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Abstract
Objectives: To evaluate the clinical and biochemical efficacy of laser therapy as an 
adjunct to non- surgical treatment in chronic periodontitis.
Methods: A systematic search was performed through the PubMed, EMBASE, and 
Cochrane Library for eligible articles published as of May 2, 2020, supplemented by 
information search in the System for Information on Programme Literature in Europe 
and a manual literature search. Only randomized controlled trials (RCTs) used to com-
pare the adjunctive use of laser and non- surgical treatment alone with an observa-
tion period of at least 6 months were included.
Results: Sixteen RCTs with a total of 525 subjects were included. Meta- analysis 
suggested that the additional use of laser to scaling and root planing (SRP) showed 
significant superiority over SRP alone among most of clinical parameters involved. 
Regarding the GCF, although volume in the laser group was lower at week 4 and 12, 
no significant difference was found regarding the cytokines level. Subgroup analysis 
revealed that the combined therapy produced no significant difference in PD, CAL 
and PI at most time points for studies in respect to smokers. No treatment- related 
adverse events had been reported in the included studies.
Conclusions: Pooled analysis suggested that laser- assisted non- surgical treatment 
improved clinical outcome to SRP alone in the management of non- smoking chronic 
periodontitis patients.
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1  | INTRODUC TION

As one of the most prevalent oral diseases worldwide, chronic peri-
odontitis (CP) is a disease characterized by bacterial- induced inflam-
mation and accompanied by the formation of periodontal pockets, 
progressive breakdown of periodontal supporting structures, and 
even tooth loss in susceptible individuals (Meyle & Chapple, 2015).

Due to the close link between bacteria and plaque and CP, 
eliminating bacterial deposits is undoubtedly the primary goals 
in periodontal therapy (Koyanagi et al., 2013). Conventional non- 
surgical periodontal treatment, primarily consisting of scaling and 
root planing (SRP), is suggested as the gold standard in clinical 

practice guidelines for patients with untreated periodontitis (John 
et al., 2017; Mombelli, 2018). It aims to debride contaminated root 
surface as well as eliminate the etiologic factors from supra-  and sub-
gingival regions of the tooth and inflamed tissues (Mombelli, 2018). 
Its advantage lies in its safety and universal applicability in the vast 
majority of cases (Sherman et al., 1990). However, there are still 
some limitations in terms of non- surgical mechanical treatment.

In areas with difficult access such as deep or winding periodon-
tal pockets, furcation sites, root curvature, and poorly contoured 
restorations, SRP alone is prone to incomplete elimination of peri-
odontal pathogens (Umeda et al., 2004). The residual subgingival cal-
culus and bacterial deposits remaining on the root surface are likely 

F I G U R E  1   Flow diagram of selection process
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to result in unsatisfactory treatment effect. Considering the defi-
ciency, various techniques have been recommended as adjunctive 
approaches, such as laser radiation (Caffesse & Echeverría, 2019; 
Schwarz et al., 2008).

The most common laser applications for periodontal therapy in-
clude erbium- doped: yttrium aluminum garnet (Er:YAG) laser, erbium, 
chromium- doped: yttrium, scandium, gallium, garnet (Er, Cr:YSGG) 
laser, neodymium- doped: yttrium aluminum garnet (Nd:YAG) laser, 
carbon dioxide laser, and diode laser, with wide wavelength range 

and different physical or biological properties (Cobb, 2006; Cobb 
2017). Laser application shows satisfactory bacteriostasis and de-
contamination ability, because it can remove inactivate bacteria and 
subgingival calculus, especially those in the sites where traditional 
periodontal tools cannot reach (Sgolastra et al., 2014; Sjöström & 
Friskopp, 2002). In addition, lasers also have distinct advantages 
in hemostasis, better visualization, improved healing, and possible 
avoidance of the need for surgical intervention (Aoki et al., 2015; 
Dias et al., 2015; Sella et al., 2015).

TA B L E  1   Characteristics of included studies

Study Country Study Design Patient characteristics

Sample size Average age (range) Male Smoking status Teeth/sites involved Treatment
Follow- up 
(weeks)L/C L/C L/C L C L C L C

Rotundo et al. (2010) Italy Split- mouth, RCT Moderate to advanced CP 27 50.5 ± 11.7 9 12 smokers (<10 cigarettes/day) One quadrant of the 
mouth (419 sites)

One quadrant of the 
mouth (422 sites)

Laser + SRP SRP 24

Aykol et al. (2011) Turkey parallel, RCT moderate to advanced CP 18/18 43.56 ± 6.7 (31– 
58)/42.22 ± 7.53 (31– 53)

11/11 9 smokers (≥10 
cigarettes/day)

9 smokers (≥10 
cigarettes/day)

Full- mouth (2,508 sites) Full- mouth (2,688 sites) SRP + laser SRP 24

Eltas and Orbak (2012) 
(1)

Turkey Split- mouth, RCT Generalized moderate CP 26 42.7 ± 5.1 (32– 51) 13 Smokers (>10 cigarettes/day for >5 years) One tooth each 
quadrant, two 
quadrants

One tooth each 
quadrant, two 
quadrants

SRP + laser SRP + placebo 
laser

24

Eltas and Orbak (2012) 
(2)

Turkey Split- mouth, RCT Generalized moderate CP 26 44.1 ± 4.9 (34– 52) 13 Non- smokers One tooth each 
quadrant, two 
quadrants

One tooth each 
quadrant, two 
quadrants

SRP + laser SRP + placebo 
laser

24

Makhlouf et al. (2012) Egypt Split- mouth, RCT CP 16 22– 50 4 Non- smokers 2– 3 teeth of one side 2– 3 teeth of the other 
side

SRP + laser SRP + sham laser 48

Euzebio Alves 
et al. (2013)

Brazil Split- mouth, RCT SEVERE CP 37 46.8 ± 8.11 (37– 64) 13 Non- smokers A single- rooted teeth A contralateral single- 
rooted teeth

SRP + laser SRP + placebo 
laser

24

Saglam et al. (2014) Turkey Parallel, RCT CP 15/15 42.13 ± 9.05/40.83 ± 7.64 10/8 Non- smokers Non- smokers Full- mouth Full- mouth SRP + laser SRP 24

Ustun et al. (2014) Turkey Split- mouth, RCT Generalized CP 21 40.23 ± 10.18 7 Non- smokers A quadrant of the mouth The contralateral 
quadrant of the mouth

Laser + SRP SRP 24

Sanz- Sanchez 
et al. (2015)

Spain Parallel, RCT Initial- moderate CP 19/21 48.5 (37– 71)/56.8 (39– 71) 7/5 10 smokers 7 smokers Full- mouth Full- mouth SRP + laser (one 
week apart)

Two sessions of 
SRP within one 
week (one side 
per session)

48

Dereci et al. (2016) Turkey Parallel, RCT CP 30/30 43.7 ± 3.1 31 Smokers and 
non- smokers

Smokers and 
non- smokers

Full- mouth Full- mouth SRP 1 time + laser 
3 times within 
7 days

SRP 3 times 
within 
7 days + placebo 
laser

24

Gundogar et al. (2016) Turkey Split- mouth, RCT Generalized CP 25 40.44 ± 8.69 (28– 57) 9 Non- smokers One side of the mouth The other side of the 
mouth

SRP + laser 4 
times within 
7 days

SRP 24

Magaz et al. (2016) Spain Split- mouth, RCT Moderate CP 30 48.5 ± 9.4 10 4 Smokers (< 10 cigarettes/day) Two quadrants 
(sites ≥4 mm)

Two contralateral 
quadrants 
(maxilla + mandible) 
(sites ≥4 mm)

SRP + laser SRP 24

Everett et al. (2017) USA Split- mouth, RCT CP 14 34– 65 5 Non- smokers One side of the mouth The other side of the 
mouth

SRP + laser SRP + sham laser 24

Ustun et al. (2018) Turkey Parallel, RCT CP 20/20 44.05 ± 6.16 (36– 
59)/45.8 ± 6.53 (35– 58)

9/12 Non- smokers Non- smokers Full- mouth Full- mouth SRP + laser SRP 24

Zengin Celik et al. (2019) Turkey Parallel, RCT Moderate and advanced CP 19/19 38.4 ± 7.5 (25– 58) 19 Non- smokers Non- smokers Full- mouth Full- mouth SRP + Laser SRP 24

Zhou et al. (2019) China Split- mouth, RCT CP 27 49 ± 9.6 (35– 70) 11 Non- smokers A quadrant of the mouth A quadrant of the 
mouth (other side)

Laser + SRP SRP 24

Sezen et al. (2020) Turkey Split- mouth, RCT Moderate to advanced CP 32 37.25 ± 11.87 (18– 65) 18 Non- smokers One side of the upper 
jaw

The other side of the 
upper jaw

SRP + Laser SRP 24

Abbreviations: C, control group; CP, chronic periodontitis; L, Laser group; RCT, randomized controlled trial.
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Although a number of studies have reported the clinical effec-
tiveness of different kinds of lasers in the treatment of periodontitis, 
controversy still persists. The effectiveness of lasers in suppressing 
periodontal pathogens has been demonstrated in animal studies 
(Jiao et al., 2019; de Oliveira et al., 2011), which suggests a beneficial 
effect that lasers may produce on the management of chronic peri-
odontitis. However, the clinical trials concerning evaluation of laser 
therapy as an adjunct to SRP in periodontal treatment failed to draw 
consistent conclusions. No adequate evidence had been found to 

support the clinical efficacy of lasers applied in non- surgical therapy 
(Salvi et al., 2020; Sanz et al., 2020).

In general, studies have shown that smokers present an unfa-
vorable clinical response to non- surgical periodontal therapies, such 
as unobvious reductions in probing depth and lower gains in clinical 
attachment (Paes Batista da Silva et al., 2016; Petrovic et al., 2013). 
Many professionals have proposed the use of adjunctive therapeutic 
approaches for improving the effects of basic periodontal therapy 
in smokers.

TA B L E  1   Characteristics of included studies

Study Country Study Design Patient characteristics

Sample size Average age (range) Male Smoking status Teeth/sites involved Treatment
Follow- up 
(weeks)L/C L/C L/C L C L C L C

Rotundo et al. (2010) Italy Split- mouth, RCT Moderate to advanced CP 27 50.5 ± 11.7 9 12 smokers (<10 cigarettes/day) One quadrant of the 
mouth (419 sites)

One quadrant of the 
mouth (422 sites)

Laser + SRP SRP 24

Aykol et al. (2011) Turkey parallel, RCT moderate to advanced CP 18/18 43.56 ± 6.7 (31– 
58)/42.22 ± 7.53 (31– 53)

11/11 9 smokers (≥10 
cigarettes/day)

9 smokers (≥10 
cigarettes/day)

Full- mouth (2,508 sites) Full- mouth (2,688 sites) SRP + laser SRP 24

Eltas and Orbak (2012) 
(1)

Turkey Split- mouth, RCT Generalized moderate CP 26 42.7 ± 5.1 (32– 51) 13 Smokers (>10 cigarettes/day for >5 years) One tooth each 
quadrant, two 
quadrants

One tooth each 
quadrant, two 
quadrants

SRP + laser SRP + placebo 
laser

24

Eltas and Orbak (2012) 
(2)

Turkey Split- mouth, RCT Generalized moderate CP 26 44.1 ± 4.9 (34– 52) 13 Non- smokers One tooth each 
quadrant, two 
quadrants

One tooth each 
quadrant, two 
quadrants

SRP + laser SRP + placebo 
laser

24

Makhlouf et al. (2012) Egypt Split- mouth, RCT CP 16 22– 50 4 Non- smokers 2– 3 teeth of one side 2– 3 teeth of the other 
side

SRP + laser SRP + sham laser 48

Euzebio Alves 
et al. (2013)

Brazil Split- mouth, RCT SEVERE CP 37 46.8 ± 8.11 (37– 64) 13 Non- smokers A single- rooted teeth A contralateral single- 
rooted teeth

SRP + laser SRP + placebo 
laser

24

Saglam et al. (2014) Turkey Parallel, RCT CP 15/15 42.13 ± 9.05/40.83 ± 7.64 10/8 Non- smokers Non- smokers Full- mouth Full- mouth SRP + laser SRP 24

Ustun et al. (2014) Turkey Split- mouth, RCT Generalized CP 21 40.23 ± 10.18 7 Non- smokers A quadrant of the mouth The contralateral 
quadrant of the mouth

Laser + SRP SRP 24

Sanz- Sanchez 
et al. (2015)

Spain Parallel, RCT Initial- moderate CP 19/21 48.5 (37– 71)/56.8 (39– 71) 7/5 10 smokers 7 smokers Full- mouth Full- mouth SRP + laser (one 
week apart)

Two sessions of 
SRP within one 
week (one side 
per session)

48

Dereci et al. (2016) Turkey Parallel, RCT CP 30/30 43.7 ± 3.1 31 Smokers and 
non- smokers

Smokers and 
non- smokers

Full- mouth Full- mouth SRP 1 time + laser 
3 times within 
7 days

SRP 3 times 
within 
7 days + placebo 
laser

24

Gundogar et al. (2016) Turkey Split- mouth, RCT Generalized CP 25 40.44 ± 8.69 (28– 57) 9 Non- smokers One side of the mouth The other side of the 
mouth

SRP + laser 4 
times within 
7 days

SRP 24

Magaz et al. (2016) Spain Split- mouth, RCT Moderate CP 30 48.5 ± 9.4 10 4 Smokers (< 10 cigarettes/day) Two quadrants 
(sites ≥4 mm)

Two contralateral 
quadrants 
(maxilla + mandible) 
(sites ≥4 mm)

SRP + laser SRP 24

Everett et al. (2017) USA Split- mouth, RCT CP 14 34– 65 5 Non- smokers One side of the mouth The other side of the 
mouth

SRP + laser SRP + sham laser 24

Ustun et al. (2018) Turkey Parallel, RCT CP 20/20 44.05 ± 6.16 (36– 
59)/45.8 ± 6.53 (35– 58)

9/12 Non- smokers Non- smokers Full- mouth Full- mouth SRP + laser SRP 24

Zengin Celik et al. (2019) Turkey Parallel, RCT Moderate and advanced CP 19/19 38.4 ± 7.5 (25– 58) 19 Non- smokers Non- smokers Full- mouth Full- mouth SRP + Laser SRP 24

Zhou et al. (2019) China Split- mouth, RCT CP 27 49 ± 9.6 (35– 70) 11 Non- smokers A quadrant of the mouth A quadrant of the 
mouth (other side)

Laser + SRP SRP 24

Sezen et al. (2020) Turkey Split- mouth, RCT Moderate to advanced CP 32 37.25 ± 11.87 (18– 65) 18 Non- smokers One side of the upper 
jaw

The other side of the 
upper jaw

SRP + Laser SRP 24

Abbreviations: C, control group; CP, chronic periodontitis; L, Laser group; RCT, randomized controlled trial.
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TA B L E  2   Laser parameters and usage of included studies

Study Laser type Product name
Material of tip 
(diameter)

Wavelength 
(nm) Power (W) Energy level Energy/power density

Duration of 
irradiation

Frequency of 
irradiation Method

Post- treatment 
instructions

Rotundo et al. (2010) Er:YAG laser Smart 2,940 Plus, 
Calenzan, Firenze, Italy

Fiber tip (0.5mm) 2,940 n.r. 150 mJ/pulse n.r. n.r. Once From coronal to apical direction with an 
inclination of the fiber tip of about 20°

Supportive 
periodontal therapy 
at week 1, 4, 12 and 
24 weeks

Aykol et al. (2011) Low- level laser Fotona XD- 2, Fotona, 
Ljubljana, Slovenia

n.r. 808 0.25 n.r. 4 J/cm2 Incisors and 
premolars: 10s, 
molars: 20 s

3 times: on the 
1, 2, and 7 days 
after treatment

Non- contact technique (The application 
distance was 0.5 to 1 cm to the gingiva)

n.r.

Eltas and 
Orbak (2012) (1)

Nd:YAG lasers n.r. Fiber optic tip 1,064 1 100 mJ n.r. 30 s/site, 120 s/
tooth

Once Insert the tip at the bottom of the 
periodontal pocket and slowly moved from 
apical to coronal in a sweeping motion 
(mesially, distally, buccally, and lingually)

n.r.

Eltas and 
Orbak (2012) (2)

Nd:YAG lasers n.r. Fiber optic tip 1,064 1 100 mJ n.r. 30 s/site, 120 s/
tooth

Once Insert the tip at the bottom of the 
periodontal pocket and slowly moved from 
apical to coronal in a sweeping motion 
(mesially, distally, buccally, and lingually)

n.r.

Makhlouf et al. (2012) Low- level laser Petrolaser apparatus 
model SL−202

Fiber tip 830 0.1 n.r. 3 J/cm2 30 s/site, 60 s/tooth 10 sessions for 
every site

The tip was positioned externally at the base 
of the pocket, lingually and buccally in slight 
contact, at a 90°angle to the long axis of the 
tooth, starting apically and moving upward 
to the top of the pocket

Oral hygiene 
compliance weekly 
for 6 months (only 
superficial debris was 
removed)

Euzebio Alves 
et al. (2013)

Diode laser ZAP Softlase, Pleasant 
Hill, USA

Fiber optic tip 
(400 µm)

808 ± 5 1.5 n.r. 1,193.7 W/cm2 20 s/site Twice: 1 day and 
1 week after SRP 
of experimental 
sites

The optic was parallel to the long axis of 
the tooth, 1mm coronal to the base of the 
pocket, and was moved coronally with 
sweeping movements

Periodontal 
maintenance at 
3 months

Saglam et al. (2014) Diode laser Ezlase, Biolase, USA Fiber optic tip 
(300 μm)

940 1.5 n.r. 15 J/cm2 20 s/tooth Once The tip was inserted into the periodontal 
pocket base in parallel alignment with the 
root surface, slowly moved from apical to 
coronal in a sweeping motion (mesially to 
distally at the buccal aspect for 10 s and 
distally to mesially at the lingual aspect for 
10 s)

n.r.

Ustun et al. (2014) Diode laser Fotona XD- 2, Fotona d.d., 
Slovenia

Fiber tip (320 μm) 810 1.25 n.r. n.r. 20 s/site, 80 s/tooth Once The tip inserted at the bottom of the 
periodontal pocket, slowly moved from 
apical to coronal in a sweeping motion 
(mesially, distally, lingually and buccally)

n.r.

Sanz- Sanchez 
et al. (2015)

Er:YAG laser DS- 001A, Electro 
Medical System, Nyon, 
Switzerland

Sapphire tip n.r. n.r. 160 mJ n.r. n.r. Once The tip was inserted along the pocket and 
swiped along the root surface

Supragingivally polish 
and a low abrasive 
polishing paste at 
each follow- up visit

Dereci et al. (2016) Er, Cr:YSGG laser Biolase, Irvine, California, 
USA

Fiber optic tip RFPT 
5- 14

n.r. 1.5 n.r. n.r. n.r. 3 times within 
7 days

Bottom- up technique: with an angulation 
of 10° to the root surface, in a bottom 
to upward direction with circulation 
movements in contact with the pocket, each 
pocket was irradiated once per session

n.r.

Gundogar et al. (2016) Low- level laser 
(GaAlAs diode 
laser)

CHEESE, GIGAA Laser, 
Wuhan, China

n.r. (1 cm) 980 0.4 n.r. 7.64 J/cm2 15 s/tooth Four times: 
immediately after 
SRP and on the 1, 
3, and 7 day after 
treatment

Non- contact from the buccal surface and tip- 
tissue distance was approximately 5 mm

n.r.

Magaz et al. (2016) Er, Cr:YSGG laser Waterlase, Biolase Fiber optic tip 
(600μm)

2,780 1 50 mJ/pulse n.r. 60 s/tooth Once The tip was led in parallel paths with an 
inclination of 5 to 15° toward the root 
surface, from the coronal to the apical 
aspects of the pocket

n.r.

(Continues)
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TA B L E  2   Laser parameters and usage of included studies

Study Laser type Product name
Material of tip 
(diameter)

Wavelength 
(nm) Power (W) Energy level Energy/power density

Duration of 
irradiation

Frequency of 
irradiation Method

Post- treatment 
instructions

Rotundo et al. (2010) Er:YAG laser Smart 2,940 Plus, 
Calenzan, Firenze, Italy

Fiber tip (0.5mm) 2,940 n.r. 150 mJ/pulse n.r. n.r. Once From coronal to apical direction with an 
inclination of the fiber tip of about 20°

Supportive 
periodontal therapy 
at week 1, 4, 12 and 
24 weeks

Aykol et al. (2011) Low- level laser Fotona XD- 2, Fotona, 
Ljubljana, Slovenia

n.r. 808 0.25 n.r. 4 J/cm2 Incisors and 
premolars: 10s, 
molars: 20 s

3 times: on the 
1, 2, and 7 days 
after treatment

Non- contact technique (The application 
distance was 0.5 to 1 cm to the gingiva)

n.r.

Eltas and 
Orbak (2012) (1)

Nd:YAG lasers n.r. Fiber optic tip 1,064 1 100 mJ n.r. 30 s/site, 120 s/
tooth

Once Insert the tip at the bottom of the 
periodontal pocket and slowly moved from 
apical to coronal in a sweeping motion 
(mesially, distally, buccally, and lingually)

n.r.

Eltas and 
Orbak (2012) (2)

Nd:YAG lasers n.r. Fiber optic tip 1,064 1 100 mJ n.r. 30 s/site, 120 s/
tooth

Once Insert the tip at the bottom of the 
periodontal pocket and slowly moved from 
apical to coronal in a sweeping motion 
(mesially, distally, buccally, and lingually)

n.r.

Makhlouf et al. (2012) Low- level laser Petrolaser apparatus 
model SL−202

Fiber tip 830 0.1 n.r. 3 J/cm2 30 s/site, 60 s/tooth 10 sessions for 
every site

The tip was positioned externally at the base 
of the pocket, lingually and buccally in slight 
contact, at a 90°angle to the long axis of the 
tooth, starting apically and moving upward 
to the top of the pocket

Oral hygiene 
compliance weekly 
for 6 months (only 
superficial debris was 
removed)

Euzebio Alves 
et al. (2013)

Diode laser ZAP Softlase, Pleasant 
Hill, USA

Fiber optic tip 
(400 µm)

808 ± 5 1.5 n.r. 1,193.7 W/cm2 20 s/site Twice: 1 day and 
1 week after SRP 
of experimental 
sites

The optic was parallel to the long axis of 
the tooth, 1mm coronal to the base of the 
pocket, and was moved coronally with 
sweeping movements

Periodontal 
maintenance at 
3 months

Saglam et al. (2014) Diode laser Ezlase, Biolase, USA Fiber optic tip 
(300 μm)

940 1.5 n.r. 15 J/cm2 20 s/tooth Once The tip was inserted into the periodontal 
pocket base in parallel alignment with the 
root surface, slowly moved from apical to 
coronal in a sweeping motion (mesially to 
distally at the buccal aspect for 10 s and 
distally to mesially at the lingual aspect for 
10 s)

n.r.

Ustun et al. (2014) Diode laser Fotona XD- 2, Fotona d.d., 
Slovenia

Fiber tip (320 μm) 810 1.25 n.r. n.r. 20 s/site, 80 s/tooth Once The tip inserted at the bottom of the 
periodontal pocket, slowly moved from 
apical to coronal in a sweeping motion 
(mesially, distally, lingually and buccally)

n.r.

Sanz- Sanchez 
et al. (2015)

Er:YAG laser DS- 001A, Electro 
Medical System, Nyon, 
Switzerland

Sapphire tip n.r. n.r. 160 mJ n.r. n.r. Once The tip was inserted along the pocket and 
swiped along the root surface

Supragingivally polish 
and a low abrasive 
polishing paste at 
each follow- up visit

Dereci et al. (2016) Er, Cr:YSGG laser Biolase, Irvine, California, 
USA

Fiber optic tip RFPT 
5- 14

n.r. 1.5 n.r. n.r. n.r. 3 times within 
7 days

Bottom- up technique: with an angulation 
of 10° to the root surface, in a bottom 
to upward direction with circulation 
movements in contact with the pocket, each 
pocket was irradiated once per session

n.r.

Gundogar et al. (2016) Low- level laser 
(GaAlAs diode 
laser)

CHEESE, GIGAA Laser, 
Wuhan, China

n.r. (1 cm) 980 0.4 n.r. 7.64 J/cm2 15 s/tooth Four times: 
immediately after 
SRP and on the 1, 
3, and 7 day after 
treatment

Non- contact from the buccal surface and tip- 
tissue distance was approximately 5 mm

n.r.

Magaz et al. (2016) Er, Cr:YSGG laser Waterlase, Biolase Fiber optic tip 
(600μm)

2,780 1 50 mJ/pulse n.r. 60 s/tooth Once The tip was led in parallel paths with an 
inclination of 5 to 15° toward the root 
surface, from the coronal to the apical 
aspects of the pocket

n.r.

(Continues)
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The aim of present research is to investigate whether laser ther-
apy as an adjunct to non- surgical periodontal therapy can improve 
the clinical and biochemical efficacy among patients with untreated 
chronic periodontitis, and whether laser application can yield pre-
dictable outcomes in smokers.

2  | MATERIAL AND METHODS

2.1 | Protocol development

This systematic review and meta- analysis was conducted and re-
ported according to PRISMA guidelines (Moher et al., 2009). The 
research focus of the present study is to explore whether adjunc-
tive use of laser for non- surgical periodontal treatment has better 
performance in clinical and biochemical outcomes based on 6- month 
follow- up.

2.2 | Data sources and search strategy

An electronic search was performed through the following data-
bases (as of May 2, 2020): MEDLINE (PubMed), EMBASE, clinical-
trials.gov, and Cochrane library databases. The search strategies 
used in scientific databases and number of hits are summarized in 
Table S1. In addition, System for Information on Grey Literature in 

Europe and reference lists of identified full- text articles and rele-
vant reviews were also checked in an attempt to find any additional 
studies.

2.3 | Study selection

Initially, duplicate records were removed using reference manage-
ment software (Endnote X8) and manual retrieval. Subsequently, 
titles and abstracts were screened, and for unclear or insufficient 
information, the full text was obtained. Finally, the selection of ar-
ticles based on the eligibility criteria was conducted in duplicate by 
two independent reviewers. Disagreements were resolved through 
discussion or by a third reviewer.

2.4 | Inclusion and exclusion criteria

For the first step, the studies were selected according to the follow-
ing inclusion criteria:

1. RCTs on patients diagnosed with periodontitis;
2. Subjects were allocated to experimental or control group based 

on having non- surgical mechanical treatment with one adjunctive 
type of laser therapy or not;

3. Follow- up at least 6 months;

Study Laser type Product name
Material of tip 
(diameter)

Wavelength 
(nm) Power (W) Energy level Energy/power density

Duration of 
irradiation

Frequency of 
irradiation Method

Post- treatment 
instructions

Everett et al. (2017) Carbon dioxide 
(CO2) laser

Azuryt CTL 1,401, CO2 Fiber optic tip 
(762 μm)

10,600 Initial pass: 
4, second 
pass: 8

n.r. Initial pass: 25– 50 J/cm2, 
second pass: 75– 100 J/
cm2

4 s/tooth Four times: 
immediately after 
SRP and on the 
10, 20 and 30 day 
postscaling

Maintaining a parallel orientation to the long 
axis of the tooth to the base of the probing 
depth, the laser was continuously “dragged” 
in the pocket from distal to the mesial 
portion in 2 s (once on the buccal and once 
on the lingual portion of the pockets)

Supragingival 
prophylaxis, oral 
hygiene instructions 
at 10, 20, and 
30 days postscaling

Ustun et al. (2018) Er, Cr:YSGG laser Waterlase iplus, Biolase, 
Irvine, CA, USA

Fiber optic tip RFPT 
5- 14

n.r. 1.5 n.r. n.r. n.r. Once n.r. n.r.

Zengin Celik 
et al. (2019)

Er:YAG laser Light- Walker AT, Fotona, 
Ljubljana, Slovenia

Quartz tip (0.6mm) n.r. n.r. 150 mJ/pulse n.r. n.r. Once From the coronal to the apical direction in 
slow parallel paths at an inclination of 15– 
20° to the root surface

Supragingival 
scaling for the first 
postoperative month 
at 2- week intervals 
and at 3- month 
intervals

Zhou et al. (2019) Er:YAG laser LITETOUCH, Syneron, 
Yokneam Elite, Israel

Fiber tip (0.8 mm) n.r. n.r. Hard tissue: 
100 mJ/
pulse, soft 
tissue: 
50 mJ/pulse

n.r. n.r. Once In a coronal to apical direction in slow 
parallel paths at an inclination of 15– 20° to 
the root surface

n.r.

Sezen et al. (2020) Er, Cr:YSGG laser n.r. Elastic RFPT5−14 
tip (580 μm)

n.r. 1.2 40 mJ n.r. 30 s/site Once Bottom- up technique: the tip was placed at 
the bottom of the pocket and moved slowly 
in a coronal direction, circulating parallel to 
the surface of the teeth

n.r.

Abbreviations: n.r., not reported; SRP, scaling and root planing.

TA B L E  2   (Continued)
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4. Clinical outcomes included probing depth in baseline and 
6 months after treatment as mean ± standard deviation (SD);

5. Studies were reported in English.

For the second step, preselected studies satisfying all the above- 
mentioned standards were excluded if they belonged to any one of 
the following categories:

1. Studies including patients with aggressive periodontitis or sys-
temic diseases (e.g., diabetes mellitus or cardiovascular dis-
eases) or receiving any medical treatment expected to affect 
the progression or therapeutic effect of chronic periodontitis;

2. Studies including patients who received periodontal treatment 
within the past 6 months;

3. Studies including patients in the course of supportive periodontal 
therapy (SPT);

4. Studies including antimicrobial photodynamic therapy (aPDT);
5. Duplicate studies, pilot studies, incomplete data articles, or no 

full- text studies;
6. Insufficient/unclear information not allowing data extraction.

2.5 | Data extraction and quality assessment

Data extraction from each eligible study was performed by two in-
dependent researchers (Jiang and Feng) using a standard form, and 

conflicts were resolved by consensus between the two reviewers or 
approval of the third investigator (Liu). The following data were ex-
tracted from each included article: study design, year of publication, 
country, sample size of study, the number of teeth/sites involved, 
demographic characteristics, smoking status of participants, param-
eters of various lasers, details of intervention, length of follow- up, 
dropout, and treatment- related adverse events. Major outcomes 
included clinical and biochemical parameters after periodontal ther-
apy. If there was any missing information, corresponding authors of 
relevant studies would be reached.

The methodological quality evaluation and risk of bias assess-
ment were based on the Cochrane Collaboration's tool for assessing 
risk of bias. All of the discrepancies were solved by discussion or with 
the help of corresponding authors.

2.6 | Statistical analysis

The indicators for primary outcomes are probing depth (PD, mm) 
and clinical attachment level (CAL, mm); the indicators for secondary 
outcomes are plaque index (PI) (Silness & Loe, 1964), gingival index 
(GI) (Loe & Silness, 1963), volume of gingival crevicular fluid (GCF, μl), 
and cytokine level (pg). As all outcomes provided only continuous 
data, mean difference (MD) with 95% confidence interval (CI) was 
used in most of periodontal parameters. In consideration of large 
difference in measurement methods and details, standardized mean 

Study Laser type Product name
Material of tip 
(diameter)

Wavelength 
(nm) Power (W) Energy level Energy/power density

Duration of 
irradiation

Frequency of 
irradiation Method

Post- treatment 
instructions

Everett et al. (2017) Carbon dioxide 
(CO2) laser

Azuryt CTL 1,401, CO2 Fiber optic tip 
(762 μm)

10,600 Initial pass: 
4, second 
pass: 8

n.r. Initial pass: 25– 50 J/cm2, 
second pass: 75– 100 J/
cm2

4 s/tooth Four times: 
immediately after 
SRP and on the 
10, 20 and 30 day 
postscaling

Maintaining a parallel orientation to the long 
axis of the tooth to the base of the probing 
depth, the laser was continuously “dragged” 
in the pocket from distal to the mesial 
portion in 2 s (once on the buccal and once 
on the lingual portion of the pockets)

Supragingival 
prophylaxis, oral 
hygiene instructions 
at 10, 20, and 
30 days postscaling

Ustun et al. (2018) Er, Cr:YSGG laser Waterlase iplus, Biolase, 
Irvine, CA, USA

Fiber optic tip RFPT 
5- 14

n.r. 1.5 n.r. n.r. n.r. Once n.r. n.r.

Zengin Celik 
et al. (2019)

Er:YAG laser Light- Walker AT, Fotona, 
Ljubljana, Slovenia

Quartz tip (0.6mm) n.r. n.r. 150 mJ/pulse n.r. n.r. Once From the coronal to the apical direction in 
slow parallel paths at an inclination of 15– 
20° to the root surface

Supragingival 
scaling for the first 
postoperative month 
at 2- week intervals 
and at 3- month 
intervals

Zhou et al. (2019) Er:YAG laser LITETOUCH, Syneron, 
Yokneam Elite, Israel

Fiber tip (0.8 mm) n.r. n.r. Hard tissue: 
100 mJ/
pulse, soft 
tissue: 
50 mJ/pulse

n.r. n.r. Once In a coronal to apical direction in slow 
parallel paths at an inclination of 15– 20° to 
the root surface

n.r.

Sezen et al. (2020) Er, Cr:YSGG laser n.r. Elastic RFPT5−14 
tip (580 μm)

n.r. 1.2 40 mJ n.r. 30 s/site Once Bottom- up technique: the tip was placed at 
the bottom of the pocket and moved slowly 
in a coronal direction, circulating parallel to 
the surface of the teeth

n.r.

Abbreviations: n.r., not reported; SRP, scaling and root planing.



1050  |     JIANG et Al.

difference (SMD) with 95% CI was counted for cytokine level in GCF. 
A forest plot was used to visualize the MD or SMD and 95% CI for 
each study.

The percentage of variability across studies attributable to 
heterogeneity beyond chance was assessed using the chi- squared- 
based Q test (p < .1 was considered indicative of significance) and 
the I2 statistic. If the test indicated substantial or considerable het-
erogeneity (I2 > 50%), a random effects model would be used for 
summary statistics. Otherwise (I2 ≤ 50%), a fixed effect model would 
be applied. For the hypothesis test, the critical value of statistical 
significance was set at p < .05 (two- tailed Z test).

Subgroup analysis was conducted to identify potential factors 
related to the efficacy of adjunctive laser therapy. A sensitivity anal-
ysis with omission of one study at a time was conducted to identify 
heterogeneity. Where sufficient studies were available, publication 
bias was assessed by the Egger test. All analyses were conducted 
using RevMan software (version 5.3).

3  | RESULTS

3.1 | Search results

Of 1863 articles that were retrieved through electronic and manual 
searching, 690 were excluded due to duplication. By screening ti-
tles and abstracts, 71 articles were reserved for full- text reading and 
the rest was eliminated. After a detailed assessment of full text, 16 
qualified articles remained for our meta- analysis (Aykol et al., 2011; 
Dereci et al., 2016; Eltas & Orbak, 2012; Euzebio Alves et al., 2013; 
Everett et al., 2017; Gundogar et al., 2016; Magaz et al., 2016; 
Makhlouf et al., 2012; Rotundo et al., 2010; Saglam et al., 2014; 
Sanz- Sanchez et al., 2015; Sezen et al., 2020; Ustun et al., 2014, 
2018; Zengin Celik et al., 2019; Zhou et al., 2019). The flow diagram 
of the study selection is shown in Figure 1.

3.2 | Study characteristics and quality assessment

A total of 525 systemically healthy patients diagnosed with chronic 
periodontitis were randomized in 16 pooled studies, of which 507 
finished the trials covered in present study. The general characteris-
tics of the included studies and parameters, usage of the employed 
laser appliance in experimental groups, are, respectively, summa-
rized in Tables 1 and 2. The qualities were judged based on Cochrane 
Handbook for Systematic Reviews of Interventions. The majority of 
studies displayed a low or unclear risk of bias. The risk of bias profile 
is summarized and presented in Figure 2.

3.3 | Clinical efficacy assessment

At baseline, no significant difference was observed between the laser 
and control groups for all outcomes. All of the incorporated studies 

reported PD data during the follow- up period. Pooled analysis sug-
gested that the additional use of laser for SRP showed lower PD at 
week 4 (MD = −0.47, 95% CI −0.71 to −0.23; I2 = 85%, p = .0001), 
week 12 (MD = −0.29, 95% CI −0.53 to −0.05; I2 = 94%, p = .02) and 
week 24 (MD = −0.24, 95% CI −0.41 to −0.06; I2 = 91%, p = .008) 
after treatment, with statistically remarkable difference. However, 
heterogeneity was especially high at most time points (Figure 3).

Fifteen studies reported CAL data corresponding to their re-
spective follow- up periods. After treatment, the CAL was signifi-
cantly lower in the laser group, and the difference was statistically 
significant at week 4 (MD = −0.16, 95% CI −0.27 to −0.05; I2 = 0%, 
p = .004), week 12 (MD = −0.21, 95% CI −0.31 to −0.11; I2 = 0%, 
p < .0001) and week 24 (MD = −0.13, 95% CI −0.21 to −0.06; 
I2 = 10%, p = .0005). No heterogeneity was found.

Regarding the PI and GI, the indexes were significantly lower in 
the laser group at all time points during follow- up period except for 
PI at week 24.

3.4 | Biochemical efficacy assessment

Synthesis of these five studies revealed that the GCF volume in the 
laser group was significantly lower at week 4 (MD = −0.05, 95% CI 
−0.08 to −0.02; I2 = 0%, p = .002) and a marginal lower at week 12 
(MD = −0.04, 95% CI −0.08 to 0; I2 = 33%, p = .05), while no sig-
nificant difference was found after a follow- up of 24 weeks, with 
moderate heterogeneity. There was almost no significant difference 
regarding the IL- 1β and IL- 6 level in GCF. All these results are shown 
in Figure 3.

3.5 | Adverse event assessment

Safety was evaluated upon assessing the adverse effects that oc-
curred during and after treatment. Of the 16 reports, no laser- 
related side effects were observed in seven studies. Other nine 
studies did not mention the relevant side effects in the whole 
process.

3.6 | Subgroup analysis

3.6.1 | Study design

The subgroup analysis of six studies with parallel design revealed a 
lower PD, with significant difference at week 4 (MD = −0.68, 95% CI 
−1.06 to −0.31; I2 = 77%, p = .0004), but without significant differ-
ences at week 12 and week 24 in terms of high heterogeneity, as il-
lustrated in Figure 4a. The CAL and PI were significantly lower in the 
laser group at week 12, week 24 and week 4, week 12, respectively. In 
contrast, the pooled result based on split- mouth models demonstrated 
a significant lower PD in the laser group at all time points. However, no 
significant difference was found regarding CAL or PI.
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3.6.2 | Laser irradiation times

For the subgroup of single- time irradiation, the additional use of laser 
for SRP showed significant superiority over SRP alone in terms of PD 
and CAL at week 4, week 12, and week 24 after treatment. For the sub-
group of multiple- time irradiation, pooled analysis suggested that no 
significant difference was observed in the three parameters between 
the laser and control groups, except for PD at week 4 (MD = −0.35, 
95% CI −0.49 to −0.2; I2 = 0%, p < .00001). However, heterogeneity 
was substantially high at most time points in PD (Figure 4b).

3.6.3 | Smoking status

For the subgroup composed of smokers, the combined therapy re-
sulted in a lower PD with significant difference at week 4 (MD = −0.3, 
95% CI −0.51 to −0.09; I2 = 0%, p = .005) and it indicated a borderline 
significant lower at 24 weeks after treatment. For the subgroup of 

non- smokers, the additional use of laser to SRP showed significant 
lower PD at all time points (Figure 4c). Heterogeneity was especially 
high in subgroup of non- smokers. Sensitivity analysis showed that 
one study affected the heterogeneity the most (Table S2).

For the subgroup which enrolled smokers, the combined therapy 
did not bring significant difference in CAL at week 4 and 24. In con-
trast, the subgroup of non- smokers, the CAL, was significantly lower 
in the laser group, and the difference was statistically significant at 
week 4 (MD = −0.25, 95% CI −0.39 to −0.11; I2 = 0%, p = .0004), week 
12 (MD = −0.25, 95% CI −0.36 to −0.14; I2 = 0%, p < .00001) and week 
24 (MD = −0.16, 95% CI −0.25 to −0.07; I2 = 17%, p = .0007).

For the subgroup which enrolled smokers, there was no signifi-
cant difference between the experimental and control groups at all 
time points for PI. For non- smokers, the PI was significantly lower 
in the laser group at week 12 (MD = −0.07, 95% CI −0.12 to −0.01; 
I2 = 0%, p = .02), while no significant difference was found at week 
4 and week 24. No heterogeneity was found regarding the CAL and 
PI at all time points.

F I G U R E  2   Assessing risk of bias in included studies by Cochrane risk of bias tools
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3.7 | Sensitivity analysis and publication bias

In our systematic review and meta- analysis, a sensitivity analysis of 
variability was conducted only when considerable heterogeneity 
(I2 > 50%) was indicated. See more details in Table S2. No significant 
publication bias was detected (Figure 5).

4  | DISCUSSION

This systematic review and meta- analysis indicated that major clas-
sic clinical indicators (PD, CAL, GI, PI) of periodontitis, within the fol-
low- up of 6 months, had a significant improvement when comparing 
SRP + laser to SPR alone. The encouraging results we obtained may 
be partly attributed to the advantages of lasers over conventional 
methods. In areas that are inaccessible for mechanical instruments, 
such as deep pockets, furcations, or tight root proximity, lasers could 
reduce subgingival bacterial loads and exert bio- stimulatory, bac-
tericidal effects. That is conductive to a more thorough treatment 
(Ishikawa et al., 2009).

In this meta- analysis, the effects of laser therapy on reducing 
periodontal inflammation were also evaluated through the analysis of 
GCF. However, except for the GCF volume and IL- 1β level in the laser 
group at week 4, no significant difference was found in a short- term 
or medium- term observation. Considering the inconsistency of mea-
surement and the paucity of studies regarding the GCF volume and 
cytokine level, it is quite difficult to draw a definitive conclusion with 
regard to the biochemical effect of laser therapy at present.

Smoking is a generally acknowledged risk factor for chronic 
periodontitis, and smokers usually present poor clinical response 
to periodontal therapy (Kibayashi et al., 2007). In order to eliminate 
this potential risk factor and reduce the heterogeneity caused by 
the enrollment of smokers, we conducted a subgroup meta- analysis 
to assess how the effectiveness of laser + SRP was influenced by 
smoking, thereby elucidates the synergistic effect of lasers and SRP 
more accurately.

Overall, for the subgroup in which smokers were enrolled, the 
additional use of laser for SRP did not show any significant dif-
ference over SRP alone in terms of CAL and PI. In contrast, non- 
smokers undergoing combined therapy showed significant clinical 
improvements both for short- term and medium- term period. The 
results of subgroup analysis clearly revealed a negative impact of 
smoking habit on clinical efficacy of the combined therapy. Given 
the results, for long- time smokers, especially refractory cases, other 
adjunctive therapeutic approaches need to be explored for a more 
predictable and effective treatment of periodontitis.

In our meta- analysis, subgroup analysis was performed only for 
three clinical outcomes due to limited studies. Besides, considering 
the situation that the number of cigarettes smoked per day and num-
ber of years of smoking were given in rough introduction in some 
studies, detailed smoking status is encouraged to be included in fu-
ture clinical trials to further explore whether there is a dose- based 
relationship between the frequency of smoking and the therapeutic 
effect brought by adjunctive use of lasers.

Study design is very important when devising study protocols. 
The split- mouth model is a popular in vivo experimental design in oral 

F I G U R E  3   Incorporated forest plot of clinical (PD, CAL, PI and GI) and biochemical (GCF volume, IL- 1β level, and IL- 6 level) parameters 
during follow- up
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F I G U R E  4   Further subgroup analysis 
for clinical performance according to 
smoking status. (a) Forest plot of the PD 
during follow- up. (b) Forest plot of the 
CAL during follow- up. (c) Forest plot of 
the PI during follow- up
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research, in which different intervention is randomly performed for 
each side of the mouth. Split- mouth design has some potential advan-
tages. For instance, it can reduce the variability among patients and 
enhance statistical power of the study when sample size is relatively 
small (Hujoel & DeRouen, 1992). However, attention should be given 
to a biased estimate of treatment efficacy as a result of the potential 
“carry- across” effect between treated quadrants within one patient 
(Lesaffre et al., 2007). Another aspect to be noticed is that the oral 
microenvironment is integral and indivisible. Split- mouth trials showed 
deficiencies in assessing microbiological or biochemical changes, with 
the risk of translocation of pathogenic bacteria and cytokines within 
the oral cavity (Lesaffre et al., 2007). Our subgroup analysis showed 
a relatively ideal result in primary outcomes in split- mouth design and 
most of which revealed consistent trends with parallel- arm design. It 
seems that split- mouth design is feasible for clinical assessment. The 
original concerns on cross- effects and unpredictable “leakage” be-
tween quadrants of lasers might not exist or the influence might not 
be strong enough to change the result. However, more RCTs need to 
be carried out in the future to evaluate the impact of different study 
designs on the microbiological or biochemical performance of the ad-
junctive use of lasers with SRP.

There are many parameters of lasers that may have an impact on 
the effect, among which dose applied during laser application is an im-
portant one. Due to the limitation of the number of studies, we only 
conducted a subgroup meta- analysis on laser irradiation times. For 

primary outcomes, the additional use of laser showed significant supe-
riority at all time points in single exposure group. However, multiple- 
exposure subgroup only showed a significant lower PD at week 4. The 
results revealed that single- time laser irradiation had a better treat-
ment effect. Moreover, it is worth noting that low- level laser was ap-
plied for at least three times. This is probably because low- level lasers 
are thought to function through the interaction of light with the cell 
and tissue instead of breakdown of tissue from high- power laser. This 
interaction might also be affected by other parameters, such as wave-
length, power, energy density, treatment duration, intervention time, 
method of application, and condition of tissue (Kellesarian et al., 2017; 
Varma et al., 2020). That is why a definitive conclusion with regard to 
the irradiation dose cannot be drawn at present.

The results of the present analysis are in partial agreement with 
those of a previous review by Jia et al. (2020), which revealed a 
better clinical effectiveness in CAL gain within 6 months when 
laser- assisted periodontal treatment was performed. But CAL was 
chosen as the only observed indicator in Jia's research. The meta- 
analysis by Cheng et al. (2016) suggested that the adjunctive laser 
therapy might be effective in reducing PD in a relatively short term 
(3 months), which was consistent with our findings. But no more 
follow- up data are available. Moreover, the above- mentioned liter-
ature has limitations in that smokers and non- smokers with chronic 
periodontitis were analyzed together or smoking status was ig-
nored in analysis.

F I G U R E  5   Funnel plot for PD, CAL, and PI. Notes: Only parameters discussed in over 10 papers were conducted bias analyses
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Compared with other meta- analyses, the present research has 
several strengths. First, we set half a year as the limit of follow- up 
period in our inclusion criteria, aiming at tracking not only the short- 
term but also the longer effects of laser- assisted treatment. Second, 
we investigated the role of study design, laser irradiation times, and 
smoking in the combined therapy based on the analysis by subgroup 
in turn. No previous meta- analysis has ever been performed for such 
types of subgroup analyses so far. Third, the outcomes in this meta- 
analysis include both clinical and biochemical parameters so as to 
comprehensively explore the changes brought about by laser and 
non- surgical mechanical treatment.

However, there are several limitations in our study. First, only the 
literature in English is included, which may result in omission of in-
formation from the literature in other languages. Second, the types 
of outcomes collected and analyzed in present study were not com-
prehensive. For example, if microbes had been observed at the same 
time, the results might be more convincing. Although many types of 
lasers have functions in eliminating bacterial endotoxins from the 
root surface and showing antibacterial effect in removing periodontal 
pathogen in vitro (Dodani et al., 2019; Javali et al., 2019), the micro-
biological efficacy indicates conflicting results in insufficient clinical 
trials (Arcuri et al., 2020). Other important factors that should not 
be ignored are the additional cost and working time. It is necessary 
to assess the validity as well as the cost- effectiveness of this new 
approach, which might lead to more extensive and comprehensive 
guide in adjunctive use of laser in non- surgical periodontal treatment.

The results of this meta- analysis must be interpreted with cau-
tion due to the heterogeneity among studies. Considerable hetero-
geneity exists at most time points in PD, and the sensitivity analyses 
suggest that the heterogeneity could be decreased to a certain de-
gree by excluding the studies of Saglam et al (Table S2). This might be 
caused by individual difference in patients diagnosed with chronic 
periodontitis, as different degrees and different rates of progress are 
all involved. Besides, unlike other protocols, full- mouth subgingival 
SRP was performed in a single appointment in this clinical proce-
dure and the whole- mouth clinical indexes were all measured. The 
marked variation in involved teeth/sites could probably be another 
factor that contributes to increased heterogeneity. Within the highly 
heterogeneous set of confounding variables, such as different types 
of lasers and corresponding parameters, including wavelength, en-
ergy, power density, material, and size of tip, duration of irradiation 
and frequency of application were extremely variable in the selected 
studies, showing that there are no established protocols on the opti-
mal use of laser in dental practice.

In order to yield more convincing and consistent results, poten-
tial confounding factors such as patient characteristics, development 
stage of the disease, selection criteria for sampling sites, irradiation 
frequency and method, post- treatment instruction, and supportive 
periodontal therapy need to be properly standardized in the future. 
Meanwhile, further high- quality studies are needed for the assess-
ment of the costs and duration of treatment, as well as microbial 
and biochemical outcomes, to optimize and accurately evaluate the 
impact of adjunctive laser therapy.

5  | CONCLUSION

Laser therapy has the potential to improve clinical outcome variables 
in both short-  and medium- term treatments. However, smoking may 
diminish the adjunct effect of laser therapy.
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