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Background: Due to the limitations of scaling and root planing (SRP) in chronic period
ontitis (CP) management, research has been focused on utilising additional therapies to 
enhance conventional treatment methods. The present systematic review is aimed to appraise 
the accessible scientific evidence of in vivo human studies to establish the effectiveness of 
adjunctive diode (λ 808- λ 980nm) laser treatment to SRP in CP.
Methodology: This systematic review was conducted following the PRISMA statement 
guidelines. The review protocol is registered in PROSPERO (CRD 42021227695). The 
search strategies were based on structured electronic and manual (with appropriate key
words) and were conducted to collect the applicable published data on RCTs studies (in vivo 
human), spanning over ten years between August 2010 and August 2020. The articles were 
selected to address the following research focus question: “Does diode laser (λ 808- λ 
980nm) therapy have superior effects as an adjunct to SPR, compared to SRP alone, in 
terms of clinical or microbiological or immunological profiles in the management of CP?”
Results: Fifteen articles met the eligibility criteria and are included in this review. A wide 
range of discrepancies and inconsistencies were shown in the outcomes of the laser and SPR 
treatment modality, compared to SRP alone. The data on standardised study protocol, 
optimal laser parameters and outcome measurements were inconclusive, and a high risk of 
bias in the majority of the studies observed, which are crucial in establishing a homogenous 
and reproducible protocol.
Conclusion: In light of the confined evidence-based data and critical evaluation of this 
systematic review, the efficacy of adjunctive diode laser treatment ranging between 808 and 
980nm to SRP remains debatable. The observational quality of the present systematic review 
was emphasised after scrutinising the available data, and an attempt to propose a laser 
protocol for future RCTs consideration was a great challenge due to an absence of clear 
and standardised recommendations in delivering a reliable laser protocol which can be 
replicable by future investigators. RCTs with robust methodology are warranted.
Keywords : high intensity laser,  diodes laser treatment,  chronic periodontitis,  systematic 
diseases,  non-surgical periodontal therapy,  scaling and root planing,  randomised controlled 
trials studies,  RCTs 
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Summary
1. Majority of included studies showed inconsistency 

in the outcomes with a high risk of bias. Hence, 
producibility of the assessment methods, as well 
laser protocol remains debatable due to elevated 
percentage of high and moderate risks of bias of 
the selected studies.

2. Despite the variations of studies’ results, adjunctive 
laser therapy has added value, compared to SRP.

3. Double-blind, multicenter, well-designed RCT stu
dies with robust methodology and laser protocol, 
comparing diode laser with or without SRP, to SRP 
alone to justify effectiveness of diode laser (808– 
980nm) and produce a standardised laser protocol 
for various wavelengths are warranted.

Introduction
Chronic periodontitis (CP) pathogenicity is multifactorial 
related to mediated-inflammatory response 
periopathogens,1 in which surgical or non-surgical treat
ment modalities emerged. However, each of these 
approaches has its own advantages and limitations.2–4 

The current gold standard non-surgical, mechanical instru
mentation for bacterial debridement of periodontal pocket 
deeper than 4mm and bone loss (which are periodontitis 
indicators)5–8 is scaling and root planing (SRP). Many risk 
factors can influence the outcome of SRP such as smoking, 
stress and systematic diseases.2,3,5,7 However, the SPR 
treatment modality does not offer entirely successful long- 
term outcomes in the treatment of CP. This has led to 
various different treatment modalities to emerge, such as 
laser therapy of various wavelengths.9–11

A randomised controlled trial (RCT) study by Everett 
et al, 2017 has shown that statistically significant differ
ences in clinical and microbiological parameters at three 
and six months after treatment for both groups; combined 
carbon dioxide laser [CO2, 10600nm, 4 W and 6 W (two 
passes) in continuous mode] and SRP and control (SRP 
alone), but no significant difference was observed between 
the two groups.12 Interestingly, the results of a study by 
Krohn-Dale et al, 2012 failed to support that Er:YAG laser 
debridement of recruited pocket depth (PD) ≥5 mm may 
be superior to conventional methods in the treatment of 
smokers with CP. Both treatments showed a significant 
decrease in PD from baseline to 12 months (p < 0.01).13 

This was supported by a systematic review, which showed 
that the Er:YAG laser can be significant in reducing 

clinical parameters in the short term for patients with 
CP.14 This concept was supported by a study by Yanli 
et al, 2017 in terms of reduction and control of the perio
pathogen proliferation in CP.15 A meta-analysis by Jia 
et al, 2020 evaluated clinical attachment level (CAL) 
gain of Er:YAG, Er, Cr;YSGG, Nd:YAG and diode laser, 
as monotherapy or adjunctive to SRP of CP.16 The data 
extraction was up to 2018. The authors concluded that the 
influence of the following wavelengths ranking from best 
to worse on CAL gain at three months: Er:YAG as mono
therapy, adjunctive diode laser to SRP, Adjunctive Er:YAG 
to SRP, Er,Cr;YSGG, as monotherapy, adjunctive Nd:YAG 
to SRP, and SRP, whereas, the CAL gain at six months, the 
ranking wavelengths on results were as follows: 
Adjunctive diode laser to SRP, adjunctive Nd: YAG to 
SRP, SRP, adjunctive Er:YAG to SRP, and Er:YAG as 
monotherapy.16

It is important to note from the above-mentioned evi
dence that diode laser-assisted periodontal treatment could 
be superior to SRP alone and could serve as a significant 
adjunctive treatment tool, compared to SPR alone.

The photothermal properties of diode laser photonic 
energy facilitates ablation of the graduation tissue and 
inflamed periodontal tissue (sulcular debridement) and 
coagulation at the same time, which can be achieved at 
60°C, leading to a protein denaturation and reduction in 
the proinflammatory cytokines.17 As the diode laser family 
is predominantly absorbed by mainly haemoglobin and 
pigmented bacteria and poorly absorbed by hydroxyapatite 
in teeth and bone, it is considered as a safe and suitable 
treatment modality in sulcular debridement.18 The photo
nic energy of an ablative diode laser in the diseased 
periodontal pocket results in various beneficial 
effects:19–23 

1. A reduction in the bacterial volume of 
Aggregatibacter actinomycetemcomitans (A.a) (peri
odontal pocket-violet complex) and Porphyromonas 
gingivalis (P.g) (Red Complex),21,22 which can easily 
penetrate the sulcular epithelium without damaging 
the underlying connective tissues (bactericidal effect), 
which are the prime pathogens in periodontitis. The 
desirable clinical outcome can be achieved when the 
photonic energy of specific laser wavelengths is 
absorbed by brown/black-pigmented anaerobic bac
teria. Also, it exerts a debridement effect through 
removal of the inflammatory products.

https://doi.org/10.2147/JIR.S304946                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2021:14 2516

Pawelczyk-Madalińska et al                                                                                                                                        Dovepress

https://www.dovepress.com
https://www.dovepress.com


2. A reduction in the inflammatory markers and an 
increase in cell proliferation and lymphatic circula
tion lead to periodontal attachment improvement 
(Regenerative effect).

3. Post-operative pain alleviation (Quasi photobiomo
dulation (PBM) effect).

Proinflammatory cytokines contribute significantly in per
iodontal tissue damage, especially interleukin 1 (IL-1), IL- 
6 and tumour necrosis factor-α (TNF-α).24,25 The RANKL, 
ligand RANKL and its soluble counterpart osteoprotegerin 
(OPG) are the major regulatory pathways of osteoclasts 
activity.26 Several studies have shown an increase in 
RANKL expression in diseased periodontal tissues.19,24 

Metalloproteinases degrade the extracellular matrix and 
increase in its activity is one of the predisposing factors 
in periodontal disease.27,28

The diode laser family ranging from 800–980nm 
(near-infrared) can eradicate the inflamed tissue from 
the pocket and decrease the amount of pro- 
inflammatory agents to encourage prompt healing.29–34 

On this note, understudying the mechanism of transition 
from healthy periodontium to diseased and subsequently 
to various stages of disease progression is crucial in 
order to develop effective approaches toward disease 
prevention and therapy.35

Data has shown that adjunctive diode laser treatment to 
the conventional methods has proven to reduce the bacter
ial load in periodontal pocket.36,37 Controversially, a study 
by Slot et al, 2009 failed to support this.38 It’s noteworthy 
that due to a wide methodological heterogeneity in the 
available literature data, laser treatment efficacy in CP 
management, as a monotherapy or as an adjunct to non- 
surgical periodontal therapy (NSPT) has been a challenge 
to interpret.

Due to the controversial above-mentioned notes in the 
efficacy of adjunctive diode lasers to SRP in CP treatment, 
as well a lack of long-term follow-up, the present systema
tic review aimed to scrutinise and evaluate the effective
ness of adjunctive diode-laser treatment (λ 808- λ 980nm) 
to SPR, compared to SRP alone in CP treatment. The 
objectives were as follows: to propose a laser protocol, 
to highlight the appropriate methodology to achieve opti
mal therapeutic outcomes (sulcular debridement) and to 
determine the critical level of the periodontal disease 
severity, which can be considered for this therapeutic 
protocol.

Materials and Methods
Protocol
Identification and critical evaluation of accessible litera
ture was performed. A systematic review was implemen
ted without meta-analysis due to heterogeneity of the 
available data and study outcomes. In accordance with 
the PRISMA statement guidelines, this systematic review 
was conducted39 (See Supplementary materials, 
Appendix 1) and the protocol is published in Prospective 
Register Of Systematic Reviews (PROSPERO) (www.crd. 
york.ac.uk/PROSPERO/; ref CRD 42021227695).

Population, Intervention, Comparison, 
and Outcomes – PICO

● Population: Patients diagnosed with CP, according to 
the 1999 AAP Classification of Periodontal Diseases 
and Conditions.11

● Intervention: Diode surgical laser (λ808- λ980nm) 
treatment, as an adjunct to SRP.

● Comparison: SPR alone (non-surgical approach).
● Outcomes: Evaluation of clinical parameters or 

microbiological or immunological profiles.

Focused Research Question
Does diode laser (λ 808- λ 980nm) treatment have superior 
effects as an adjunct to SPR, compared to SRP alone, in 
terms of clinical, microbiological or immunological pro
files in CP management?

Search Strategy
MEDLINE (NCBI PubMed and PMC), Cochrane Central 
Register of Controlled Trials (CCRCT), Scopus, Science 
Direct, Google Scholar, EMBASE, EBSCO were scanned. 
The following journals were hand searched: 
Photochemistry and Photobiology B: Biology, Lasers in 
Medical Science, Clinical Periodontology and 
Photomedicine and Laser Surgery. In order to detect 
unpublished studies, grey literature sources were screened. 
The search strategy included only terms related to or 
describing the study domains and interventions spanning 
ten years between August 2010-August 2020. Different 
combinations of the following keywords were used: high 
intensity laser, diodes laser treatment AND chronic period
ontitis, smoking, systematic diseases, non-surgical period
ontal therapy AND scaling and root planing, Randomised 
Controlled Trials. The search was performed by two inde
pendent authors (MM and RH). Whereas the utilised 
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MeSH terms were as follows: Chronic periodontitis OR 
Non-surgical periodontal treatment OR Scaling root plan
ing therapy OR Surgical diode laser treatment OR Sulcular 
debridement OR Clinical periodontal parameters OR 
Periodontal microbial profile OR Periodontal immunolo
gical markers.

Eligibility Criteria
Inclusive Criteria 

1. Full-text articles related to CP.
2. Subjects >18-year-old diagnosed with CP according 

to 1999 American Academy of Periodontology 
(AAP) Classification of Periodontal Diseases and 
Conditions.11

3. Studies that utilised diode laser-assisted therapy 
ranging from 808 to 980nm for single or multiple 
procedures.

4. Studies which utilised diode laser tips inside the 
pocket for debridement.

5. RCTs studies (Split mouth/parallel studies) which 
utilised combined laser therapy and SRP (hand and 
ultrasound instrumentations) therapy.

6. Studies which treated PD ≥ 4mm and < 10mm, 
including residual pockets.

7. Studies with a minimum follow-up period of at 
least one month (four weeks) after treatment.

8. Systematic diseases.
9. Smoking/non-smoking subjects.

10. Studies in English language only.
11. Electronic search databases from August 2010- 

August 2020.

Exclusion Criteria 

1. In vitro, animal in vivo, clinical non-RCTs studies, 
case series and case reports.

2. Studies presented in conferences, books, editorial 
report, short communications, systematic and narra
tive reviews.

3. Studies which utilised antibiotics for less than three 
months.

4. Subjects who had periodontal therapy in last month 
prior to enrolling in RCTs.

5. Subjects on anti-inflammatory, hormonal medica
tions or on the substance used drugs.

6. Pregnant/breastfeeding patients.
7. Subjects with PD >10mm.

8. Studies which utilised wavelength < 808nm.
9. Studies utilising light-emitting diodes (LEDs), as 

a light source.
10. Studies employing antimicrobial photodynamic 

therapy (a-PDT) and PBM therapy.
11. Studies utilising mouth rinsing during the course of 

treatment (Povidone-iodine, methylene blue or 
chlorhexidine) protocols just prior to lasing or dur
ing treatment time.

12. Studies with the abstract or title only.
13. Studies with no outcome variable of interest.
14. Studies employed subjects diagnosed with aggres

sive periodontitis.

Treatment Outcome Measures
Primary Outcomes

1. To assess and evaluate the effectiveness of adjunc
tive diode laser treatment (808–980nm) treatment to 
SRP in CP management.

2. To examine the clinical periodontal parameters PD/ 
probing pocket depth (PPD), clinical attachment 
level (CAL), bleeding on probing (BOP), plaque 
index (PI), gingival index (GI), modified gingival 
index (MGI).

3. To evaluate the microbiological profile and immu
nohistochemistry markers obtained from gingival 
crevicular fluid (GCF) samples or polymerase 
chain reaction (PCR) or plasma level of reactive 
oxygen metabolites (ROM) or HbA1c.

Secondary Outcomes
1. To propose a laser protocol according to severity of 

the disease.
2. To highlight the appropriate methodology to 

achieve optimal therapeutic outcomes (sulcular 
debridement).

3. To determine the critical level of periodontal dis
ease severity, which can be considered for this 
therapeutic protocol.

Data Extraction
Two blind reviewers (MM and RH) independently selected 
eligible studies from the search. They performed the 
review, assessment and data extraction for each eligible 
study. Data that they considered relevant to the present 
systematic review was extracted from all eligible articles 
and a tabular representation of the same was prepared. The 
main extracted domains are listed below: 
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1. Study type, year, origin.
2. Sample size.
3. Participants’ gender and age.
4. SRP protocol and irrigation episodes.
5. PD measurements prior to treatment.
6. Laser treatment protocol: laser paraments, dosime

try, number of sessions, treatment duration, tip 
movement, laser tip status (initiated and nonini
tiated) and power meter utilisation.

7. Systematic diseases.
8. Smokers and non-smokers.
9. Clinical variables.

10. Duration of follow-up time-point.
11. Implemented investigations.
12. Performed Statistical analysis.
13. Results and conclusion.

Quality Analysis
Quality evaluation of all included studies of this sys
tematic review were assessed to appraise their methodo
logical and clinical outcomes via the information given 
in the original full text publications. The assessment was 
performed using RoB tool for Randomised trials, 
Version 2.0 (RoB 2)40,41 to evaluate each study quality 
by two independent blind reviewers (MM &RH). The 
assessment criteria under the following headings per
formed as follows: bias arising from the randomisation 
process, bias due to deviations from intended interven
tion, bias due to missing outcome data, bias in measure
ment of the outcome, bias in selection of the reported 
result.

Additionally, a pragmatic approach and quality mea
sured assessment of important items were considered for 
each eligible study as follows: 

1. Industry funding
2. Conflict of interest
3. Ethical approval
4. Description of the study procedure
5. Reported blindness process and how
6. Sample size and evidence of treated pockets 

calculation

Each study was deemed as low, moderate or high RoB. 
Consensus for inter-reviewer disagreements was obtained 
by discussion with a third author (SB) as well as 
a “discrepancy check” featured in RoB 2 tool.

Results
Study Selection
Figure 1 represents the PRISMA flow diagram for the 
search strategy utilised in this systematic review. A total 
of 1895 study titles were obtained from a combined elec
tronic and manual search. Thirteen study titles were iden
tified from cross-references. From 1908 articles, we 
excluded 22 duplicates. Consequently, a total of 1886 
study titles were included in preliminary screened by two 
independent authors (MM and RH). 1860 articles were 
excluded, due to the following reasons: case series and 
case report (n= 150), in vitro and in vivo studies (n=700), 
systematic and literature reviews (n=140), articles not in 
English language (n=77), abstract and title (n=660), arti
cles published more than 10 years ago (n=133). The 
remaining 26 articles were further evaluated based on the 
review eligibility criteria. Additionally, 11 articles were 
excluded based on the following reasons: inappropriate 
study design (n=5), PBMT and a-PDT (n=6). The remain
ing 15 articles42–56 were included and analysed in this 
review. In order to reduce bias and human error, two 
authors independently extracted the data (MM and RH).

Country of Origin
An extensive diversity in the country of origin was noted 
amongst the included papers (Table 1). The distribution of 
the studies was as follows: three in India,42,53,56 two in 
Brazil,43,44 five in Turkey45,46,49–51 and one study noted in 
each of the following countries: Italy,52 Iraq,47 USA,48 

Croatia54 and Iran.55 

Number of Participants, Age and Gender 
Distribution
The range of the participant number were as follows: 
from 11 to 20 in two studies,45,47 from 21 to 50 in eleven 
studies42–44,46,48,49,51,53–56 and from 51 to 60 participants 
in two studies50,52 (Table 1), whereas the distribution of 
the subjects’ number according to gender is illustrated in 
Figure 2 for only 11 of the 15 studies, whereas four 
studies failed to document the gender of their 
participants.45,47,52,56

Study Design
Eight of the 15 studies conducted a split-mouth study 
design43–45,47,48,52,54,55 (53.33%), whereas the remaining 
seven studies conducted a parallel group study design 
(46.67%),42,46,49–51,53,56 in which 60% published in a peer- 

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S304946                                                                                                                                                                                                                       

DovePress                                                                                                                       
2519

Dovepress                                                                                                                                        Pawelczyk-Madalińska et al

https://www.dovepress.com
https://www.dovepress.com


reviewed journal and 26.66% failed to report ethical 
approval (Table 1).

Selection Criteria
All the studies identified their subjects diagnosed with CP 
in their eligibility criteria, according to the 1999 AAP.11

Smoking Status
A total of 12 of the 15 studies excluded smokers in their 
eligibility criteria,42–46,49–51,53–56 while the other two stu
dies included them,48,52 in which one study included smo
kers and non-smokers,48 whereas one of the 15 studies has 
not reported47 (Table 1).

Systemic Disease Status
Four of the 15 studies included subjects with well-controlled 
NIDDM in their eligibility criteria (26.66%),42,46,47,50 

whereas one study included systematic diseases without spe
cifying their nature, but excluded bleeding disorders in its 
eligibility criteria (6.6%).55 Therefore, a total of 33% of the 
included studies in this systematic review represents subjects 

with systematic diseases, which might influence the out
comes. The remaining 66.66% recruited fit and healthy sub
jects (Table 1).

Utilised Wavelength
Various ranges of single laser wavelength were utilised 
from 808nm to 980nm. Three studies used 808nm,42–44 

whereas two employed λ 810 nm.45,46 Ten of the 15 
studies utilised various wavelengths ranging from λ 
940nm- λ 980nm, in which six studies used 940nm,47–52 

one study employed λ 970 ±15nm,53 and three studies 
utilised 980nm54–56 (Table 2) (Figure 3). 

Number of Sessions
Laser-assisted treatment was applied in 10 of the 15 studies, 
immediately after SRP on the same session.42,45,46,48–53,55 

Additionally, five of the 15 studies43,44,47,54,56 utilised multi
ple procedures (lasing), ranging from two to three sessions 
for two weeks (healthy subjects and with systematic condi
tions), in which two studies applied three sessions based on 
laser-assisted therapy at 0-day, 7th and 14th day after SRP47 

Study titles identified in electronic and 
manual search (n=1895)

Studies identified from cross 
references (n=13)

Search results (n=1908)

Further full text articles assessed
for eligibility (n=26)

Records after duplicates removed 
(n=1886)

Articles included for systematic review 
(n=15)

Records screened further according to eligibility;
1860 articles excluded due to the following reasons:

Case series & Case report (n=150)
In vitro and in vivo studies (n=700)

Systematic and literature reviews (n=140)
Articles not in English language (n=77)

Abstract and title(n=660)
Articles published more than 10 years ago (n=133)

Articles excluded due to the review criteria 
(n=11)

Inappropriate study design (n=5)
Photobiomodulation therapy & 

Antimicrobial photodynamic therapy (n=6)

Duplicated articles (n=22)
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Figure 1 PRISMA flow-chart of the study selection criteria for the included article reports. 
Notes: Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med. 2009;6(7):e1000097. © 2009 Moher et al. Creative Commons Attribution License.39
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and 0-day, 3rd and 7th day after SRP.54 However, two 
studies applied two sessions of laser-assisted therapy in 
which at day 0, which was immediately after SRP and the 
another one at the 7th day after SRP43,44 and the last one 
was study applied two sessions of laser-assisted therapy in 
which at day seven after SRP and the another one at the 
14th day after SRP56 (Table 1).

Reported Laser Parameters
Table 2 shows the reported laser parameters of the chosen 
studies while the missing data is illustrated in Figure 4. Laser 
emission mode reported in all included studies, in which 60% 
utilised continuous mode (CW),42–45,47,48,52,55,56 whereas 
33.33% used gated emission mode46,49–51,54 and 6.67% 
pulsed mode.52 Additionally, all the eligible studies reported 
power output that ranged from 0.8W to 3W, while the aver
age power for gated mode ranged from 0.5–2W. Only four of 
the 15 studies documented the irradiance43,44,53,56 and energy 
density was reported only in six studies.48–53 Three studies 
stated that the laser fibre was initiated,48,52,53 in which one of 
them was indicative via photograph,53 while the other 12 
studies failed to report.42–47,49–51,54,56 Only one study 
reported the tip speed movement.55 Additionally, only three 
studies utilised a power meter (20%)43,44,53 while only one 
study failed to provide spot size/fibre diameter information.48 

Only one study calculated the total energy,56 whilst eight of 
the 14 studies failed to report this, despite it being easy to 
calculate; however, it was difficult to calculate it in the 
remaining six studies due to a lack of data (Table 2).

Four of the 15 studies failed to document the laser 
treatment exposure time per pocket.42,48,52,55 In Table 2, 
11 of the 15 studies reported the laser treatment exposure 
time per pocket, ranging between 40 and 60 
seconds,43,44,46,53,56 in which two studies applied 30 sec
onds twice with 60 seconds interval time (thermal 
relaxation),53,56 whereas one study reported only 10 seconds 
relaxation time when the pocket lasing time was >30 sec
onds, whereas six studies reported 20 seconds45,47,49–51,54 

(Table 2).
Six of the 15 selected studies45,48,55 reported the num

ber of treated pockets, which represented sample size, 
ranging from 56 to 207, whereas the probing sites ranged 
from 925 to 1650 reported in two studies52–54 (Table 1). 
Four studies47,53–55 reported PD ≥ 4mm, eight 
studies43–45,48–51,56 reported PD ≥ 5mm and three 
studies42,46,52 reported PD ≥ 4 and ≥ 5. Figure 4 shows 
the pocket measurement in relation to the utilised wave
lengths. Only two studies utilised saline for pocket irriga
tion after laser treatment.42,49 The percentage of data 
documentation in the selected articles that can assist us 
in understanding the laser protocol was about 40%, 
whereas 60% was missing (Table 1). It is noteworthy 
that approximately 50.9% of the laser parameters were 
missing (unreported) (Table 2) (Figure 5).

Methods of Analysis
Multiple parameter assessments were conducted in most of 
the selected studies. The distribution of the clinical 

Figure 2 Illustrates the percentage of the gender distribution according to the number of the recruited subjects.
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assessments in the selected studies was as follows: 
PD,42–56 CPD,44 PPD,56 BOP,42–44,46–51,53–56 

CAL,42,46–51,53–56 cementoenamel junction (CEJ) in one 
study,44 while PI measured in ten studies,42,44–46,49–52,56 

whereas the GI evaluated in eight studies,42,45,46,49–52,56 

MGI assessed in one study,55 as well as GL,55 API54 and 
PCR.56 Interestingly, the microbiological analysis utilised 
GCF in four studies45,48–50 and CFU in two studies.42,43 In 
terms of the immunological analysis, CRP evaluated in 
one study46 and ROM employed in one study.53 The 
HbA1c blood test assessed in three studies.42,46,50 Table 
3 outlines the summary of the clinical parameters, micro
biological and immuno-biochemical markers utilised in the 
included studies. 

The Treatment Outcomes
Table 4 illustrates the outcomes of the clinical indices, 
microbiological and immunological markers at various 
follow-up time-points, ranging from four weeks up to six 
months. Table 5 illustrates the summary of the significance 
and non-significance values of the clinical, microbiologi
cal and immune-biochemical for laser + SRP and the SRP 
alone groups, as well between both groups. This specifies 
that the selected studies utilised the major clinical para
meters; however, 20% of the microbiological and immune- 
biochemical markers have not been utilized in the selected 
studies, whereas the remaining 80% utilised one of two of 
the markers. 

RoB Assessment
The quality assessment of eligible studies of this review 
was performed, using the RoB 2 tool, designed for in vivo 
human RCTs illustrated in Figures 6–9. In terms of devia
tions from intended interventions, 40% moderate, 33.33% 
high risk and 26.66% low risk. All the chosen articles have 
reported extensive evidence of missing outcome data; 
however, they were at a low risk. The majority of the 
chosen studies were bias-free, arising from reporting out
come measurement (60%), whereas 6.66% at a high risk. 
Selective reporting of the results showed 13.33% high risk, 
60% low risk, and 26.66% moderate risk (Figures 6 and 
7). Overall, 40% of eligible studies reported at high risk, 
33.33% low risk and 26.66% moderate risk (Figure 7).

The sample size and evidence of treated-pocket calcula
tion domains showed 40% high risk, 26.66% moderate risk 
and 33.33% low risk, whereas inadequate randomisation 
represented 26.66% high risk, 60% low risk and 13.33% 
moderate risk. Study procedure description and reported Z
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study blindness shared 60% of moderate risk (Figure 8). 
Overall RoB domains revealed 40% high risk, 33.33% mod
erate and 26.66% low risk (Figure 9). The gathered informa
tion from these figures represents the agreed answers 
confirmed, using a discrepancy check feature of RoB2 tool 
across two independent authors (MM and RH).

Figure 8 uses a traffic light system to show an illus
trative representation of the quality of key aspects for each 
study mentioned above, including the criteria mentioned in 
Figure 6. Allowing for the overall quality the items 
assigned in red are where the study does not meet the 
standard (high risk) and items assigned in green for 

Figure 3 Illustrates the percentage of various wavelengths utilised in the selected studies and the number between brackets shows the number of the studies in which 
wavelength used.

Figure 4 Shows the percentage of the recruited pocket depth measurements in relation to the utilized wavelengths.
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meeting the standard (low risk). For standards where we 
considered it possible for them to be partially met (some 
concerns) were assigned in yellow. This was performed for 
every eligible study individually by two independent 
reviewers (MM and RH), in order to reduce the bias and 
human error. Upon fulfilment of all the above-mentioned 
criteria, the study was determined as a low RoB. However, 
where one or more criteria were partly met, the studies 
exhibited a moderate risk of bias. A high risk was assigned 
to a study when one or more criteria were not met. Any 
disagreement resolved by discussion as well discrepancy 
check feature of the RoB 2 tool used, in order to obtain 
agreed answers.

Discussion
Despite NSPT being the worldwide acceptable treatment 
regimen of CP, it has been assessed critically on many 
circumstances over the past decade for its limitations.1,57 

As a result of this, various assisted treatment modalities 
have emerged.58 Hence, the utilisation of diode laser- 
assisted treatment as an adjunct therapy, which can be 
beneficial in NSPT cases unable to offer adequate optimal 
outcome or in compromised medical health conditions.59

There is a general consensus that conventional SPR 
cannot provide complete eradication of the bacteria and 

their toxins form the root surface within the periodontal 
pockets, which offers the strongest rationale to utilise 
photonic therapies, there are extensive controversies 
related to the advantages and benefits of replacing SRP 
with laser-assisted debridement.18,60

Due to the confined research focused to explore the 
efficacy of adjunctive diode laser treatment to NSPT and 
consistent inconsistency in the existing outcomes, this 
systematic review was performed and grounded on the 
hypothesis that diode laser-assisted treatment, as an 
adjunct to SRP improves the clinical, microbiological 
and immunohistochemistry outcomes and promotes faster 
healing of inflamed periodontal tissues. Owing to the 
heterogeneity in the available data of this systematic 
review, a meta-analysis of the included papers was con
sidered unachievable. Thus, a critical appraisal of the 
noteworthy points has been exhibited as follows:

Assessment Methods and Their 
Implications
The aetiology of the CP is a complex and multifactorial 
inflammatory disease, affecting the teeth and supporting 
structures.61 It appeared that the efficacy of CP treatment 
is almost dependent on the clinical parameters only (BOP, 
PPD). It is critically important to have an additional tool 

Figure 5 Shows the percentage of the missing data related to the laser parameters.
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for periodontal evaluation, especially in the early stages of 
chronic periodontitis. Parallel to AAP guidelines,62 the 
predictability of periodontal treatment outcomes can be 
evaluated by an improvement in the clinical parameters 
of inflamed tissue such as BOP and measurable of PI level 
where it is ultimately compatible with the level of healthy 
gingivae.63 Furthermore, a reduction in CAL is an indica
tor of a disease progression, which is ultimately consid
ered a reliable parameter for treatment outcome 
assessments.64 Nevertheless, the process of culturing the 
anaerobic bacteria is very challenging which may influ
ence the outcomes.65 In view of the fact that the number of 
studies which conducted microbial analyses is limited, the 
diversity in treatment protocols and methodologies used 
for microbiological analysis have become problematic. 
The majority of these studies used various microbial ana
lyses which have coincided with pathogen reduction. 

A number of these studies compared adjunctive λ805nm 
diode laser to the control in CP treatment showed 
a significant reduction in Prevotella intermedia (P.i) and 
P.g in the laser group. A study by Saglam et al, 2014 
conducted a quantitative analysis of P.g, Tannerella for
sythia (T.f), and Treponema denticola (T.d), using real-time 
PCR (RT-PCR).49 The volume of the following bacteria: P. 
g, T.f, and T.d were significantly reduced in all treatment 
groups after one month (P<0.05). Nonetheless, the was no 
statistically significant differences detected among the 
groups for microbiological parameters at any follow-up 
time points (P >0.05).

Both studies by Euzebio Alves et al, 201343 and De 
Micheli et al, 201144 used adjunctive λ 808 nm laser to 
SRP compared to SPR alone, evaluating the changes in P.g 
and P.i pathogens (especially black-pigmented bacteria) 
with the microbial culture method. The microbiological 

Table 3 Illustrates the Methods of Assessment for All the Eligible Randomised Controlled Studies, Which Were the Clinical 
Parameters (PD/PPD, PI, BOP, GI, CAL, GL, API, MGI), Microbiological Analysis (CFU, PCR), Biochemical Markers (CRP, GCF, 
ROM, HbA1C), as Well the Number of Assessed Variables in Each Study

Author and Citation PI GI CAL CFU HbA1C PD/ 
PPD

BOP GCF CRP ROM API GL MGI PCR

Chadra et al, 201942 Yes Yes Yes Yes Yes Yes – – – – – – – –

Alves et al, 201343 Yes – Yes Yes – Yes Yes – – – – – – –

De Micheli et al, 201144 Yes – Yes Yes – Yes Yes – – – – – – –

Meseli et al, 201945 Yes Yes – – – Yes Yes Yes – – – – – –

Dengizek et al, 201846 Yes Yes Yes – Yes Yes Yes – Yes – – – – –

Dakhil et al, 201947 – – Yes – – Yes Yes – – – – – – –

Nguyen et al, 201548 – – Yes – – Yes Yes Yes – – – – – –

Saglam et al, 201449 Yes Yes Yes – – Yes Yes Yes – – – – – –

Koçak et al, 201650 Yes Yes Yes – Yes Yes – Yes – – – – –

Hatipoğlu et al, 201751 Yes Yes Yes – – Yes Yes – – – – – – –

Crispino et al, 201552 Yes Yes – – – Yes Yes – – – – – – –

Balasubbramani et al, 201453 Yes – Yes – – Yes Yes – – Yes – – – –

Dukić et al, 201354 – – Yes – – Yes Yes – – – Yes – – –

Zare et al, 201455 – – – – – Yes Yes – – – – Yes Yes –

Yadwad et al, 201756 Yes Yes Yes – – Yes Yes – – – – – – Yes

Number of tests for the 

selected studies

11 8 12 3 3 15 13 4 1 1 1 1 1 1

Abbreviations: PD/PPD, pocket depth/periodontal pocket depth; PI, xx; BOP, bleeding on probing; GI, gingival index; CAL, clinical attachment level; GL, gingival level; API, 
approximal plaque index; MGI, marginal gingival index; CFU, colony forming units; PCR, polymerase chain reaction; CRP, C-reactive protein; GCF, gingival crevicular fluid; 
plasma ROM, reactive oxygen metabolite; HbA1C, glycated haemoglobin.
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Table 4 Illustrates the Outcomes and the Follow-Up Period of the Eligible Studies

Citation Follow- 
Up

Outcomes of Treatment

Chandra et al, 201942 3 months Laser group
At 3 months: a significant reduction in the CFU (Aa and Pg), but 6.49% more reduction in HbA1c level 
without statistically significant.

Both groups
At 3 months: statistically significant improvement in PI (p value 0.003), but no statistically significant in the 
GI, PD, and CAL (p =0.000)

Euzebio Alves et al, 
201343

6 weeks 
6 months

Laser group
At 6 weeks and 6 months: no statistically significant improvement in CAL, PD, PI and BOP, compared to the 

control (SRP)
At 6 weeks: statistically significant reduction in CFU (P>0.05) in Laser +SPR, compared to SRP

Both groups
At 6 weeks and 6 months: a statistically significant improvement in the CAL, PD, PI and BOP (P<0.001),  
an increase in the CEJ-MG distance without statistically difference between groups.

At 6 months: Reduction in the CFU (Pg, Pi, Aa) was statistically significant in both groups

De Micheli et al 

201144

6 weeks Laser group vs SRP
No statistically significant difference in the CAL gain as well in the PPD,  

BOP and microbes’ reduction in laser group
An increase in the average value of the gingival retraction of 0.6 mm (P=0.019), average 0.5mm (p=0,009);

Statistically significant reduction in the numbers of CFU BT (P<0.001) in the laser group and (P<0.001) in the 

control group, but no significant differences between the groups 6 months after the treatment (P=0.55).
Control group
Statistically significant in the CAL gain (P<0.001) in the average value of 1.9 mm higher than that in the laser 

group (P=0.039).
Both groups
A reduction in the A.a colonies was higher in the control group, but statistically insignificant (P=0.10). No 

association observed in the presence of P.g and P.I at any time in control group.
The studied cclinical parameters: the clinical probing depth (CPD) CAL resulted in significant enhancement 

in the control group, compared to laser group (P = 0.014 and P = 0.039, respectively). The results of the PI 

and BOP were similar in both groups.
The microbiological parameters showed no significant differences between both groups.

Meseli et al, 201945 8 weeks Both groups
PI, PD, CAL, GI, BOP showed significant improvement;

GCF volume decreased parallel to the declines in GI and BOP

Dengizek et al, 

201846

3,6 months Laser group,
At 3, 6 months: statistically significant (P < 0.05) reduction GI, BOP, PD > 4 mm and PD >7 mm, compared 

to control group.

Control group
At 6 months: GI was a statistically significant (P < 0.05).

Both groups
At 3, 6 months: CRP serum and HbA1c levels were similar between the groups (P > 0.05). The clinical 
parameters, GI, BOP, PD showed statistically significant (P < 0.05) improvement, compared to the baseline, 

as well as PI, CAL and PD (P > 0.05)

Dakhil et al, 201947 3 months Both groups
At 3 months: statistically significant gain in the CAL and a reduction in the BOP but no significant differences 

between the groups

(Continued)
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Table 4 (Continued). 

Citation Follow- 
Up

Outcomes of Treatment

Nguyen et al, 201548 3 months Both groups
At 3 months: statistically significant reduction in the PD and BOP and gain in the CAL but not significantly 
different between groups.

The GCF IL-1b levels between both groups were not statistically significant. IL-1b levels were not 

statistically different between both groups (baseline, P <0.36; 3 months, P <0.97).

Saglam et al, 201449 1,3,6 
months

Laser group vs control group
Statistically significant (p < 0.05) improvement in the below clinical parameters and biochemical markers, 

compared to control:

At 1 month: PPD, GI BOP, MMP-8
At 3 months: BOP, TIMP-1

At 6 months: PI, GI, TIMP-1. The reduction in PD was 1.0 mm and in the gain of CAL was 0.2 mm and both of them

Koçak et al, 201650 1,3 months Laser group
At 1, 3 months: statistically significant reduction in the PD of 5 and 6mm and gain in the CAL (P<0.05), 
compared to the control.

Control group
At 1, 3 months: the levels of GCF IL-8 showed statistically significant (P<0.05) differences, compared to baseline.
Both groups
At 1, 3 months: 

- PD, CAL, PI, and GI were statistically significant (P<0.05) reduced, compared with baseline in both groups 
but no statistically significant difference in any analyzed whole-mouth clinical parameter changes between 

the groups at any time points (P>0.05) 

- The PD ≥ 7mm and CAL showed statistically significantly improvement in both groups at all time points, 
compared to the baseline (P < 0.05). 

- Statistically significant reduced in the levels of GCF IL-8 (P<0.05) - Statistically significant reduced in the 

levels of GCF IL-6 (P<0.05)
At 3 months: 

- HbA1c values statistically significantly reduced (P<0.05) 

- GCF IL-1β levels statistically significant reduced in both groups (P<0.05). 
- Statistically significant increase in the GCF IL-8 level (P<0.05), compared to the first month follow-up.

Hatipoğlum et al, 
201751

1,3,6 
month

Both groups
At 1month: significant improvement (p<0.05) in GI level, no significant improvement in PD but significant 

reduction in the CAL (p<0.05).

At 3months: Statistically significant reduction in The PI and GI (p<0.05), statistically significant gain in the 
CAL (p<0.05); but no significant improvement in PD.

At 6 months: Statistically significant improvement in the PI, GI, and BOP (p<0.05), statistically significant gain 

in the CAL (p<0.05); but no significant improvement in PD

Crispino et al, 201552 4 months Laser group vs control group
The average GI level reduced double compared to the control group (80% vs 44%)

The PI and PD were reduced by a mean percentage of 67% and 76%, whereas in the control group the mean 

percentage of reduction was 57% and 58%.

Balasubramaniam 

et al, 201453

1,2 months Laser group
At 1, 2 months: there was no statistically significant in the ROM serum level. Statistically significant 

improvement in the BOP and CAL gain in single and multirooted teeth

At 2 months: there was no statistically significant in the clinical parameters.
Both groups
At 1, 2 months: statistically significant improvement in the BOP and CAL gain in single and multirooted teeth

(Continued)
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analysis revealed a significant bacterial reduction in both 
groups, despite the fact that no significant differences were 
noted between both groups. They reported that the laser 
did not cause a significant pathogen reduction, compared 
to SRP. It is noteworthy that a study by Euzebio Alves 
et al, 201343 examined samples related to single-rooted 
teeth, which usually respond well to conventional thera
pies, due to their morphology and adequate access; hence, 
the results can be anticipated.

It’s important to note that a strong reduction in period
ontal pathogens, especially orange and red-complex bac
teria is considered one of the key influences in NSPT 
clinical success. Previous reports have shown that 
Gram−ve bacteria in PD are difficult to eliminate.66,67

RT-PCR is considered a reliable diagnostic tool for the 
detection and quantification of P.g, which also play 
a pivotal role in the initiation and progression of CP. 
Euzebio Alves et al, 201343 and De Micheli et al, 201144 

studies in this systematic review employed λ 808 nm diode 
laser, as an adjunct to SRP have examined the changes of 
the P.g and P.i pathogens in microbial culture. A study by 
Euzebio Alves et al, 201343 recruited two preselected 
contralateral single-rooted teeth with a PD ≥ 5 mm, 
which were randomly assigned to the test or control 
group. However, only the samples of the deepest site of 
two single-rooted teeth were checked for RT-PCR, 

whereas laser irradiation only at one-site of the pocket. 
This can ultimately lead to predictable conclusions. Hence, 
adjunctive laser irradiation has not added extra benefits to 
the NSPT, in terms of the clinical parameters and micro
biological profile. Moreover, this study failed to report the 
performed protocol of RT-PCR analysis. Similarly, a study 
by De Micheli et al, 2011 reported that laser treatment + 
SPR therapy has not shown significant pathogen reduction, 
compared SPR alone.44 It is noteworthy that a study by 
Euzebio Alves et al, 2013 used samples of single-rooted 
teeth, knowing their simple morphology, easy access and 
that they respond well to conventional NSPT.43 Therefore, 
the outcomes were predictable. This coincided with 
a study by Caruso et al, 2008 who utilised RT-PCR 
method, but only descriptively reported the cultured sam
ples, which were pathogen free, without performing statis
tical analysis on the changes in the periodontal pathogens, 
knowing that the RT-PCR test lacks comparability for 
pathogen numbers.68 Balasubramaniam et al, 2014 
assessed the short-term effectiveness of diode laser in 
addition to SRP in patients with CP on the following 
clinical parameters: PPD, BOP, PI, CAL and ROM.53 

The serum level of ROM was significantly reduced in 
both groups (SRP alone and SPR + laser). However, no 
significant differences were observed between both 
groups. Conversely, a study by Uslu et al, 201869 showed 

Table 4 (Continued). 

Citation Follow- 
Up

Outcomes of Treatment

Dukić et al 201354 6,18 weeks Laser group
At 18 weeks: ONLY statistically significant reduction in the PD of 4–6mm, compared to the baseline (P < 
0.05).

At period time between 6 to 18-week, statistically significant reduction in PD of 4–6mm (P < 0.05).

Both groups
At 6, 18 weeks: the results were similar in terms of API, BOP, PD in deep pockets and CAL.

Zare et al, 201455 2 months Laser group
Statistically significant improvement in the BOP (p = 0.033)

Both groups:
Statistically significant reduction in the GL (recession) and MGI (p < 0.001) and but no statistically significant 

differences between both group in the above clinical parameters of p = 0.903 and p = 0.379 respectively

Yadwad et al, 201756 4–6weeks 

12–14 

weeks

Laser group
At 4–6 weeks: there was a statistically significant reduction in the Pg level better of 21.2%, compared to the 
baseline (41,1%).

At 12–14 weeks: there was no statistically significant increase in Pg level.

Both groups
At 4–6 weeks: Statistically significant improvement in the BOP, PI, GI and Pg (PCR)

At 12–14 weeks: Statistically significant improvement in the BOP, PI, GI, PD and PCR
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Figure 6 Quality assessment of all the included eligible studies (n=15) in 4 domains and overall bias. Studies were graded as low risk (green), moderate risk (some concerns, 
yellow) or high risk (red) for each domain. There is no summation across fields. The assessment was performed using RoB tool for randomised trials, Version 2.0 (RoB 
2).40,41

Figure 7 Risk of bias assessment graph of all the included studies expressed as percentages for 4 main domains as well overall bias, based on the agreed answers across two 
independent authors (MM and RH). The assessment was performed using RoB tool for randomised trials, Version 2.0 (RoB 2).40,41
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Figure 8 Shows the summary of the risk of Bias assessment of all the domains of the included studies based on agreed answers across two independent authors (MM &RH). 
The assessment was performed using RoB tool for randomised trials, Version 2.0 (RoB 2).40,41

Figure 9 Risk of bias assessment graph of all the included studies for all the domains expressed as percentages, based on agreed answers across two independent authors 
(MM and RH). The assessment was performed using RoB tool for randomised trials, Version 2.0 (RoB 2).40,41
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that Myeloperoxidase (MPO) level was less in the laser + 
SRP group, whereas it was increased in the SPR alone 
group. The results are indicative of the fact that laser was 
shown to have positive effects on the oxidative stress in 
reducing inflammation.

Based on the above notes, our observations revealed 
that the discrepancy in the results of the above-mentioned 
studies could be related to the immunobiochemistry ana
lysis utilised in these studies, as many analysed different 
biochemical parameters; however, there is evidence of 
a lack of knowledge of the biochemical markers, which 
are considered very sensitive. Despite the results of the 
majority of the chosen studies in the present review indi
cating that diode laser-assisted therapy is an effective 
adjunctive treatment modality over SRP alone, they have 
shown a degree of discrepancy in the level of significance 
amongst the following clinical parameters findings: PD/ 
PPD, CAL, BOP, PI, API, and GI (Table 4). As a result, 
there is significant concern in obtaining a reproducible 
methodology. Additionally, the discrepancy in immuno
biochemical marker assessment has reflected on the fol
lowing reporting outcomes: IL-1, IL-6, IL-8, intercellular 
adhesion molecule-1 in GCF and HbA1c levels. This 
could be due to utilisation of the unstandardised RT-PCR 
technique protocols used in analysing the data. It is impor
tant to emphasise that all the studies in the present review 
focused on analysing one or more of the clinical para
meters but utilising the immunological and microbiologi
cal markers lacked in most included studies (Table 3). 
Future studies are warranted to address robust outcome 
assessments.

Representation of the Treatment 
Outcomes
Despite the authors of this systematic review having 
attempted to follow a prudent and pragmatic approach in 
presenting the data, there was profound inconsistency or 
discrepancy noted in the methods of assessment of the 
efficacy of adjunctive diode laser-assisted approach. 
Additionally, the conflicting results among most of the 
included studies governed by several discrepancies such 
as lack of description of disease severity, small sample 
size, lack of power meter used, inconsistent and short-term 
follow-up duration and contradictory description of signif
icance level of results. Significant variations in duration of 
the follow-up were noted, most of the selected studies 
from four weeks up to six months, as described in Table 

4. Moreover, there is a discrepancy in the statistical sig
nificance in SPR + laser and SPR alone and between both 
groups (Table 5). There is a necessity for a follow-up 
period longer than six months to justify the effectiveness 
of adjunctive diode laser treatment, compared to SPR 
alone, taking into consideration clinical, microbiological 
and immunohistochemical assessment markers.

Impact of Single or Multiple Laser Sessions After SRP 
on Outcomes
A study by Dakhil et al, 2019 employed multiple diode 
laser procedures after SRP (three sessions at 0-day, 7th and 
14th day), in which both groups (Laser + SRP and SRP 
alone) revealed a significant improvement in BOP and 
CAL. Nonetheless, no significant differences were shown 
between both groups after a three-month follow-up.47 It is 
important to highlight that this study only reported patients 
with PD > 4mm without indicating the number of the deep 
pockets evaluated. At the time of the procedure, the pur
pose of using saline irrigation between treatment were 
unreported.

Two studies utilised λ980 nm diode laser as an adjunct 
treatment modality to SRP. One of them was by Yadwad 
et al, 2017 where a single pocket was treated twice for 30 
seconds with 60 seconds time interval on first visit and this 
protocol was repeated after one week, in which no addi
tional effect SRP + laser group, compared SRP alone 
group on bacterial reduction was observed.56 In contrary 
to the other study by Dukić et al, 2013 which utilised 
multiple applications of λ 980nm irradiation after SRP 
on 0-day, 3rd, 7th day after SRP. The irradiation time 
was 20 seconds. It is important to note that this protocol 
was effective in improving PD only in moderate PD, 
ranging between 4 and 6 mm.54 This laser treatment 
regime was the closest to a study by Samulak et al, 2020 
when 20 seconds of laser irradiation was applied on the 
tooth side and repeated twice within two weeks after the 
initial treatment.70

Interestingly, Saglam et al, 2014 study utilised a single 
laser irradiation application immediately after SRP which 
led to additional benefits in PD reduction (0.63 mm, p < 
0.01, I2 = 0%) and CAL gain (0.52 mm, p = 0.02, I2 = 
0%), compared to SRP alone.49 Conversely, another sub
group analysis evaluated the effect of multiple diode laser 
applications within the first week after SRP which did not 
confirm an advantage of laser application in combination 
with SPR. In terms of two applications of laser therapy 
after SRP, De Micheli et al, 2011 study showed the results 
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of two laser treatment applications (at 0-day and 7th-day 
after SRP) were similar in PI and BOP improvement, for 
which additional laser therapy added no extra value.44 This 
coincided with Euzebio Alves et al, 2013 study when 
a protocol of λ 808nm irradiation protocol with two appli
cations at 0-day and 7th day after SRP employed. All 
clinical parameters (BOP, PD, CAL) in both laser + SRP 
and SRP alone groups were improved but no statistically 
significant difference was observed between both 
groups.43 It is essential to note that only one study by 
Balasubramaniam et al, 2014 in this systematic review 
documented two examiners having measured the PD and 
were comparable.53

Based on the above-mentioned notes, it appears that 
there is a discrepancy in the studies’ results utilising dif
ferent laser irradiation protocols, highlighting that multiple 
laser treatment sessions after SRP have not added any 
additional values to the outcomes.

Role of Influencing Factors on the Outcomes
Smoking is a significant contributing risk factor in the 
deterioration of periodontal diseases and debilitating the 
healing outcome after both surgical and NSPT, which is 
well documented in the literature.71 Long-term tobacco 
smoking habits can compromise the outcomes of any 
periodontal treatment. It’s tempting to speculate that 
adjunctive diode laser treatment to SRP outcomes would 
be compromised in the smokers’ cohort over the non- 
smokers. A study by Dakhil et al, 2019 included smokers 
and non-smokers, which might imply outcome bias.47 Two 
studies included smokers in their eligibility criteria,47,52 

out of which one study conducted by Crispino et al, 2015 
reporting a statistically significant reduction in the follow
ing parameters in the laser group versus (Vs) SRP alone: 
average of GI level (80% vs 44%), PI (67% vs 57%) and 
PD (76% vs 58%).52 In contrast, the second study con
ducted by Nguyen et al, 2015 has not shown a significant 
effect of adjunctive diode laser treatment to SRP on PD 
improvement, compared to the SRP alone group. It is 
important to note that λ 940nm irradiation combined 
SRP at 0.8W is shown to be insufficient for therapeutic 
purposes in the smokers’ cohort.48 It is a challenge to 
outline a laser proposal highlighting whether diode laser 
treatment can add any extra beneficial value in improving 
the clinical parameters in smokers with CP compared to 
a non-smoker cohort. Hence, RCTs with extensive data 
sample size combined with a robust laser protocol are 
warranted. It has been reported in literature that the link 

between CP and NIDDM can be bidirectional, in which 
the latter can be considered as a predisposing factor in 
developing CP and in severe periodontitis it can affect the 
glycaemic control in diabetic patients.72 It’s tempting to 
assume that using diode laser-assisted treatment with SRP 
can add value in improving the clinical parameters, micro
biological and biochemical markers. In this systematic 
review, four of the 15 studies utilised participants with 
NIDDM. The results of a study by Chandra et al, 2019 
revealed a statistically significant improvement of the clin
ical parameters and microbiological profile in the laser + 
SRP group compared to SRP from baseline to three-month 
follow-up timepoint, as well the biochemical markers 
(HbA1c). The study laser protocol was as follows: λ 
808nm at 1.5W-1.8W in a CW. The reduction in HbA1c 
level was 16.25% in laser + SRP group versus 9.76% in 
SRP alone group; however, no statistically significant 
improvement between both groups was noted.42 

Nonetheless, a study by Koçak et al 201650 has shown 
significant (P < 0.05) reduction in the following cytokines 
levels in the GCF at 3 months: IL-1, IL-6, IL-8, intercel
lular adhesion molecule and vascular cell adhesion mole
cule, as well HbA1c levels after treatment.50 It’s 
noteworthy that the utilisation of 940nm at 3 W in 
a gated emission mode (average power 1.5 W) has reduced 
the HbA1c levels more significantly (P < 0.05) in laser 
group, compared to SRP alone (0.41 vs 0.22% respec
tively). A greater improvement was noted in CAL and 
PD of moderate PD, ranging between 5–6 mm in diabetic 
patients, compared SRP alone group.50 Controversially, 
a study by Dakhil et al, 2019 that used λ 940nm at 0.8 
W in a CW has shown a statistically significant gain in the 
CAL and reduction in BOP in both group at three-month 
recall, but no statistically significant differences were 
reported between both groups. It is noteworthy that a low 
power is shown to be insufficient to improve the clinical 
parameters and reduce the pathogens.47 This coincided 
with the results of Dengizek et al, 2018 study when 
810nm laser, at 1W in gated mode (500ms on/500ms off) 
utilised. We have calculated the energy 500mJ per pulse 
with a peak irradiance of 796 W/cm2 and the average 
irradiance was 398W/cm2. The peak power of 1W in 
gated mode was sufficient to significantly reduce (P < 
0.05) GI, BOP and PD in SRP + laser group, compared 
to SRP alone group. However, no significant differences 
(P > 0.05) in the HbA1c and serum CRP levels observed 
between both groups.46 The authors concluded that this 
laser protocol was efficient in contributing to reducing 
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local inflammation and enhancing periodontal healing 
without beneficial effects on systematic inflammatory 
response and glycaemic control.46

As per the above, we can extrapolate the impact of the 
wavelength and the power output on the clinical period
ontal parameters and the microbiological and biochemical 
markers, especially the HbA1c level, in utilising laser- 
assisted treatment in diabetic patients with CP. Moreover, 
the various power output utilised led to inconsistency and 
controversy in the outcomes.

Role of Laser Parameter Protocol on Outcomes
Laser wavelengths ranging between λ805- λ810nm have 
a high absorption affinity to haemoglobin, which can be 
associated with an increase in the risk of thermal damage 
when blood covers the root surface. On this note, a study 
by Crispino et al, 2015 suggested a laser regime allowing 
a few days interval between laser irradiation or the use of 
saline irrigation of the pocket before irradiation to remove 
blood from the pocket. At the two-month follow-up per
iod, a statistically significant improvement in BOP in both 
groups was reported. The results showed (Table 4) that 
diode laser treatment can add benefits to SRP, compared to 
SRP alone as a considered routine use of adjunctive diode 
laser to SRP in the treatment of moderate-to-severe CP.52 

However, within this context, a study by Lin et al, 2009 
did not support this concept, when λ 810nm at 2W output 
in a CW delivered with 400µm fiber was utilised. 
Chlorhexidine gluconate solution was used to irrigate the 
pocket after SRP73 but no significant differences were 
observed between both groups (laser + SRP and SPR 
alone). Diode laser-assisted subgingival curettage resulted 
in statistically significant reduction in PD, SBI, and GI and 
CAL gain, compared to SPR alone group at a four-week 
follow-up recall.

The likelihood of the harmful effects of λ 808 nm laser 
on the periodontium was demonstrated by the results of De 
Micheli et al, 2011 study.44 In terms of the deterioration in 
PD and CAL in the laser + SRP group was based on the 
following laser protocol, at 0-day and 7th day after SRP: λ 
808 nm, 1.5W, CW, 1193.7 W/cm2, 20 seconds exposure 
time per pocket. However, no differences between both 
groups was noted in terms of Pl and BOP parameters and 
total bacterial load of P.g., A.a., P.i. levels.44 Equally, 
a study by Euzebio Alves et al, 2013 utilised the same 
laser protocol and the latter study has shown no antibac
terial effect in the laser group.43 Controversially, a study 
by Bansal et al, 2019 (808 nm, 0.4 W, CW with 20 

seconds exposure time per site and 0.8 W in pulsed 
mode with 10 seconds exposure time per tooth site)74 

and Giannelli et al, 2012 study (810 nm, 1 W, CW, 353.4 
W/cm2, 66.7 J/cm2)75 have shown a significant reduction 
in the perio-pathogens in the laser + SRP group.

It is important to note that three of the 15 eligible 
studies (De Micheli et al, 2011,44 Euzebio Alves et al, 
2013,43 Balasubbramani et al, 201453 have reported the 
use of power meter and suggested its importance, how
ever, there is no documentation on the utilised therapeutic 
power that was measured with a power meter, which is 
quite confusing. Therefore, many conflicting pieces of 
evidence from various clinical trials are observed in 
literature.17

A study by Chandra et al, 2019 was unclear whether 
1.5W or 1.8W or the value between was utilised. 
Nevertheless, this higher power output setting of λ 
808nm diode laser delivered in a CW with a 300mm 
fibre showed a reduction in A.a and P.g colonies signifi
cantly and further reduction in the HbA1c level of 6.49% 
in laser + SPR group observed at three-month follow-up.42 

This coincided with the positive correlation suggested in 
a study by Yadward et al, 2017. They observed that utili
sation of 980nm at 2W in CW has a reduction in the levels 
of P.g colonies and clinical parameters evaluated at base
line, 4–6 weeks and 12–14 weeks follow-up period in both 
groups.56 This suggests that P.g levels play a vital role in 
the induction and progression of CP.76,77

A study by Zare et al, 2014 that utilised λ 980nm (1W 
power, CW, 400 μm fibre) has shown a reduction in BOP 
without significant negative impacts on root surfaces and 
gingival recession. The results in both groups have shown 
a statistically significant improvement (p<0.001) in GL 
(recession) and MGI without statistically significant differ
ences between both groups in the above clinical para
meters of p = 0.903 and p = 0.379, respectively.55 This is 
confirmed by Kreisler et al, 2002 study, when 1W power 
output had no or little effect on the root surface and the 
attachment level of the periodontal tissue.78 In contrast, 
a power output of 1.5 W and higher can cause thermal 
damage and attachment loss. This was demonstrated by an 
in vivo animal study conducted by Romanos et al, 2004 
where the results have shown a complete removal of 
sulcular epithelium and connective tissue when λ 980nm 
utilised at 2W in CW with 15 second laser irradiation per 
pocket, whereas hand instruments used to eliminate the 
remnant of epithelial tissue in treated sites.79 Moreover, 
the treated sites with 4W showed necrosis signs, which 
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subsequently can delay healing and compromise desirable 
outcomes.79

From the above notes, it is possible to extrapolate that 
utilisation of a high-power output of diode laser, as an 
adjunct to the NSPT has not added additional benefits, 
compared to SPR alone.

Two studies utilised λ 940nm at 0.8 W in CW.47,48 One 
of them was a study by Dakhil et al, 2019 which showed 
no statistically significant difference in the clinical para
meters (PD, CAL and BOP) between both groups at three- 
month recall.47 While the other study was by Nguyen et al, 
2015, which concluded that SRP + laser did not enhance 
clinical outcomes compared to SRP alone in the treatment 
of inflamed sites with ≥5 mm PD, in periodontal main
tenance patients. There was a statistically significant 
reduction in PD and BOP and CAL gain, in both groups 
(SRP + laser and SRP alone), but no evidence of statisti
cally significant difference between both groups.48 

Similarly, the GCF and IL-1β levels showed no statisti
cally significant differences between both groups.

Our observations from the above two studies are that it 
seems the peak power of 0.8 W in CW was ineffective in 
eradicating the bacteria in the pocket and eliminating the 
inflamed epithelium, which this coincided with by Zingle 
et al, 2012 study.80 Controversially, the Saglam et al, 2014 
study utilised 940nm at 1.5W in a gated mode (20 msec 
on/20msec off) (average power 0.75 W), 300 micrometre 
tip revealed an improvement in the laser + SPR group, 
compared to SPR alone, in the following clinical para
meters, respectively: CAL gains (1mm versus 0.9mm), 
reduction in the PD (1.9mm vs 0.8mm) and BOP (62% 
vs 52%). However, the levels of IL-1β, IL6, Matrix metal
loproteinase (MMP)1, MMP8, and tissue inhibitor of 
metalloproteinase reduced in both groups, whereas IL8 
level was increased; however, the latter exhibited 
a further significant increase in laser+ SRP group, com
pared to SRP alone group at the first month follow-up.49 

Indeed, these conflicting results would have a great impact 
on employing these laser protocols for future studies.

A study by Meseli et al, 201745 utilised λ 810nm at 
a power output of 1 W, CW, 20 seconds per pocket, which 
showed a significant improvement in the following para
meters: PI, PD, CAL, GI, BOP and GCF volume in both 
groups (laser + SRP and SRP alone), knowing that all SRP 
treatments should be in deeper than regular pockets of PD 
≥ 3 mm, not only in PD ≥ 5 for the entire study, in order to 
achieve deeper decontamination. The bacteria from resi
dual pockets have higher virulency than others. However, 

this was unclear in this study. This is another drawback of 
this study in not being vigilant in documentation.45

A study by Romanos et al, 2004 revealed that instru
mentation of the periodontal tissues with 980nm laser led 
to a complete epithelial elimination when compared to 
NSPT with hand instruments.79 With an appropriate ther
apeutic power setting, diode laser wavelength of desirable 
penetration depth can reach target tissue, ranging from 
0.5mm to 3mm.81 Hence, the laser bactericidal effects 
have a great impact on the residual pathogenic bacteria 
in the pocket epithelium. This can lead to complete de- 
epithelisation of the inflamed tissue in the PD, compared 
to mechanical NSPT alone and a better clinical connective 
tissue (CT) attachment, as well a reduction in the PD.82 

Laser therapy can have a great influence on the molecular 
levels by increasing the vascular endothelial growth factor, 
transferring growth factor β, and mRNA expression of 
insulin growth factor on human gingival fibroblasts, 
which can subsequently modulate the CT turnover towards 
enhancing the healing process.83–85 After the laser therapy, 
coagulation at the site and blood clot stabilisation has been 
documented.86

A study by Hatipoğlu et al, 2017 utilised λ 940nm at 
average power output of 1.5W showed to be statistically 
significant in both groups in the following paraments and 
follow-up time points: at 1st-month significant improve
ment (p<0.05) in GI with no significant improvement in 
PD while the significant gain in CAL (p<0.05), at 3rd 
month: significant improvement in PI, but not in the PD 
between groups, and at 6th months both groups showed 
a more significant improvement (p<0.05) in PI, GI, BOP 
and CAL but not in PD.51 A study by Koçak et al, 2016 
utilising the following laser protocol: λ 940nm, 1.5W, 
20ms on, 20ms off, 20 J/cm2, exposure time: 20 seconds 
per pocket, in NIDDM participants with PD ≥ 5mm has 
shown a better improvement in the clinical parameters and 
HbA1c levels in SRP+ laser group, compared to SRP 
alone.50

It is important to highlight that PD reduction can be 
achieved after SRP via retraction of inflamed periodontal 
tissue. Nevertheless, adjunctive laser treatment can prob
ably demonstrate a more significant reduction in PD due to 
laser properties in enhancing the healing process. 
However, it remains debatable due to a lack of reporting 
results in the literature.

It is noteworthy that each of the tested wavelengths 
ranging from 808nm to 810 and 940nm to 980nm has 
a slightly different degree of affinity to water and 
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haemoglobin, melanin, and porphyrins, which requires 
careful consideration when future laser protocols are for
mulated. Also, the laser irradiation per pocket’s exposure 
time plays a fundamental key factor in achieving optimal 
outcomes. The degree that the target tissue absorbs of the 
laser photonic energy, which is transformed into heat to 
achieve the desired effects depends on the exposure time 
duration. In this systematic review, the range of the expo
sure time is between 20 and 60 seconds with various 
implications on the outcomes, which only 11 studies 
reported this variable,43–47,49–56 where two of them stated 
the treatment time 30 seconds twice with a 60 seconds 
thermal relaxation time.53,56 Furthermore, the laser beam 
profile has a thermal effect on bacteria as they are killed, it 
also has the property of deactivating the deeper-seated 
bacterial toxins in the cementum portion of the root.87

From our observation, 12 of the 15 
studies43–45,47–51,53–56 (approximately 70%) failed to pro
vide a clear understanding of their technique in measuring 
the PD and their allocation in the mouth, as and the study 
designs were very confusing, as they mixed up single and 
multi-rooted teeth in their assessments. These discrepan
cies have a great impact on the clinical outcomes and 
utilised pockets >5mm without specifying if these cases 
were moderate periodontitis (PD 4 −6mm) or severe (PD 
>7mm). This can have a great influence on the healing 

process. However, the remaining three studies42,46,52 have 
stated that they utilised moderate periodontitis with a PD 
between 4–6mm and Saglam et al, 2014 divided the PD 
groups into moderate and severe in their study.49

It appears that the critical level of the periodontal 
disease severity has a great impact on the proposing ther
apeutic protocol. In CP patients with PPD ≤ 5 mm, SRP 
plus diode laser (λ 808- λ 980 nm) is more effective, 
compared to SRP alone. This depends on a robust metho
dology and laser protocol.

Moreover, the treatment outcome can be influenced by 
various risk factors such as smoking, diabetes, life style, 
host genetics, cardiovascular diseases, pathogenic oral 
microbiome or combined pathogens.17,77,88 The photonic 
energy of specific laser wavelengths shows high absorp
tion affinity to brown/black-pigmented anaerobic 
(Gram−ve) bacteria (P.g, P.i, Prevotella nigrescens, 
Prevotella melaninogenica and Bacteroides), which are 
the prime pathogens in periodontitis.60,77,88–91 Therefore, 
this can be one of the key factors in reducing bacterial 
colony volume and enhancing the clinical outcome.

All the included studies in the present review have 
described the fiber movement technique inside the period
ontal pocket. All the studies utilised a fibre movement 
from the apical to the coronal part of the pocket with 
a sweeping or spiral movement shown in Figure 10, except 

The sweeping movement
of the laser fiber inside
the periodontal pocket

[Yellow arrow]

The laser fiber inside 
the periodontal pocket

Figure 10 Illustrates the spiral movement of the laser fiber (arrow in yellow) inside the periodontal pocket by which 14 of the selected studies in this systematic review 
utilized.
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one study by Dukić et al, 2013 which employed a tip 
movement in a corono-apical direction (parallel).54

Impact of the Initiated Tip (Hot Tip) and 
Non-Initiation on Clinical Outcome
Since diode laser tips impact heat transfer on tissues, a lot of 
understanding is required for the use of initiated versus non- 
initiated fibre optics as well as the thermal effects on the 
tissues. The fibre tip initiation is achieved when the tip of the 
laser touches a dark chromophore. Both the power settings of 
the diode laser and type of initiator used, affect the degree to 
which the temperature of the soft tissue increases during 
incisions and has to be considered for safety in soft tissue 
applications.92 Given the high affinity of the diode group of 
lasers for dark pigments and supplemented with the use of an 
initiated tip, as soft tissue absorbs energy, it results in heat 
production and thus a rise in tissue temperature.52 This 
process helps in thorough elimination of the infected sulcular 
epithelium and can be achieved as when compared to con
ventional hand and ultrasonic instruments. Evidence-based 
scientific evidence shows that blue articulating paper seems 
to be the safest method of fibre initiation, compared with the 
other initiators with no initiator providing the best cutting 
efficiency.93

In the present systematic review, three of the 15 studies 
reported the tip was initiated,48,52,53 of which one study 
illustrated via photo but was not documented in the 
methodology,53 whereas the remaining 12 studies failed 
to report in their eligibility criteria. Nonetheless, reading 
through their manuscripts, it was indicative that the tip was 
cleaved, as required, and the concept of treatment sug
gested that the tip was “hot tip”; however, it is not clear 
to the readers, if the tip was initiated or self-initiated.

A study by Kurtzman et al, 2015 suggested a diode laser- 
assisted periodontal treatment protocol in which the use of an 
uninitiated tip (1.5–1.8W, pulsed mode) for bacterial laser 
reduction is followed by ultrasonic scaling and the use of 
a diode laser with an initiated tip (0.4 to 0.8 W in CW) for 
sulcular debridement.94 The final step is to irrigate the pock
ets with the ultrasonic unit using chlorhexidine with antimi
crobial capabilities against Gram−ve and Gram+ve bacteria 
and fungi. The authors believe that this protocol can be 
utilised to decrease pocket depth following healing compared 
to SRP alone.94 An in vivo animal study by Romanos et al, 
2018 aimed to assess potential photothermal risks that could 
be caused due to irradiation of a four-walled peri-implant 
defect using various diode lasers.93 In this study, the implant 
was irradiated with pulsed diode lasers of λ 940nm, λ 975nm 

and λ 980 nm for 30 seconds, using non-initiated, cork and 
blue paper-initiated tips followed by an evaluation of tem
perature differences at the apical and coronal regions of the 
implant. The authors showed that the initiator does not affect 
the maximum temperatures produced during dental implant 
surface decontamination. However, non-initiated diode laser 
tips may overheat faster (within 30 seconds) than initiated 
tips. There is minimal risk of overheating at the apical portion 
of the implant. In terms of overheating risk, it seems that the 
940 nm diode laser is the safest of the evaluated diode laser 
systems.92

Üstün et al, 2014 conducted a single-blind, randomised- 
controlled, split-mouth clinical trial on 21 patients to deter
mine the clinical and biochemical efficacy of an λ 810 nm 
diode laser as an adjunct to SRP in the management of CP 
patients.95 The authors have emphasised on the use of correct 
laser parameters since the utilisation of low energy settings 
may be ineffective in the complete removal of the pocket 
epithelium, and high energy settings may cause thermal 
damage to the surrounding tissues. In this study, the 810 
nm laser was set at a peak power of 2.5 W, ½ duty cycle, 
20 Hz, and applied with a 320μm fibre. The “hot tip” tech
nique was used in this study because of its low tissue pene
tration, permitting complete removal of the gingival 
epithelium contaminated by intracellular periodontopatho
gens, with minimal injury to the underlying lamina propria 
which have been proven in the scientific literature.75 The 
fibre was introduced like a probe into the periodontal pocket. 
After the activation of the laser, the fibre was slowly moved 
from apical to coronal in a sweeping motion to avoid thermal 
side effects. No complications related to laser application 
were reported with the described parameters and technique. 
Furthermore, the authors believe that as the carbonised tip 
absorbed that wavelength and re-emitted much longer infra
red wavelengths, the transmission of λ 810 nm light to the 
tissue was likely to be minimal if it occurred at all.7

Based on the above reported irradiation parameters, 
suggesting that diode lasers capitulate a complete removal 
of the diseased sulcular epithelium, without causing major 
signs of connective tissue damage. Diode laser photonic 
irradiation resulted in micro-vessel constriction, possibly 
related to direct vasomotor effects and/or deactivation of 
local proinflammatory cytokines and the induction of bleed
ing necessary for the formation of a clot and to promote 
postoperative haemostasis. Owing to these adjunctive ben
efits, the diode group of lasers can be routinely associated as 
potential adjuncts SR in treating periodontal pockets in 
patients with moderate-to-severe CP.
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RoB Assessment
All eligible studies were subjected to a qualitative assessment 
to verify the respective study protocol and methodology. The 
results of this assessment have indicated that 40% of the 
studies had an overall high RoB, whereas 33.33% with 
moderate risk (some concerns). A vast majority of the bias 
has shown in many domains illustrated in Figures 6–9. 
Another key finding of this systematic review is the presence 
of industry funding mentioned in three of the 15 
studies,43,44,48 whereas five of the 15 studies47,51–53,55 

showed 33.33% of moderate risk of bias (Figure 9). After 
careful reading of the eligible studies, it is easy to extrapolate 
the presence of a potential conflict of interest. Owing to the 
disparity in the qualitative assessment of the studies, the 
results are questionable, and the methodology associated 
with a high risk of bias cannot be reproduced.

The following are the limitations of present systematic 
review: lack of the documentation on the fundamental data 
of chosen articles preventing us from proposing a laser 
protocol; due to the heterogeneity of the data, meta- 
analysis was not possible to conduct; and producibility of 
the assessment methods and laser protocol remain debata
ble due to the elevated percentage of high and moderate 
risks of bias of the selected studies.

Conclusions and Future 
Prespectives
In the view of the limited available literature data and critical 
appraisal of this systematic review, it was concluded that the 
efficacy of diode laser-assisted treatment of wavelengths 
between λ 808- λ 980nm, as an adjunctive treatment modality 
over SRP, remains debatable Although the results of the 
majority of the included studies have indicated that diode- 
laser treatment is effective, as an adjunctive treatment mod
ality over the conventional NSPT, several discrepancies 
amongst the eligible studies were noted.

The observational nature of this systematic review 
highlighted after scrutinising the available data, an attempt 
to propose a laser protocol that can be considered for 
future RCTs was a great challenge due to the lack of 
consensus in delivering a reliable laser protocol, which 
can be reproducible for future studies. Double-blind, mul
ticenter RCT studies, comparing a wide range of diode 
laser wavelengths with or without SRP to SRP alone to 
justify treatment effectiveness and extrapolate standardised 
laser protocols of various wavelengths.
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