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A B S T R A C T

The early detection and management of peri-implant mucositis may help in reducing

inflammatory parameters and arrest disease progression to peri-implantitis. The potential

therapeutic benefits of different adjunctive therapies, such as the diode laser, are still not

completely understood. The objective of this systematic review and meta-analyses was to

assess the outcomes of using diode laser on the management of peri-implant mucositis in

terms of changes in periodontal parameters. Electronic databases were searched to iden-

tify randomised controlled trials (RCTs) that compared the combined use of mechanical

debridement and diode laser with mechanical debridement alone. A specific risk-of-bias

tool was used to assess the risk of bias. Data were analysed using a statistical software pro-

gramme. In total, 149 studies were found. A meta-analysis of 3 RCTs showed no statisti-

cally significant differences in probing pocket depths (mean difference [MD], �0.36; 95%

confidence interval [CI], �0.88 to 0.16; P = .18) or bleeding on probing (MD, �0.71; 95% CI,

1.58−0.16; P = .11) between the 2 groups at 3 months. In the management of peri-implant

mucositis, the combined use of diode laser and mechanical debridement did not provide

any additional clinical advantage over mechanical debridement alone. Long-term, well-

designed RCTs are still needed.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Successful and predictable long-term dental implant treatment

outcomes are well established.1 However, implant failure and

peri-implant diseases (ie, peri-implant mucositis and peri-

implantitis) occur in a significant proportion of patients.2-7

Peri-implant diseases are diagnosed based on the routine

monitoring of dental implants using clinical and radiographic

parameters. Mucosal condition, plaque assessment, peri-

implant probing pocket depth (PPD), peri-implant sulcular
fluid analysis, suppuration, peri-implant keratinised tissue

width, implant mobility, discomfort, resonance frequency

analysis, and radiographs are some of the parameters that

can be used to assess the presence of peri-implant disease

and its severity.8 Several definitions were previously

described in the literature to define peri-implant diseases. In

2011, Heitz-Mayfield et al9 described the condition as peri-

implant mucositis when the criteria of inflammation such as

bleeding on probing and no bone loss are present. Whilst Por-

ras et al.10 used the diagnostic criteria of modified bleeding

index, plaque score, and PPD of less than 5 mm, Felo et al.11

used bleeding on probing, plaque score, and PPD of less than

3 mm to diagnose peri-implant mucositis. The lack of consis-

tency in outlining case definitions for peri-implant diseases

in the literature makes it difficult for researchers to investi-

gate the natural history, pathophysiology, and etiology of

peri-implant diseases and for clinicians to appropriately

http://crossmark.crossref.org/dialog/?doi=10.1016/j.identj.2022.06.026&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
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diagnose and treat patients. Therefore, a classification

scheme was recently introduced to overcome the wide vari-

ety of peri-implant disease definitions.12

As per the new classification, peri-implant mucositis is a

reversible plaque-induced inflammatory disease of the peri-

implant soft tissues surrounding a functioning osseointegrated

dental implant. Its diagnosis is based on clinical signs of

inflammation without any radiographic marginal bone loss.

Peri-implantitis, on the other hand, is a plaque-induced inflam-

matory diseases of both the soft and hard tissues surrounding a

functioning osseointegrated dental implant. Beside the clinical

signs of inflammation, radiographicmarginal bone loss beyond

initial bone remodeling is present.13 Depending on case defini-

tions and threshold of marginal bone loss, it has been esti-

mated that peri-implant mucositis can occur in 63.4% of

patients and 30.7% of implants, whilst peri-implantitis can

occur in 18.8% and 9.6% of patients and implants, respectively.3

Dental biofilms around dental implants play a key role in

the initiation of peri-implant mucositis that could progress to

peri-implantitis if left untreated.14,15 The main aim of peri-

implant disease treatment, particularly peri-implant mucosi-

tis, is removing the biofilm surrounding the implant without

changing or jeopardising implant surface characteristics,

with the goal to establish a healthy peri-implant tissue.16

This would lead to the prevention of its progression to an irre-

versible and often challenging-to-treat peri-implantitis.15 The

effectiveness of oral home care measures and nonsurgical

treatment approaches in the management of peri-implant

mucositis can improve the clinical signs of inflammation.

However, complete resolution may not always be achievable

due to the complexity of implant surface designs and charac-

teristics preventing adequate removal of dental biofilm.17 The

use of adjunctive therapies, such as topical antiseptics,10,11

local and systemic antimicrobials,18 air-abrasive devices,19

and lasers,20 have been suggested to improve the efficacy of

conventional mechanical debridement. The benefits of such

additional therapies, however, remains unclear.

The use of diode lasers has been described as one adjunc-

tive aide in the treatment of peri-implant mucositis.21 Dental

diode lasers have wavelengths that extend from visible to

near infrared, with a range from 800 to 980 nm. An optical

flexible fiber of 200 to 600 mm is used to deliver a laser beam

to the target area with either continuous or pulsed emission.

The high absorption in melanin and hemoglobin allow diode

lasers to coagulate, cut, bleach, and disinfect with minimal

damage to hard tissues and better postoperative healing.22

The advantages of diode laser in allowing precise cuts, con-

trolling hemostasis, and minimising postoperative pain or

swelling have been demonstrated in a variety of soft tissue

surgeries.23-25 In the treatment of peri-implant diseases,

diode lasers could offer additional clinical benefits in terms of

inactivating pigmented Gram-negative anaerobic bacterial

rods26 and disinfecting rough and irregular implant surfaces

that are difficult to reach via conventional mechanical

debridement. In addition, diode lasers may decontaminate

implant surfaces with minimal damage to implants.27

Several narrative and systematic reviews have evaluated

the effects of different types of lasers in the treatment of

peri-implantitis.28-31 However, the evidence is still emerging,

and the potential impacts of the adjunctive use of diode
lasers in the management of peri-implant mucositis have not

been fully assessed. The objective of this systematic review

and meta-analyses, therefore, was to assess the outcomes of

management of peri-implant mucositis using diode lasers in

terms of changes in periodontal parameters based on the

available evidence from randomised controlled trials (RCTs).
Materials andmethods

This systematic review was prepared referring to the

Cochrane guidelines32 and the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) state-

ment.33 The systematic review was registered in PROSPERO

(International Prospective Register of Systematic Reviews)

under reference number of CRD42022306877. A well-defined

question of participant, intervention, comparison, outcome

and study design (PICOS)32,34 was formulated:

Participant: Adults aged 18 years and older who require

management of peri-implant mucositis.

Intervention: Diode laser (810 nm and 980 nm) and

mechanical debridement.

Comparison: Mechanical debridement alone.

Outcomes: Changes in PPD, bleeding on probing, plaque

score, and mucosal recession.

Study design: RCT.
Types of studies

Inclusion criteria

RCTs comparing combined use of diode lasers and mechani-

cal debridement to mechanical debridement alone were

included. The included studies should provide information

on clinical parameters including PPDs, bleeding on probing,

plaque score, or mucosal recession. Language restrictions

were not imposed.

Exclusion criteria: Insufficient data.

Type of participants

Participants aged 18 years old or older and requiring manage-

ment of peri-implant mucositis.

Types of interventions

Comparing combined use of diode lasers (810 nm and 980 nm)

and mechanical debridement to mechanical debridement

alone in the treatment of peri-implant mucositis.

Outcome measures

Primary outcomes: Changes in PPDs.

Secondary outcomes: Changes in bleeding on probing,

changes in plaque score, changes in mucosal recession.

Search strategy

An extensive search protocol was followed according to spe-

cific guidelines.32,35 A literature search was conducted on 6



Table 1 – Databases and search terms.

Databases Keywords

Published studies

PubMed

(1965-November 11, 2021)

(non-surgical treatment OR nonsurgical treatment OR diode laser) AND (peri-implant mucositis

OR periimplant mucositis OR peri-implant disease* OR periimplant disease*)

EMBASE via Ovid

(1947-November 11, 2021)

(non-surgical adj treatment).mp. OR (nonsurgical adj treatment).mp. OR (diode adj laser).mp.

AND (peri-implant adj mucositis).mp OR (periimplant adj mucositis).mp. OR (peri-implant adj

disease$).mp. OR (periimplant adj disease$).mp.

Cochrane Central Register of Controlled

Trials (CENTRAL) via Ovid

(November 11, 2021)

(peri-implant adj mucositis).mp OR (periimplant adj mucositis).mp. OR (peri-implant adj dis-

ease$).mp. OR (periimplant adj disease$).mp. AND (non-surgical adj treatment).mp. OR (non-

surgical adj treatment).mp. OR (diode adj laser).mp.

Unpublished studies

MetaRegister of controlled trials

OpenGrey (www.opengrey.eu)

ClinicalTrials.gov

(November 11, 2021)

(peri-implant mucositis OR periimplant mucositis OR peri-implant diseases OR periimplant

diseases) AND (non-surgical treatment OR nonsurgical treatment OR diode laser)
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electronic databases up to November 11, 2021: MEDLINE,

Embase, The Cochrane Central Register of Controlled Trials

(CENTRAL), MetaRegister, ClinicalTrials.gov, and the System

for Information on Grey Literature in Europe (http://www.

opengrey.eu) (Table 1). Two authors (MA and IF) performed

the search independently and in duplicate. Manual search

were performed on the last 5 years of relevant dental journals

(International Journal of Oral and Maxillofacial Implants, Clinical

Implant Dentistry and Related Research, Clinical Oral Implants

Research, Lasers in Medical Science, Implant Dentistry, Interna-

tional Dental Journal, and Journal of Periodontology) and bibliog-

raphies of all involved articles.

Selection of studies

Two reviewers (MA and IF) independently screened the titles

and abstracts of the retrieved reference publications. After

excluding irrelevant and duplicate papers, the full text was

obtained from articles qualifying at the abstract level. Dis-

agreements were settled by discussion between the 2

reviewers or referring to a third reviewer (NA). The reasons

for exclusion were reported.

Data collection

Two reviewers (MA and IF) independently retrieved the fol-

lowing information from the finally selected articles through

a data extraction sheet: (1) study features: authors’ names,

title, contact address, study location, year of publication, lan-

guage of publication, study design (eg, parallel group or split

mouth), published or unpublished data, source of study fund-

ing, allocation concealment, method of randomisation, and

blinding (participants, investigators, outcome examiners); (2)

participants: demographic features, number of participants in

test and control groups, inclusion and exclusion criteria, num-

ber of withdrawals, and reasons for dropouts; (3) interven-

tions: number of participants where treatment of peri-

implant mucositis was performed using mechanical debride-

ment and diode laser; (4) comparison: number of participants

for whom treatment of peri-implant mucositis was performed

using mechanical debridement alone; (5) outcomes: changes

in PPDs, bleeding on probing, plaque score, and peri-implant
mucosal recession; and (6) length of the observation period.

Reviewers resolved any disagreements by discussion or refer-

ring to a third opinion (NA). If any additional information was

required, the authors of the included trials were approached.
Quality assessment of included studies

The same 2 reviewers (MA and IF) independently performed

quality assessment and the quality of RCTs was assessed by

Cochrane Risk of Bias (RoB).32 The RoB tool for RCTs com-

prises 7 categories (allocation concealment, sequence genera-

tion, blinding of outcome assessment, blinding of

participants and investigators, selective outcome reporting,

incomplete data outcome, and potential sources of bias). The

first part of RoB tool delineates each category, whilst the sec-

ond part grades studies into those having (1) low risk of bias if

all the criteria were met, (2) unclear risk of bias if one or more

criteria were partially met, or (3) high risk of bias if one or

more criteria were not met.
Data synthesis

The meta-analysis was performed in a statistical software

programme (Review Manager [RevMan] software, version 5.4,

The Nordic Cochrane Center, The Cochrane Collaboration).

For continuous data, such as changes in PPDs, the estimate of

relative effect was presented to display the mean difference

(MD) or standardised mean difference (SMD) and 95% confi-

dence intervals (CIs). For dichotomous data, the effect sizes

were expressed as risk ratio (RR) estimates and 95% CIs. A

random-effects model was used to pool the results from

more than one study, as heterogeneity between studies was

expected. The generic inverse variance option in the statisti-

cal software programme was used to combine parallel-group

and split-mouth trials.

The publication bias was not evaluated when fewer than

10 studies were included.32 The heterogeneity between the

pooled data was analysed through the Cochran test and I2 sta-

tistic.32 An I2 value >50 indicated a substantial heterogeneity.

The unit of analysis was the dental implant rather than the

participant.

http://www.opengrey.eu
http://www.opengrey.eu
http://www.opengrey.eu


Fig. 1 – Flowchart of the search process.

738 a t i eh e t a l .
Results

Study settings

TaggedPIn total, 149 trials were collected from the databases (Figure 1).

The 2 review authors (MA and IF) examined the abstracts and

titles and found 5 studies that were eligible for full-text

review.36-40 Two studies37,38 were subsequently excluded

and, as a result, 3 studies36,39,40 were included (Table 2). Of

the 3 included studies, 2 were conducted in the Italy36,40 and

one in Spain.39 All the included RCTs were parallel-group and

self-funded studies that took place in a university setting.
Baseline features of participants

Inclusion criteria.

1. Aged >18 years39 or 20 to 80 years40

2. Healthy periodontium36,39 or history of treated periodon-

titis without residual PPD of ≥5 mm36

3. Full mouth plaque score of ≤20%36

4. Full mouth bleeding score of ≤20%36

5. Presence of at least one implant site with bleeding on

probing and PPD of ≥4 mm36,39 and ≤ 6 mm40

6. Absence of radiographic marginal bone loss beyond the

initial bone remodeling36,39

7. Absence of occlusal overload36

8. Lack of any detected cement remnants36
9. At least 6 months of functional loading prior to enroll-

ment in the study36

10. Nonsmokers or light smokers (<10 cigarettes/d)36

Exclusion criteria:

1. Systemic conditions and/or medications that may affect

the treatment outcomes36,39,40

2. Use of antibiotics within 6 months prior to initial

assessment39

3. Long-term use of anti-inflammatory drugs39

4. History of head and neck radiotherapy39

5. Pregnancy or lactation36

6. Presence of peri-implantitis36,40

7. Previous nonsurgical peri-implant treatment within 6

months or surgical peri-implant treatment within 12

months prior to initial assessment39

8. Presence of cement-retained or multiple implant-sup-

ported prostheses39

9. Smoking40

Case definitions

Two studies36,39 defined peri-implant mucositis as the

presence of PPD of ≥4 mm with bleeding and/or suppuration

on probing and absence of any radiographic peri-implant

bone loss beyond marginal bone level changes resulting from

initial bone remodeling, marginal bone loss of ≤1mm as com-

pared with baseline radiographs, or marginal bone loss of

<2 mm in the absence of previous examination.41,42 In



Table 2 – Characteristics of the included studies.

Aimetti et al. 2019 Sanchez-Martos et al. 2020 Tenore et al. 2020

Study design RCT (parallel group) RCT (parallel group) RCT (parallel group)
Location University of Turin, Turin, Italy European University of Valen-

cia, Valencia, Spain
University of Rome, Rome, Italy

Number evaluated (participants/implants) 220/220 68/68 23/23
DL 110/110 34/34 11/11
MD 110/110 34/34 12/12
Age (y) 57.5 § 10.1 (range, 32-78) 57.0 § 11.39 56.1 (range, 20-80)
Smokers, n (%)
DL 14 (12.73) 2 (5.88) 0 (0)
MD 20 (18.18) 6 (17.65) 0 (0)
History of periodontitis, n (%)
DL 54 (49) NR NR
MD 45 (41) NR NR
Implant surface characteristics, n (%)
Minimally rough (machined) < 1.0 mm
DL NR 0 NR
MD NR 0 NR
Moderately rough
1.0-1.9 mm
DL NR 34 NR
MD NR 34 NR
Rough ≥ 2.0 mm
DL NR 0 NR
MD NR 0 NR
Implant time in function (y)
DL 6.8 § 3.6 3.1 § 1.5 NR
MD 7.4 § 4.4 3.1 § 1.5 NR
Implant location
Incisors, n (%)
DL 8 NR NR
MD 12 NR NR
Canines, n (%)
DL 6 NR NR
MD 9 NR NR
Premolars, n (%)
DL 52 NR NR
MD 42 NR NR
Molars, n (%)
DL 44 NR NR
MD 47 NR NR
Mechanical debridement Ultrasonic and manual instru-

ments (titanium-coated cur-
ettes or carbon fiber curettes)

Ultrasonic and manual instru-
ments (plastic curettes)

Ultrasonic and manual instru-
ments (titanium-coated or
carbon fiber curettes)

Laser settings 980 nm 810 nm* 980 nmy

2.5 watts 1 watt in pulsed mode 1 watt in pulsed mode
10 KHz pw, 30 s 30 s 60 s

Methods of assessment Periodontal probe Periodontal probez Periodontal probex

Changes in PPD implant (mm) at 3 months
DL �0.6 § 0.8 �0.21 § 0.06 �1.06 § 0.11
MD �0.4 § 0.7 �0.14 § 0.08 �0.26 § 0.15
Changes in number of implant sites with
BoP at 3 months

DL NRk �0.91 § 0.80 �3.45 § 0.20
MD NRk �0.61 § 0.13 �2.00 § 0.22
Changes in number of implant sites with
plaque at 3 months

DL NRk �0.34 § 0.11 NR
MD NRk �0.17 § 0.09 NR
Mucosal recessions of 1-3 mm at 3
months, n (%)

DL 6 (5.45) NR NR
MD 9 (8.18) NR NR
Follow-up period (months) 3 3 3

RCT, randomised controlled trial; DL, diode laser; MD, mechanical debridement; PPD, probing pocket depth; BoP, bleeding on probing; NR, not

reported.

* Fox� diode laser, A.R.C. Laser GmbH, Nurnberg, Germany.
y Raffaello� , Dental Medical Technologies, Lissone, Italy.
z North Carolina Probe, Hu-Friedy, Leinmen, Germany.
x Goldman-Fox William, Asa Dental S.P.A., Italy.
k Not reported in terms of number of sites.
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addition, one study40 required the presence of PPD of ≤6 mm

with bleeding and/or suppuration on probing for the diagno-

sis of peri-implant mucositis.

Characteristics of the interventions

The combined mechanical debridement and diode laser

group included the use of 980-nm diode laser at 2.5 watts,36

980-nm diode laser at 1.0 watt,40 or 810-nm diode laser at 1.0

watt39 in pulsed mode. A 300-mm optical fiber was inserted

parallel to the long axis of the implant and moved in apico-

coronal and mesio-distal directions for 3036,39 or 60 seconds.40

Each diode laser application was preceded and followed by

pocket irrigation with 3% hydrogen peroxide solution for 10

seconds.36 Another study39 used 0.12% chlorhexidine and

0.05% cetylpyridinium chloride for pocket irrigation, whilst

the remaining one40 applied 1% chlorhexidine gel in the peri-

implant pockets. Mechanical debridement was then carried

out using ultrasonic and manual instruments such as tita-

nium coated Gracey,36,40 carbon fiber,36,40 or plastic cur-

ettes.39 Both diode laser application and mechanical

debridement were repeated 3 times in one study.36

In the mechanical debridement group, only instrumenta-

tion with ultrasonic and manual curettes were used,36,39,40

with an operating time ranging between 7 and 10 minutes.36

In both groups, prosthetic suprastructures were removed in
Fig. 2 –Assessment of risk of
one study39 prior to mechanical debridement. At 1- and 3-

month recalls, participants received reinforcement in oral

home care36,39,40 and professional implant cleaning with rub-

ber cups and polishing paste.36

Features of outcomemeasures.

Primary outcome measures: Changes in PPDs as measured

by periodontal probe.36,39,40

Secondary outcome measures: Changes in bleeding on

probing as measured by periodontal probe39,40; changes in

plaque score as measured by periodontal probe39; and

changes in mucosal recession as measured by periodontal

probe.36
Risk of bias

Methods of randomisation and allocation concealment

were adequately described in all studies and hence were all

found to be at low risk of bias for those categories.36,39,40

One study36 reported on blinding the outcome assessors

and was rated to be at low risk of bias, whilst the remain-

ing 2 studies did not mask the data assessors and were

judged to be at high risk of bias.39,40 For reporting and attri-

tion biases, all the trials36,39,40 were judged as low-risk

(Figure 2, Table 3).
bias of the included trial.



Table 3 – Assessment of risk of bias of the included studies.

Aimetti et al. 2019 Sanchez-Martos et al. 2020 Tenore et al. 2020

Random sequence generation

(selection bias)

Low risk

Reported in the article “A balanced

randomly permuted block was

used to prepare the randomiza-

tion table”

Low risk

Reported in the article “using a

randomized system based on

stratified blocks”

Low risk

Reported in the article “patients were

randomly allocated from a computer-

generated list of random numbers”

Allocation concealment (selec-

tion bias)

Low risk

Reported in the article “To conceal

assignment, forms with the

treatment modality were put

into identical and opaque

envelopes”

Low risk

Reported in the article “The alloca-

tion concealment was carried out

through the use of sealed opaque

envelopes”

Low risk

Reported in the article “Allocation con-

cealment was achieved through the

provision, by professionals not

involved in patient enrolment, of a

numbered sequence of opaque and

sealed envelopes”

Blinding of outcome assess-

ment (detection bias)

Low risk

Reported in the article “Two exam-

iners, who were blinded to the

group assignment, performed all

measurements of clinical

assessment”

High risk

Reported in the article “The inter-

ventions assigned to each group

were performed by a calibrated

and trained examiner not blind

to the group assignment”

High risk

No information in the article

Incomplete outcome data

(attrition bias)

Low risk

All data presented

Low risk

All data presented

Low risk

Number and reasons for withdrawals

were reported. It does not seem that

the lost data had affected the results

Selective reporting (reporting

bias)

Low risk

All outcomes appear to be detected

Low risk

All outcomes appear to be detected

Low risk

All outcomes appear to be detected

Other bias None detected None detected None detected
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Sample size calculation

All studies36,39,40 described the sample size calculation.
Registration of clinical trials

No information was provided on whether any of the 3

studies36,39,40 was registered prior to the initiation of the

study.
Effects of interventions

In total, 311 participants with 311 dental implants diag-

nosed with peri-implant mucositis were included in the

present review. Of these, 155 implants were treated using

diode laser and mechanical debridement, whilst the

remaining implants were treated with mechanical debride-

ment alone.
Fig. 3 –Comparison of treatment of peri-implant mucositis: diode

changes in probing pocket depths at 3 months.
Changes in PPD

All included studies36,39,40 reported on changes of PPDs. With

regard to changes in PPDs at 3 months, the difference in PPDs

was not statistically significant amongst implants treated

with mechanical debridement and diode laser or mechanical

debridement alone (MD, �0.36; 95% CI, �0.88 to 0.16; P = 0.18;

Figure 3). Substantial heterogeneity was detected (x2 = 163.40,

df = 2 [P < .0001]; I2 = 99%).
Changes in bleeding on probing and plaque score

All studies36,39,40 reported changes in bleeding on probing at 3

months. The meta-analyses showed no significant difference

in bleeding on probing between the combined use of mechan-

ical debridement and diode laser and mechanical debride-

ment alone (MD, �0.71; 95% CI, 1.58−0.16; P = .11; Figure 4A).

Significant heterogeneity was detected (x2 = 59.56, df = 2 [P <
.0001] I2 = 97%). The changes in plaque score were reported in

2 studies.36,39 Significant reduction in plaque score was
laser vs mechanical debridement. Primary outcomes are



Fig. 4 –Comparison of treatment of peri-implant mucositis: diode laser vs mechanical debridement. Secondary outcomes are

(a) changes in bleeding on probing, (b) changes in plaque score, and (c) peri-implant mucosal recession.
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observed with use of the diode laser (MD, �0.17; 95% CI, �0.22

to �0.13; P < .0001; Figure 4B) without any substantial hetero-

geneity (x2 = 0.63, df = 1 [P = .43]; I2 = 0%).

Peri-implant mucosal recession

Mucosal recession was documented in one study.36 The dif-

ference in number of sites with 1- to 3-mm recession was not

statistically significant between the 2 groups (RR, 0.67; 95% CI,

0.25−1.81; P = .43; Figure 4C).
Discussion

Summary of main results

The present review compared the clinical outcomes of treat-

ment of peri-implant mucositis with either combined

mechanical debridement and diode laser or conventional

mechanical debridement alone. Diode laser (810 nm or 980

nm) seems to have no significant effect on PPD, bleeding on

probing, and peri-implant mucosal recession when compared

to conventional mechanical debridement except for plaque

score. Although the decrease in plaque score observed in the

diode laser group was statistically significant, its clinical rele-

vance could be considered negligible.

Quality of evidence

The present review included only RCTs based on strict selec-

tion criteria so that the heterogeneity is reduced and the
overall quality is enhanced. However, heterogeneity amongst

the included studies was significant. Sources of heterogeneity

were related to differences in designs and characteristics of

implant surface as well as the use of different instruments

(ie, ultrasonic with either titanium-coated Gracey, carbon

fiber, or plastic curettes) for mechanically debriding the

implant surfaces. Other sources of heterogeneity were the

use of different antiseptics (ie, 0.12% chlorhexidine, 0.05%

cetylpyridinium chloride, and 1% chlorhexidine gel) for

pocket irrigation in the test group and the timing of laser

application (30 vs 60 seconds). However, homogeneity across

the included studies was observed in terms of case definitions

and observation period. Overall, the generalisability of the

findings using diode laser as an adjunctive tool for treatment

of peri-implant mucositis is week, and it is critical to further

assess the effectiveness of diode laser use amongst different

implant locations and systems.

The included trials described the method of randomisa-

tion and allocation concealment; however, 2 studies39,40 did

not assess the outcomes blindly and were judged to be at

high risk for bias. All of the studies were rated at low risk for

attrition and reporting bias. The limitations of absence of

assessor blinding and heterogeneity across the studies

require cautious interpretation of the outcomes of the pres-

ent systematic review.

Applicability of evidence

The early detection and treatment of peri-implant mucositis

may allow resolution of peri-implant inflammation and

arrest disease progression to peri-implantitis.43,44 However,
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complete resolution is not always achieved,17 and therefore

using an adjunctive therapy may provide additional benefits

to conventional mechanical debridement. The present sys-

tematic review showed that conventional mechanical

debridement with diode laser was effective in lowering

inflammatory signs up to 3-month follow-up. However, the

peri-implant tissue response to diode laser did not reach sta-

tistical or clinical significance in terms of reduction of PPD

and bleeding on probing when compared to mechanical

debridement alone.

The use of different diode laser settings amongst the

included studies might have influenced the efficacy of

diode laser as an implant decontamination tool. The fre-

quency and timing of laser application varied between 1

and 3 applications and 30 to 60 seconds, respectively. It is

assumed that a single laser application may not maintain

the anti-inflammatory effect.45 Repeating laser application

3 times in one included study,36 however, did not yield

statistically significant improvements in periodontal

parameters in the test group. On the other hand, a recent

study has shown that the repeated application of diode

laser on titanium implants has eradicated all the microor-

ganisms in more than two-thirds of the sample without

changing the quality of the implant surface.46 In the same

context, Mettraux et al47 showed that repeated diode laser

application following mechanical debridement in the man-

agement of peri-implantitis lesions resulted in a signifi-

cant improvement in the periodontal parameters for at

least 2 years. Moreover, temperature rise above critical

threshold of 10 ℃ after 18 seconds of application48,49 could

be an associated issue of concern. For example, the appli-

cation of diode laser for 60 seconds in one study40 brings

about more heat that could have jeopardised the implant

and surrounding peri-implant tissues.50 Therefore, special

considerations of thermal damage should be taken into

account to minimise the improper irradiation effect.51 The

optic fiber diameter, which influences the power density

and amount of energy released during laser application,

could have possibly altered the anti-inflammatory effects

of the diode laser.52 Nevertheless, diode laser has been

safely used for peri-implant soft tissue modification and

uncovering of submerged dental implants without unto-

ward alteration to titanium implant surfaces compared to

other types of lasers or settings.27 Moreover, no adverse

effects such as swelling, pain, or discomfort were detected

following the adjunctive use of diode laser with mechani-

cal debridement in the treatment of peri-implant

diseases.47

The antimicrobial effect of diode lasers has also been eval-

uated in different implant surfaces and materials. The find-

ings suggest that the diode laser can decontaminate several

types of implant surfaces such as hydroxyapatite-coated,

plasma-sprayed, acid-etched, and sandblasted titanium sur-

faces. The required power density to generate a sufficient

bactericidal effect is determined by surface characteristics.51

When evaluating the effect of diode lasers on different mate-

rials utilised for dental implant constructions such as zirco-

nia and porcelain, the laser operation effectively eliminated

bacteria from the surfaces, regardless of the exposure period.

Moreover, diode laser irradiation on healing abutments has
markedly eliminated the predominant pathogenic bacteria

and accelerated wound healing without any harmful effects

on the evaluated implant material.53,54

It remains unclear whether removal or retention of the

prosthetic suprastructure, implant surface characteristics, or

implant design have influenced the treatment outcomes

reported in this review. Only one study39 has reported the

removal of the implant prosthesis to allow access for peri-

implant debridement, and only one study39 has described the

implant system. The small number of included trials, there-

fore, did not allow an adequate evaluation of the potential

benefits of implant prosthesis removal or determine whether

the presence of machined or moderately roughened implant

surface have any influence on the treatment outcomes.
Agreements and disagreements with other systematic reviews

The findings of using lasers of various wavelengths in treat-

ing peri-implant diseases have been reported in several

reviews,28,29,55-59 but the outcomes of using diode lasers in

the management of peri-implant mucositis was reported in

2 systematic reviews.20,60 Both reviews20,60 included studies

that evaluated the adjunctive use of both photodynamic

therapy and diode laser of different wavelengths and

showed that both adjunctive therapies did not provide addi-

tional benefits, in agreement with our findings. However,

the present review adopted an extensive search protocol

and included only RCTs that met stringent criteria having a

test group in which dental implant sites with peri-implant

mucositis were treated with mechanical debridement and

diode laser (810 nm and 980 nm) and a control group in

which sites were treated with mechanical debridement

alone. A quantitative analysis of outcomes related to

changes in periodontal parameters was also reported. Nev-

ertheless, a number of limitations primarily related to the

limited number of trials, the number of withdrawals in one

study,40 and the heterogeneity across the trials included in

the present review should be noted. In particular, heteroge-

neity in terms of implant locations, surface characteristics,

types of curettes, and laser settings need to be acknowl-

edged. Moreover, microbiologic, cost-effectiveness, and

patient-reported outcomes were not analysed in this review

due to lack of or limited information.
Conclusions

In the management of peri-implant mucositis, the combined

use of a diode laser and mechanical debridement did not pro-

vide any additional clinical advantage over mechanical

debridement alone. Long-term, well-designed RCTs are still

needed.
Author contributions

Momen A. Atieh: Concept/design, data collection, data analy-

sis/interpretation, drafting article, critical revision of article,

approval of article.



744 a t i eh e t a l .
Israa Fadhul: Concept/design, data collection, critical revi-

sion of article, approval of article.

Maanas Shah: Critical revision of article, approval of article.

Haifa Hannawi: Critical revision of article, approval of article.

Nabeel H.M. Alsabeeha: Critical revision of article,

approval of article.
Conflict of interest

None disclosed.
R E F E R E N C E S
1. Buser D, Sennerby L, De Bruyn H. Modern implant dentistry
based on osseointegration: 50 years of progress, current
trends and open questions. Periodontol 2000;73:7–21 2017.

2. Atieh MA, AlAli F, Alsabeeha NHM. Outcome of supportive
peri-implant therapy on the rates of peri-implant diseases
and marginal bone loss: a systematic review and meta-analy-
sis. Quintessence Int 2021;52:122–31.

3. Atieh MA, Alsabeeha NH, Faggion Jr CM, Duncan WJ. The fre-
quency of peri-implant diseases: a systematic review and
meta-analysis. J Periodontol 2013;84:1586–98.

4. Atieh MA, Pang JK, Lian K, et al. Predicting peri-implant dis-
ease: chi-square automatic interaction detection (CHAID)
decision tree analysis of risk indicators. J Periodontol
2019;90:834–46.

5. Atieh MA, Shah M, Alsabeeha NH. Etiology of peri-implantitis.
Curr Oral Health Rep 2020;7:313–20.

6. Berryman Z, Bridger L, Hussaini HM, Rich AM, Atieh M,
Tawse-Smith A. Titanium particles: an emerging risk factor
for peri-implant bone loss. Saudi Dent J 2020;32:283–92.

7. Tawse-Smith A, Atieh M, Leichter J, Girvan L, Rich AM. Peri-
implant bone loss and its uncommon causes: a case report.
Clin Adv Periodontics 2015;5:242–7.

8. Salvi GE, Lang NP. Diagnostic parameters for monitoring peri-
implant conditions. Int J Oral Maxillofac Implants 2004;19
(Supp l):116–27.

9. Heitz-Mayfield LJ, Salvi GE, Botticelli D, et al. Anti-infective
treatment of peri-implant mucositis: a randomised controlled
clinical trial. Clin Oral Implants Res 2011;22:237–41.

10. Porras R, Anderson GB, Caffesse R, Narendran S, Trejo PM.
Clinical response to 2 different therapeutic regimens to treat
peri-implant mucositis. J Periodontol 2002;73:1118–25.

11. Felo A, Shibly O, Ciancio SG, Lauciello FR, Ho A. Effects of sub-
gingival chlorhexidine irrigation on peri-implant mainte-
nance. Am J Dent 1997;10:107–10.

12. Caton JG, Armitage G, Berglundh T, et al. A new classification
scheme for periodontal and peri-implant diseases and condi-
tions - introduction and key changes from the 1999 classifica-
tion. J Periodontol 2018;89(Suppl 1):S1–8.

13. Berglundh T, Armitage G, Araujo MG, et al. Peri-implant dis-
eases and conditions: consensus report of workgroup 4 of the
2017 World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions. J Clin Periodontol
2018;45(Suppl 20):S286–91.

14. Jepsen S, Berglundh T, Genco R, et al. Primary prevention of
peri-implantitis: managing peri-implant mucositis. J Clin
Periodontol 2015;42(Suppl 16):S152–7.

15. Salvi GE, Zitzmann NU. The effects of anti-infective preven-
tive measures on the occurrence of biologic implant compli-
cations and implant loss: a systematic review. Int J Oral
Maxillofac Implants 2014;29(Supp l):292–307.
16. Figuero E, Graziani F, Sanz I, Herrera D, Sanz M. Management
of peri-implant mucositis and peri-implantitis. Periodontol
2014;66:255–73 2000.

17. Schwarz F, Becker K, Sager M. Efficacy of professionally
administered plaque removal with or without adjunctive
measures for the treatment of peri-implant mucositis. A sys-
tematic review and meta-analysis. J Clin Periodontol 2015;42
(Suppl 16):S202–13.

18. Suarez-Lopez Del Amo F, Yu SH, Wang HL. Non-surgical ther-
apy for peri-implant diseases: a systematic review. J Oral
Maxillofac Res 2016;7:e13.

19. Riben-Grundstrom C, Norderyd O, Andre U, Renvert S. Treat-
ment of peri-implant mucositis using a glycine powder air-
polishing or ultrasonic device: a randomized clinical trial. J
Clin Periodontol 2015;42:462–9.

20. Albaker AM, ArRejaie AS, Alrabiah M, Abduljabbar T. Effect of
photodynamic and laser therapy in the treatment of peri-
implant mucositis: a systematic review. Photodiagnosis Pho-
todyn Ther 2018;21:147–52.

21. Heitz-Mayfield LJ, Mombelli A. The therapy of peri-implanti-
tis: a systematic review. Int J Oral Maxillofac Implants 2014;29
(Supp l):325–45.

22. Goharkhay K, Moritz A, Wilder-Smith P, et al. Effects on oral
soft tissue produced by a diode laser in vitro. Lasers Surg Med
1999;25:401–6.

23. Verma SK, Maheshwari S, Singh RK, Chaudhari PK. Laser in
dentistry: an innovative tool in modern dental practice. Natl J
Maxillofac Surg 2012;3:124–32.

24. Hilgers JJ, Tracey SG. Clinical uses of diode lasers in orthodon-
tics. J Clin Orthod 2004;38:266–73.

25. Kamma JJ, Vasdekis VG, Romanos GE. The effect of diode laser
(980 nm) treatment on aggressive periodontitis: evaluation of
microbial and clinical parameters. Photomed Laser Surg
2009;27:11–9.

26. Chan Y, Lai CH. Bactericidal effects of different laser wave-
lengths on periodontopathic germs in photodynamic therapy.
Lasers Med Sci 2003;18:51–5.

27. Romanos GE, Everts H, Nentwig GH. Effects of diode and Nd:
YAG laser irradiation on titanium discs: a scanning electron
microscope examination. J Periodontol 2000;71:810–5.

28. Ashnagar S, Nowzari H, Nokhbatolfoghahaei H, et al . Laser
treatment of peri-implantitis: a literature review. J Lasers Med
Sci 2014;5:153–62.

29. Mattar H, Bahgat M, Ezzat A, Bahaa El-Din B, Keraa K, El Tafta-
zany I. Management of peri-implantitis using a diode laser
(810 nm) vs conventional treatment: a systematic review.
Lasers Med Sci 2021;36:13–23.

30. Ramanauskaite A, Daugela P, Juodzbalys G. Treatment of peri-
implantitis: meta-analysis of findings in a systematic litera-
ture review and novel protocol proposal. Quintessence Int
2016;47:379–93.

31. Ting M, Craig J, Balkin BE, Suzuki JB. Peri-implantitis: a com-
prehensive overview of systematic reviews. J Oral Implantol
2018;44:225–47.

32. Higgins JPT, Thomas J, Chandler J, et al. Cochrane handbook
for systematic reviews for interventions version 6.0 [online].
Cochrane Collaboration; 2019.

33. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses:
the PRISMA statement. Ann Intern Med 2009;151:264–9 W264.

34. Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The
well-built clinical question: a key to evidence-based deci-
sions. ACP J Club 1995;123:A12–3.

35. Faggion Jr CM, Atieh MA, Park S. Search strategies in system-
atic reviews in periodontology and implant dentistry. J Clin
Periodontol 2013;40:883–8.

36. Aimetti M, Mariani GM, Ferrarotti F, Ercoli E, Liu CC, Romano
F. Adjunctive efficacy of diode laser in the treatment of peri-

http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0033
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0033
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0033
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0034
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0034
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0034
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0035
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0035
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0035
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0036
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0036


d i od e l a s e r th e ra p y f o r p e r i - i m p l ant muco s i t i s 745
implant mucositis with mechanical therapy: a randomized
clinical trial. Clin Oral Implants Res 2019;30:429–38.

37. Lerario F, Roncati M, Gariffo A, et al. Non-surgical periodontal
treatment of peri-implant diseases with the adjunctive use of
diode laser: preliminary clinical study. Lasers Med Sci
2016;31:1–6.

38. Mariani GM, Ercoli E, Guzzi N, et al. One-year clinical out-
comes following non-surgical treatment of peri-implant
mucositis with adjunctive diode laser application. Minerva
Stomatol 2020;69:269–77.

39. Sanchez-Martos R, Samman A, Bouazza-Juanes K, Diaz-Fer-
nandez JM, Arias-Herrera S. Clinical effect of diode laser on
peri-implant tissues during non-surgical peri-implant muco-
sitis therapy: randomized controlled clinical study. J Clin Exp
Dent 2020;12:e13–21.

40. Tenore G, Montori A, Mohsen A, Mattarelli G, Palaia G, Romeo
U. Evaluation of adjunctive efficacy of diode laser in the treat-
ment of peri-implant mucositis: a randomized clinical trial.
Lasers Med Sci 2020;35:1411–7.

41. Sanz M, Chapple IL;. Working Group 4 of the VEWoP. Clini-
cal research on peri-implant diseases: consensus report of
Working Group 4. J Clin Periodontol 2012;39(Suppl 12):
202–6.

42. AAP. Peri-implant mucositis and peri-implantitis: a current
understanding of their diagnoses and clinical implications. J
Periodontol 2013;84:436–43.

43. Pontoriero R, Tonelli MP, Carnevale G, Mombelli A, Nyman SR,
Lang NP. Experimentally induced peri-implant mucositis.
A clinical study in humans. Clin Oral Implants Res 1994;5:254–9.

44. Salvi GE, Aglietta M, Eick S, Sculean A, Lang NP, Ramseier CA.
Reversibility of experimental peri-implant mucositis com-
pared with experimental gingivitis in humans. Clin Oral
Implants Res 2012;23:182–90.

45. Ramos UD, Ayub LG, Reino DM, et al. Antimicrobial photody-
namic therapy as an alternative to systemic antibiotics:
results from a double-blind, randomized, placebo-controlled,
clinical study on type 2 diabetics. J Clin Periodontol
2016;43:147–55.

46. Wawrzyk A, Lobacz M, Adamczuk A, Sofinska-Chmiel W, Rah-
namaM. The efficacy of a diode laser on titanium implants for
the reduction of microorganisms that cause periimplantitis.
Materials (Basel) 2021;14.

47. Mettraux GR, Sculean A, Burgin WB, Salvi GE. Two-year clini-
cal outcomes following non-surgical mechanical therapy of
peri-implantitis with adjunctive diode laser application. Clin
Oral Implants Res 2016;27:845–9.

48. Sennhenn-Kirchner S, Klaue S, Wolff N, Mergeryan H, Borg
von Zepelin M, Jacobs HG. Decontamination of rough tita-
nium surfaces with diode lasers: microbiological findings on
in vivo grown biofilms. Clin Oral Implants Res 2007;18:126–32.
49. Tavares LJ, Pavarina AC, Vergani CE, de Avila ED. The
impact of antimicrobial photodynamic therapy on peri-
implant disease: what mechanisms are involved in this
novel treatment? Photodiagnosis Photodyn Ther
2017;17:236–44.

50. Geminiani A, Caton JG, Romanos GE. Temperature change
during non-contact diode laser irradiation of implant surfa-
ces. Lasers Med Sci 2012;27:339–42.

51. Kreisler M, Kohnen W, Marinello C, et al. Antimicrobial effi-
cacy of semiconductor laser irradiation on implant surfaces.
Int J Oral Maxillofac Implants 2003;18:706–11.

52. Radvar M, MacFarlane TW, MacKenzie D, Whitters CJ, Payne
AP, Kinane DF. An evaluation of the Nd:YAG laser in peri-
odontal pocket therapy. Br Dent J 1996;180:57–62.

53. Wawrzyk A, Lobacz M, Adamczuk A, Sofinska-Chmiel W,
Wilczynski S, Rahnama M. The use of a diode laser for
removal of microorganisms from the surfaces of zirconia and
porcelain applied to superstructure dental implants. Microor-
ganisms 2021;9.

54. Wawrzyk A, Rahnama M, Rybitwa D, Wilczynski S, Machoy M,
Lobacz M. Effective microbiological decontamination of den-
tal healing abutments colonised with Rothia aeria by a diode
laser as a helpful step towards successful implantoprosthetic
therapy. Lasers Med Sci 2021;36:875–87.

55. Lin GH, Suarez Lopez Del Amo F, Wang HL. Laser therapy for
treatment of peri-implant mucositis and peri-implantitis: an
American Academy of Periodontology best evidence review. J
Periodontol 2018;89:766–82.

56. Shahmohammadi R, Younespour S, Paknejad M, Chiniforush
N, Heidari M. Efficacy of adjunctive antimicrobial photody-
namic therapy to mechanical debridement in the treatment
of peri-implantitis or peri-implant mucositis in smokers: a
systematic review and meta-analysis. Photochem Photobiol
2022;98(1):232−41.

57. Saneja R, Bhattacharjee B, Bhatnagar A, Kumar PGN, Verma A.
Efficacy of different lasers of various wavelengths in treat-
ment of peri-implantitis and peri-implant mucositis: A sys-
tematic review and meta-analysis. J Indian Prosthodont Soc
2020;20:353–62.

58. Choe R, Balhaddad AA, Fisher JP, Melo MAS, Huang HC. photo-
dynamic therapy for biomodulation and disinfection in
implant dentistry: is it feasible and effective? Photochem Pho-
tobiol 2021;97:916–29.

59. Pisano M, Sammartino P, Di Vittorio L, et al. Use of diode laser
for surgical removal of pyogenic granuloma of the lower lip in a
pediatric patient: a case report. Am J Case Rep 2021;22:e929690.

60. Sanchez-Martos R, Samman A, Priami M, Arias-Herrera S. The
diode laser as coadyuvant therapy in the non-surgical conven-
tional treatment of peri-implant mucositis: a systematic review
andmeta-analysis. J Clin Exp Dent 2020;12:e1171–82.

http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0036
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0036
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0037
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0037
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0037
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0037
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0038
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0038
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0038
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0038
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0039
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0039
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0039
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0039
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0039
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0040
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0040
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0040
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0040
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0041
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0041
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0041
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0041
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0042
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0042
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0042
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0043
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0043
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0043
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0044
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0044
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0044
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0044
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0045
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0045
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0045
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0045
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0045
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0046
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0046
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0046
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0046
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0047
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0047
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0047
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0047
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0048
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0048
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0048
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0048
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0049
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0049
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0049
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0049
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0049
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0050
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0050
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0050
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0051
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0051
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0051
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0052
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0052
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0052
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0053
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0053
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0053
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0053
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0053
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0054
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0054
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0054
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0054
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0054
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0055
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0055
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0055
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0055
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0056
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0056
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0056
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0056
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0056
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0056
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0057
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0057
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0057
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0057
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0057
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0058
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0058
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0058
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0058
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0059
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0059
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0059
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0060
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0060
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0060
http://refhub.elsevier.com/S0020-6539(22)00170-8/sbref0060

	Diode Laser as an Adjunctive Treatment for Peri-implant Mucositis: A Systematic Review and Meta-analysis
	Introduction
	Materials and methods
	Types of studies
	Inclusion criteria
	Type of participants
	Types of interventions
	Outcome measures
	Search strategy
	Selection of studies
	Data collection
	Quality assessment of included studies
	Data synthesis

	Results
	Study settings
	Baseline features of participants
	Characteristics of the interventions
	Risk of bias
	Sample size calculation
	Registration of clinical trials
	Effects of interventions
	Changes in PPD
	Changes in bleeding on probing and plaque score
	Peri-implant mucosal recession

	Discussion
	Summary of main results
	Quality of evidence
	Applicability of evidence
	Agreements and disagreements with other systematic reviews

	Conclusions
	Author contributions
	Conflict of interest
	REFERENCES


