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Abstract

Aim: The aim of this systematic review was to evaluate the efficacy of patient-
performed or administered adjunctive measures to non-surgical peri-implantitis ther-
apy in terms of probing depth (PD) and/or bleeding on probing (BoP) reductions.
Materials and Methods: Randomized and controlled clinical trials with at least
6 months of follow-up were searched in three databases. Secondary outcomes included
implant loss, disease resolution, recurrence of peri-implantitis, need of re-treatment,
changes in marginal bone levels, patient-reported outcomes and adverse effects.
Results: Of 567 titles, 10 publications, reporting 9 investigations, were included.
Three types of adjunctive measures were found (local/systemic antimicrobials and
probiotics). Four studies evaluated the effects of local antimicrobials (i.e., minocycline
microspheres, chlorhexidine chips or a metronidazole + amoxicillin gel), three studies
evaluated systemic antimicrobials (either amoxicillin + metronidazole or metronida-
zole alone) and two studies evaluated probiotics (Lactobacillus reuteri strains). The
addition of local antimicrobials led to modest improvements in PD reduction. Sys-
temic antimicrobials showed significantly greater reductions in PD and BoP, espe-
cially at initially deep sites (PD > 6 mm). Due to the large heterogeneity among
included studies, no meta-analyses were performed.

Conclusions: Different adjunctive measures in the non-surgical treatment of peri-
implantitis have different impact in terms of PD and BoP reductions. Improved PD
reductions result after the use of systemic antimicrobials, and to a lesser extent, after
the use of local antimicrobials.

KEYWORDS
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Clinical Relevance

Scientific rationale for study: There is no consensus on the standard treatment of peri-implantitis,
mainly because the predictability of different treatment approaches has proven to be limited or
controversial. Therefore, it is important to know the potential beneficial role of different
adjuncts to the non-surgical treatment of peri-implantitis.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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has not been assessed.

1 | INTRODUCTION

Peri-implantitis is defined as a pathological condition affecting the
peri-implant tissues and associated with dental biofilm accumulation.
It is characterized by inflammation of the peri-implant mucosa and the
subsequent progressive loss of bone (Berglundh et al., 2018).
Although implant survival is higher than 90% after more than 10 years
of follow-up (Howe et al., 2019), the prevalence of peri-implant dis-
eases is also very significant when considering the case definition cri-
teria proposed by the VIII European Workshop on Periodontology
(Sanz et al., 2012). In fact, a recent systemic review reported a preva-
lence of 18.5% and 12.8% at the patient and implant levels, respec-
tively (Dreyer et al., 2018).

There seems to be no consensus on treatment standards for the
management of peri-implant diseases (Derks et al., 2022; Figuero
et al., 2014; Renvert et al., 2013; Schwarz & Ramanauskaite, 2022). This
is attributable to the high heterogeneity in the use of different therapeu-
tic approaches, showing moderately successful treatment outcomes
(Renvert & Polyzois, 2018). It has been shown that non-surgical treatment
is effective in the management of peri-implant mucositis (Suarez-Lopez
Del Amo et al., 2016). On the contrary, the non-surgical therapy of peri-
implantitis may not be effective in a significant percentage of cases, espe-
cially in those with more advanced pathology and more complex peri-
implant defect configuration (Renvert et al, 2008). With the aim of
improving the outcome of non-surgical therapy, the adjunctive use of sys-
temic/local antibiotics or probiotics has been evaluated, showing promis-
ing results in an important number of cases (Estefania-Fresco et al., 2019;
Galofre et al., 2018; Linares et al., 2019; Machtei et al., 2012; Mombelli
et al, 2001; Nart et al., 2020; Renvert et al., 2006).

However, when putting together all the studies, the efficacy of
these and other adjunctive measures (e.g., risk factor control interven-
tions, antimicrobial toothpastes/mouth rinses, and so on) to the non-
surgical treatment of peri-implantitis remains unclear.

Thus, the objective of the present systematic review was to
answer the following PICOS question: In patients diagnosed with
peri-implantitis, which is the efficacy of patient-performed or adminis-
tered adjunctive measures to non-surgical therapy as compared with
no adjunct, in terms of probing depth (PD) and/or bleeding on probing
(BoP) reductions, reported in randomized clinical trials (RCTs) or con-
trolled clinical trials (CCTs) with at least 6 months of follow-up?
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Principal findings: The efficacy of different adjuncts seems to be disparate. While systemic anti-
microbials may provide significant added benefits in terms of PD reductions even in the long
term, the effect of local antimicrobials seems to be lower. Other adjuncts such as probiotics do
not provide any added benefit. Home-use antiseptics, risk factor control interventions or other
adjuncts have not been properly evaluated.

Practical implications: Systemic antimicrobials and, to a lesser extent, local antimicrobials may
provide additional benefits in terms of PD reduction in the non-surgical treatment of peri-
implantitis as compared with mechanical debridement alone. The added benefit seems to be

more pronounced at initially deep sites (PD > 6 mm). Cost-effectiveness of these interventions

2 | MATERIALS AND METHODS

21 | Protocol development and focused question
The protocol of this systematic review followed the PRISMA
(Preferred Reporting Items for Systematic Review and Meta-Ana-
lyses) statement (Page et al., 2021). The review protocol was regis-
tered and allocated the identification number CRD42022325374
in the PROSPERO International Prospective Register of Systematic
Reviews hosted by the Centre for Reviews and Dissemination,
University of York, National Institute for Health Research
(United Kingdom). The protocol aims at answering the following
focused question (PICOS): ‘In patients diagnosed with peri-
implantitis (population), which is the efficacy of patient-performed
or administered adjunctive measures to non-surgical therapy
(intervention) as compared to no adjunct (comparison), in terms of
PD and/or bleeding on probing reductions (primary outcomes),
reported in RCTs or CCTs with at least 6 months of follow-up
(study design)?’

2.1.1 | Eligibility criteria

Inclusion criteria (PICOS)

o Population: patients diagnosed with peri-implantitis, independently
of the definition used in each investigation.

e Intervention: non-surgical supra-/sub-mucosal instrumentation with
adjunctive measures (e.g., locally delivered antimicrobials with sus-
tained release, systemic antimicrobials, probiotics, and so on) and
any patient-performed or administered adjunctive measures by
prescription (e.g., mouth rinses/toothpastes with antimicrobial
agents, sub-marginal deposition or irrigation with antimicrobial
agents, smoking cessation interventions, and so on).

e Comparison: non-surgical supra-/sub-mucosal instrumentation
without those adjunctive measures (or with placebo or negative
controls).

e Outcome: changes in PD and/or BoP.

e Study design: RCTs or CCTs with a minimum follow-up time of

6 months and a minimum of 10 patients per treatment arm.
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Exclusion criteria

Studies focusing on patients with only peri-implant mucositis.

2.1.2 | Type of intervention and comparisons

Studies were selected when including any type of patient-performed
or administered adjunctive measure to non-surgical treatment of peri-
implantitis. These could include locally delivered antimicrobials with
sustained release, systemic antimicrobials, probiotics, mouth rinses/
toothpastes with antimicrobial agents, sub-marginal deposition or irri-
gation with antimicrobial agents, smoking cessation interventions,

and so on.

2.1.3 | Type of outcomes
The primary outcome was PD reduction and/or BoP reduction.
The following secondary outcomes were considered:

e Implant survival/loss (%);

e Different composite outcomes to assess disease resolution
(e.g., absence of PDs) > 6 mm, absence of BoP/suppuration and
absence of further bone loss after treatment >0.5 mm (Carcuac
etal, 2016);

e Changes in peri-implant outcomes, including:

o Recurrence of peri-implantitis at patient and/or implant level
(bone loss >1.0 mm, need of re-treatment [non-surgical or
surgical]);

o Changes in plaque indices (Pls);

o Changes in marginal bone levels (MBLs).

e Side effects, aesthetic complications, patient-reported outcome

measures (PROMs) and economic factors.

2.2 | Information sources and search

2.2.1 | Electronic search

Three electronic databases were used as sources in the search for
studies satisfying the inclusion criteria: (1) PubMed; (2) Cochrane
Library (including Cochrane Database for Systematic Reviews and
Cochrane CENTRAL register for Clinical Trials); and (3) Scopus. These
databases were searched for studies published up until March 2022.
The search was limited to human subjects and to studies reported in
English. No more languages were considered due to the limited time

for the preparation of this systematic review.

2.2.2 | Manual search

All reference lists of the included studies and previously published

systematic reviews were checked for cross-references. The following

journals were hand-searched from 2012 to 2022: Journal of Clinical
Periodontology, Journal of Periodontology, Clinical Oral Implants
Research, International Journal of Oral and Maxillofacial Implants,
European Journal of Oral Implantology, Implant Dentistry, The Inter-
national Journal of Periodontics and Restorative Dentistry, and Clini-
cal Implant Dentistry and Related Research.

2.2.3 | Search strategy

Information on the search strategy can be accessed in Appendix S1.

2.3 | Screening methods

Two reviewers independently screened the titles and abstracts (Ana
Molina and Juan Blanco). The same reviewers selected full manu-
scripts of studies meeting the inclusion criteria, or those with insuffi-
cient data in the title and abstract to make a clear decision. Any
disagreement was solved by discussion with a third reviewer (Eduardo
Montero). The inter-reviewer reliability (percentage of agreement and
kappa correlation coefficient) for the titles/abstracts and for the full-

text analysis was calculated

24 | Data extraction

Three different reviewers performed data extraction (Antonio
Lifares, Ignacio Sanz-Sanchez and Eduardo Montero). When data
were incomplete or missing, the authors of the studies were con-
tacted for clarification. If agreement could not be reached, data
were excluded until further clarification was available. When the
results of a study were published more than once, the data were
used upon necessity depending on the follow-up presented. If a
study was comparing more than two arms, the data from the groups
of interest were extracted.

25 |
studies)

Quality assessment (risk of bias in individual

Quality assessment of the included studies was performed by one
reviewer (José Dopico). Cochrane recommendations for risk of bias
assessment were followed. RoB 2 tool was used for risk of bias

assessment in randomized controlled trials (Sterne et al., 2019).

2.6 | Risk of bias across studies

The publication bias was evaluated using a Funnel plot and the
Egger's linear regression method for the primary outcome. A sensi-
tivity analysis of the meta-analysis results was also performed for

this outcome.
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FIGURE 1 Flow chart depicting the article selection process.

2.7 | Dataanalyses

Means, standard deviations and 95% confidence intervals (Cls)
were extracted and summarized in the Results section (Section 3).
If possible, meta-analyses were performed (i.e., studies with simi-
lar designs, treatment methods and frequency, etc.). In these
cases, the statistical heterogeneity among studies was assessed
using the Q test based on chi-square statistics as well as the I?
index (Higgins et al., 2003) in order to know the percentage of
variation in the global estimate that was attributable to hetero-
geneity. To summarize and compare studies, mean values of pri-
mary and secondary outcomes were directly pooled and
analysed with weighted mean differences (WMDs) and 95% Cls.
Study-specific estimates were pooled with both the fixed- and
random-effect models (DerSimonian & Laird, 2015). If a
significant and high heterogeneity was found, then the random-
effect model results were presented. STATA® (StataCorp LP,
Lakeway Drive, College Station, Texas, USA) software was used
to perform all analyses. Statistical significance was defined as a

p value < .05.

3 | RESULTS

3.1 | Search

Figure 1 depicts the flow chart summarizing the results of the selec-
tion process. The search rendered 567 titles, which after evaluating
their titles and abstracts, resulted in 17 articles for full-text analysis
(agreement between reviewers 98.6%, kappa = 0.83; 95% Cl [0.75;
0.94]). After full-text evaluation, 10 published articles were included
for data extraction (agreement 92.0%; kappa = 0.85; 95% Cl [0.77;
0.92]). Since two papers reported the results of a study at different
time points (Bassetti et al., 2014; Schar et al., 2013), nine investiga-
tions were included at the end. Reasons for exclusion of the remaining
studies are detailed in Table S1.

3.2 | Description of selected studies

Table 1 depicts the methodological characteristics of the selected

studies. All the included investigations were RCTs with a parallel
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= Lwiev- [

z g . group design. Eight out of nine investigations compared two different
%]
E g = treatment arms and one study evaluated three treatment approaches
€
§ B 3 (Ahmed et al., 2020). There were five publications evaluating local
= 0 oo
9 _E’ s § antimicrobials (Ahmed et al,, 2020; Bassetti et al., 2014; Machtei
2 E
g b 5 E et al., 2012, 2021; Schar et al., 2013), three evaluating systemic anti-
& o a =
24 3 E£2 microbials (Almohareb et al, 2020; Blanco et al, 2022; Shibli
g €8x
o 5335 et al., 2019) and two using probiotics (Laleman et al., 2020; Tada
] g ww
b4 = 55 et al., 2018). No other adjunctive measure was identified.
O ®©
é 5 5 Among studies dealing with local antimicrobials, two evaluated
D +
£ e & chlorhexidine chips (Machtei et al.,, 2012, 2021), one minocycline
c 2
‘é é 28 hydrochloride microspheres (Bassetti et al., 2014; Schar et al., 2013)
£ QL g
2 9 ¢ and one an antibiotic gel consisting of metronidazole 400 mg and
g £ Q9 c g g g
T 0 5 . .
5 = _‘c% é amoxicillin 500 mg (Ahmed et al., 2020). Among studies evaluating
Q O
(] s a2 systemic antimicrobials, one reported on the use of metronidazole
£ o 283
E o = 6l 500 mg, three times per day for 7 days (Blanco et al., 2022), and two
a £ S EZ
§ é E‘J _§ '; on the use of 400 mg metronidazole +500 mg amoxicillin, three times
gs% per day, for 7 days (Almohareb et al., 2020) or 14 days (Shibli
o £
= E T ot g“}o g C:, § et al., 2019). Both trials evaluating the role of probiotics used the
K} S c
£ § & 2 £ % 25 T8 i same formula (Lactobacillus reuteri DSM 17938 and L. reuteri ATCC
Q £ D £ 2 - Q8 0 9 = .. . . .
_.E é < g 8% g a2 3 .§ g % U:’ PTA 5289) but with different administration regimes, either one tablet
2533 L£ e3P 8o ©ES
=+ 2 TS558~ 5o per day for 6 months (Tada et al., 2018) or two tablets per day for
+ w € g =55 ©° % . 22 ® ’
§ T3X £ € % S5 S o S 2 10 days after a sub-mucosal application of probiotic drops at the peri-
S 0> 9 S 2L 28 + X 0 > o
§ c52*wg®lad §ic implant sites (Lal I, 2020
¢ 555 2-'38%_&85 ._?_973 2 implant sites (Laleman et al., ).
529 8 o R .
g §avs@Sacsa g9 s The resulting systematic review pooled data from 615 subjects
£ O O T 2
n O . i i -
825 and 797 implants at baseline. The follow-up ranged between 6 and
n 5 Y»n
- &‘3 § & g 12 months. At the end of the follow-up period, 605 subjects and
) o o W0
% 5 5 % g %E g 787 implants were analysed.
ﬁ 2 6 % o G § E‘ g e Multiple definitions of peri-implantitis were reported, all of them
o " = 8 Xy sy . . . L
,g < % g % 2 ° é (I) é including the presence of BoP plus radiographic evidence of bone loss
() &= ‘= s B T O = . . . .
2 Eg = EE T 5§ =38 E as it was suggested in the World Workshop in Periodontology
g’ = o 8 < 238 Fo 2t s
g 2 g3 > £ G 2 (Berglundh et al., 2018). However, different thresholds for bone loss
wn = - n w un e o o e_) =
E *é I from the most coronal portion of the implant shoulder in the absence
_ o
% ﬂzf 'é of an initial radiograph were established, ranging from 0.5 to 4 mm.
n - ‘g ¥ 8 Similarly, in all the included studies, there was an inclusion criterion
5 L ° <
2 o _{:E) QED c related with the PD component (ranging from 24 to 26 mm, with
N f= -
g ‘§’g§ % § g some upper limits in certain investigations), but no evidence of
o= - o —_ .o
:E o .g ‘g § 8 2 8 increased PD compared with previous examinations was available.
"0—) 'E = e g ‘3 3 . . . P
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hygiene instructions plus supra- and/or sub-gingival debridement
every 3 months. In the two investigations evaluating chlorhexidine
chips, these were inserted in sites presenting PD 2 6 mm and re-
inserted every 2 weeks for 12 weeks (Machtei et al., 2012, 2021).
Some studies repeated initial therapy if BoP was present during the
maintenance visit (Bassetti et al., 2014; Schar et al., 2013) or applied
sub-mucosal irrigation with chlorhexidine in those sites with
PD = 5 mm (Blanco et al., 2022).

3.3 | Risk of bias in individual studies

RoB 2 tool was used to assess the risk of bias of the studies included
in this review. Only one of the included studies was found to have an
overall low risk of bias, while some concerns were present in the other
nine included publications (Figure 2). The different sources of bias in

the included studies are summarized in Figure S1.

3.4 | Risk of bias across studies

No significant publication bias was observed for the primary out-
comes (Egger's linear regression test: p = .695 and p = .394, respec-
tively; Figures S2 and S3). The sensitivity analyses showed that the
exclusion of a single study did not substantially alter any estimate.

3.5 | Effects of interventions on primary outcomes
by type of adjunctive measure

Due to the high heterogeneity of the adjunctive approaches used, even
on the same category (i.e., systemic antimicrobials, local antimicrobials
and probiotics), meta-analyses were not performed in most of the sce-
narios. Description of the main results of the included studies is dis-

played below taking into consideration the type of adjunctive measure.

Ahmed et al. 2020 ! ! + + !

Almohareb et al. 2020 + ! + + !
Bassetti et al. 2014 + ! + + +
Blanco et al. 2021 e + + + +
Laleman et al. 2020 + + ! + +
Machtei et al. 2012 + + ! + +
Machtei et al. 2021 + + ! + +
Schar et al. 2013 + ! + + +
Shibli et al. 2019 ! ! + + +
Tada et al. 2018 + ! + + !

FIGURE 2

perioconioioay SUMIIBSACES

3.5.1 | Systemic antimicrobials

PD reduction

PD reduction at patient level was reported in the three included stud-
ies (Table 2). Shibli et al. (2019) showed PD reduction of 3.1 + 1.2 mm
in the test group and 1.8 £ 0.2 mm in the control (p <.001). Blanco
et al. (2022) reported a PD reduction of 2.53 + 0.59 mm in the test
and 1.02 £ 0.49 mm in the control group (p <.001). One study did
not show differences between test and control groups (Almohareb
et al., 2020). However, baseline PD in this study was lower (~5 mm) in
comparison to the other two. Analysis of the behaviour of treatment
at the deepest sites was reported in Shibli et al. (2019) and Blanco
et al. (2022) studies. Shibli et al. showed a PD reduction of 4.8 and
3.8 mm in the test and control groups, respectively. Blanco et al.
(2022) showed a PD reduction of 3.29 mm in the test and 1.52 mm in

the control group.

Bleeding on probing reduction

Two studies (Almohareb et al., 2020; Shibli et al., 2019) reported BoP
reduction at the implant level, whereas the study by Blanco et al. (2022)
reported full-mouth bleeding index score (FMBS). Shibli et al. (2019)
showed a reduction on BoP of 50% and 45% at test and control sites,
respectively. AlImohareb et al. (2020) showed a reduction of BoP of 20%
and 27% at test and control sites, respectively. In both studies, this
reduction was statistically significant within each group, but not when
comparing test and control interventions. The study from Blanco et al.
(2022) reported a decrease in FMBS of ~20% in both groups.

3.5.2 | Local antimicrobials

PD reduction

Table 3 depicts the results of the included studies in terms of PD
reduction (n = 5). Three publications (Ahmed et al., 2020; Bassetti
et al., 2014; Schar et al., 2013) reported data at patient level and two

o
<
]
2
L

+ ) Low risk

! Some concerns

. High risk

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

OO0

Individual assessment of risk of bias for included studies using the robvis tool.
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TABLE 2 Clinical and radiographic outcomes of the included studies on non-surgical peri-implantitis therapy with systemic antimicrobials as

adjuncts to mechanical debridement on patient-level data.

Systemic antimicrobials

Shibli et al. (2019)

500 mg amoxicillin and 400 mg

Blanco et al. (2022)
500 mg metronidazole

Almohareb et al. (2020)
500 mg amoxicillin and 400 mg

metronidazole x3/14 days x3/7 days metronidazole x3/7 days
Mean SD Mean SD Mean SD
Initial PPD (mm) Test 7.0 2.6 6.9 1.8 54 2.1
Control 5.5 1.3 5.9 1.2 5.2 2.0
PPD reduction at 6 months (mm) Test 3.1 2.6 2.4 1.8 0.7 1.8
Control 2.1 1.2 0.9 0.8 0.8 1.7
PPD reduction at 12 months (mm)  Test 3.1 1.2 2.5 1.9 1.3 1.8
Control 1.8 0.2 1.0 1.7 1.4 17
Initial CAL (mm) Test 7.2 2.6 7.3 1.8 NR NR
Control 5.9 1.3 6.1 1.2 NR NR
CAL gain at 6 months (mm) Test 3.0 2.3 2.2 2.0 NR NR
Control 2.1 1.2 0.5 0.8 NR NR
CAL gain at 12 months (mm) Test 2.6 2.3 21 1.9 NR NR
Control 1.4 14 0.5 1.6 NR NR
Initial BoP (%) Test 86.6 32.2 NR NR 43.8 13.9
Control  85.0 18.3 NR NR 453 14.8
BoP reduction at 6 months (%) Test 404 34.5 NR NR 29.7 13.2
Control  36.6 25.8 NR NR 27.2 13.3
BoP reduction at 12 months (%) Test 35.6 26.2 NR NR 25.7 8.1
Control  40.3 30.3 NR NR 18.6 7.9
Initial MBL (mm) Test NR NR 6.3 6.3 NR NR
Control  NR NR 5.5 55 NR NR
MBL change at 6 months (mm) Test NR NR 1.7 1.1 NR NR
Control  NR NR 0.8 0.9 NR NR
MBL change at 12 months (mm) Test 04 04 2.3 1.3 NR NR
Control 0.5 0.3 11 1.5 NR NR

Abbreviations: BoP, bleeding on probing; CAL, clinical attachment level; MBL, marginal bone levels; PPD, probing pocket depth; SD, standard deviation.

at implant level (Machtei et al., 2012, 2021). One study (Ahmed
et al., 2020) reported a reduction in PD of 2.7 mm in the test and
2.2 mm in the control group at 6 months after a single application of a
gel containing metronidazole 400 mg and amoxicillin 500 mg. The
other two publications belong to the same investigation reporting out-
comes at 6 (Schar et al., 2013) and 12 months (Bassetti et al., 2014).
PD reduction was of 0.56 mm for the use of local antibiotic (minocy-
cline microspheres) and 0.11 mm for the adjunctive application of
PDT. At implant level, two studies analysed the adjunctive use of
chlorhexidine chips (Machtei et al., 2012, 2021). In the first study, PD
reduction at 6 months was 2.19 mm in the test and 1.59 mm in the
control group, this difference being statistically not significant
(Machtei et al, 2012). In the second study, PD reduction was
1.76 mm in the test and 1.54 mm in the control group at 6 months,
this difference being statistically significant (Machtei et al., 2021). The
meta-analysis performed after pooling the data from both studies

revealed a significantly greater PD reduction after the use of chlor-
hexidine chips (n = 2; WMD = 0.2 mm; 95% Cl [0.0; 0.5]; p = .031;
> = 0.0%; p = .570).

Bleeding on probing reduction
Table 3 shows the results of the included studies comparing BoP reduc-
tions between test and control groups (n = 5). Again, three studies
(Ahmed et al., 2020; Bassetti et al., 2014; Schar et al., 2013) showed data
at patient level and two at implant level (Machtei et al., 2012, 2021).

At patient level, the reduction in BoP-positive sites after
6 months was 52% in the control and 63% in the test group, this dif-
ference being statistically not significant (Schar et al, 2013). At
12 months follow-up, this difference remained not significant (65% in
the test and 57% in the control) (Bassetti et al., 2014). Ahmed et al.
(2020) reported a reduction of BoP sites of 40.2% in the test and
26.8% in the control group. The two studies evaluating chlorhexidine
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TABLE 3 Clinical and radiographic outcomes of the included studies on non-surgical peri-implantitis therapy with local antimicrobials as

adjuncts to mechanical debridement.

Local antimicrobials

Machtei Schar Bassetti Machtei
et al. (2012) et al. (2013) et al. (2014) et al. (2021) Ahmed et al. (2020)
Minocycline Minocycline Metronidazole and
CHX chips microspheres microspheres CHX chips amoxicillin gel
Mean SD Mean SD Mean SD Mean SD Mean SD
Initial PPD (mm) Test 7.6 NR 4.2 0.6 4.2 0.6 6.2 1.0 NR NR
Control 7.2 NR 4.4 0.8 4.4 0.8 6.1 0.9 NR NR
PPD reduction at 6 months (mm) Test 21 1.4 04 0.6 NR NR 1.8 1.1 NR NR
Control 1.7 1.2 0.5 0.8 NR NR 1.5 11 NR NR
PPD reduction at 12 months (mm)  Test NR NR NR NR 0.1 0.7 NR NR NR NR
Control  NR NR NR NR 0.6 0.8 NR NR NR NR
Initial CAL (mm) Test 79 NR 2.7 0.7 2.7 0.7 6.7 NR NR NR
Control 7.6 NR 2.7 0.7 2.7 0.7 6.3 NR NR NR
CAL gain at 6 months (mm) Test 2.2 1.4 0.2 0.8 NR NR 1.5 1.4 NR NR
Control 1.7 1.2 0.2 0.7 NR NR 14 1.2 NR NR
CAL gain at 12 months (mm) Test NR NR NR NR 0.1 0.9 NR NR NR NR
Control  NR NR NR NR 0.3 0.7 NR NR NR NR
Initial BoP (%) Test 100 NR 67.2 27.7 67.2 27.7 100 NR NR NR
Control 100 NR 73.5 252 73.5 25.2 100 NR NR NR
BoP reduction at 6 months (%) Test 57.5 50.1 25.2 235 NR NR 50.0 NR NR NR
Control  45.5 50.6 35.0 25.8 NR NR 55.0 NR NR NR
BoP reduction at 12 months (%) Test NR NR NR NR 29.0 22.8 NR NR NR NR
Control  NR NR NR NR 25.8 21.0 NR NR NR NR
Initial MBL (mm) Test NR NR NR NR NR NR NR NR 2.0 0.6
Control  NR NR NR NR NR NR NR NR 1.8 0.5
MBL change at 6 months (mm) Test NR NR NR NR NR NR NR NR 1.2 0.5
Control  NR NR NR NR NR NR NR NR 0.6 0.6

Abbreviations: BoP, bleeding on probing; CAL, clinical attachment level; CHX, chlorhexidine; MBL, marginal bone levels; PPD, probing pocket depth; SD,

standard deviation.

chips (Machtei et al., 2012, 2021) reported a reduction in the percent-
age of sites with BoP of ~50%, both in the test and control groups,

with no statistically significant differences.

3.5.3 | Probiotics

PD reduction

Table 4 depicts PD reduction in the two included studies comparing non-
surgical therapy + probiotics and non-surgical therapy alone. In one study,
all patients received a course of systemic azithromycin 500 mg, once a
day for 3 days before allocating them to the intervention group (Tada
et al., 2018). In this investigation, PD reduction was only statistically signif-
icant in the test (0.43 mm vs. 0.06 mm). In the study by Laleman et al.
(2020), both groups showed a statistically significant PD reduction, with-
out differences when comparing the adjunctive use of probiotics and non-

surgical therapy alone (1.02 and 1.27 mm, respectively).

Bleeding on probing reduction

Table 4 depicts the percentage of BoP reductions in the two included
studies using probiotics. In one study, no statistically significant differ-
ences were observed within or between groups in terms of BoP
reduction (Tada et al., 2018). In the investigation by Laleman et al.
(2020), both groups showed a statistically significant reduction in BoP
(28% in the test and 34% in the control group), but without significant

differences when comparing them.

3.6 | Effects of interventions: Secondary outcomes

3.6.1 | Implantloss, disease resolution, recurrence
of peri-implantitis and need for surgery

Implant loss was reported in four publications, all of them showing

100% implant survival in both groups (Blanco et al., 2022; Laleman
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TABLE 4 Clinical outcomes of the included studies on non-surgical peri-implantitis therapy with probiotics as adjuncts to mechanical

debridement.
Probiotics
Tada et al. (2018) Laleman et al. (2020)
Lactobacillus reuteri strains DSM Lactobacillus reuteri strains DSM
17938 and ATCC PTA 5289 17938 and ATCC PTA 5289
Mean SD Mean SD
Initial PPD (mm) Test 3.6 0.8 5.2 0.9
Control 3.5 1.0 5.5 1.2
PPD reduction at 6 months (mm) Test 0.4 0.8 1.0 0.7
Control 0.1 1.0 1.3 1.0
Initial BoP (%) Test 38.8 28.5 87.0 23.0
Control 45.5 29.2 87.0 220
BoP reduction at 6 months (%) Test 25.5 235 59.0 23.0
Control 38.8 325 53.0 27.0

Abbreviations: BoP, bleeding on probing; PPD, probing pocket depth; SD, standard deviation.

et al., 2020; Schar et al., 2013; Shibli et al., 2019). Five investigations
reported on disease resolution, using four different definitions
(Bassetti et al, 2014; Blanco et al., 2022; Laleman et al., 2020;
Machtei et al., 2012; Schar et al., 2013; Shibli et al., 2019). Two inves-
tigations considered the resolution of peri-implant mucosal inflamma-
tion (i.e., no sites with BoP) as success criteria (Bassetti et al., 2014;
Laleman et al., 2020; Schar et al., 2013), one investigation merely con-
sidered the absence of sites with PD=6 mm (Machtei et al., 2012),
while the remaining two studies used different composite outcomes
considering different PD thresholds as clinical end point, together
with the absence of BoP and no further bone loss (Blanco et al., 2022;
Shibli et al., 2019). The percentage of success ranged between 0%
and 65% in the test groups and between 15% and 55% in the control
groups. Due to the important differences in the definition of disease
resolution, no meta-analysis was performed.

Recurrence of peri-implantitis was not assessed in any investiga-
tion and just one study reported the need for surgical treatment after
study completion (three subjects in the test and two subjects in the
control group) (Bassetti et al., 2014).

3.6.2 | Peri-implant clinical parameters

Pls were evaluated in 8 out of 10 included studies, either as the per-
centage of sites harbouring plaque (Ahmed et al., 2020; Almohareb
et al., 2020; Blanco et al., 2022; Laleman et al., 2020; Shibli
et al., 2019) or as the modified plague index by Mombelli et al. (1987)
(Bassetti et al., 2014; Schar et al., 2013; Tada et al., 2018). No effect
of the adjuncts was observed for the Pl (%) at 6- or 12-month
follow-ups.

Clinical attachment levels were assessed in five investigations
(Bassetti et al., 2014; Blanco et al., 2022; Machtei et al., 2012, 2021;
Schar et al., 2013; Shibli et al., 2019). When stratifying by adjunctive
group, systemic antibiotics showed a significantly greater CAL gain at

6 months (hn=2; WMD =14 mm; 95% CI [1.2; 1.5]; p<.001;
12 = 0.0%; p = .426) and 12 months (n = 2; WMD = 1.2 mm; 95% Cl
[1.1; 1.4]; p < .001; 2 = 0.0%; p = .960).

Recession was registered in three investigations (Bassetti
et al., 2014; Blanco et al., 2022; Machtei et al., 2021; Schar et al., 2013).
According to these studies, adjunct measures may contribute to a
higher, but minor (0.1-0.2 mm), mucosal recession as a consequence of

the resolution of peri-implant soft tissue inflammation.

3.6.3 | Marginal bone levels

MBLs in peri-apical x-rays were evaluated in three studies (Ahmed
et al., 2020; Blanco et al., 2022; Shibli et al., 2019). In the study by
Ahmed et al. (2020), MBLs improved in both groups. In the test group,
MBLs were reduced by 1.2 mm, while in the control group, they were
reduced by 0.6 mm; this difference was statistically significant. Shibli
et al. (2019) showed a modest improvement in MBLs at 12 months in
both groups with no difference between them (0.41 and 0.47 mm in the
test and control groups, respectively). The study from Blanco et al.
(2022) reported data at patient and implant levels, with a follow-up of
6 and 12 months. At patient level, 6 months after therapy, the test
group showed a radiographic bone gain of 1.65 mm, while in the control
group, it was of 0.82 mm. At the 12-month examination, MBLs pre-
sented further improvement, with a radiographic bone gain of 2.33 mm
in the test group and 1.13 in the control group. Both intra- and inter-

group comparisons were statistically significant at 6 and 12 months.

3.64 |
outcomes

Microbiological and immunological

Six investigations evaluated microbiological outcomes (Almohareb
et al, 2020; Bassetti et al, 2014; Blanco et al., 2022; Laleman
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et al., 2020; Shibli et al., 2019; Tada et al., 2018). Samples were taken
in all studies at baseline from the deepest pocket of the affected
implant. Five investigations used quantitative polymerase chain reac-
tion (qPCR) for the analyses of different bacteria, while just one inves-
tigation used the checkerboard DNA-DNA hybridization technique
(Shibli et al., 2019). The two studies evaluating a probiotic formula did
not find any significant inter- or intra-group difference throughout the
study (Laleman et al., 2020; Tada et al., 2018). Two other investiga-
tions did not observe any significant inter-group difference among the
counts of target bacteria when using minocycline microspheres
(Bassetti et al., 2014) or systemic metronidazole + amoxicillin
(Almohareb et al., 2020). However, the two studies evaluating sys-
temic antimicrobials found significant microbiological differences
between groups for red complex species (Shibli et al., 2019) or for the
counts of Porphyromonas gingivalis and Tannerella forsythia, specifically
(Blanco et al., 2022).

Samples were obtained from the peri-implant sulcus in two inves-
tigations to evaluate the levels of pro-inflammatory markers
(e.g., interleukin (IL)-1, TNF-o, IL-6, IL-8, IL-10, matrix-
metalloproteinase [MMP]-1 and [MMP]-8 by means of enzyme-linked
immunosorbent assays [ELISA]) (Ahmed et al, 2020; Bassetti
et al, 2014). No significant differences between treatment groups

were observed at the last appointment.

3.6.5 | Side effects, aesthetic complications,
PROMs and economic factors

None of the included studies addressed aesthetic complications or
economic factors. The study by Blanco et al. was the only one report-
ing side effects, with six subjects (38%) in the test group (systemic
metronidazole) and five (31%) in the control group (placebo) reporting
either gastrointestinal disorders, headaches or metallic taste, without
significant differences among groups (Blanco et al., 2022). Just one
investigation evaluated the pain experienced after the procedures
using a numeric pain rating scale, reporting an improvement when
compared with baseline in both groups without differences among
them (Almohareb et al., 2020).

4 | DISCUSSION

The present systematic review was able to identify nine RCTs
(reported in 10 publications) assessing patient-performed or adminis-
tered adjunctive measures to the non-surgical treatment of peri-
implantitis with the primary goal of obtaining better clinical outcomes
in order to diminish the need of further treatment. In summary, the
included studies show that the adjunctive use of systemic antimicro-
bials improves the clinical outcomes of the non-surgical treatment of
peri-implantitis in terms of PD reductions. These differences in favour
of systemic antimicrobials seem to be greater at the deepest sites.
Local antimicrobials in general and chlorhexidine chips in particular

have shown a modest added value in terms of PD reduction. The

periodontology. . TAMA 1B O M

studies evaluating probiotics did not show clinical improvement when
used as adjuncts to the non-surgical treatment of peri-implantitis.

Although the primary outcome in the treatment of peri-implantitis
should be disease resolution, only five investigations reported on this
outcome, using four different definitions. It should be acknowledged
that including more parameters makes it more difficult to achieve
treatment success, especially when trying to completely eliminate
BoP. This parameter has shown a considerable false-positive rate to
diagnose peri-implantitis, probably attributed to the fragility of
healthy peri-implant tissues (Hashim et al., 2018). The use of non-
dichotomic scales, such as the modified sulcus bleeding index
(Mombelli et al., 1987), may improve the accuracy of the assessment
of the inflammatory condition, at least on research environments.

The results from the present systematic review have shown that
the adjunctive protocols used were very heterogeneous. Therefore, it

is pertinent to consider the effects of these agents separately.

4.1 | Systemic antimicrobials

In relation to systemic antimicrobials, two out of the three studies
included in the present systematic review showed a clear improve-
ment when using them in terms of PD reduction after 6 and
12 months (Blanco et al., 2022; Shibli et al., 2019). In contrast, the
study by Almohareb et al. (2020) reported no differences between
groups. This discrepancy may be explained by the fact that in the
study by Almohareb et al. the control group received adjunctive PDT,
so it did not consist of mechanical debridement alone. Moreover,
baseline PD values in this study were lower than in the other two. It
has been shown that the added value of systemic antimicrobials
seems to be more evident at deep sites. Specifically, in the study by
Blanco et al.,, initially, deep sites (i.e., >6 mm) were reduced below the
cut-off of 6 mm at the end of the trial only in the test group, which
may have an impact on further treatment needs (e.g., surgical ther-
apy). These results are in line with the results of Shibli et al., indicating
that the impact of systemic antimicrobials in the non-surgical treat-
ment of peri-implantitis may depend on the severity of peri-implanti-
tis. The observed PD reductions and rates of disease resolution
(~60%) are also comparable to those reported in other case series in
which different antibiotic regimens were used (Estefania-Fresco
et al, 2019; Linares et al., 2019; Mombelli & Lang, 1992; Nart
et al,, 2020).

The two antibiotic regimes used in the studies included in this
systematic review were systemic metronidazole 500 mg, three times
per day for 7 days (Blanco et al., 2022), and the prescription of
400 mg metronidazole +500 mg amoxicillin, three times per day, for
7 days (Almohareb et al., 2020) or 14 days (Shibli et al., 2019). The
rationale behind the use of metronidazole is based on the high preva-
lence of anaerobic pathogens in peri-implantitis lesions
(Charalampakis & Belibasakis, 2015) and on the efficacy shown in
reducing PD and attaining clinical attachment gain in moderately deep
and deep sites around teeth, and thus reducing the need of periodon-

tal surgeries (Teughels et al., 2020). On the other hand, the rationale
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for the use of amoxicillin plus metronidazole has also been extrapo-
lated from the field of periodontal therapy, in order to eliminate
Aggregatibacter actinomycetemcomitans (van Winkelhoff et al., 1992).
However, the studies included in the present systematic review that
analysed the presence of A.a could not detect this bacteria at the
baseline examination, which confirms the disparate prevalence of A.a
in different populations (Minguez et al., 2014; Minguez et al., 2016): a
finding that could influence the selection of the systemic antimicro-
bial, especially in light of the emergence of multi-drug-resistant bacte-
ria associated with the excessive use of wide-spectrum antibiotics
(e.g., amoxicillin).

Regarding MBLs, the present systematic review has shown that
(i) radiographic bone levels can be maintained and even improved with
non-surgical therapy; and (ii) adjunctive measures to non-surgical
approaches may improve MBLs at 6 and 12 months. This finding was
more evident when systemic antimicrobials were used. However, the
impact of systemic antibiotics was clearly based on implant surface
roughness. Whereas in one study, a mean radiographic bone gain of
2.33 mm was achieved in the test group at 12 months when treating
moderate rough implants (Blanco et al., 2022), in the other investiga-
tion, this amount was reduced to 0.4 mm in both groups when treat-
ing machined implants (Shibli et al., 2019). Moreover, MBLs improved
from 6 to 12 months in the study by Blanco et al., from 1.68 to
2.33 mm in the test group and from 0.8 to 1.1 in the control group.
This finding should be considered when establishing the follow-up of
studies that analyse radiographic outcomes after non-surgical peri-
implant therapy. The impact of systemic antimicrobials on peri-
implantitis in implants with moderately rough surfaces is in line with
one study that showed that the addition of systemic antibiotics
together with resective therapy of peri-implantitis had a positive
effect on disease resolution only when treating implants with a modi-
fied surface (Carcuac et al., 2016). Peri-implantitis lesions at rough
implant surfaces are more aggressive and extend more apically to the
bone than in machined surfaces (Carcuac et al., 2013), which could
explain why the adjunctive use of systemic antibiotics may have an
impact when treating rough implant surfaces. Indeed, the radiographic
bone gain observed after the addition of systemic metronidazole to
the non-surgical therapy protocol was similar to the one reported in a
recent systematic review (~1.9 mm) comparing the reconstructive sur-
gical therapy of peri-implantitis to access flaps (Tomasi et al., 2019).
Still, further investigations are needed to test other systemic antimi-
crobials, shorter intake periods and the role of peri-implant defect
configuration, as it has shown to play an important role in clinical and
radiographic outcomes of peri-implantitis therapy (Schwarz
et al., 2010).

4.2 | Local antimicrobials

The local application of antimicrobials as adjuncts to mechanical
decontamination methods has been proposed in the treatment of
peri-implantitis, seeking to avoid the undesirable effects of systemic

antibiotics (i.e., antimicrobial susceptibility/resistance). However, only

four studies (five publications) dealing with local antimicrobials could
be included in the present systematic review, two evaluating chlor-
hexidine chips, one minocycline hydrochloride microspheres and one
an antibiotic gel consisting of metronidazole 400 mg and amoxicillin
500 mg. In general, these studies showed some clinical improvements
in terms of PD and BoP reductions, although the results are modest
from a clinical perspective (0.5 mm greater PD reduction and ~10%
greater BoP reduction). However, as in the field of periodontitis, the
use of these products should be balanced with their cost-benefit and
their availability in some countries before making any possible clinical

recommendation for their use (Henke et al., 2001).

43 | Probiotics
The added effect of probiotics in the non-surgical therapy of peri-
implantitis has also been evaluated from clinical and microbiological
standpoints. The present systematic review was able to identify only
two RCTs evaluating the role of probiotics, and one systemic azithro-
mycin was prescribed before the administration of the probiotic both
in the test and control groups (Tada et al., 2018). The study by Lale-
man et al. (2020), dealing with ‘initial’ peri-implantitis (i.e., maximum
mean PD of 6 mm and bone loss <3 mm), was not able to find any
additional benefit after the use of L. reuteri drops and tablets (Laleman
et al., 2020). Similarly to what it occurs in the treatment of periodonti-
tis, it remains unclear which is the most suitable probiotic formulation,
dosage or administration vehicle (Donos et al., 2020; Sanz
et al., 2020). Therefore, more studies on different populations evaluat-
ing different micro-organisms and preparations are needed before
drawing any conclusion on the effectiveness of probiotics as adjuncts
to non-surgical treatment of peri-implantitis.

Finally, the present systematic review was not able to find any
adjunctive measure as part of the daily patient's care, such as the use
of chemical or mechanical plaque control products, or different inter-

ventions for risk factors control (e.g., smoking cessation programmes).

44 | Limitations and conclusions
Some limitations related to this systematic review should be acknowl-
edged. First, few studies with small sample sizes and mostly with an
unclear risk of bias could be included. Moreover, the high heterogene-
ity found between the type of adjunctive protocols prevents to obtain
robust conclusions and limits the possibility to conduct meta-analyses.
Finally, the severity of peri-implantitis in terms of PD and bone loss
was very different among studies, which could limit the benefit of
adjunctive measures in less severe cases.

Within the limitations of this systematic review, it can be con-
cluded that:

o Different adjunctive measures in the non-surgical treatment of
peri-implantitis had different impact in terms of PD and BoP
reductions;
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e Improved PD reductions were observed after the use of systemic
antimicrobials, especially in initially deep pockets, and, to a lesser
extent, after the use of local antimicrobials;

o Further studies are needed to evaluate the real impact of these

procedures on disease resolution and their effect in the long term.

AUTHOR CONTRIBUTIONS

Antonio Lifares designed the study, extracted data and drafted the
manuscript. Ignacio Sanz-Sanchez designed the study, extracted data
and critically reviewed the manuscript. José Dopico performed the
electronic and manual search as well as the risk of bias analyses. Ana
Molina performed the electronic search. Juan Blanco designed the
study and critically reviewed the manuscript. Eduardo Montero
designed the study, extracted data, performed the statistical analysis

and drafted the manuscript.

FUNDING INFORMATION
This systematic review was self-funded.

CONFLICT OF INTEREST STATEMENT

The authors report no conflicts of interest related to this study.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID
José Dopico "= https://orcid.org/0000-0002-2255-523X
https://orcid.org/0000-0001-9251-513X

https://orcid.org/0000-0003-2525-8529

Juan Blanco

Eduardo Montero

REFERENCES

Ahmed, P., Bukhari, I. A,, Albaijan, R., Sheikh, S. A., & Vohra, F. (2020). The
effectiveness of photodynamic and antibiotic gel therapy as an adjunct
to mechanical debridement in the treatment of peri-implantitis among
diabetic patients. Photodiagnosis and Photodynamic Therapy, 32,
102077. https://doi.org/10.1016/j.pdpdt.2020.102077

Almohareb, T., Alhamoudi, N., Al Deeb, M., Bin-Shuwaish, M. S,
Mokeem, S. A, Saad Shafqat, S., Vohra, F., & Abduljabbar, T. (2020).
Clinical efficacy of photodynamic therapy as an adjunct to mechanical
debridement in the treatment of per-implantitis with abscess. Photo-
diagnosis and Photodynamic Therapy, 30, 101750. https://doi.org/10.
1016/j.pdpdt.2020.101750

Bassetti, M., Schar, D., Wicki, B., Eick, S., Ramseier, C. A., Arweiler, N. B,,
Sculean, A., & Salvi, G. E. (2014). Anti-infective therapy of peri-implantitis
with adjunctive local drug delivery or photodynamic therapy: 12-month
outcomes of a randomized controlled clinical trial. Clinical Oral Implants
Research, 25(3), 279-287. https://doi.org/10.1111/clr.12155

Berglundh, T., Armitage, G., Araujo, M. G., Avila-Ortiz, G., Blanco, J.,
Camargo, P. M., Chen, S., Cochran, D., Derks, J., Figuero, E.
Hammerle, C. H. F., Heitz-Mayfield, L. J. A., Huynh-Ba, G., lacono, V.,
Koo, K. T., Lambert, F., McCauley, L., Quirynen, M., Renvert, S., ...
Zitzmann, N. (2018). Peri-implant diseases and conditions: Consensus
report of workgroup 4 of the 2017 world workshop on the classifica-
tion of periodontal and Peri-implant diseases and conditions. Journal of
Clinical Periodontology, 45(Suppl 20), S286-5S291. https://doi.org/10.
1111/jcpe. 12957

perioconioioay SUMIIBSACES

Blanco, C., Pico, A., Dopico, J., Gandara, P., Blanco, J., & Linares, A. (2022).
Adjunctive benefits of systemic metronidazole on non-surgical treat-
ment of peri-implantitis. A randomized placebo-controlled clinical trial.
Journal of Clinical Periodontology, 49(1), 15-27. https://doi.org/10.
1111/jcpe.13564

Carcuac, O., Abrahamsson, I., Albouy, J. P., Linder, E., Larsson, L., &
Berglundh, T. (2013). Experimental periodontitis and peri-implantitis in
dogs. Clinical Oral Implants Research, 24(4), 363-371. https://doi.org/
10.1111/clIr.12067

Carcuac, O., Derks, J., Charalampakis, G., Abrahamsson, I.,
Wennstrom, J., & Berglundh, T. (2016). Adjunctive systemic and local
antimicrobial therapy in the surgical treatment of Peri-implantitis: A
randomized controlled clinical trial. Journal of Dental Research, 95(1),
50-57. https://doi.org/10.1177/0022034515601961

Charalampakis, G., & Belibasakis, G. N. (2015). Microbiome of peri-implant
infections: Lessons from conventional, molecular and metagenomic
analyses.  Virulence, 6(3), 183-187. https://doi.org/10.4161/
21505594.2014.980661

Derks, J., Ichioka, Y., Dionigi, C., Trullenque-Eriksson, A., Berglundh, J.,
Tomasi, C., & Graziani, F. (2022). Prevention and management of peri-
implant mucositis and peri-implantitis: A systematic review of out-
come measures used in clinical studies in the last 10 years. Clinical Oral
Implants Research. https://doi.org/10.1111/clr.13925

DerSimonian, R., & Laird, N. (2015). Meta-analysis in clinical trials revisited.
Contemporary Clinical Trials, 45(Pt A), 139-145. https://doi.org/10.
1016/j.cct.2015.09.002

Donos, N., Calciolari, E., Brusselaers, N., Goldoni, M., Bostanci, N., &
Belibasakis, G. N. (2020). The adjunctive use of host modulators in
non-surgical periodontal therapy. A systematic review of randomized,
placebo-controlled clinical studies. Journal of Clinical Periodontology, 47
Suppl 22, 199-238. https://doi.org/10.1111/jcpe.13232

Dreyer, H., Grischke, J., Tiede, C., Eberhard, J., Schweitzer, A,
Toikkanen, S. E., Glockner, S., Krause, G., & Stiesch, M. (2018). Epi-
demiology and risk factors of peri-implantitis: A systematic review.
Journal of Periodontal Research, 53(5), 657-681. https://doi.org/10.
1111/jre.12562

Estefania-Fresco, R., Garcia-de-la-Fuente, A. M., Egana-Fernandez-
Valderrama, A., Bravo, M., & Aguirre-Zorzano, L. A. (2019). One-year
results of a nonsurgical treatment protocol for peri-implantitis. A retro-
spective case series. Clinical Oral Implants Research, 30(7), 702-712.
https://doi.org/10.1111/clr.13456

Figuero, E., Graziani, F., Sanz, |., Herrera, D., & Sanz, M. (2014). Manage-
ment of peri-implant mucositis and peri-implantitis. Periodontology
2000, 66(1), 255-273. https://doi.org/10.1111/prd.12049

Galofre, M., Palao, D., Vicario, M., Nart, J., & Violant, D. (2018). Clinical
and microbiological evaluation of the effect of Lactobacillus reuteri in
the treatment of mucositis and peri-implantitis: A triple-blind random-
ized clinical trial. Journal of Periodontal Research, 53(3), 378-390.
https://doi.org/10.1111/jre.12523

Hashim, D., Cionca, N., Combescure, C., & Mombelli, A. (2018). The diag-
nosis of peri-implantitis: A systematic review on the predictive value
of bleeding on probing. Clinical Oral Implants Research, 29(Suppl 16),
276-293. https://doi.org/10.1111/clr.13127

Henke, C. J, Villa, K. F., Aichelmann-Reidy, M. E., Armitage, G. C,
Eber, R. M., Genco, R. J., Killoy, W. J., Miller, D. P., Page, R. C,,
Polson, A. M., Ryder, M. I, Silva, S. J.,, Somerman, M. J, Van
Dyke, T. E., Wolff, L. F., Evans, C. J., & Finkelman, R. D. (2001). An eco-
nomic evaluation of a chlorhexidine chip for treating chronic periodon-
titis: The CHIP (chlorhexidine in periodontitis) study. Journal of the
American Dental Association (1939), 132(11), 1557-1569. https://doi.
org/10.14219/jada.archive.2001.0091

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Mea-
suring inconsistency in meta-analyses. BMJ, 327(7414), 557-560.
https://doi.org/10.1136/bmj.327.7414.557

B5U9017 SUOWIWIOD dAIER.D a|qedl|dde ay) Aq pausenob ake sapie O 95N Jo Sa|nJ 1oy Arlg1auljuQ 8|1 UO (SUO N IPUOI-pUe-SWLB)/W0D AB | IM A iq 1 Ul juo//SdNY) SUOIIPUOD pue sWwiB | 3Y1 89S *[5202/S0/2T] uo Ariqiaulu Ajim ‘(BnsiD) el aq oLe)SBAIUN BUWESIS 0Q OLRISBAIUNBIU| 01010sU0D AQ TZ8ET 2d0[/TTTT 0T/I0p/W0d A8 | 1M Are.q 1 pul|uO//SdNY WO pepeoumoq ‘9ZS ‘€202 ‘XTS0009T


https://orcid.org/0000-0002-2255-523X
https://orcid.org/0000-0002-2255-523X
https://orcid.org/0000-0001-9251-513X
https://orcid.org/0000-0001-9251-513X
https://orcid.org/0000-0003-2525-8529
https://orcid.org/0000-0003-2525-8529
https://doi.org/10.1016/j.pdpdt.2020.102077
https://doi.org/10.1016/j.pdpdt.2020.101750
https://doi.org/10.1016/j.pdpdt.2020.101750
https://doi.org/10.1111/clr.12155
https://doi.org/10.1111/jcpe.12957
https://doi.org/10.1111/jcpe.12957
https://doi.org/10.1111/jcpe.13564
https://doi.org/10.1111/jcpe.13564
https://doi.org/10.1111/clr.12067
https://doi.org/10.1111/clr.12067
https://doi.org/10.1177/0022034515601961
https://doi.org/10.4161/21505594.2014.980661
https://doi.org/10.4161/21505594.2014.980661
https://doi.org/10.1111/clr.13925
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1111/jcpe.13232
https://doi.org/10.1111/jre.12562
https://doi.org/10.1111/jre.12562
https://doi.org/10.1111/clr.13456
https://doi.org/10.1111/prd.12049
https://doi.org/10.1111/jre.12523
https://doi.org/10.1111/clr.13127
https://doi.org/10.14219/jada.archive.2001.0091
https://doi.org/10.14219/jada.archive.2001.0091
https://doi.org/10.1136/bmj.327.7414.557

LINARES ET AL.

LA eroconoiogy

Howe, M. S., Keys, W., & Richards, D. (2019). Long-term (10-year) dental
implant survival: A systematic review and sensitivity meta-analysis.
Journal of Dentistry, 84, 9-21. https://doi.org/10.1016/j.jdent.2019.
03.008

Laleman, 1., Pauwels, M., Quirynen, M., & Teughels, W. (2020). The usage
of a lactobacilli probiotic in the non-surgical therapy of peri-implanti-
tis: A randomized pilot study. Clinical Oral Implants Research, 31(1),
84-92. https://doi.org/10.1111/clr.13555

Linares, A., Pico, A., Blanco, C., & Blanco, J. (2019). Adjunctive systemic
metronidazole to nonsurgical therapy of peri-implantitis with Intrab-
ony defects: A retrospective case series study. The International Journal
of Oral & Makxillofacial Implants, 34(5), 1237-1245. https://doi.org/10.
11607/jomi.7343

Machtei, E. E., Frankenthal, S., Levi, G., Elimelech, R., Shoshani, E.,
Rosenfeld, O., Tagger-Green, N., & Shlomi, B. (2012). Treatment of peri-
implantitis using multiple applications of chlorhexidine chips: A double-
blind, randomized multi-centre clinical trial. Journal of Clinical Periodon-
tology, 39(12), 1198-1205. https://doi.org/10.1111/jcpe.12006

Machtei, E. E., Romanos, G. Kang, P. Travan, S. Schmidt, S.,
Papathanasiou, E., Tatarakis, N., Tandlich, M., Liberman, L. H.,
Horwitz, J., Bassir, S. H., Myneni, S., Shiau, H. J., Shapira, L., Donos, N.,
Papas, A., Meyle, J., Giannobile, W. V., Papapanou, P. N., & Kim, D. M.
(2021). Repeated delivery of chlorhexidine chips for the treatment of
peri-implantitis: A multicenter, randomized, comparative clinical trial.
Journal of Periodontology, 92(1), 11-20. https://doi.org/10.1002/JPER.
20-0353

Minguez, M., Ennibi, O. K, Pousa, X. Lakhdar, L., Abdellaoui, L.,
Sanchez, M., Sanz, M., & Herrera, D. (2016). Characterization of
A. actinomycetemcomitans strains in subgingival samples from peri-
odontitis subjects in Morocco. Clinical Oral Investigations, 20(7), 1809~
1818. https://doi.org/10.1007/s00784-015-1653-7

Minguez, M., Pousa, X., Herrera, D., Blasi, A., Sanchez, M. C,, Leon, R., &
Sanz, M. (2014). Characterization and serotype distribution of Aggrega-
tibacter actinomycetemcomitans isolated from a population of peri-
odontitis patients in Spain. Archives of Oral Biology, 59(12), 1359-
1367. https://doi.org/10.1016/j.archoralbio.2014.07.021

Mombelli, A., Feloutzis, A., Bragger, U., & Lang, N. P. (2001). Treatment of
peri-implantitis by local delivery of tetracycline. Clinical, microbiologi-
cal and radiological results. Clinical Oral Implants Research, 12(4), 287-
294, https://doi.org/10.1034/j.1600-0501.2001.012004287 .x

Mombelli, A., & Lang, N. P. (1992). Antimicrobial treatment of peri-implant
infections. Clinical Oral Implants Research, 3(4), 162-168. https://doi.
org/10.1034/j.1600-0501.1992.030402.x

Mombelli, A., van Oosten, M. A., Schurch, E., Jr., & Land, N. P. (1987). The
microbiota associated with successful or failing osseointegrated tita-
nium implants. Oral Microbiology and Immunology, 2(4), 145-151.
https://doi.org/10.1111/j.1399-302x.1987.th00298.x

Nart, J., Pons, R, Valles, C., Esmatges, A., Sanz-Martin, I, & Monje, A.
(2020). Non-surgical therapeutic outcomes of peri-implantitis:
12-month results. Clinical Oral Investigations, 24(2), 675-682. https://
doi.org/10.1007/s00784-019-02943-8

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I., Hoffmann, T. C,,
Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E.,
Chou, R., Glanville, J., Grimshaw, J. M., Hrobjartsson, A., Lalu, M. M.,
Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., ... McKenzie, J. E.
(2021). PRISMA 2020 explanation and elaboration: Updated guidance
and exemplars for reporting systematic reviews. BMJ, 372, n160.
https://doi.org/10.1136/bmj.n160

Renvert, S., Lessem, J., Dahlen, G., Lindahl, C., & Svensson, M. (2006).
Topical minocycline microspheres versus topical chlorhexidine gel
as an adjunct to mechanical debridement of incipient peri-implant
infections: A randomized clinical trial. Journal of Clinical Periodontol-
ogy, 33(5), 362-369. https://doi.org/10.1111/j.1600-051X.2006.
00919.x

Renvert, S., & Polyzois, I. (2018). Treatment of pathologic peri-implant
pockets. Periodontology 2000, 76(1), 180-190. https://doi.org/10.
1111/prd.12149

Renvert, S., Polyzois, I., & Persson, G. R. (2013). Treatment modalities for
peri-implant mucositis and peri-implantitis. American Journal of Den-
tistry, 26(6), 313-318.

Renvert, S., Roos-Jansaker, A. M., & Claffey, N. (2008). Non-surgical treat-
ment of peri-implant mucositis and peri-implantitis: A literature
review. Journal of Clinical Periodontology, 35(8 Suppl), 305-315.
https://doi.org/10.1111/j.1600-051X.2008.01276.x

Sanz, M., Chapple, I. L., & Working Group 4 of the VIII European Work-
shop on Periodontology. (2012). Clinical research on peri-implant dis-
eases: consensus report of Working Group 4. Journal of Clinical
Periodontology, 39(Suppl 12), 202-206. https://doi.org/10.1111/j.
1600-051X.2011.01837.x

Sanz, M., Herrera, D., Kebschull, M., Chapple, I., Jepsen, S., Beglundh, T.,
Sculean, A., Tonetti, M. S. Participants, E. F. P. W, &
Methodological, C. (2020). Treatment of stage I-Ill periodontitis—The
EFP S3 level clinical practice guideline. Journal of Clinical Periodontol-
ogy, 47(Suppl 22), 4-60. https://doi.org/10.1111/jcpe.13290

Schar, D., Ramseier, C. A, Eick, S., Arweiler, N. B., Sculean, A., & Salvi, G. E.
(2013). Anti-infective therapy of peri-implantitis with adjunctive local
drug delivery or photodynamic therapy: Six-month outcomes of a pro-
spective randomized clinical trial. Clinical Oral Implants Research, 24(1),
104-110. https://doi.org/10.1111/j.1600-0501.2012.02494.x

Schwarz, F., & Ramanauskaite, A. (2022). It is all about peri-implant tissue
health. Periodontology 2000, 88(1), 9-12. https://doi.org/10.1111/prd.
12407

Schwarz, F., Sahm, N., Schwarz, K., & Becker, J. (2010). Impact of defect
configuration on the clinical outcome following surgical regenerative
therapy of peri-implantitis. Journal of Clinical Periodontology, 37(5),
449-455, https://doi.org/10.1111/j.1600-051X.2010.01540.x

Shibli, J. A, Ferrari, D. S., Siroma, R. S., Figueiredo, L. C., Faveri, M., &
Feres, M. (2019). Microbiological and clinical effects of adjunctive sys-
temic metronidazole and amoxicillin in the non-surgical treatment of
peri-implantitis: 1 year follow-up. Brazilian Oral Research, 33(Suppl 1),
€080. https://doi.org/10.1590/1807-3107bor-2019.vol33.0080

Sterne, J. A. C., Savovic, J., Page, M. J,, Elbers, R. G., Blencowe, N. S.,
Boutron, I., Cates, C. J., Cheng, H. Y., Corbett, M. S., Eldridge, S. M,,
Emberson, J. R, Hernan, M. A., Hopewell, S., Hrobjartsson, A.,
Junqueira, D. R., Juni, P., Kirkham, J. J, Lasserson, T., Li, T., ...
Higgins, J. P. T. (2019). RoB 2: A revised tool for assessing risk of bias
in randomised trials. BMJ, 366, 14898. https://doi.org/10.1136/bmj.
14898

Suarez-Lopez Del Amo, F., Yu, S. H., & Wang, H. L. (2016). Non-surgical
therapy for peri-implant diseases: A systematic review. Journal of
Oral & Maxillofacial Research, 7(3), e13. https://doi.org/10.5037/jomr.
2016.7313

Tada, H., Masaki, C., Tsuka, S., Mukaibo, T., Kondo, Y., & Hosokawa, R.
(2018). The effects of Lactobacillus reuteri probiotics combined with
azithromycin on peri-implantitis: A randomized placebo-controlled
study. Journal of Prosthodontic Research, 62(1), 89-96. https://doi.org/
10.1016/j.jpor.2017.06.006

Teughels, W., Feres, M., Oud, V., Martin, C., Matesanz, P., & Herrera, D.
(2020). Adjunctive effect of systemic antimicrobials in periodontitis
therapy: A systematic review and meta-analysis. Journal of Clinical Peri-
odontology, 47(Suppl 22), 257-281. https://doi.org/10.1111/jcpe.
13264

Tomasi, C., Regidor, E., Ortiz-Vigon, A., & Derks, J. (2019). Efficacy of recon-
structive surgical therapy at peri-implantitis-related bone defects. A sys-
tematic review and meta-analysis. Journal of Clinical Periodontology,
46(Suppl 21), 340-356. https://doi.org/10.1111/jcpe.13070

van Winkelhoff, A. J., Tijhof, C. J., & de Graaff, J. (1992). Microbiological
and clinical results of metronidazole plus amoxicillin therapy in

B5U9017 SUOWIWIOD dAIER.D a|qedl|dde ay) Aq pausenob ake sapie O 95N Jo Sa|nJ 1oy Arlg1auljuQ 8|1 UO (SUO N IPUOI-pUe-SWLB)/W0D AB | IM A iq 1 Ul juo//SdNY) SUOIIPUOD pue sWwiB | 3Y1 89S *[5202/S0/2T] uo Ariqiaulu Ajim ‘(BnsiD) el aq oLe)SBAIUN BUWESIS 0Q OLRISBAIUNBIU| 01010sU0D AQ TZ8ET 2d0[/TTTT 0T/I0p/W0d A8 | 1M Are.q 1 pul|uO//SdNY WO pepeoumoq ‘9ZS ‘€202 ‘XTS0009T


https://doi.org/10.1016/j.jdent.2019.03.008
https://doi.org/10.1016/j.jdent.2019.03.008
https://doi.org/10.1111/clr.13555
https://doi.org/10.11607/jomi.7343
https://doi.org/10.11607/jomi.7343
https://doi.org/10.1111/jcpe.12006
https://doi.org/10.1002/JPER.20-0353
https://doi.org/10.1002/JPER.20-0353
https://doi.org/10.1007/s00784-015-1653-7
https://doi.org/10.1016/j.archoralbio.2014.07.021
https://doi.org/10.1034/j.1600-0501.2001.012004287.x
https://doi.org/10.1034/j.1600-0501.1992.030402.x
https://doi.org/10.1034/j.1600-0501.1992.030402.x
https://doi.org/10.1111/j.1399-302x.1987.tb00298.x
https://doi.org/10.1007/s00784-019-02943-8
https://doi.org/10.1007/s00784-019-02943-8
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1111/j.1600-051X.2006.00919.x
https://doi.org/10.1111/j.1600-051X.2006.00919.x
https://doi.org/10.1111/prd.12149
https://doi.org/10.1111/prd.12149
https://doi.org/10.1111/j.1600-051X.2008.01276.x
https://doi.org/10.1111/j.1600-051X.2011.01837.x
https://doi.org/10.1111/j.1600-051X.2011.01837.x
https://doi.org/10.1111/jcpe.13290
https://doi.org/10.1111/j.1600-0501.2012.02494.x
https://doi.org/10.1111/prd.12407
https://doi.org/10.1111/prd.12407
https://doi.org/10.1111/j.1600-051X.2010.01540.x
https://doi.org/10.1590/1807-3107bor-2019.vol33.0080
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.5037/jomr.2016.7313
https://doi.org/10.5037/jomr.2016.7313
https://doi.org/10.1016/j.jpor.2017.06.006
https://doi.org/10.1016/j.jpor.2017.06.006
https://doi.org/10.1111/jcpe.13264
https://doi.org/10.1111/jcpe.13264
https://doi.org/10.1111/jcpe.13070

LINARES ET AL.

Actinobacillus actinomycetemcomitans-associated periodontitis. Journal
of Periodontology, 63(1), 52-57. https://doi.org/10.1902/jop.1992.63.
1.52

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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