial levels brought on by bacterial resis-
tance that develops after systemic antibiotic re-adminis-
tration, the combination of SRP and intra-pocket diode 
laser therapy has better outcomes. This is proven by its 
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superior ability to reduce the levels of Pg and Aa in GCF 
when compared to systemic antibiotic administration. 
Therefore, intra-pocket diode laser therapy can be con-
sidered an effective treatment modality for stage III grade 
C periodontitis evading the antibiotic resistance prob-
lems and side effects.
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