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Background: Peri-implant mucositis (PiM) is an inflammation of the soft tissues
surrounding the dental implant and is the precursor of the destructive inflammatory
peri-implantitis. PiM is usually reversible, but difficult to eradicate. Mechanical
debridement (MD) is the conventional procedure to treat PiM although not enough to
reach a complete resolution. Recently, probiotics have been considered in the treatment of
peri-implant disease. Therefore, the aim of this systematic review andmeta-analysis was to
investigate the efficacy of the probiotic therapy combined with MD compared with MD
alone or MD + placebo in patients with PiM.

Methods: A search using electronic databases (MEDLINE, Science Direct databases, and
Cochrane Central Register of Controlled Trials) and a manual search were performed up to
November 2019 by two reviewers independently of each other. Eligible randomized
controlled trials (RCTs) comparing MD + probiotic vs. MD were included. The quality
assessment for all the selected RCTs was conducted according to the Cochrane
Handbook for Systematic Reviews of Interventions. Probing depth reduction was
selected as the primary outcome. Weighted mean difference (WMD) and 95%
confidence interval (CI) were calculated for continuous outcomes, and odds ratio (OR)
and 95%CI were calculated for dichotomous outcomes, using random effect models. This
review was registered on the PROSPERO database (CRD42020213625).

Results: Five eligible publications were included in this systematic review and four in
themeta-analysis. As regards the implant, theWMD in the probing depth reduction between
the test and control group was −0.12mm [95%CI (−0.38, 0.14), p � 0.38], meaning that the
adjunctive probiotic therapy was not improving PiM compared with MD alone or MD +
placebo. The meta-analysis also showed no statistically significant results in the secondary
outcomes (reduction of full mouth plaque index and full mouth bleeding on probing, absence
of bleeding on probing at implant level, and changes in microorganism load and species).

Conclusion: The findings of this systematic review and meta-analysis suggested that the
additional use of probiotics did not improve the efficacy of MD in PiM treatment regarding
clinical and microbial outcomes, at least in a short-term.
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INTRODUCTION

Peri-implant mucositis (PiM) is a reversible inflammatory disease
that occurs in the peri-implant soft tissues without alveolar bone
loss, frequently found in patients with dental implants (Casado
et al., 2019). Salvi et al. did a systematic review and reported a PiM
prevalence of 43% (range: 19–65%) (Salvi et al., 2019). According
to many experts, PiM is the precursor of the destructive
inflammatory peri-implantitis and seems a sign of host
response to the bacterial load (Heitz-Mayfield et al., 2012).
Following reasonable treatment, PiM is fully reversible (Salvi
et al., 2012). However, if improperly treated, the inflammation of
the peri-implant soft tissues may lead to the irreversible bone loss
of the implant-supporting structures, thus causing peri-
implantitis (Costa et al., 2012). Since the success of the peri-
implantitis treatment is limited it is difficult to eradicate and
control it (Heitz-Mayfield and Mombelli, 2014; Froum et al.,
2016). The prevention and treatment of PiM gained growing
interest.

Mechanical debridement (MD) is recognized as an
indispensable and conventional nonsurgical procedure to treat
PiM (Figuero et al., 2014; Schwarz et al., 2015) that can result in a
clinical improvement and bacterial reduction over 3 months
(Máximo et al., 2009). However, a complete resolution of the
inflammation and biological complications associated with dental
implants in PiM patients cannot be achieved using the MD
treatment alone. In order to enhance the efficacy of MD
treatment, several adjunctive treatments have been proposed
such as antiseptics (Ciancio et al., 1995; Ramberg et at., 2009;
Thon̈e-Muḧling et al., 2010), antibiotics (Schenk et al., 1997;
Hallström et al., 2012), air abrasive devices (Schwarz et al., 2015),
and photodynamic therapy (Takasaki et al., 2009) to achieve a
better decontamination of PiM.

Recently, many studies have revealed that the administration
of probiotics may have an effect on modulating the composition
of oral biofilms and have been investigated in the treatment of
periodontal (Vivekananda et al., 2010; Iniesta et al., 2012; Vicario
et al., 2013) and peri-implant disease (Flichy-Fernández et al.,
2015), caries (Laleman et al., 2014; Gruner et al., 2016), and oral
candidiasis (Mendonça et al., 2012; Li et al., 2014). Probiotics
have been defined by the World Health Organization in 2001 as
“live microorganisms which, when administered as probiotics in
adequate amounts, confer a health benefit to the host.” This
benefit is obtained through the prevention of the adhesion of
endogenous and exogenous pathogens, providing nutrients and
cofactors, improving the intestinal barrier integrity, and
interacting positively with the intestinal immune system and
cell proliferation (Devine and Marsh, 2009). Studies on animal
models revealed that pathogenic anaerobic bacteria play a vital
role in the etiopathogenesis of periodontitis (Kebschull and
Papapanou, 2011). Some periodontopathogens such as
Aggregatibacter actinomycetemcomitans, Prevotella intermedia,
Porphyromonas gingivalis, Fusobacterium nucleatum, and
Tannerella Forsythia are not only significant etiopathogenic
factors of the periodontal disease (Colombo et al., 2006) but
also commonly related to peri-implantitis (Augthun and
Conrads, 1997; Lang N. P. et al., 2011). Oral lactobacilli

capable of H2O2 production inhabit the periodontal pockets in
periodontitis patients, with a significantly higher frequency in the
moderate form of the disease, as compared to the severe form, and
they may prevent the progress to chronic periodontitis, especially
by restricting the secretory activity of Th17 cells and growth of
periodontopathogens (Szkaradkiewicz and Stopa, 2008;
Szkaradkiewicz et al., 2011). Moreover, the application of oral
treatment in form of tablets containing the probiotic strain
Lactobacillus reuteri induces a significant reduction of
proinflammatory cytokine (TNF-α, IL-1β and IL-17) response
and improves the clinical parameters (SBI, PPD, and CAL) in
most patients with periodontitis (Szkaradkiewicz et al., 2014).
These proinflammatory cytokines in periodontal pockets play a
peculiar role in the induction and development of local
inflammatory response, which may determine the clinical form
of the periodontal disease (Santos et al., 2010). Lactobacillus
reuteri and Lactobacillus salivarius are the most common
probiotics used in clinical practice (Meurman and Stamatova,
2007) known as suppressors of both cariogenic (Nikawa et al.,
2004) and periodontal pathogens (Teughels et al., 2013; Tekce
et al., 2015). Recently, some clinical studies have focused their
attention on the additive effect of probiotics on PiM (Hardar
et al., 2016; Galofré et al., 2018; Marta et al., 2019; Fawaz et al.,
2019). However, some outcomes in these studies were
controversial. Thus, a focused analysis of the adjunctive
therapeutic effects of probiotics in the treatment of PiM is needed.

Therefore, the objective of this systematic review and meta-
analysis was to investigate the efficacy of the probiotic therapy
combined with MD compared with MD alone or MD + placebo
in patients with PiM.

METHODS

Protocol
This systematic review was registered in PROSPERO
(CRD42020213625) and conducted in accordance with the
recommendations of the Preferred Reporting Items for
Systematic Reviews and the principles of PRISMA statement
(Moher et al., 2009).

Focused Question
The present systematic review addressed the following focused
question that was structured according to the PICO format:
“What is the clinical and microbial efficacy of probiotic
therapy additional to MD in patients suffering from PiM
when compared with MD alone or MD + placebo?” The
patients considered in this systematic review were patients
diagnosed with PiM based on case definition used in the
publications. The intervention considered in this review was a
probiotic therapy additional to a nonsurgical treatment such as
MD, representing the experimental group. The experimental
group was compared with MD + placebo or MD alone. The
considered outcomes were changes in peri-implant mucosal
inflammation, such as probing depth (PD), bleeding on
probing (BOP), plaque index (PI), and microorganism load
and species.
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Search Strategy
A critical review of the literature was performed to select relevant
published articles. The following databases such as MEDLINE,
Science Direct databases, and Cochrane Central Register of
Controlled Trials were used from their inception until
November 10th, 2019. Additionally, several journals were
manually searched from the following journals: Clinical Oral
Implants Research; Clinical Implant Dentistry and Related
Research; International Journal of Oral and Maxillofacial
Implants; Journal of Periodontology; Journal of Clinical
Periodontology. Furthermore, potential review articles and
bibliographic references of the included articles were analyzed.
When needed, the corresponding authors were contacted to ask
to provide missing data or information. The gray literature was
consulted using the database System for Information on Gray
literature in Europe (http://www.opengrey.eu). A commercially
available software (Endnote X7, Thomson, London, United
Kingdom) was used for electronic title management. Screening
and assessment of potential articles was performed independently
by two reviewers blinded to the study (RZ and FJ). Any
disagreement between the two reviewers during the first and
second stage of the study selection was resolved by discussion.

Keywords from the Medical Subject Headings (MeSH)
identified by an asterisk symbol (*) and free text terms were
the following: Intervention or Therapy or Treatment or
Mechanical debridement or MD Professionally administered
plaque removal or PARR or nonsurgical periodontal therapy
or nonsurgical therapy or Periodontal treatment or Periodontal
Therapy and Probiotic or Probiotic* or Probiotic therapy or
Probiotic effect or Probiotic treatment and Peri-implant
diseases or Peri-implant mucositis or Mucositis* or Peri-implant.

Study Inclusion and Exclusion Criteria
During the first stage of the study selection, the titles and abstracts
were screened and evaluated. A study was considered eligible for
inclusion if it met the following criteria: 1. Randomized
controlled clinical trial (RCT, parallel group design) or
randomized cross-over study (placebo-controlled) in humans;
2. Evaluation of the results of the treatment performed on PiM
patients; 3. Comparison of MD + probiotic vs. MD + placebo or
MD alone; 4. Data on the clinical changes due to peri-implant
mucosal inflammation (i.e., PD, BOP, PI) or microbial outcome
after the treatment.

At the second stage of the selection, the full-text articles
acquired in the first stage were identified according to the
following exclusion criteria: 1. Inclusion of less than five
patients; 2. A follow-up assessment less than 6 weeks; 3.
Inadequate case definition; 4. Patients who received a surgical
treatment; 5. Lack of data on the clinical changes due to PiM
inflammation; 6. In vitro and animal studies, letters to the editor,
opinion articles, review articles, interviews, and monographs.

Risk of Bias (Quality) Assessment
Two reviewers (RZ and FJ) independently assessed the risk of
bias for all the selected RCTs according to the Cochrane
Handbook for Systematic Reviews of Interventions (Cochrane
Collaboration, 2019). Each criterion was classified as “high risk

of bias” (high), “low risk of bias” (low), or “unclear” (?) risk of
bias. In this systematic review, five domains (randomization,
allocation concealment, participants and professionals blinded
to the study, blinding of outcome assessment, and other bias)
were chosen as the key domains to evaluate the quality of the
studies. Both the reviewers discussed and resolved any
disagreements.

Data Synthesis
Data extraction from the included articles into predesigned data
collection template on Microsoft Excel was performed by two
reviewers (RZ and FJ) blinded to the study: 1) study identification:
first author’s name, year of publication, journal’s name, and
country; 2) study design (RCTs); 3) population (subjects):
sample size, mean, and age range in years; 4) PiM diagnostic
criteria; 5) intervention: details of probiotic administration
including dose, frequency, any pretreatment (mechanical or
chemical disinfection), and vehicle; 6) smoking habits; and 7)
primary and secondary outcomes and observation period. Any
discrepancies were resolved by discussion with a third
examiner (HHM).

Data Items
As regards data analysis, the change in PD after treatment was
defined as the primary outcome. Secondary outcomes included
the absence of BOP, reduction of full mouth PI and BOP, and
changes in microorganism number and species.

Analysis Method
The heterogeneity between the included RCTs was tested and
evaluated through Q and I2 test. When a p value of Q statistic was
<0.1, it was defined as an indicator of heterogeneity. The
threshold for the interpretation of I2 values was also used to
estimate the heterogeneity as follows: 0–30% (low heterogeneity),
30–60% (moderate heterogeneity), and >60% (substantial
heterogeneity). Differences between MD + probiotic and MD
alone or MD + placebo group were expressed as weighted mean
differences (WMD) and 95% confidence interval (CI) for
continuous outcomes and odds ratio (OR) and 95% CI for
dichotomous outcomes, using the random effect models. As
regards continuous data, the mean difference and standard
error of each study were collected. If data were not reported
as mean difference, the mean difference was calculated and the
standard deviation was estimated using the rd � sqrt (r1

2/n1 + r2
2/

n2) formula. The meta-analysis was performed using the Review
Manager software (RevMan, version 5.3 for Windows).

RESULTS

Study Selection
A total of 87 potentially relevant titles and abstracts were
identified through the electronic and manual search. Among
them, 79 articles were excluded based on the title and abstract
after removing the duplicates. Therefore, eight remaining articles
were assessed for complete evaluation, but among them, three
were excluded because they did not fulfill the inclusion criteria.
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Finally, five studies met the inclusion criteria and were included
in this systematic review (Hardar et al., 2016; Mongardini et al.,
2017; Galofré et al., 2018; Marta et al., 2019; Fawaz et al., 2019)
(Figure 1).

Excluded Studies
The reasons for excluding specific studies are summarized in
Table 1. One study reported probiotic therapy without
nonsurgical mechanical therapy (Flichy-Fernández et al.,
2015), and one study lacked the data of clinical examination
of the implant inflammation (Lauritano et al., 2019). The other
study was excluded because it was written in Russian
(Ahmedbeyli et al., 2019).

Study Characteristics
The characteristics of the five included studies are reported in
Table 2. All of them were RCTs and published in the English
language between 2015 and 2019, four with a parallel design
(Hardar et al., 2016; Galofré et al., 2018; Marta et al., 2019; Fawaz
et al., 2019) and one with a cross-over design (Mongardini et al.,
2017). All the included studies were conducted at a single center
and were designed for comparison between groups. Three of
them included up to 40 patients (Hardar et al., 2016; Marta et al.,
2019; Fawaz et al., 2019) and Galofré et al. (2018) andMongardini
et al. (2017) included up to 20 patients. The follow-up period
ranged from 6 (Mongardini et al., 2017) to 26 weeks (Hardar
et al., 2016). Three studies (Hardar et al., 2016; Galofré et al.,
2018; Marta et al., 2019) performed an intermediate evaluation at
3 months.

Treatment Modalities
Nonsurgical mechanical therapy was always performed using
ultrasonic scalers and manual instruments. Oral hygiene
instructions were provided in all the studies except one
(Galofré et al., 2017). All studies used the probiotic strain
Lactobacillus. The types of administration were as follows:
three trials (Galofré et al., 2018; Fawaz et al., 2019; Marta
et al., 2019) used tablets (containing L. reuteri DSM 17938
and L. reuteri ATCC PTA 5289). Two trials (Hardar et al.,
2016; Mongardini et al., 2017) used both tablets and probiotic
mixture around the implant. The probiotic supplementation
period in these studies was 2 weeks (Mongardini et al., 2017),
3 weeks (Fawaz et al., 2019), 30 days (Galofré et al., 2018; Marta
et al., 2019), and 3 months (Hardar et al., 2016).

Three studies included participants who were only
nonsmokers or former smokers (Mongardini et al., 2017;

Galofré et al., 2018; Marta et al., 2019). Two studies (Hardar
et al., 2016; Fawaz et al., 2019) included both nonsmokers and
smokers and reported the population of each type.

Risk of Bias
Every effort was made to retrieve from the authors all missing
data in the included studies according to the advice in Section
16.1.2 of the Cochrane Handbook. However, although the
authors were contacted by electronic mail (Hardar et al., 2016;
Mongardini et al., 2017; Fawaz et al., 2019) in order to obtain
information not reported in the articles, no answer was received.

Two studies (Mongardini et al., 2017; Fawaz et al., 2019) were
considered as having a “high” risk of bias. The study of
Mongardini et al. (2017) was an RCT with a cross-over
design, and they did not use paired test for the statistical
analysis of the data between groups, which lead to a lack of
data. Fawaz et al. (2019) did not use placebo in the control group;
thus, the blinding to the study by the participants cannot be
verified. More information about the risk of bias assessment is
shown in Figure 2.

Study Outcomes
PD Reduction
At 3 months, two studies (Galofré et al., 2018; Fawaz et al., 2019)
reported a significant difference on implant PD reduction (p <
0.5) in favor of the nonsurgical MD + probiotic group when
compared with the nonsurgical MD + placebo. On the contrary,
the study of Hardar et al. (2016) and Marta et al. (2019) did not
highlight any difference between them. At the end of the
observation period, the mean PD reduction in the nonsurgical
MD + probiotic group ranged from 0.24 (±0.48) (Marta et al.,
2019) to 0.75 (±0.53) mm (Fawaz et al., 2019), while this
reduction ranged from 0.15 (±0.36) (Galofré et al., 2018) to
0.5 (±0.55) (Fawaz et al., 2019) in the MD + placebo.

BOP and PI Changes
In two studies (Galofré et al., 2018; Marta et al., 2019), the results of
the treatment were recorded according to the absence or presence of
BOP and PI considering the patient as a unit and reported the
improvement of BOP and PI in both the experimental and placebo
group without significant difference among them. Hardar et al.
(2016) recorded BOP and PI at four sites of the selected implants,
considering the implant as a unit, and they also reported a similar
outcome. In the study of Fawaz et al. (2019), as regards never-
smokers in the PiM group, the mean score of BOP and PI was
significantly higher among patients that underwent MD alone
compared with patients who underwent MD + probiotic at 3-
months of follow-up (p < 0.05).

Microbiological Outcomes
Three studies (Hardar et al., 2016; Galofré et al., 2018; Marta et al.,
2019) performed the collection of the biological material in the
deepest peri-implant pockets (Table 2). The samples were
collected using sterile paper strips for 15 s (Galofré et al., 2018;
Marta et al., 2019) and 20 s (Hardar et al., 2016) in the peri-
implant pocket. Only Hardar et al. (2016) reported the time
between the collection and processing of the samples. Colony-

TABLE 1 | Excluded clinical studies at the second stage of selection and the
reason for exclusio

Publication Reason for exclusion

Flichy-Fernández et al.
(2015)

Without non-surgical mechanical therapy in two
groups

Lauritano et al. (2019) Lack of parameters of clinical examination and unclear
definition of PiM

Ahmedbeyli et al. (2019) Published in Russian

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 5417524

Zhao et al. Adjunctive Probiotic Treatment of PiM

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


TABLE 2 | Characteristics of the included studies.

Study
Journal
Region

Type Number
of

implants

Clinical
parameters

Subjects
M/F Age

Peri-implant
mucositis
definition

Treatment Probiotic
Administration

Smoking Follow-up Mean
(SD)

Outcome

Hardar et al.
(2016) Acta
Odontol Scand
Sweden

RCT
Placebo
double-
blind
Parallel

one or
more per
subject

PI, BOP, PPD,
presence of pus,
Microbiological
parameters

49 18/31
53.7/63.3

PD ≥4mm + BOP
and/or pus+ CBL
< 2mm

With OHI MD +
placebo (control)

MD+ probiotic (test)

A droplet of oil containing
Lactobacillus reuteri
applied around implant.
Lactobacillus reuteri 2
lozenges per day for
3 months started at onset
of initial therapy

29%/8% 26 weeks (days
7,14,28,84,182)

Test: Presence of PI
(%): 26 (BL) to 9 (3
months, Implant Level)
Presence of BOP(%):
54 (BL) to 11 (3
months, Implant Level)
(Sign.) Presence of
pus (%): 13 (BL) to 2 (3
months, Implant Level)
PD: 4.3 (SD:1.1) (BL)
to 3.7 (SD:1.2) (3
months, Implant Level)
Control Presence of
PI(%): 32 (BL) to 10 (3
months, Implant Level)
Presence of BOP(%):
58 (BL) to 18 (3
months, Implant Level)
(Sign.) Presence of
pus (%):5 (BL) to 0 (3
months, Implant Level)
PD: 4.0 (SD:1.4) (BL)
to 3.4 (SD:1.4) (3
months, Implant Level)

Mongardini et al.
(2017) J Clin
Periodontol Italy

RCT
Placebo
Cross-over

20 Modified PI number
of BOP+ sites per
implant unit

20 9/11 57 BOP, plaque
accumulation+ CBL
< 2mm

With OHI MD+PDT
+placebo (control)
MD+PDT +probiotic
(test)

Probiotic mixture was
delivered to the peri-
implant sulcus; one
probiotic tablet containing
Lactobacillus taken per
day for 14 days at onset of
initial therapy

No or
former
smokers

6 weeks
(days14, 42)

Test: mPI: 1.2 (SD:
0.49) (BL) to 0 (SD:
0.12) (6 weeks,
Implant Level) (Sign.)
number of BoP+ sites
per implant unit : 4
(SD:2.2) (BL) to 2 (SD:
1.48) (6 weeks,
Implant Level) (Sign.)
Control: mPI: 1.42
(SD:0.76) (BL) to 0.17
(SD:0.24) (6weeks,
Implant Level) (Sign.)
number of BoP+ sites
per implant gunit: 3.5
(SD:2.9) (BL) to 2 (SD:
2.2) (6 weeks, Implant
Level) (Sign.)
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TABLE 2 | (Continued) Characteristics of the included studies.

Study
Journal
Region

Type Number
of

implants

Clinical
parameters

Subjects
M/F Age

Peri-implant
mucositis
definition

Treatment Probiotic
Administration

Smoking Follow-up Mean
(SD)

Outcome

Galofré et al.
(2018) J
Periodont Res
Spain

RCT
Placebo
Parallel

22 PI, BOP, PPD
Microbiological
parameters

22 64/36
61.5/60.0

BOP and/or pus +
no evidence of
radiographic bone
loss .

Without OHI MD+
placebo (control) MD
+ probiotic (test)

Lactobacillus reuteri 1
lozenges per day for
30 days started at onset of
initial therapy

No 3 months (days
30.90)

Test: PI:0.41(SD:0.21)
(BL) to 0.25 (SD:0.10)
(3 months, Subject
Level)(Sign) Presence
of PI(%): 72.7 (BL) to
27.3 (3 months,
Implant Level) (Sign.)
BOP: 0.61 (SD:0.27)
(BL) to 0.29 (SD:0.09)
(3 months, Subject
Level) (Sign.)
Presence of BOP(%):
100(BL) to 54.5 (3
months, Implant Level)
PPD: 3.84 (SD:0.55)
(BL) to 3.35 (SD:0.76)
(3 months, Implant
Level) (Sign.) Control:
PI:0.39 (SD:0.10) (BL)
to 0.29 (SD:0.10) (3
months, Subject
Level) (Sign.) PI(%):
54.5 (BL) to 63.6 (3
months, Implant Level)
BOP: 0.42 (SD:0.18)
(BL) to 0.35 (SD:0.22)
(3 months, Subject
Level) BOP(%): 100
(BL) to 90.9 (3
months, Implant Level)
PPD: 3.82 (SD:0.64)
(BL) to 3.66 (SD:0.62)
(3 months, Implant
Level) (Sign.)
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TABLE 2 | (Continued) Characteristics of the included studies.

Study
Journal
Region

Type Number
of

implants

Clinical
parameters

Subjects
M/F Age

Peri-implant
mucositis
definition

Treatment Probiotic
Administration

Smoking Follow-up Mean
(SD)

Outcome

Marta et al.
(2019) Clinical
Oral Investigation
Spain

RCT
Placebo
Parallel

50 PI, BOP, PPD,
Microbiological
parameters

50 42/58
55.96/
61.16

BOP+ no
radiographic signs
of bone loss

With OHI+
Chlorhexidine (day0-
day 15) MD +
placebo (control)
MD+ probiotic (test)

Lactobacillus reuteri 1
lozenges per day for
30 days from day 15-
day 45

No 3 months
(days 90)

Test: PI:0.31(SD:0.13)
(BL) to 0.24 (SD:0.09)
(4 months, Subject
Level) (Sign) Presence
of PI (%): 72 (BL) to
24(3 months, Implant
Level) (Sign.) BOP:
0.20 (SD:0.13) (BL) to
0.12 (SD:0.06) (4
months, Subject
Level) (Sign.)
Presence of BOP (%):
100(BL) to 64 (4
months, Implant Level)
PD: 3.10 (SD:0.74)
(BL) to 2.88 (SD:0.62)
(4 months, Implant
Level) (Sign.) Control:
PI:0.33 (SD:0.12) (BL)
to 0.26 (SD:0.10) (4
months, Subject
Level) (Sign.)
Presence of PI (%):
54.5 (BL) to 63.6 (4
months, Implant Level)
(Sign.) BOP: 0.20 (SD:
0.11) (BL) to 0.15 (SD:
0.08) (4 months,
Subject Level)
Presence of BOP (%):
100 (BL) to 60 (4
months, Implant Level)
PD: 3.32 (SD:0.65)
(BL) to 2.98 (SD:0.60)
(4 months, Implant
Level) (Sign.)

(Continued on following page)
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TABLE 2 | (Continued) Characteristics of the included studies.

Study
Journal
Region

Type Number
of

implants

Clinical
parameters

Subjects
M/F Age

Peri-implant
mucositis
definition

Treatment Probiotic
Administration

Smoking Follow-up Mean
(SD)

Outcome

Fawaz et al.
(2019) Clin
Implant Relat Res
Saudi Arabia

RCT
Placebo
Parallel

40 PI, BOP, PPD 80 80/
0 36.1

BOP + PD ≥3mm at
30% sites + CBL
< 2mm

With OHI +
Chlorhexidine (day0-
day 14) MD alone
(control) MD+
probiotic (test)

Lactobacillus reuteri 2
lozenges per day for
3 weeks Started at onset
of initial therapy

50.0% 6 months (days
90, 180)

Test: Presence of PI
(%): 48.3 (SD:6.2) (BL)
to 10.2 (SD:5.2) (3
months, Implant Level)
(Sign.) Presence of
BOP (%):50.5 (SD:7.3)
(BL) to 19.2 (SD:4.1) (3
months, Implant Level)
(Sign.) PD:3.5 (SD:0.2)
(BL) to 0.9 (SD:0.3) (6
months, Implant Level)
(Sign.) Control:
Presence of PI(%):
48.3 (SD:6.2) (BL) to
24.2(SD:5.3) (3
months, Implant Level)
Presence of BOP(%):
50.5 (SD:7.3) (BL) to
28.3 (SD:6.1) (3
months, Implant Level)
PD:3.5 (SD:0.2) (BL)
to 3.3 (SD:0.5) (6
months, Implant Level)

BL, baseline; BOP, bleeding on probing; CBL, crestal bone loss; MD, mechanical debridement; M/F, Male/Female; OHI, oral hygiene instructions; PI, Plaque Index; PPD, pocket probing depth; RCT, randomized clinical trial.
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forming units (CFU) were used to estimate the change in
microbial load of all types of microorganisms in all studies
(Table 3).

Meta-Analysis
A meta-analysis was conducted on studies which reported a
similar assessment of PD, PI, BOP, or microorganisms.

Based on four studies (Hardar et al., 2016; Galofré et al., 2018;
Marta et al., 2019; Fawaz et al., 2019), the WMD in PD reduction
between experimental and control group was −0.12 mm [95% CI
(−0.38, 0.14), p � 0.38], not favoring the additional probiotic
therapy (p value for heterogeneity: 0.15, I2 � 43% � moderate
heterogeneity) (Figure 2).

In two studies (Galofré et al., 2018; Marta et al., 2019), the
reduction of full mouth PI and full mouth BOP and absence of
BOP at the implant level were assessed. Interstudy heterogeneity
appeared significant regarding full mouth BOP reduction (p < 0.1,
I2 � 79%) and absence of BOP at implant (p < 0.1, I2 � 66%). The
meta-analysis failed to show a significant full mouth BOP
reduction (p � 0.31) and absence of BOP at the implant site
(p � 0.52) betweenMD+ probiotic and placebo (Figure 3). WMD
in full mouth PI reduction between experimental and placebo
group was −0.00 [95% CI (−0.02, 0.02), p � 0.85] also not favoring

the additional probiotic therapy (p value for heterogeneity: 0.23,
I2 � 30% � low heterogeneity) (Figure 3).

Two studies (Galofré et al., 2018; Marta et al., 2019) showed
the number of CFU of the total bacterial load associated with P.
gingivalis, P. intermedia, T. forsythia, and F. nucleatum counts
(Figure 4). The heterogeneity between trials was high, except for
T. forsythia (p � 0.24, I2 � 27% � low heterogeneity). The meta-
analysis of microbiological changes was not in favor of the
additional antiseptic therapy compared to MD alone.

DISCUSSION

With the overuse of antibiotics and the increasing problem of
bacterial resistance, probiotic treatment has been widely applied
to cure and/or prevent many infectious diseases as an alternative
adjunctive treatment to encouragemicroflora balance. In the healthy
mouth environment, human oral cavity is a complicated and
relatively balanced microecosystem with thousands of different
types of bacteria. The shift or disorder in the bacterial
community, such as the reduction of symbiont microbiota and
the increase of pathogenic microbiota, may often predict various
local infections and inflammations including gingival, periodontal,

FIGURE 1 | Flow chart of the literature search and inclusion criteria.
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and endodontic diseases (Moore et al., 1982; Sassone et al., 2012).
Lactobacillus is a widely used probiotic and some studies showed that
adequate administration of L. reuteri can result in a beneficial effect
in the maintenance of the ecological balance in the intestinal tract as
well as in the oral cavity (Reuter, 2001; Vivekananda et al., 2010).

The present systematic review and meta-analysis was
performed to evaluate the scientific evidence on the following
focused question: What is the clinical and microbial efficacy of
probiotic therapy additional to MD in patients suffering from
PiM when compared with MD alone or MD + placebo, from the

clinical and microbiological point of view? However, the present
evidence available did not support any significant difference to
allow statements regarding the efficacy of probiotics.

In terms of the primary outcome, the magnitude of the reduction
in PD varied among the included studies. Three studies revealed a
decrease in PD that was generally less than 1mm (Hardar et al., 2016;
Galofré et al., 2018; Marta et al., 2019) and one study reported a PD
reduction to 1mm in both test and control group. Data synthesis of
the respective RCTs revealed that WMD in PD reduction was not in
favor of the additional probiotic therapy over MD alone [SD �

FIGURE 2 | Quality assessment of the selected studies (The Cochrane Collaboration tool for assessing risk of bias).

TABLE 3 | Microbiological methods of the selected studies.

Study Journal
Region

Instrument
collection

Load implant
collection

Time Transport
media/Processing

Technique

Galofré et al. (2018) Sterile paper tips Deepest PPD 10–15 s In a microfuge tube/WD Quantiative (CFU)
Hardar et al. (2016) Paper points Deepest PPD 20 s In an Eppendorf tube/30min Quantiative (CFU)
Marta et al. (2019) Sterile paper tips Deepest PPD 15 s In an Eppendorf tube/WD Quantiative (CFU)

CFU, colony-forming units; PPD, pocket probing depths; WD, without data.
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−0.12mm 95% CI (−0.38, 0.14), p � 0.38] at 3 months. As regards
the secondary outcomes (such as full mouth PI, full mouth BOP,
absence of BOP, and microbiological load), the meta-analysis
evaluated the difference based on the results of two included
studies, also lacking significant differences between experimental
and probiotic group. According to previous studies, the key
parameter in the diagnosis of PiM is the bleeding on gentle
probing (<0.25 N) (Lang N. et al., 2011). Thus, the absence of
BOPwas an indication of the resolution of the peri-implantmucosal
inflammation, suggesting the endpoint of the following nonsurgical
treatment. Since only two studies reported the absence of BOP at the
implant level and the data were analyzed in the meta-analysis, the
conclusion was that the adjunctive probiotic therapy could not
improve the peri-implant mucosal inflammation. Three studies
also reported the microbiological changes after therapy (Hardar
et al., 2016; Galofré et al., 2018; Marta et al., 2019). One article
(Hardar et al., 2016) was excluded from the meta-analysis because
it presented only the prevalence of the selected bacterial strains
(>104 CFU) without the amount related to the microorganism
reduction. In consideration of the high heterogeneity of the
parameters evaluated and the small number of eligible studies
included in this meta-analysis, these results of microbial load
reduction represented preliminary evidence. No significant
reduction in P. gingivalis, P. intermedia, T. forsythia, and
Fusobacterium nucleatum CFU counts was observed. Taken
together, the present findings from all data indicated no
additional clinical or microbiological benefit due to the
administration of Lactobacillus strains as the additional therapy
to MD when compared with MD with placebo or MD alone.

Regarding the treatment of PiM, several additional therapies
(such as antiseptic and systemic antibiotic therapy) to MD have
already been evaluated in order to gain better control of the
progression of the disease. A meta-analysis with seven including
studies evaluating the use of adjunctive measures (antiseptic and
systemic antibiotic therapy, air abrasive device use) to remove
plaque in PiM patients (Schwarz et al., 2015) reported a PD
reduction of −0.056 mm (−0.27, 0.16 mm), which was similar to
our results. The same author performed another meta-analysis
(Schwarz et al., 2015) to compare the efficacy of nonsurgical
(referring to PiM and peri-implantitis) and surgical (referring to
peri-implantitis) treatment with alternative or additional therapy
on changes of inflammation compared with conventional
nonsurgical and surgical treatments alone. The systematic
review concluded that MD alone was effective in the
management of PiM, while the alternative or additional
therapy may improve the efficacy over/of conventional
nonsurgical treatments at peri-implantitis sites. Therefore, our
evidence and the one of Schwarz et al. both support that certain
adjunctive therapies cannot bring evident clinical benefits
compared to MD alone in the treatment of PiM.

Considering that this meta-analysis is firstly performed on this
topic (additional probiotic treatment), it is difficult to compare the
results of the presentmeta-analysis with previous systematic reviews.
In the evaluation of the systematic review design, the assessment of
quality and risk of bias for all included studies is very crucial. In a
systematic review, the included studies inevitably have some
differences. Therefore, some important issues should be takenT
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into consideration when analyzing the results. At first, since all the
included studies used the same probiotic (Lactobacillus strains), the
conclusion of this systematic review could not be generalized to other
types of probiotics. Moreover, they demonstrated some variability in
the type of probiotic used, dose, and method of administration. For
instance, three studies (Mongardini et al., 2017; Galofré et al., 2018;
Marta et al., 2019) reported that the participants were treated with
one probiotic lozenge per day; in the other two studies (Hardar et al.,
2016; Fawaz et al., 2019) they were treated with two lozenges per day.
Second, the included studies used different oral hygiene programs.
Only one study (Galofré et al., 2018) did not give patients specific oral
hygiene instruction during the trial. Two studies used chlorhexidine
at the beginning of the treatment. Third, since smoking has been

confirmed as a risk factor of PiM or peri-implantitis, only three
studies included patients who were nonsmoker or former smoker,
while one study recruited both smoker and nonsmoker (Hardar et al.,
2016). Fourth, some included studies reported the outcomes with
different measuring method, such as the information on plaque
control, BOP, or microbiological load. In order to find more useful
data, Hardar and Fawaz were contacted, but they did not reply.
Furthermore, it should be noticed that a short follow-up period,
ranging between 6 and 26 weeks, in these selected articles was
considered when interpreting the presented results. Accordingly,
the long-term effect of an additional probiotic treatment is
unknown and needs further investigation. Finally, because of the
high heterogeneity, the limited available data of the included studies,

FIGURE 3 | Forest plot of PD reduction at implant level at 3 months.

FIGURE 4 | (A) Forest plot of BOP absence at implant level at 3 months. (B) Forest plot of the overall FMPI reduction at 3 months. (C) Forest plot of the overall
FMBOP reduction at 3 months.
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and the small size of the studies analyzed in our review, the quality of
the evidencemight be decreased, and the impact of the conclusions of
this meta-analysis could be reduced.

CONCLUSION

The findings of this systematic review and meta-analysis suggested
that the additional use of probiotics (Lactobacillus strains) did not
improve the efficacy of MD in PiM treatment in clinical and
microbial outcomes at short-term. This treatment protocol
showed similar results when other additional therapies were used
to treat PiM. However, because of the heterogeneity and limited
available data of the included studies, well-designed long-term
RCTs with large sample sizes are needed.
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FIGURE 5 | Forest plot of the microorganism load regarding the established subgroups: (A) P. gingivalis; (B) P. intermedia; (C) T. forsythia; (D) F. nucleatum.

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 54175213

Zhao et al. Adjunctive Probiotic Treatment of PiM

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


REFERENCES

Ahmedbeyli, D. R., Seyidbekov, O. S., Dirikan, I. S., Mamedov, F. Y., and
Ahmedbeyli, R. M. (2019). Efficacy of probiotic application in the treatment
and prevention of peri-implant mucositis. Stomatologiia (Mosk) 98 (4), 20–24.
doi:10.17116/stomat20199804120

Augthun, M., and Conrads, G. (1997). Microbial findings of deep peri-implant
bone defects. Int. J. Oral Maxillofac. Implants 12, 106–112.

Casado, P. L., Aguiar, T., Fernandes Pinheiro, M. P., Machado, A., and da Rosa
Pinheiro, A. (2019). Smoking as a risk factor for the development of
preimplant diseases. Implant Dent. 28 (2), 120–124. doi:10.1097/ID.
0000000000000876

Ciancio, S. G., Lauciello, F., Shibly, O., Vitello, M., and Mather, M. (1995). The
effect of an antiseptic mouthrinse on implant maintenance: plaque and peri-
implant gingival tissues. J. Periodontol. 66 (11), 962–965. doi:10.1902/jop.1995.
66.11.962

Cochrane Collaboration (2019). Cochrane handbook for systematic reviews of
interventions version 5.1.0. London, United Kingdom:. Cochrane
Collaboration.

Colombo, A. V., Silva, C. M., and Haffajee, A., (2006). Identification of oral bacteria
associated with crevicular epithelial cells from chronic periodontitis lesions.
J. Med. Microbiol. 55, 609–615. doi:10.1099/jmm.0.46417-0

Costa, F. O., Takenaka-Martinez, S., Cota, L. O., Ferreira, S. D., Silva, G. L., and
Costa, J. E. (2012). Peri-implant disease in patients with and without preventive
maintenance: a 5-year follow-up. J. Clin. Periodontol. 39, 173–181. doi:10.1111/
j.1600-051X.2011.01819.x

Devine, D., and Marsh, P. (2009). Prospects for the development of probiotics and
prebiotics for oral applications. J. Oral Microbiol. 1 (1), 1–11. doi:10.3402/jom.
v1i0.1949

Fawaz, F., Alqahtani, M., Shafqat, S. S., Akram, Z., Al-Kheraif, A. A., and Javed, F.
(2019). Efficacy of mechanical debridement with adjunctive probiotic therapy
in the treatment of peri-implant mucositis in cigarette-smokers and never-
smokers. Clin. Implant Dent. Relat. Res. 21 (4), 734–740. doi:10.1111/cid.12795

Figuero, E., Graziani, F., Sanz, I., Herrera, D., and Sanz, M. (2014). Management of
peri-implant mucositis and peri-implantitis. Periodontol. 2000 66 (1), 255–273.
doi:10.1111/prd.12049

Flichy-Fernández, A. J., Ata-Ali, J., Alegre-Domingo, T., Candel-Martí, E., Ata-Ali,
F., Palacio, J. R., and Peñarrocha-Diago, M. (2015). The effect of orally
administered probiotic Lactobacillus reuteri-containing tablets in peri-
implant mucositis: a double-blind randomized controlled trial.
J. Periodontal. Res. 50 (6), 775–785.

Froum, S., Dagba, A., Shi, Y., Perez-Asenjo, A., Rosen, P., and Wang, W. (2016).
Successful surgical protocols in the treatment of peri-implantitis: a narrative
review of the literature. Implant Dent. 25 (3), 416–426. doi:10.1097/ID.
0000000000000428

Galofré, M., Palao, D., Vicario, M., Nart, J., and Violant, D. (2018). Clinical and
microbiological evaluation of the effect of Lactobacillus reuteri in the treatment
of mucositis and peri-implantitis: a triple-blind randomized clinical trial.
J. Periodontal. Res. 53 (3), 378–390. doi:10.1111/jre.12523

Gruner, D., Paris, S., and Schwendicke, F. (2016). Probiotics for managing caries
and periodontitis: systematic review and meta-analysis. J. Dent. 48, 16–25.
doi:10.1016/j.jdent.2016.03.002

Hallström, H., Persson, G., Lindgren, S., Olofsson, M., and Renvert, S. (2012).
Systemic antibiotics and debridement of peri-implant mucositis. A randomized
clinical trial. J. Clin. Periodontol. 39 (6), 574–581. doi:10.1111/j.1600-051X.
2012.01884.x

Hardar, H., Lindgren, S., Widén, C., Renvert, S., and Twetman, S. (2016). Probiotic
supplements and debridement of peri-implant mucositis: a randomized
controlled trial. Acta Odontol. Scand. 74 (1), 60–66. doi:10.3109/00016357.
2015.1040065

Heitz-Mayfield, L., Salvi, G., Mombelli, A., Faddy, M., and Lang, N. (2012). Anti-
infective surgical therapy of peri-implantitis. A 12-month prospective clinical
study. Clin. Oral Implants Res. 23 (2), 205–210. doi:10.1111/j.1600-0501.2011.
02276.x

Heitz-Mayfield, L., and Mombelli, A. (2014). The therapy of peri-implantitis: a
systematic review. Int. J. Oral Maxillofac. Implants. 29 (Suppl. l), 325–345.
doi:10.11607/jomi.2014suppl.g5.3

Iniesta, M., Herrera, D., Montero, E., Zurbriggen, M., Matos, A. R., Marín, M. J.,
Sánchez-Beltrán, M. C., et al. (2012). Probiotic effects of orally administered
Lactobacillus reuteri-containing tablets on the subgingival and salivary
microbiota in patients with gingivitis. A randomized clinical trial. J. Clin.
Periodontol. 39 (8), 736–744. doi:10.1111/j.1600-051X.2012.01914.x

Kebschull, M., and Papapanou, P. N. (2011). Periodontal microbial complexes
associated with specific cell and tissue responses. J. Clin. Periodontol. 38 (Suppl.
11), 17–27. doi:10.1111/j.1600-051X.2010.01668.x

Laleman, I., Detailleur, V., Slot, D., Slomka, V., Quirynen, M., and Teughels, W.
(2014). Probiotics reduce mutans streptococci counts in humans: a systematic
review and meta-analysis. Clin. Oral Invest. 18 (6), 1539–1552. doi:10.1007/
s00784-014-1228-z

Lang, N., Bosshardt, D., and Lulic, M. (2011). Do mucositis lesions around
implants differ from gingivitis lesions around teeth?. J. Clin. Periodontol. 38
(Supple. 11), 182–187. doi:10.1111/j.1600-051X.2010.01667.x

Lang, N. P., Berglundh, T., and Working Group 4 of the Seventh European
Workshop on Periodontology (2011). Periimplant diseases: where are we
now?–Consensus of the seventh European workshop on Periodontology.
J. Clin. Periodontol. 38, 178–181. doi:10.1111/j.1600-051X.2010.01674.x

Lauritano, D., Carinci, F., Palmieri, A., Cura, F., Caruso, S., and Candotto, V.
(2019). Reuterinos as adjuvant for peri-implant treatment: a pilot study. Int.
J. Immunopathol. Pharmacol. 33, 2058738419827745. doi:10.1177/
2058738419827745

Li, D., Li, Q., Liu, C., Lin, M., Li, X., Xiao, X., et al. (2014). Efficacy and safety of
probiotics in the treatment of Candida-associated stomatitis. Mycoses. 57 (3),
141–146. doi:10.1111/myc.12116

Marta, M., Barallat, L., Vilarrasa, J., Vicario, M., Violant, D., and Nart, J. (2019).
Evaluation of the effect of probiotics in the treatment of peri-implant mucositis:
a triple-blind randomized clinical trial. Clin. Oral Invest. 23 (4), 1673–1683.
doi:10.1007/s00784-018-2578-8

Máximo, M. B., De Mendonça, A. C., Renata Santos, V., Figueiredo, L. C., Feres,
M., and Duarte, P. M. (2009). Short-term clinical and microbiological
evaluations of peri-implant diseases before and after mechanical anti-
infective therapies. Clin. Oral Implants Res. 20 (1), 99–108. doi:10.1111/j.
1600-0501.2008.01618.x

Mendonça, F., Santos, S., Faria, I., Gonçalves e Silva, C., Jorge, A., and Leão, M.
(2012). Effects of probiotic bacteria on Candida presence and IgA anti-Candida
in the oral cavity of elderly. Braz. Dent. J. 23 (5), 534–538. doi:10.1590/s0103-
64402012000500011

Meurman, J., and Stamatova, I. (2007). Probiotics: contributions to oral health.
Oral Dis. 13 (5), 443–451. doi:10.1111/j.1601-0825.2007.01386.x

Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. (2009). Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. BMJ.
339 (7716), B2535. doi:10.1136/bmj.b2535

Mongardini, C., Pilloni, A., Farina, R., Di Tanna, G., and Zeza, B. (2017).
Adjunctive efficacy of probiotics in the treatment of experimental peri-
implant mucositis with mechanical and photodynamic therapy: a
randomized, cross-over clinical trial. J. Clin. Periodontol. 44 (4), 410–417.
doi:10.1111/jcpe.12689

Moore, W. E., Holdeman, L. V., Smibert, R. M., Hash, D. E., Burmeister, J. A.,
and Ranney, R. R. (1982). Bacteriology of severe periodontitis in young
adult humans. Infect. Immun. 38, 1137–1148. doi:10.1128/IAI.38.3.1137-
1148.1982

Nikawa, H., Makihira, S., Fukushima, H., Nishimura, H., Ozaki, Y., Ishida, K., et al.
(2004). Lactobacillus reuteri in bovine milk fermented decreases the oral
carriage of mutans streptococci. Int. J. Food Microbiol. 95 (2), 219–223.
doi:10.1016/j.ijfoodmicro.2004.03.006

Ramberg, P., Lindhe, J., Botticelli, D., and Botticelli, A. (2009). The effect of a
triclosan dentifrice on mucositis in subjects with dental implants: a six-month
clinical study. J. Clin. Dent. 20 (3), 103–107.

Reuter, G. (2001). The Lactobacillus and Bifidobacterium microflora of the human
intestine: composition and succession. Curr. Issues Intest. Microbiol. 2, 43–53.

Salvi, G., Aglietta, M., Eick, S., Sculean, A., Lang, N., and Ramseier, C. (2012).
Reversibility of experimental peri-implant mucositis compared with
experimental gingivitis in humans. Clin. Oral Implants Res. 23 (2), 182–190.
doi:10.1111/j.1600-0501.2011.02220.x

Salvi, G. E., Cosgarea, R., and Sculean, A. (2019). Prevalence of periimplant
diseases. Implant Dent. 28 (2), 100–102. doi:10.1097/ID.0000000000000872

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 54175214

Zhao et al. Adjunctive Probiotic Treatment of PiM

https://doi.org/10.17116/stomat20199804120
https://doi.org/10.1097/ID.0000000000000876
https://doi.org/10.1097/ID.0000000000000876
https://doi.org/10.1902/jop.1995.66.11.962
https://doi.org/10.1902/jop.1995.66.11.962
https://doi.org/10.1099/jmm.0.46417-0
https://doi.org/10.1111/j.1600-051X.2011.01819.x
https://doi.org/10.1111/j.1600-051X.2011.01819.x
https://doi.org/10.3402/jom.v1i0.1949
https://doi.org/10.3402/jom.v1i0.1949
https://doi.org/10.1111/cid.12795
https://doi.org/10.1111/prd.12049
https://doi.org/10.1097/ID.0000000000000428
https://doi.org/10.1097/ID.0000000000000428
https://doi.org/10.1111/jre.12523
https://doi.org/10.1016/j.jdent.2016.03.002
https://doi.org/10.1111/j.1600-051X.2012.01884.x
https://doi.org/10.1111/j.1600-051X.2012.01884.x
https://doi.org/10.3109/00016357.2015.1040065
https://doi.org/10.3109/00016357.2015.1040065
https://doi.org/10.1111/j.1600-0501.2011.02276.x
https://doi.org/10.1111/j.1600-0501.2011.02276.x
https://doi.org/10.11607/jomi.2014suppl.g5.3
https://doi.org/10.1111/j.1600-051X.2012.01914.x
https://doi.org/10.1111/j.1600-051X.2010.01668.x
https://doi.org/10.1007/s00784-014-1228-z
https://doi.org/10.1007/s00784-014-1228-z
https://doi.org/10.1111/j.1600-051X.2010.01667.x
https://doi.org/10.1111/j.1600-051X.2010.01674.x
https://doi.org/10.1177/2058738419827745
https://doi.org/10.1177/2058738419827745
https://doi.org/10.1111/myc.12116
https://doi.org/10.1007/s00784-018-2578-8
https://doi.org/10.1111/j.1600-0501.2008.01618.x
https://doi.org/10.1111/j.1600-0501.2008.01618.x
https://doi.org/10.1590/s0103-64402012000500011
https://doi.org/10.1590/s0103-64402012000500011
https://doi.org/10.1111/j.1601-0825.2007.01386.x
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1111/jcpe.12689
https://doi.org/10.1128/IAI.38.3.1137-1148.1982
https://doi.org/10.1128/IAI.38.3.1137-1148.1982
https://doi.org/10.1016/j.ijfoodmicro.2004.03.006
https://doi.org/10.1111/j.1600-0501.2011.02220.x
https://doi.org/10.1097/ID.0000000000000872
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Santos, V. R., Ribeiro, F. V., Lima, J. A., Napimoga, M. H., Bastos, M. F.,
and Duarte, P. M. (2010). Cytokine levels in sites of chronic
periodontitis of poorly controlled and well-controlled type 2 diabetic
subjects. J. Clin. Periodontol. 37, 1049–1058. doi:10.1111/j.1600-051X.
2010.01624.x

Sassone, L. M., Fidel, R. A., Faveri, M., Figueiredo, L., Fidel, S. R., and Feres, M.
(2012). A microbiological profile of unexposed and exposed pulp space of
primary endodontic infections by checkerboard DNA-DNA hybridization.
J. Endod. 38, 889–893. doi:10.1016/j.joen.2012.03.021

Schenk, G., Flemmig, T., Betz, T., Reuther, J., and Klaiber, B. (1997). Controlled
local delivery of tetracycline HCl in the treatment of periimplant mucosal
hyperplasia and mucositis. A controlled case series. Clin. Oral Implants Res. 8
(5), 427–433. doi:10.1034/j.1600-0501.1997.080510.x

Schwarz, F., Becker, K., and Renvert, S. (2015a). Efficacy of air polishing for the
non-surgical treatment of peri-implant diseases: a systematic review. J. Clin.
Periodontol. 42 (10), 951–959. doi:10.1111/jcpe.12454

Schwarz, F., Becker, K., and Sager, M. (2015b). Efficacy of professionally
administered plaque removal with or without adjunctive measures for the
treatment of peri-implant mucositis. A systematic review and meta-analysis.
J. Clin. Periodontol. 42 (S16), S202–S213. doi:10.1111/jcpe.12349

Szkaradkiewicz, A. K., Karpinski, T. M., Zeidler, A., Wyganowska-
Swiatkowska, M., and Szkaradkiewicz, A. (2011). Protective effect of oral
Lactobacilli in pathogenesis of chronic periodontitis. J. Physiol. Pharmacol.
62 (6), 685–689.

Szkaradkiewicz, A. K., Stopa, J., and Karpiński, T. M. (2014). Effect of oral
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