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Bam: Peri-implant diseases are prevalent, with numerous therapies studied in an attempt to
combat this condition. The present review aims to systematically evaluate the effectiveness of laser
thef@py with non-surgical or surgical therapy in managing peri-implant diseases.

M - An electronic search of three databases and a hand search of peer-reviewed journals for
#cles published (in English) from January 1980 to June 2016 were performed. Human
5 of >10 patients with peri-implant diseases, treated with surgical or non-surgical
approach®s and laser therapy, and a follow-up period of >6 months, were included. Random-effects

s were performed to analyze weighted mean difference (WMD) and confidence interval
for rded variables according to PRISMA guidelines. Risk of bias assessment was also
pe or randomized controlled trials included.

Results: From 22 articles selected, 11 were included in the meta-analyses. The outcomes of using
lasers as a monotherapy could not be evaluated since no controlled studies were identified. Therefore,
all orted results were the outcomes of applying lasers as an adjunct to surgical/non-surgical
tre - Tor the non-surgical approach, WMD of probing depth (PD), clinical attachment level
gding on probing (BOP), plaque index (PI), marginal bone level (MBL) and recession
.15 mm (P = 0.50), —0.10 mm (P = 0.32), 21.08% (P = 0.02), —0.07 (P = 0.002), —0.22

m 0.04) and —0.11 mm (P = 0.34), respectively. For the surgical approach with a long-term

m
fol SWMD of PD, CAL, BOP, and PI was 0.45 mm (P = 0.11), 0.22 mm (P = 0.56), 7.26% (P =
0.76)and —0.09 (P = 0.84), respectively.

W Current evidence shows laser therapy in combination with surgical/non-surgical therapy
provided minimal benefit in PD reduction, CAL gain, amount of REC improvement, and PI reduction

in tEe freasent of peri-implant diseases. Lasers when used as an adjunct to non-surgical therapy might
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result in more BOP reduction in the short term. However, current evidence allowed for analysis of only
Er:YAG, CO,, and diode lasers. Studies on others failed to have controlled evidence supporting their
evaluation. | Periodontol 2018,;89:000-000.
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Laser, an M for /ight amplification by stimulated emission of radiation, was introduced
in periodongics g the 1990s1-3 as a tool in diagnostics, surgeries, and physiologic studies.4 It
is a devicgithat efits light coherently into a small, intense, and nearly non-divergent beam

with suffic rgy to cut through hard and soft tissues. The effect of a laser depends on

the energy mi and absorption by the target tissue. Basically, this energy represents a
monochr 1#ght that is collimated into a focused beam interacting with the targeted
tissue by betg SCattered, transmitted, absorbed, or reflected (see supplementary Figure 1 in

in effects such asdwarming, coagulation, or vaporization of the tissues, based on different
energy levels.' Therefore, lasers have myriad applications in periodontics and implant
dentistry, cludes non-surgical and surgical periodontal therapy,5,6 gingivectomy and
crown-len ing procedures,7,8 as well as decontamination of implants with peri-
implantitis.9

GivenMased use of dental implants in oral reconstructions, it is no surprise that

online Joﬂeriodontology)[m]SUPFIGI [/ID]. The power of the energy could result

recent epi ic research demonstrated mean prevalence rates of 43% and 22% for peri-
implan stassand peri-implantitis, respectively.10 Likewise, there is an increase in the
number 0 ies conducted seeking an effective and predictable therapy for peri-implant

t

diseases. | own that peri-implant mucositis could be effectively treated by mechanical
non-su y,11 and peri-implantitis generally requires surgical interventions.12,13
Consequently, a variety of surgical approaches, such as access flap debridement, resective
and regenerative procedures, implantoplasty, and lasers for implant surface decontamination,
have been osed.14

With o muited evidence in specific scenarios, the employment of lasers around
implants h@is beefliproven effective in different clinical therapies, such as non-surgical
treatmentl5 e combination of lasers and surgical treatment; 16,17 however, conflicting
results hay, eported when lasers were used as a method for implant surface
detoxificafion.16-18 A recent review concluded that laser therapy provided identical
outco surface detoxification methods with regard to probing depth (PD)

reductiW attachment level (CAL) gain, and radiographic bone fill.19 The
tremendous heterogeneity in treatment outcomes after the application of lasers for peri-
implant diseasegould be attributed to three main factors: 1) the multifactorial etiology of

peri-impl ions, including host- and implant- related factors, could play a major role

in treatment ou es;20-23 2) the wide range of lasers investigated had different properties
and setti ., wavelength, power, waveform, pulse duration, energy/pulse, density of the
energy, n of the exposure, angulation of the energy toward the targeted tissue, peak

power of the ptif8e, and the properties of tissue),4 all of which could strongly influence the
treatment outcomes; and 3) the frequency of use might have an impact on treatment outcomes
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as several studies demonstrated positive results with repeated application of lasers to peri-
implant defects.15

Despitg the ingreasing number of investigations conducted using lasers for implant
surface Hion, significant heterogeneity and controversy still exist. Hence, the aim of

this systemgfi@gyicw and meta-analyses is to evaluate the potential of lasers in the
detoxifica @ treatment of peri-implant diseases.
H

MATER&ND METHODS

PopulatiQn, Infervention, Comparison, Outcome (PICO) Question24

The focus ion of this systematic review was: “Do lasers used alone or as adjuncts
provide bmmem and patient outcomes in the management of peri-implant mucositis
or peri-imptanti¥s”? The population selected comprised individuals with peri-implant
mucositis mmplantitis. The intervention investigated was the use of lasers alone or as
adjuncts in surgigdl/non-surgical therapies. The selected outcomes to be compared between
individuals treated with laser and those treated without were changes in: 1) PD, 2) CAL, 3)

percentag ding on probing (BOP), 4) plaque index (PI), 5) recession (REC), and 6)
marginal el (MBL).

Selectiomla

Prospecti trospective human case series (CS), controlled clinical trials (CCTs), or
randomu lled clinical trials (RCTs) published (in English) from January 1980 to
June 2 screened. Inclusion criteria were: 1) had >10 patients diagnosed with peri-
implant mu or peri-implantitis and treated with lasers surgically or non-surgically; 2)
had a fi riod of >6 months; and 3) reported outcomes of one of the clinical
parameters (PD, CAL, BOP, PI, REC, or MBL) after the therapy. Exclusion criteria were
studies published as: 1) editorials; 2) letters or comments and non-English citations; 3)
animal/in Vitro studies; 4) review articles; and 5) case reports/series with <10 patients.

Screeni ess

Two inde examiners (G-HL and FSLA) conducted the literature search using three
databases ] EDLINE, EMBASE, and Dentistry and Oral Sciences Source). The search
terms useﬁ where mh represented the MeSH terms and tiab represented title and/or abstract,
in ME Med were: (“peri-implantitis”’[mh] OR “peri-implant mucositis”[tiab] OR
“peri-i ”[1idb] OR “peri-implants”[tiab] OR “peri-implantitis”’[tiab] OR peri-
implan%eriimplants[tiab] OR periimplantitis[tiab]) AND (“laser therapy”’[mh] OR
“lasers, soltd= ”’[mh] OR laser[tiab] OR lasers[tiab]) AND English[la] NOT (letter[pt] OR
comment], ditorial[pt]) The search terms used in EMBASE were: ‘periimplantitis’/exp
>:ab,ti OR ‘peri—implants’:ab,ti OR ‘peri-implantitis’:ab,ti OR peri-

D (“laser’/exp OR ‘solid state laser’/exp OR laser*:ab,ti) AND

OT ([animals]/lim NOT [humans]/lim) NOT (‘letter’/exp OR ‘editorial’/exp
tum:it), and the search terms used in Dentistry and Oral Sciences Source

OR note:it
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were: (DE “PERI—implantitis” OR TI “peri—implant*” OR AB “peri—implant*”) AND (DE
“Lasers” OR TI “Laser*” OR AB “Laser*”)

A hani searc!was also performed for all offline journals (January 1980 to June 2016).
Furthe , rch in the references of included papers as well as the related systematic

reviews wagséengucted for publications not electronically identified. The two reviewers (G-
HL and Fned the pre-identified articles in full text, and their eligibility for this
review was co d after discussion. The level of agreement between reviewers regarding
study i€ 1 8818 Was calculated with « statistics.

Statistic ses

Two revie@HL and FSLA) independently extracted data from papers that met
inclusion ctiteni® Any disagreements were reconciled after discussion with a third reviewer
(H-LW). phics, such as study design, sample size, numbers of implants, follow-up
period, trWutcome measurements, and study conclusion, were extracted and recorded
for each selccted study. Authors of the selected studies were contacted if additional

informatiﬂing the study was needed for the review and meta-analyses.

The prim me was PD reduction, and the secondary outcome was changes in recorded
peri-impla eters. The pooled weighted mean difference (WMD) and the 95%
conﬁdenc!interval (CI) of each variable were estimated using a computer program.* Random

effects m ses of the selected studies were applied to minimize bias caused by

methodologuegdafiferences among studies. Forest plots were generated to represent WMD and
95% CI ingpr1 @ and secondary outcomes for all included studies using number of dental
implants as¥h&@it of analysis. Heterogeneity was assessed with y” test and I test, which
ranged o and 100% with the lower values representing less heterogeneity. If a
study pres ore than one test/control arm, the outcomes of each test/control group were
combined porting of these meta-analyses adhered to the PRISMA (Preferred

Report r Systematic Review and Meta-analyses) statement.25

Risk of ﬁessment

Criteria u ess the quality of the selected RCTs were modified from the RCTs
checklist o ochrane Center26 and the CONSORT statement,27 which provided
guidelineollowing parameters: 1) sequence generation; 2) allocation concealment
method; 3 )ime g of examiner; 4) adequate handling of incomplete outcome data; and 5)
absence o:' e outcome reporting. The degree of bias was categorized as low risk (if all
criteria wate met), moderate risk (when only one criterion was missing), or high risk (if two
or mor re missing). Two reviewers (G-HL and FSLA) assessed all included

articlethly (see supplementary Table 1 in online Journal of
Periodontolo ID]SUPPTBLI1[/ID]

Level of Evi ce Assessment
The level of

tly available evidence for lasers in treatment of peri-implant diseases was
authors categorized the evidence level based on the following criteria: 1) “no
evidence sents no RCTs or CCTs were identified to warrant the treatment benefit); 2)
“limited evidence” (represents <3 RCTs or CCTs were identified); and 3) “some evidence”
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(represents >3 RCTs or CCTs were identified) (see supplementary Table 2 in online Journal
of Periodontology)[ID]SUPPTBL2[/ID].

RESULSuud

The screeng@®Bgcess is shown in [ID]FIG1[/ID]Figure 1. Electronic and hand searches
yielded 2f which 27 were selected for full-text evaluation after screening of titles
and abstraCts. T'1ve articles28-32 were then further excluded due to the following: 1) being an
in vitro"t#@¥#3 1M) use of a light-emitting diode source instead of laser;30,32 and 3) no
clinical d§ reEorted.28,29 Twenty-two total articles9,15-18,33-49 were included in this
systemati . The main features and conclusions of the included studies are summarized
in [ID]TI?‘([/ImTable 1 (non-surgical) and [ID]TBL2[/ID]Table 2 (surgical). Eleven papers
(nine RCT¥9,16,18,34,37,39,41,43,45 and two CCTs48,49) that met the inclusion criteria
were included for meta-analyses. It is worth noting that currently no controlled studies are
identified m evidence of lasers used as a monotherapy in the treatment of peri-
implantitis® value for inter-reviewer agreement for potentially relevant articles was

0.93 (title tracts) and 0.97 (full-text articles), indicating an “almost perfect”
agreement betwegh the two reviewers.50

Features, Included Studies
Among th an clinical trials, lasers were used as an adjunct to non-surgical

interventions in l;} studies (Table 1).15,34-37,40-43,45,47-49 In the other nine studies,9,16-
18,33,38,39,44,46 lasers were used with a surgical approach (Table 2). Although the current
review airkt ip¥estigate the effect of adjunctive laser treatment on clinical outcomes of
peri—inﬂﬂ@ses, most of the included articles focused on peri-implantitis, and only three
studies47-49,used lasers as an adjunct in the treatment of peri-implant mucositis. Seven
studies9,16-18,33,38,44 introduced guided bone regeneration (GBR) procedures as part of
surgicaﬂwith either non-resorbable16,33 or absorbable9,17,18,38,44 membranes.
Most of the treated implants in the selected studies were rough-surfaced implants,9,15-18,33-
35,38-49 whereas smooth-surfaced implants were more commonly found in the non-surgical
laser-treats approach.36,37 Among the selected studies that examined a surgical treatment
modality, e laser was used in three studies,33,39,46 the carbon dioxide (CO,) laser in
two studieggl 6,17, and the erbium:yttrium-aluminum-garnet (Er:YAQG) laser in four
studies.9,18,38,44hF or studies that used a non-surgical treatment approach, the diode laser
was used iMstudies,l5,40-43,45,48,49 and the Er:YAG laser was introduced in five
studies.34-37,47™he selected articles generally included mechanical hand curettage with
plastic, titﬁium, or carbon fiber curets. However, air abrasives,16,36,37,40,41,43

chlorh e,9,34 or locally delivered antibiotics41,43 were applied in some studies.
The foliHiod ranged from 618,39,44,46 to 6016 months in studies that used the

surgical a and 6 to 12 months in those with the non-surgical approach.15,34-37,40-
43,45,47-49
Meta- es conducted in the current study only include CCTs and RCTs with data

comparing th nical parameters between groups with and without adjunctive laser
treatmd -dﬁ non-surgical treatment, all included studies had a follow-up period of 6 to 12
months; the g, only short-term clinical outcomes could be analyzed. For surgical groups,

two studies9,16 reported data after a 48-month follow-up period; therefore, short-term and
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long-term outcomes were analyzed separately. Two articles by Schwarz et al.9,38 were
follow-up studies of an early study.18 Similarly, Renvert et al.37 and Persson et al.36
retrieved data from the same population. Therefore, repeated data were not included in meta-
analysWdies9,15-18,34-49 reported a PD and BOP reduction with CAL gain when
etreated surgically or non-surgically. Higher mean PD reduction was generally
gtoup augmented with bone grafts and membranes. Slight MBL loss was
reported ingsemelen-surgical treatment groups using lasers.37,45,49 When compared with
mechanjical debridement and antiseptics in combination with a surgical approach, the addition
of laser trgatment showed slight-to-no benefit in PD/BOP reduction and CAL gain. In the
non-surgiLnent group, the addition of lasers showed significant reduction of BOP

comparecw non-laser treatment group. However, a slight but significant MBL loss
tecte

was also n the laser treatment group.

With Lasgr;

Of the inc dies, six articles34,37,41,43,45,49 were selected and pooled in the meta-
analyses. These sk studies presented a follow-up period of 6 to 12 months, of which four
studies41,43,45,49 used the diode laser and another two studies34,37 used the Er:YAG laser.

A totamrticles34,37,41,43,45,49 were pooled to evaluate PD reduction. The results
presented £0.24 mm (95% CI=-0.38 to 0.85 mm, P = 0.45, four studies were
included41,43,45,49), —0.07 mm (95% CI=-0.32 to 0.18 mm, P =0.57, two studies were
included34,37), and 0.15 mm (95% CI =—-0.28 to 0.57 mm, P = 0.50) for diode laser,
Er:YAG |3gr} overall comparison, respectively. No statistical significance was found
[ID]FI Fig. 2A) for any of the comparison between groups. The comparisons

present heterogeneity for Er:YAG laser (P = 0.59) and high heterogeneity for diode
laser (P <0.0 d overall comparisons (P <0.001).

In L gain, three articles34,41,43 were analyzed. The results presented WMD
of —0.12 mm (95% CI =-0.33 to 0.09 mm, P = 0.25, two studies were included41,43), 0.10
mm (95%!;1 =—0.54 to 0.74 mm, P = 0.76, only one study was included34), and —0.10 mm
(95% CI 0 0.10 mm, P = 0.32) for diode laser, Er:Y AG laser, and overall

Short-Tmz months) Outcomes of Non-Surgical Treatment in Combination

comparisoq pectively. No statistical significance was found (Fig. 2B) for any comparisons
between he comparisons presented low heterogeneity for diode laser (P = 0.35) and
overall co ons (P =0.52).

Pertai OP reduction, two articles were analyzed.34,48 The results presented
WMD % (95% CI1=10.71% to 14.69%, P <0.001, one study48), 30.56% (95% CI =
21.68% t , P <0.001, one study34), and 21.08% (95% CI = 3.61% to 38.55%, P =
0.02) fo er, Er:YAG laser, and overall comparison, respectively. Statistical
significan und, favoring laser treatment group (Fig. 2C). However, the comparison

presented a high Reterogeneity for overall comparison (P =0.001).

Regarding PLaeduction, three34,41,43 articles were analyzed. The results presented
(95% CI=-0.12 to —0.03, P = 0.002, two studies included41,43), 0.00 (95%
CI=-0¢ .25, P>0.99, one study34), and —0.07 (95% CI =—-0.12 to —0.03, P = 0.002)
for diode laser, Bt Y AG laser, and overall comparisons, respectively. Statistical significance
was found for diode laser and overall comparisons, favoring non-laser treatment group (Fig.
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2D). The comparisons presented a low heterogeneity for diode laser (P = 0.41) and overall
comparison (P = 0.60).

The oytcome @f MBL was reported in three articles.37,45,48 The results presented WMD
of —O.2M CI=-0.50 to 0.04 mm, P = 0.10, two studies were included45,48), —0.20
mm (95% to 0.13 mm, P = 0.24, one study37), and —0.22 mm (95% CI = -0.43 to
-0.01, P =< or diode laser, Er:YAG laser, and overall comparisons, respectively.
Statistical signiticance was found for diode laser and overall comparisons, favoring control

group (Fig. 2E¥™Fhe comparisons presented a high heterogeneity for diode laser (P = 0.003)
and overamrison (P=0.01).

In ter f REC, three articles were analyzed.34,41,43 The results presented WMD of
-0.17 mu@l =-0.44t0 0.11 mm, P =0.24, two studies were included41,43), 0.00 mm
(95% CI =-0"37 to 0.37 mm, P >0.99, one study34), and —0.11 mm (95% CI=-0.33 t0 0.11
mm, P = diode laser, Er:YAG laser, and overall comparison, respectively. No
statistical §i nce was found (Fig. 2F) for any of the comparison between groups. The

comparisons (P 0.69).

compariyﬁglted a low heterogeneity for diode laser (P = 0.62) and overall

Short-Ter, months) Outcomes of Surgical Treatment in Combination With
Lasers
Of the inc dies, two articles18,39 were selected and pooled in meta-analyses. Both

articles relmeatment outcomes after a 6-month follow-up.
For P on, an overall WMD of 0.08 mm (95% CI = —1.28 to 1.44 mm) between
laser tr up and conventional treatment group with no statistical significance (P =

0.91) wa [ID]FIG3[/ID](Fig. 3A). The comparisons presented a high heterogeneity
among sele dies (P value for y” test = 0.006 and I° test = 87%).

In L gain, an overall WMD of —0.03 mm (95% CI =—-1.13 to 1.07 mm), with
no statistical significance (P = 0.96) was found (Fig. 3B). The comparisons presented a high
heterogengity among selected studies (P value for y” test= 0.02 and I test = 83%).

An overa D 0f9.88% (95% CI = -26.46% to 46.21%), with no statistical
.59) with regard to BOP reduction was found (Fig. 3C). The comparisons

ontrol groups, the meta-analyses could not be performed. Based on this

article, “rence was —0.10 (95% CI=-0.47 to 0.27) for PI and 0.0 mm (95% CI =
—0.17t0 0 for REC, with no detectable statistical significance (P = 0.60 for PI; P
>0.99 for REC) Stween groups. In addition, no short-term studies reported outcomes of

MBL cha efore, short-term MBL change between groups could not be evaluated.

Long- 48 months) Outcomes of Surgical Treatment in Combination With
Laser:
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Among the included studies, two articles9,16 were selected and pooled in the meta-analyses
to evaluate the long-term treatment outcomes. One study9 was a 4-year follow-up of a
previous study.18 Another study, by Deppe et al.,16 reported treatment outcomes after a 60-

month fokfbusupl

An ovgs@ D 0f 0.45 mm (95% CI=-0.10 to 1.00 mm) between laser treatment
group and' gtional treatment group, with no statistical significance (P = 0.11) was found
for PD reduction [1D]FIG4[/ID](Fig. 4A). The comparisons presented a low heterogeneity
among S| EEE@Rudics (P value for y” test = 0.64 and I* test = 0%).

In ter L gain, an overall WMD of 0.22 mm (95% CI = —-0.52 to 0.95 mm), with
no statisti@ﬁcance (P =0.56) was found (Fig. 4B). The comparisons presented a low

heterogengity am@ng selected studies (P value for y” test = 0.52 and I* test = 0%).

with no st@tisticallsignificance (P = 0.76) was found (Fig. 4C). The comparisons presented a
high hetero®endity among selected studies (P value for x” test = 0.03 and I test = 80%).

An overall ﬁlD of —0.09 (95% CI =-0.95 to 0.77), with no statistical significance (P =
0.84) was r PI reduction (Fig. 4D). The comparisons presented a moderate
heterogenci ng selected studies (P value for y” test = 0.06 and I test = 71%).

Only marative study reported MBL16 differences between test and control
groups, likewise for differences in REC.9 As a result, the meta-analysis could not be
performe on these studies, mean difference of MBL and REC was 0.64 mm (95% CI

=-0.24 1 ) and 0.20 mm (95% CI = -0.35 to 0.75 mm), respectively, with no
statistical significance (P = 0.15 for MBL and P = 0.47 for REC) detected between groups.

PertainP reduction, an overall WMD of 7.26% (95% CI = -38.77% to 53.29%),

Risk of Bia essment

The re sk of bias assessment for included RCTs are summarized in
supplementary Table 1 in the online Journal of Periodontology. Four studies34,36,37,41 had
low risk of bias, three studies18,39,46 had moderate risk of bias, and three studies9,43,45 had

high risk Sbias.

Level of ce Assessment

The result 1 of evidence assessment are reported in supplementary Table 2 in the
online Jourf:eriodontology. No evidence is currently available to support the use of
lasers in t§€atment of peri-implant mucositis. As for non-surgical treatment of peri-

implantats vidence presented controversial clinical benefits of adjunct laser treatment
in the shomt term gbut no evidence was found to support the long-term benefits. As for surgical

treatment 8f peri-implantitis, limited evidence presented controversial short-term clinical
benefits a g-term benefits.

DISCU
While studiesS1,52 suggested that peri-implant mucositis might be successfully
treated 1 ed early and when combined with non-surgical treatment, a complete

resolution of pert™implant inflammation was not commonly obtained.53 Therefore, the
current review aims to identify the potential benefit of adjunctive laser therapy in the
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treatment of peri-implant mucositis and peri-implantitis. However, among the selected 22
human clinical trials, only three studies47-49 included patients with peri-implant mucositis;
other studies only selected patients with peri-implantitis. In a study by Schwarz et al.,47
carbon hlorhexidine rinse for surface detoxification were used to treat peri-
implant mucgsitis, while Er:YAG laser was used to treat peri-implantitis. Although both
groups ac-term significant clinical improvements, a complete disease resolution
was not aghigxedsiagthe majority of the study patients. Another two studies48,49 compared
the effegt gfmechanical debridement with or without adjunctive diode laser treatment on
clinical outcomes of peri-implant diseases and reported significant reduction of PD and BOP
if the laseled. However, since the disease status (peri-implant mucositis or peri-

implantitisygof thg participants was not clearly demarcated in the analysis of the treatment
outcomes fthe evillence supporting the use of lasers to treat peri-implant mucositis was

limited. Cu the efficacy of non-surgical treatment of peri-implant mucositis with or
without usd s could not be warranted, and more RCTs should be conducted in the
future to 1 igate this topic.

detect significantfPD reduction and CAL gain when lasers were used together with non-
surgical a cal therapies. This result was consistent with previously published
systematig; 19,54 However, the current review identified two recent articles39,46 that

Pertaiaeatment of peri-implantitis, the current review and meta-analyses failed to

introducedithe diode laser in the surgical management of peri-implantitis. While both studies
demonstr ising outcomes in PD reduction and CAL gain when the laser was used
versus meghi@iigg! debridement only, the WMD presented less than 1 mm for both
paramete @ ore, the adjunctive use of diode laser in surgical treatment of peri-

implantitis appeared to be effective; however, its efficacy still required further investigations.

W sidering the benefit of GBR procedures in treating peri-implant defects, most of
the defects th GBR achieved better outcomes in terms of PD reduction, CAL gain, and

MBL ﬁ 19,16-18,33,38,44 However, an addition of lasers to GBR procedures did not
present er improvement to the peri-implant parameters.9,16,18,38 Therefore, GBR

procedures should be considered as a standard treatment modality irrespective of the use of
lasers whﬁ! dealing with intrabony peri-implant defects.44

Peri-implant tissue recession after surgical therapy with and without adjunctive laser

treatment gy reported from a series of publications by Schwarz et al.9,18,38 In their
studies, th gipopulation was followed up to 48 months, and slight recession, ranging
from 0.1 to Q , was observed. For the intervention, no significant change in soft tissue

level (ranging from 0.03 to 0.3 mm) was observed in studies34,41,43 that evaluated non-
surgicalgtherapymiiith and without laser. Therefore, the current evidence revealed that
adjunctivai aser ?atment combined with surgical/non-surgical therapies did not interfere
with peri-fmplant soft tissue levels.

Conlflicting 521 on BOP reduction was reported in selected studies. 9,18,34,38,39,46,48

Some studs rted significant BOP reduction when lasers were introduced.34,39,48 On
the contrary, o studies9,18,38,46 did not find significant BOP reduction as compared with
conventi eatment. It appeared that the adjunctive use of lasers with non-surgical therapy
might BOP after a short follow-up period of 6 to 12 months. This could be

explained by t agulation or vaporization of the tissues after laser treatment, and reflects
the truth that a long-term control of tissue inflammation might be related to maintenance
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protocol instead of active treatment. However, when adjunctive lasers were used in surgical
treatment, there was no significant BOP reduction detected.9,16 Interestingly, previous
studies have reported a higher percentage of BOP around dental implants despite lower
plaque Mfewer signs of inflammation.21,55 Also, higher sensitivity of probing
around dentaldmplants compared with probing around teeth has been reported;56 therefore,
clinicians @ )e aware that the presence of BOP might not accurately represent the
inflammatg fisg@ T the peri-implant tissues. Also, absence of BOP has been reported as a
good ingdicatorofhealthy peri-implant mucosa, but presence of BOP might have limited
diagnosticgvalue.57 As such, clinicians should evaluate this parameter cautiously and not
apply theL of BOP as a criterion of treatment outcomes.

The reftilts ofjthis meta-analysis showed no additional benefit in PI reduction when lasers
were used junct to conventional intervention. Interestingly most data reported a
minimal differgace in PI (a change of <1) between baseline and the final follow-up
appointm%ups with and without laser treatment. Therefore, it could be assumed that
the outco f B¥ reduction might not be significantly related to treatment modalities. Other
factors, s intenance protocol58 or the use of locally delivered antibiotics,41,43
might have a larg@r impact on PI reduction.

Most studies that evaluated surgical interventions used GBR in the treatment of both test
and contrglgroups.9,16-18,33,38,44 Therefore, MBL could not be accurately evaluated since
this differ ight not be related to the adjunctive use of laser therapy. When performing
non-surgical tr ent, a statistically significant MBL loss was detected (-0.22 mm with 95%
CI=-0431 1, P =0.04) in the laser-treated group compared with the control group.
This mightige ult of uncontrolled temperature increase in the laser-treated area, thus
further j izing the healing outcomes.45,59 However, when interpreting this result,
inici 1d be aware that only three studies®”®* were pooled in the meta-analyses and
minimal in terms of clinical significance. Nonetheless, after repeated
jode laser, Mettraux et al.15 reported sound improvement in clinical
parameters for implants affected by peri-implantitis. Results from this study opened a new
area of future research to investigate the need for repeated laser applications to decontaminate

an implanSurface.

Compary of bacterial profile between treatment with and without adjunctive laser
therapy wgfe rec@rded in six studies.28,29,36 39,43,45 Among these six studies, three
studies28,29,39gaMtroduced surgical approaches, while the remaining three studies had non-
surgical tre 36,43,45 Bach et al.,28 in an early study, reported that the elimination of
certain pafilogenic bacteria with diode laser could be maintained at the 60-month follow-up in
10 of lﬂ' Moreover, significant reduction of black-pigmented, Gram-negative
anaerobic iacteri" was noted throughout the study period. Similarly, Dértbudak et al.29 used

a diode [aser in combination with surgical treatment to evaluate reduction of bacteria counts
in patientmri-implantitis. The results of their study showed that the combined

treatment signifigdntly reduced the bacterial counts of Aggregatibacter
actinomycetemcogitans, Porphyromonas gingivalis, and Prevotella intermedia. However,
this stud d a control group, and complete elimination of bacteria was never achieved.
Recentl '4?& beccari et al.39 concluded that a diode laser, when used as an adjunct to
surgical trea was able to reduce the bacterial biofilm by 95.2% colony-forming units
(CFUs) per milliliter compared to 80.85% CFU reduction in conventional treatment group.
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As for non-surgical intervention, all three studies37,43.,45 that introduced laser therapy as an
adjunct reported no additional benefit on the peri-implant microbiota compared with
conventional mechanical debridement after a 6- to 12-month follow-up period. Interestingly,
it has bMd that results of microbiologic testing are often inconsistent due to different
laboratory praeessing;60,61 thus this information should always be interpreted cautiously. To
date, therg few clinical trials that have assessed the efficacy of various laser
treatment si@hiologic outcomes; therefore, a firm conclusion cannot be drawn.

Théfc WeF@aRumber of limitations in the current systematic review and meta-analyses:
1) only 11§papers with comparable data were included in the meta-analyses; 2) a few analyses
presented ﬁh heterogeneity (this heterogeneity was related to the presence of
confoundiffg fact@rs within and among the selected studies, for example, different study
designs, ft -4p periods, various lasers settings, etc.); 3) owing to the limited available
data, patie ered outcome measures, cost-effectiveness of lasers, and microbiologic data
were not in the current review; 4) the systematic review only included studies
written in , Which could result in a selection bias; 5) because peri-implant diseases are
multifactjffected by numerous local and systemic factors, further investigations

should evaluate the influence of both implant- and host-related factors as they both play a

major rol ment outcomes; and 6) the various definitions of peri-implant diseases as

well as di easurement methods of clinical parameters might also influence the
presented gesults. Moreover, the main parameter used for evaluation of disease status (PD) is
subject to variables that might affect its accuracy.

adjunctive laser treatment for peri-implant mucositis are scarce. Therefore, future clinical
trials are needed to evaluate the potential benefit of this approach. Based on the results of
meta-analﬁes, when treating peri-implantitis surgically, no differences in PD reduction, CAL
gain, amo C, and PI reduction were found between groups with and without
adjunctived@ eatment. However, controversial results have been reported in the literature.
Also base esults of meta-analyses, when treating peri-implantitis non-surgically,
adjunctive I3 reatment might result in more BOP reduction in the short term. However, no
long-termme available to warrant this benefit. Limited evidence showed that non-
surgical tr@atment with adjunctive laser therapy might result in slightly more MBL loss
compared with conventional treatment and also showed a potential reduction in dark
pigmen“egative anaerobic bacteria when applying adjunctive diode laser therapy to
surgical trﬂ‘)f peri-implantitis. However, this benefit was not detected in non-surgical

treatment with adjunctive laser therapy.
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peri-
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healing
compared
with
conventio
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alone.
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with
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clinical
improvem
ents.
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In patients
with type
2
diabetes,
MI with
adjunctive
diode
laser
treatment
was more
effective
compared
with MI
alone.
Diode
laser
seemed to
bea
valuable
tool in the
treatment
of
mucositis
and peri-
implantiti
S.
Significan
t PD and
BOP
reduction
were
observed.

= mechanical instrumentation; CHX = chlorhexidine rinse; Er:YAG = erbium:yttrium-

Conclusion
S

Photosensiti
zing
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resulted in
significant
reduction of
the peri-
implant
bone defect.
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CO, laser
decontamin
ation might
be more
efficacious
than
conventiona
1
decontamin
ation in
deep and
narrow
bony
defects.

CO, laser
decontamin
ation in
combinatio
n with GBR
could be
effective in
treating
peri-
implantitis

Laser

. treatment

did not have
significant

. benefit on

surface
decontamin
ation.

Treatment
outcomes
following
surgical
therapy of
peri-
implantitis
might be
influenced
by factors
other than
the method
of surface
decontamin
ation.



Treatment

outcomes
T: followin
T: T: 71. T: T: . lg
1312 6+04 -0 &
+ &+ 24, £ 1+ erapyt
48 Peri- 1.8 2.0 9 0703 ?flilrzerrllzed
implantitis C: C: C: C C: by factors
12 1.5 8500 -0, %
oo 2 i 34 other than
- — q 19 20 16. 1.1 0.9 the method
of surface
4 .
s decontamin
ation.
Table 2. O

Features of the uded Articles Using a Surgical Approach (continued)

S

. . Treatment Outcomes Conclusion
Diagnosis

Stud . Follo (difference; mean = SD) S
Author/ : Laser Patie Tmpla | o nucositis/ - cA MBBO  RE
. oups Type Setti nts nts . P L
Year Desi ngs  (n) (n) (mont Peri- (m L (m P PI C
hs) Implantiti (m (% (m
: s Wm ™y m
Regenerativ
e and
resective
surgical
therapy
o with soft
Schwarz stic 252074 052 0.46 Enslsgl;i graft
ts) + Er:Y 11.4 Peri- 3+ 7+ 4+ )
ctal. implantop AG J/cm® 10 13 6 implantitis 1.8 1.9 28 £ & control
201444 lasty + 0 3 5 0.50.77 peri-
GBR + 9 implantitis
! ;FG lesions
without
compromisi
O ng the
esthetic
outcome.
A
T T significantl
1.0 0.5 T. y lower
H/II + 810 + 4+ 60 pr01nﬂa(rinm
Bombecc v nm, . 0.3 0.0 - 2}0;?3’;;_1 .
arietal. RCT ML piode 1Wo> o T2200 1220 Peri- 19 >0 implantitis
201339; stic 20 C:20 C:20 implantitis C: C: C: was
aler) + secon 0.3 0.1 30 .
X ds % 5 0+ 0+ N observed in
05 0.0 48 the laser
5 group at 6
months of
follow-up.
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The
adjunctive
T T T: use of the

T: MI + 980n © T diode laser
PapadopHﬂer m, . 1406 ST 9.6 was not
Peri- 8 5 4

. T:8 T:8 .
ulos etal. R : MI Diode 0.8W, Cc8 C 8 6 implantitis C: C: C: C: beneﬁmal
201546 stic 3 16. in the

. 1.2 0.1 62. .
ets times 7 surgical

1 7 5
managemen
H t of peri-

s( implantitis.
GBR = guided bone regeneration; T = test; C = control; MI = mechanical instrumentation; CO, = carbon dioxide;

ErYAG= m:y@rium-aluminum-garnet; CTG = connective tissue graft; CHX = chlorhexidine.
*Articles in ifmeta-analyses.
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