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Peri-implant diseases are pathological conditions that affect the survival of dental
implants. Etiological studies are limited, accepting a prevalence of 20% at the
implant level and 24% at the patient level. The benefits of adjuvant metronidazole
are controversial. A systematic review and meta-analysis of RCTs according to
PRISMA and PICOS was performed with an electronic search over the last 10
years in MEDLINE (PubMed), WOS, Embase, and Cochrane Library. The risk of
bias was measured using the Cochrane Risk of Bias tool and the methodological
quality using the Jadad scale. Meta-analysis was performed with RevMan version
5.4.1, based on mean difference and standard deviation, with 95% confidence
intervals; the random-effects model was selected, and the threshold for
statistical significance was defined as p < 0.05. A total of 38 studies were
collected and five were selected. Finally, one of the studies was eliminated
because of unanalyzable results. All studies reached a high methodological
quality. A total of 289 patients were studied with follow-up periods from 2
weeks to 1 year. Statistical significance was only found, with respect to the use of
adjunctive metronidazole, in the pooled analysis of the studies (p = 0.02) and in
the analysis of the radiographic values reported on peri-implant marginal bone
levels, in the studies with a 3-month follow-up (p = 0.03). Discrepancies in the
use of systemic metronidazole require long-term randomized clinical trials
(RCTs) to determine the role of antibiotics in the treatment of peri-implantitis.
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1 Introduction

Mucositis and peri-implantitis are considered peri-implant
diseases associated with biofilms and affect osseointegrated
implants (Berglundh et al., 2018). For clinicians to establish a clear
differentiation with the peri-implant health status and apply a correct
treatment, these pathologies require a clear definition, and it is
generally accepted that mucositis is a reversible inflammation of
the peri-implant soft tissues, and peri-implantitis, induced by plaque,
is considered one of the most frequent late biological complications
in dental implantology, affecting hard and soft tissues, generating a
loss of peri-implant bone support, and reducing osseointegration
(Schwarz et al., 2006; Smeets et al., 2014). It is usually associated with
bleeding in the peri-implant sulcus, spontaneous or provoked,
increased suppuration, and increased probing depth of the peri-
implant pocket (Schwarz et al., 2018).

Dental implantology has made it necessary to investigate the
oral microbiota in certain pathogenic situations, with the aim of
demonstrating that the formation of biofilms is a determining factor
in the loss of peri-implant bone support. However, despite the
similarity with periodontal diseases, etiological studies of peri-
implant diseases are limited, and common causative organisms
have been identified for both pathologies, mainly gram-negative
anaerobic bacteria, such as Porphyromonas gingivalis, Prevotella
intermedia, Tannerella forsythia, Eikenella corrodens, Filifactor
alocis, Aggregatibacter actinomycetemcomitans, and Staphylococcus
aureus; however, there is controversy about the homogeneity of
biofilm composition in both pathologies (Persson and Renvert,
2014; Sahrmann et al., 2020; Jiang et al., 2021; Mulla et al., 2021).

Precisely, the different diagnostic definitions condition the
ranges of their prevalence, lower in peri-implantitis than in
mucositis, with an approximate range, for the latter, between 28%
and 77% of the subjects and between 12% and 43% of the implant
sites (Zitzmann and Berglundh, 2008; Koldsland et al., 2010). A
recent study on 474 implants in 275 patients showed peri-
implantitis with a prevalence of 20% at the implant level and 24%
at the patient level (Zitzmann and Berglundh, 2008).

Surgical and non-surgical treatments of peri-implantitis, based
on the scientific evidence of periodontal treatments, are aimed at
controlling infection and reducing the bacterial load, and it is
known that surgical treatments alone have proven to be
ineffective (Renvert et al., 2008; Rodrigo et al., 2018). The benefits
of local or systemic antibacterials, used as adjuvants, have also been
demonstrated (Linares et al., 2019), and it is a frequent practice to
prescribe systemic antibiotics for the treatment of peri-implant
diseases and other dental pathologies, since, in addition to exerting
an antimicrobial effect, they facilitate healing (Javed et al., 2013).

In peri-implant lesions, it has been observed that non-surgical
treatments combined with systemic metronidazole reduce the
probing depth (Linares et al., 2019), although some research has
indicated that the efficacy of adjuvant antibiotics in the non-surgical
treatment of peri-implantitis may be conditioned by the severity of
the disease (van Winkelhoff, 2012; Park et al., 2021).

Therefore, this systematic review and meta-analysis aimed to
address the following specific question: In patients with peri-
implantitis, is adjuvant local or systemic treatment with
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metronidazole effective on signs of inflammation and
bone destruction?

2 Materials and methods

The review protocol was developed and structured according to
the Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) statement (Page et al, 2021) (Table 1).
The review was registered in INPLASY under registration
number INPLASY202310015.

2.1 PICOS and focused question

The focused question used for the literature search was
structured according to the Participants, Interventions, Control,
Outcomes, Study design (PICOS) format: In patients with peri-
implantitis, is adjuvant local or systemic treatment with
metronidazole effective on changing signs of inflammation and
bone destruction?

(P) Population: patients receiving adjuvant treatment with
local or systemic metronidazole.

(I) Intervention: surgical or non-surgical treatment of peri-
implantitis.

(C) Comparison: patients not receiving adjuvant treatment
with metronidazole.

(O) Outcomes: primary outcomes: bleeding on probing,
bleeding rate, suppuration, and probing depth. Secondary
outcomes: clinical attachment level, bone level
(radiographic test), and implant failure.

(S) Study design: randomized controlled trials.

2.2 Information source and search strategy

Four electronic databases were searched for relevant articles
published in the last 10 years up to December 2022: MEDLINE
(through PubMed), WOS, Embase, and Cochrane Library. The
search filter “Randomized Controlled Trial” was applied. The
electronic search was complemented with a manual search in the
following journals: Clinical Implant Dentistry and Related Research,
Clinical Oral Implants Research, International Journal of Oral and
Maxillofacial Implants, Journal of Clinical Periodontology, and
Journal of Periodontology.

The following Medical Subject Headings (MeSH) terms were
used: “Dental implants,” “Dental plaque,” “Peri-Implantitis/
prevention and control,” “Anti-Bacterial Agents/therapeutic use,”
“Metronidazole/therapeutic use,” and “Humans.” Boolean AND/
OR operators were used to refine the search. In addition, relevant
studies from the grey literature and reference lists of the included
studies (cross-references) were also examined. The search strategy
and PICOS format are shown in Table 2.
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TABLE 1 PRISMA checklist.

Reported

SecFion/ # Checklist item
topic on page #

TITLE: Efficacy of metronidazole on peri-implantitis: a systematic review and meta-analysis of randomized studies.

Title 1 Systematic review and meta-analysis. 1
ABSTRACT

Structured 2 Peri-implant diseases are pathological conditions that affect the survival of dental implants. Etiological studies are limited, 1
summary accepting a prevalence of 20% at the implant level and 24% at the patient level. The benefits of adjuvant metronidazole are

controversial. A systematic review and meta-analysis of RCTs according to PRISMA and PICOS was performed with an electronic
search over the last 10 years in MEDLINE (PubMed), WOS, Embase, and Cochrane Library. The risk of bias was measured using
the Cochrane Risk of Bias tool and methodological quality using the Jadad scale. Meta-analysis was performed with RevMan
version 5.4.1, based on mean difference and standard deviation, with 95% confidence intervals; the random-effects model was
selected; the threshold for statistical significance was defined as p < 0.05. A total of 38 studies were collected and five were
selected. Finally, one of the studies was eliminated because of unanalyzable results. All studies achieved high methodological
quality. A total of 289 patients were studied with follow-up periods from 2 weeks to 1 year. Statistical significance was found in
the pooled analysis of the studies (p = 0.02). Discrepancies in the use of systemic metronidazole call for long-term RCTs to
determine the role of antibiotics in the treatment of peri-implantitis. INPLASY202310015

INTRODUCTION
Rationale 3 Peri-implantitis is a group of pathologies with a prevalence of 20%, which causes a good number of dental implant losses, 1
resulting in economic and social disruption. Adjuvant antibiotic treatments, local or systemic, can be used to treat peri-
implantitis, together with non-surgical treatments, with the main objective of controlling the infection and reducing the bacterial
load. Our study presents a systematic review and meta-analysis of RCTs, according to PRISMA, with the aim of determining the
efficacy of adjuvant metronidazole treatment, local or systemic, on inflammation and bone destruction. Given the existing
discrepancies in the use of local or systemic metronidazole, alone or in combination with other antibiotics, as adjuvant treatment
in peri-implantitis, RCTs with prolonged follow-up are recommended to determine the exact role of antibiotics in the treatment
of peri-implantitis.
Objectives 4 This systematic review and meta-analysis aimed to address the following specific question: In patients with peri-implantitis, is 2
adjuvant local or systemic treatment with metronidazole effective on signs of inflammation and bone destruction?
METHODS
Protocol and 5 INPLASY202310015 2
registration Doi: 10.37766inplasy2023.1.0015
Eligibility 6 PICOS 2,3
criteria Inclusion criteria:
a) RCTs (single or double-blind) performed in patients with peri-implantitis defined as bleeding bone loss >2 mm and/or
suppuration on peri-implant probing (>4 mm)
b) Studies comparing the efficacy of local/systemic metronidazole adjuvant therapy vs. single surgical or non-surgical treatment
¢) Articles published in English
Information 7 PubMed/MEDLINE; WOS; EMBASE; Cochrane Library 3
sources
Search 8 Present a full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 3
Study 9 RCTs 3
selection
Data 10| The titles and abstracts of the selected articles were collected and entered into an Excel spreadsheet, eliminating studies that did
collection not refer to the research question.
process
Data items 11 PICOS 3
Risk of bias 12 Two reviewers (NL-V and AL-V) independently assessed the quality of each RCT according to the Cochrane Risk of Bias tool 3
in individual (RoB2).
studies
Summary 13 Difference in means. 4
measures
Synthesis of 14| P for each meta-analysis. 4
results
Risk of bias 15 Funnel plot 4

across studies

(Continued)
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TABLE 1 Continued

Section/ o Reported
. Checklist item 2
topic on page #
Additional 16 —————
analyses
RESULTS
Study 17| A total of 38 studies were collected, of which 11 were from MEDLINE-PubMed, 9 from WOS, and 9 from Embase, and 5 were 3
selection finally selected for meta-analysis. We obtained a good inter-reviewer agreement, with a Cohen’s kappa index of x = 80%.
Study 18 The studies with the largest sample size were a multicenter study on 118 patients and the study by De Waal et al. on 62 patients. 5-8
characteristics The longest follow-up (12 months) was in the studies by Blanco et al. and De Waal et al. The study by Blanco et al. was the only

one to use systemic metronidazole vs. placebo; the studies by Polymeri et al., De Waal et al., and Shibli et al. used amoxicillin

together with metronidazole. The study by Park et al. used metronidazole and minocycline topically. Only the studies by Blanco

et al. and Park et al. supported the use of metronidazole as an adjuvant in the treatment of peri-implantitis.
Risk of bias 19 Of the five included studies, only four were included in the meta-analysis; the study by Polymeri et al. (2022) was excluded for 9
within studies presenting data in a non-analyzable form.

All studies met the domains of random sequence generation and blinding of participants and personnel; one study was biased in

the incomplete outcome domain and all had unclear data in the domains of incomplete outcome, blinding of outcome

assessment, and allocation concealment. The study by Blanco et al. was the highest rated.
Results of 20 ————————— 4
individual
studies
Synthesis of 21 Heterogeneity was moderate in the analysis of grouped studies (I* = 45%). In the analysis by subgroups, total homogeneity was 4
results found in subgroup 2 (I2 = 0%) (Figure 1); subgroups 1 and 3 obtained moderate heterogeneity (I2 = 46% and I* = 37%,

respectively). Statistical significance was found in the pooled study analysis (p = 0.02) (95% CI).
Risk of bias 2 —————

across studies

Additional 23 —

analysis

DISCUSSION

Summary of 24/ We suggest that the decision for a particular adjuvant antibiotic treatment should be made individually for each patient, 13

evidence considering the severity and extent of concomitant periodontitis, as well as the number of peri-implantitis areas affected and in
need of treatment. Likewise, the potential risk of the development of strains resistant to amoxicillin and metronidazole should be
taken into consideration and the indicated situations should be chosen carefully.

Limitations 25 There are limitations in our meta-analysis. On the one hand, the included studies used local and systemic adjuvant antibiotics; on 15
the other hand, only the study by Blanco et al. used metronidazole as adjuvant treatment; all the others used metronidazole
combined with other antibiotics.

Conclusions 26 There are discrepancies in the use of local or systemic metronidazole, alone or in combination with other antibiotics, as 15
adjunctive treatment in peri-implantitis.

FUNDING

Funding 27| No funding

2.3 Inclusion and exclusion criteria b) Lack of clinical or radiographic data on bone destruction
¢) Case series or clinical cases
The inclusion criteria were as follows: d) Undefined cases and non-relevant studies

a) RCTs (single or double-blind) performed in patients with peri-

implantitis defined as bleeding, bone loss >2 mm, and/or

suppuration on peri-implant probing (> 4 mm) 2.4 Data extraction and analysis
b) Studies comparing the efficacy of local/systemic metronidazole @ nd stu dy selection

adjuvant therapy vs. single surgical or non-surgical treatment

¢) Articles published in English The titles and abstracts of the selected articles were collected

and entered into an Excel spreadsheet, eliminating studies that did
The exclusion criteria were as follows: not refer to the research question. Two reviewers (NL-V and AL-V)
a) Less than five patients per treatment group independently selected titles and abstracts. Cohen’s kappa index (k)
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TABLE 2 The search strategy and PICOS format.

Population
Intervention
Comparisons

Outcomes

10.3389/fcimb.2023.1149055

Patients receiving adjuvant treatment with local or systemic metronidazole
Surgical or non-surgical treatment of peri-implantitis
Patients not receiving metronidazole as adjuvant treatment

Primary outcomes: bleeding on probing, bleeding rate, suppuration, and probing depth. Secondary outcomes: clinical attachment level, bone level

(radiographic test), and implant failure

Study design

Search
combination

Language

Electronic
databases

(Cohen, 1968) was calculated to determine the degree of agreement
between reviewers, and discrepancies between the two reviewers,
regarding the inclusion of eligible studies, were reviewed and
discussed by a third reviewer (JAB-R).

Subsequently, the selected articles were obtained for review,
data extraction, and inclusion. Bibliographic references of the
included studies were also reviewed as possible sources of
additional studies.

2.5 Risk of bias of the included studies

Two reviewers (NL-V and AL-V) independently assessed the
quality of each RCT according to the Cochrane Risk of Bias tool
(RoB2) (Minozzi et al., 2022). Five domains of bias (randomization
process, deviations from intended interventions, missing outcome
data, outcome measurement, and selection of reported outcomes)
were assessed. The Cochrane Handbook for Systematic Reviews of

Randomized controlled trials (RCTs)

#1 AND #2 OR

English

PubMed/MEDLINE; WOS; EMBASE; Cochrane Library

Interventions was used. The rating “high” indicated a high risk of
bias, “low” indicated a low risk of bias, and “borderline” indicated
the presence of bias due to uncertainty or lack of information about
possible bias. Studies were classified as low, high risk of bias, or
borderline. Any discrepancies in the assessment of RoB2 were
discussed between the two reviewers with the aim of reaching

a consensus.

2.6 Quality of the reports of the
included studies

The Jadad scale (Oxford quality scoring system) (Jadad et al,
1996) defines the methodological quality of the studies based on the
description of randomization, blinding, and dropouts, and was used
to assess the methodological quality of the included studies. The
scale ranges from 0 to 5: a score <2 means low quality of the reports
and a score >3 means high quality.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.2.1 PPD

Waal et al. 2021 396 1.21 30 4.42 138 32 44.2% -0.46[-1.11,0.19] B

Subtotal (95% CI) 30 32 442% -046[-1.11,0.19]

Heterogeneity: Not applicable

Test for overall effect: Z = 1.40 (P = 0.16)

122 CAL

Waal et al, 2021 1139 162 30 1149 201 32 224% -0.10(-1.01,0.81]

Subtotal (95% CI) 30 32 224% -0.10(-1.01,0381]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.22 (P = 0.83)

123Ps

Waal et al, 2021 82 13.28 30 6.88 1472 32  04%  132[-5.65 8.29] -+
Subtotal (95% CI) 30 32 0.4% 1.32 [-5.65, 8.29] 4.

Heterogeneity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)

1.2458s

Waal et al. 2021 0 5.56 30 0 0 32
Subtotal (95% CI) 30 32
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.2.5BS

Waal et al. 2021 4737 1328 30 55.47 316 32
Subtotal (95% CI) 30 32
Heterogeneity: Not applicable

Test for overall effect: Z = 1.33 (P = 0.18)

1.2.6 BL
Waal et al. 2021 2.7 165 30 3.08 132 32 32.9%
Subtotal (95% CI) 30 32

Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI) 180
Heterogeneity: Tau? = 0.00; Chi? = 2.25, df = 4 (P = 0.69); I* = 0%

Test for overall effect: Z = 1.63 (P = 0.10)
Test for subgroup differences: Chi? = 2.25, df = 4 (P = 0.69), I = 0%

FIGURE 1
Forest plot for subgroup 2 (PPD, CAL, PS, SS, BS, BL).
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2.7 Data analysis

Meta-analysis was performed using Review Manager (RevMan
Software version 5.4.1; The Cochrane Collaboration, Copenhagen,
Denmark; 2020). A meta-analysis was performed based on the
mean difference (MD) and standard deviation (SD) to estimate
effect size, with 95% confidence intervals (CI) for adverse event
outcomes. The random-effects model was selected considering the
uncertainty in I* when few studies are used in the meta-analysis due
to the expected methodological heterogeneity in the included
studies. The heterogeneity was interpreted as follows: low
I? = 25%, moderate I* = 50%, and high I? = 75%. The threshold
for statistical significance was defined as p < 0.05.

3 Results
3.1 Characteristics of the studies

A total of 38 studies were collected, of which 11 were from
MEDLINE-PubMed, 9 from WOS, 9 from Embase, and 9 from the
Cochrane Library; finally, five (Shibli et al., 2019; De Waal et al., 2021;
Park et al,, 2021; Blanco et al,, 2022; Polymeri et al., 2022) were finally
selected for meta-analysis. A good inter-reviewer agreement was
obtained with a Cohen’s kappa index of k = 80% (Figure 2).

The studies with the largest sample size were a multicenter
study on 118 patients (Park et al., 2021) and the study by De Waal
etal. (2021) on 62 patients. The longest follow-up (12 months) was
in the studies by Blanco et al. and De Waal et al (De Waal et al,
2021; Blanco et al., 2022). The study by Blanco et al. (2022) was the
only one to use systemic metronidazole vs. placebo; the studies by
Polymeri et al., De Waal et al., and Shibli et al (Shibli et al., 2019; De
Waal et al,, 2021; Polymeri et al., 2022). used amoxicillin together
with metronidazole. The study by Park et al. (2021) used
metronidazole and minocycline topically. Only the studies by

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ studies via and registers
& | | Records ented rom: Records removed before screening:
- Duplicate records removed (n = 27)
3 ‘“,‘v%%"(':‘“:";“"”e" (=11 Records marked as ineligible by
b4 EMBASE (n =9) automation tools (n = 1)
2 The Cochrane Library (n = 9) st removed for other reasons
— :

Records screened Records excluded

(n=38) (n=29)
°
£
£
§ Reports excluded:

Repont for eligibility Case series studies (n = 1)

(n=9) Meta-analysis (n = 2)

Do not include data for meta-analysis (n = 1)
-
3 || Stes nciugedin
quantitative/qualitative synthesis
2 =
S || (h=5)
=
FIGURE 2

Flow diagram.
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Blanco et al. and Park et al (Park et al., 2021; Blanco et al., 2022).
supported the use of metronidazole as an adjuvant in the treatment
of peri-implantitis (Table 3).

Table 4 describes the specific characteristics of the studies.
Three indicated the pathogen studied (De Waal et al., 2021; Park
et al,, 2021; Blanco et al., 2022), two the type of implant (De Waal
et al,, 2021; Polymeri et al., 2022), and two more (Park et al., 2021;
Blanco et al., 2022) used C-reactive protein (CRP) to detect and
quantify bacterial DNA. To assess peri-implant marginal
radiographic bone levels, all the included studies used intraoral
radiographs. The Shapiro-Wilk test was the most commonly used
in statistical analyses (Park et al., 2021; Blanco et al., 2022; Polymeri
et al, 2022). A history of associated periodontitis was only
considered in three of the studies (De Waal et al,, 2021; Blanco
et al., 2022; Polymeri et al., 2022).

3.2 Methodological quality

All the studies included in the meta-analysis achieved a score on
the Jadad scale compatible with high methodological quality (=3
points), with the study by Blanco et al. (2022) achieving the highest
score (Table 5).

3.3 Risk of bias assessment

Of the five included studies (Shibli et al., 2019; De Waal et al.,
2021; Park et al., 2021; Blanco et al., 2022; Polymeri et al., 2022),
only four were included in the meta-analysis (Shibli et al., 2019; De
Waal et al., 2021; Park et al., 2021; Blanco et al., 2022); the study by
Polymeri et al. (2022) was excluded for presenting data in a non-
analyzable form.

All studies met the domains of random sequence generation
and blinding of participants and personnel; one study was biased in
the incomplete outcome domain (Shibli et al., 2019), and all had
unclear data in the domains of the incomplete outcome, blinding of
outcome assessment, and allocation concealment. The study by
Blanco et al. (2022) was the highest rated (Figure 3).

3.4 Qualitative synthesis

The selected studies included a total of 289 patients, and follow-
up periods ranged from 2 weeks to 1 year. The studies with the most
complete follow-up were those by Blanco et al. (2022) and Shibli
etal. (2019) at 3, 6, and 12 months. The plaque score (PS) parameter
was considered in all the included studies, followed by the probing
pocket depth (PPD) (Shibli et al., 2019; De Waal et al., 2021; Park
et al,, 2021; Blanco et al., 2022) and suppuration on probing (SoP)
(Shibli et al., 2019; De Waal et al., 2021; Park et al., 2021; Polymeri
et al, 2022) parameters. The bleeding score (BS) parameter was
measured in only one study (De Waal et al,, 2021) (Table 3). All
studies included in the meta-analysis (Shibli et al., 2019; De Waal
et al,, 2021; Park et al., 2021; Blanco et al., 2022) used radiographic
parameters to assess peri-implant marginal bone levels (Table 4).
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TABLE 3 General characteristics of the selected studies.

10.3389/fcimb.2023.1149055

Study; aim Participants; Interventions Follow- Outcomes Clinical
groups up parameters
assessed
Blanco et al., 2022 32 subjects; two Implants received a mechanical non- 3,6, and The adjunctive use of systemic PPD, REC,
Aim: To study the clinical and groups (16 surgical debridement session and 12 metronidazole as an adjunct to non- CAL, BoP, PS,
radiographic results after non- experimental systemic metronidazole or placebo months surgical treatment of peri-implantitis BS, RBL
surgical treatment of peri- and 16 control) resulted in significant additional
implantitis, with or without improvements in clinical and
adjuvant systemic radiographic parameters after 12
metronidazole (Blanco et al., months of follow-up
2022)

Polymeri et al., 2022 37 patients; two After a session of mechanical 12 weeks The study found no clinical benefit PIPD, BoP,
Aim: To assess the adjunctive groups (18 debridement and treatment of the with the adjunctive use of systemic SoP, PS
effect of systemic amoxicillin experimental implant surfaces with ultrasound and amoxicillin and metronidazole in the
and metronidazole in patients and 19 control) hand instruments, the patients were non-surgical treatment of peri-

receiving non-surgical treated with amoxicillin and implantitis
treatment for peri-implantitis metronidazole
(Polymeri et al., 2022)
De Waal et al,, 2021 62 patients; two | Implants were supra- and submucosally | 12 weeks Adjuvant systemic antibiotic PPD, CAL, PS,
Aim: To evaluate the groups (30 cleaned using an air polisher with a treatment of amoxicillin and SoP, BS, BL
complementary clinical and experimental subgingival tip and ultrasonic metronidazole does not improve the
microbiological effect of and 32 control) instruments. The test group patients clinical and microbiological results of
systemic amoxicillin plus additionally used systemic amoxicillin non-surgical treatment of peri-
metronidazole in the non- and metronidazole implantitis and should not be
surgical treatment of peri- routinely recommended
implantitis (De Waal et al.,
2021)
Park et al,, 2021 Multicenter Group a: mechanical debridement and 12 weeks The additive use of metronidazole or PPD, PS, SoP,
Aim: To evaluate the clinical study metronidazole and minocycline minocycline results in significantly BL
results of metronidazole 118 subjects; ointment higher treatment success rates
administration in combination three groups Group b: mechanical debridement and compared with mechanical
with minocycline as a local minocycline ointment debridement alone in the non-surgical
adjunct for the non-surgical Group c: mechanical debridement only treatment of peri-implantitis
treatment of peri-implantitis
(Park et al., 2021)
Shibli et al., 2019 40 subjects; two Patients in the experimental group 14 days The results of this study do not PPD, CAL,
Aim: To evaluate the effects of groups (20 were treated with non-surgical peri- and 3,6,  support the adjunctive use of systemic BoP, PS, SoP,
adjunctive systemic antibiotic experimental implant debridement and adjuvant and 12 metronidazole and amoxicillin in the VBL
therapy with metronidazole and 20 control) systemic antibiotic (metronidazole and months non-surgical treatment of peri-
and amoxicillin in patients amoxicillin) for 14 days. Patients in the implantitis. Current non-surgical
undergoing non-surgical control group received non-surgical treatment protocols are often
subgingival debridement for peri-implant debridement and a insufficient to treat severe cases of
peri-implantitis (Shibli et al., placebo peri-implantitis
2019)

PPD, probing pocket depth; REC, recession; CAL, clinical attachment level; BoP, bleeding on probing; PS, plaque score; BS, bleeding score; PIPD, peri-implant pocket depth; SoP, suppuration on

probing; BL, bone level; RBL, radiographic bone loss; VBL, vertical bone loss.

The bone level (BL) parameter was measured in two studies (De
Waal et al., 2021; Park et al., 2021), radiographic bone loss (RBL) in
one (Blanco et al., 2022), and vertical bone loss (VBL) in another
(Shibli et al., 2019).

3.5 Quantitative synthesis and meta-
analysis results

Only four of the included studies were used for meta-analysis
(Shibli et al., 2019; De Waal et al., 2021; Park et al., 2021; Blanco
et al,, 2022). The highest weight was given to the multicenter study
by Park et al. (2021) due to the high number of patients included in
the study. Meta-analysis of adverse outcomes could not be
performed due to a lack of data.
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Heterogeneity was moderate in the analysis of grouped studies
(* = 45%) (Figure 4). In the analysis by subgroups, total
homogeneity was found in subgroup 2 (I = 0%) (Figure 1);
subgroups 1 and 3 obtained moderate heterogeneity (I° = 46%
and I” = 37%, respectively) (Figures 5, 6). Statistical significance was
found only in the pooled analysis of the studies (p = 0.02) (95% CI)
(Figure 4). Subgroup 2, which analyzed studies investigating PPD,
clinical attachment level (CAL), PS, suppuration score (SS), BS, and
BL (Figure 1), was the furthest from statistical significance
(p = 0.69).

Three subgroups were performed for the radiographic values
reported on peri-implant marginal bone levels: the first from the
pooled studies included in the meta-analysis (Shibli et al., 2019; De
Waal et al., 2021; Park et al., 2021; Blanco et al., 2022), the second
from studies with a 3-month follow-up (De Waal et al., 2021; Park
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TABLE 4 Specific characteristics of the studies included.

Implant
location

Type of

implant

Radiographic
test

Non-surgical
treatment

Pathogens studied;
method

10.3389/fcimb.2023.1149055

Statistical
method

Demographic
data

Blanco Not reported Not Periapical Non-surgical Aggregatibacter Shapiro- Age, sex, smoking
et al. reported radiograph debridement using | actinomycetemcomitans, Wilk test status, history of
(2022) ultrasonic stainless Campylobacter rectus, periodontitis, systemic
steel scaling Fusobacterium nucleatum, diseases
inserts. Porphyromonas gingivalis,
Chlorhexidine Tannerella forsythia
0.12% qCRP
Polymeri | Nobel, Maxilla/ Periapical Ultrasonic devices Not reported Cohen’s d; Age, sex, BMI,
et al. Straumann, mandible radiograph with polyether Shapiro— smoking status,
(2022) Biomet 3i, (anterior/ ether ketone fiber Wilk test history of
Other posterior) tips and carbon periodontitis, full-
fiber-reinforced mouth plaque score,
plastic handheld dental status (partially
instruments. edentulous/fully
Chlorhexidine edentulous), number
0.12% of dental implants
De Waal Alpha-Bio Tec, Maxilla/ Periapical Air polisher with Aggregatibacter Cohen’s d; Sex, smoking status,
et al. Camlog, mandible radiograph subgingival tip. actinomycetemcomitans, Mann- history of
(2021) Dentium, Ultrasonic Porphyromonas gingivalis, Whitney U periodontitis, alcohol
Dentsply instruments. Prevotella intermedia, Tannerella | test consumption, diabetes,
Sirona, MIS, Chlorhexidine 1% forsythia, Parvimonas micra, plaque index
Neobiotech, Fusobacterium nucleatum,
Nobel, Biocare, Treponema denticola
Straumann, Method not reported
Zimmer,
Biomet
Park Implant surface Maxilla/ Periapical Not reported Porphyromonas gingivalis, Shapiro- Age, sex
et al. non-modified/ mandible radiograph Tannerella forsythia, Treponema Wilk test
(2021) modified (anterior/ denticola, Fusobacterium
posterior) nucleatum, Prevotella
intermedia, Prevotella nigrescens,
Peptostreptococcus micros,
Eubacterium nodatum,
Campylobacter rectus, Eikenella
corrodens
CRP
Shibli Not reported Not Periapical Not reported 39 bacterial species according to Wilcoxon Not reported
et al. reported radiograph the microbial complexes test
(2019) described by Socransky et al.

(1998)

qCRP, quantitative C-reactive protein; BMI, body mass index.

et al., 2021; Blanco et al,, 2022), and the third from studies with a
12-month follow-up (Shibli et al., 2019; Blanco et al., 2022)
(Figure 7). Heterogeneity was moderate for the three subgroups
(P <75%). Statistical significance (p = 0.03) was found only in the 3-
month follow-up subgroup. The bone level loss was also analyzed

TABLE 5 Jadad quality score of randomized clinical trials (RCTs) included in the meta-analysis.

separately in studies using systemic antibiotics (Shibli et al., 2019;
De Waal et al,, 2021; Blanco et al, 2022), finding overall
homogeneity (I> = 0%), so a fixed-effects model was performed;
however, no statistical significance was found between groups (p =
0.60) (Figure 8). The study by Park et al. (2021), in which topical

Study Randomization Blinding Dropouts Total score
Blanco et al., 2022 (Blanco et al., 2022) 4 5 5 14
Polymeri et al., 2022 (Polymeri et al.,, 2022) 3 2 5 10
De Waal et al., 2021 (De Waal et al., 2021) 4 2 5 11
Park et al., 2021 (Park et al., 2021) 3 4 1 8
Shibli et al., 2019 (Shibli et al., 2019) 4 4 1 9

Each study was assigned a score of 0-5. Mode value: 10.4 + 2.30.
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FIGURE 3
Risk of bias assessment.
Metronidazole Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 PPD
Blanco et al. 2022 4.59 3.99 16 504 4.24 16 0.1%  -0.45 [-3.30, 2.40]
De Waal et al. 2021 3.96 1.21 30 4.42 138 32 1.0%  -0.46 [-1.11,0.19]
Park et al. 2021 5.71 133 59 5.82 139 59 1.7% -0.11 [-0.60, 0.38]
Shibli et al. 2019 6.5 1.9 20 5.1 11 20 0.4% 1.40 [0.44, 2.36)
Subtotal (95% CI) 125 127 3.2% -0.01[-0.37,0.35]
Heterogeneity: Chi? = 10.37, df = 3 (P = 0.02); I* = 71%
Test for overall effect: Z = 0.07 (P = 0.94)
1.1.2 CAL
Blanco et al. 2022 5.36 4.78 16 5.79 5 16 0.0% -0.43 [-3.82, 2.96] 1
De Waal et al. 2021 1139 162 30 1149 2.01 32 0.5% -0.10 [-1.01, 0.81]
Park et al. 2021 0 0 0 0 0 o Not estimable
Shibli et al. 2019 6.7 2 20 5.4 13 20 0.4% 1.30[0.25, 2.35)
Subtotal (95% CI) 66 68 0.9% 0.46 [-0.21, 1.14]
Heterogeneity: Chi? = 4.21, df = 2 (P = 0.12); I = 53%
Test for overall effect: Z = 1.36 (P = 0.18)
1.1.3 Bop
Blanco et al. 2022 66.3 0 16 81.9 0 16 Not estimable
De Waal et al. 2021 0 0 0 0 0 o Not estimable
Park et al. 2021 0.86 0.22 59 0.8 0.25 59 57.1% 0.06 [-0.02, 0.14]
Shibli et al. 2019 90 316 20 749 30.6 20 0.0% 15.10 [-4.18, 34.38)
Subtotal (95% CI) 95 95 57.1% 0.06 [-0.02, 0.15]
Heterogeneity: Chi? = 2.34, df = 1 (P = 0.13); I* = 57%
Test for overall effect: 1.39 (P = 0.16)
1.14PS
Blanco etal. 2022 28.31 15.09 16 31.87 27.18 16  0.0% -3.56 [-18.79, 11.67) —_—
De Waal et al. 2021 82 13.28 30 6.88 1472 32  0.0% 1.32[-5.65, 8.29] -
Park et al. 2021 1.02 0.61 59 098 0.49 59 10.3% 0.04 [-0.16, 0.24)
Shibli et al. 2019 40 516 20 40.1 516 20 0.0% -0.10 [-32.08, 31.88] D E—
Subtotal (95% CI) 125 127 10.3% 0.04 [-0.16, 0.24]
Heterogeneity: Chi* = 0.34, df = 3 (P = 0.95); I’ = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
1.15Ss
Blanco et al. 2022 0 0 0 [ [ [ Not estimable
De Waal et al. 2021 0 556 0 0 0 0 Not estimable
Park et al. 2021 0.18 0.3 59 029 0.39 59 26.1%  -0.11[-0.24,0.02]
Shibli et al. 2019 0 0 0 [ 0 0 Not estimable
Subtotal (95% CI) 59 59 26.1% -0.11[-0.24,0.02]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.72 (P = 0.09)
1.1.6BS
Blanco et al. 2022 0 0 [ [ [ Not estimable
De Waal et al. 2021  47.37 13.28 30 55.47 316 32 0.0% -8.10 [-20.04, 3.84] -
Park et al. 2021 0 0 0 o o Not estimable
Shibli et al. 2019 0 0 0 0 o 0 Not estimable
Subtotal (95% CI) 30 32 0.0% -8.10 [-20.04, 3.84] -
Heterogeneity: Not applicable
Test for overall effect: Z = 1.33 (P = 0.18)
1.1.7BL
Blanco et al. 2022 0 0 0 0 o o Not estimable
De Waal et al. 2021 2.7 1.65 30 3.08 132 2 0.7% -0.38 [-1.13, 0.37]
Park et al. 2021 3.54 14 59 3.12 143 59 1.6% 0.42 [-0.09, 0.93]
Shibli et al. 2019 0 0 0 0 0 0 Not estimable
Subtotal (95% CI) 89 91 2.3% 0.17 [-0.26, 0.59]
Heterogeneity: Chi? = 3.00, df = 1 (P = 0.08); I = 67%
Test for overall effect: Z = 0.77 (P = 0.44)
Total (95% CI) 589 599 100.0% 0.02 [-0.05, 0.08]
Heterogeneity: Chi? = 29.23, df = 16 (P = 0.02); I’ = 45% oo 100

FIGURE 4

-50 50
Test for overall effect: .53 (P Favours [Met] Favours [Control]

Test for subgroup differences: Chi?

0.60)
8.96, df = 6 (P = 0.18), I = 33.1%

Forest plot for the grouped studies.
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Mean Difference
IV, Random, 95% CI_Year

Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgroup _Mean __SD Total Mean _SD Total Weight
PPD

Shibli et al. 2019 65 19 20 51 11 20 367% 1.40 (044, 2.36] 2019
Bancoeral 2022 459 399 16 504 424 16 148%  -0.45(-3.30,2.40] 2022
Subtotal (95% C) 36 36 515% 09810532501
Heterogeneity: Tau? = 0.53; Chi? = 1.45, df = 1(° = 0.23); I = 31%

Test for overall effect: Z = 1.27 (P = 0.20)

112 cAL
Shibli et al. 2019 54 13 20 355%
Blanco et al. 2022 16 579 5 16 1Lex
Subtotal (95% Ci) 36 36 471%
Heterogeneity: Tau? = 0.00; Chi’ = 0.91, df = 1 (P = 0.34); I = 0%

Test for overall effect: Z = 2.26 (P = 0.02)

67 2
536 478

1.30(0.25,2.35] 2019
-0.43[-3.82,2.96] 2022
115 [0.15, 2.15)

Shibli et al. 2019 90 316 20 749 306 20 05%  15.10(-418,3438] 2019 T

Blanco et al. 2022 663 0 16 819 0 0 Not estimable 2022

Subtotal (95% CI) 20 05%  15.10(-4.18,3438] -_—
Heterogeneity: Not applicable

Test for overall effect: 2 = 1.54 (P = 0.12)

114 PS

Shibli et al. 2019 516 20 40.1 516 20  0.2% -40.10(-72.08,-8.12] 2019 —_—
Blancoetal 2022 2831 15.00 16 31.87 27.18 16  0.8% -3.56(-18.79, 11.67] 2022 —1—
Subtotal (95% CI) 36 36 09% -19.01(-5439,1637] —————
Heterogeneity: Tau? = 504.26; Chi’ = 4.09, df = 1 (P = 0.04); I = 76%

Test for overall effect: Z = 1.05 (P = 0.29)

Total (95% C1) 144 128 100.0%
Heterogeneity: Tau? = 1.03; Chi’ = 1115, df = 6 (P = 0.08); I = 46%

Test for overall effect: Z = 1.22 (P = 0.22)

Test for subaroup differences: Chi’ = 3.30, df = 3 (P = 0.35), I = 9.1%

083(-051,2.17]

100 100

EQ 50
Favours [Metro] Favours (Control]

FIGURE 5
Forest plot for subgroup 1 (PPD, CAL, BoP, PS).

antibiotics were used, could not be analyzed because it only
provided data at the bone level at the baseline of treatment.

3.6 Publication bias

Although we are aware that publication bias is not advisable
when the meta-analysis is composed of fewer than 10 studies
(Higgins and Thompson, 2002) (as is our case), we preferred to
include it in the overall analysis.

The funnel plot analysis suggested moderate publication bias. In
general, the estimated effect is associated with the horizontal axis
and the sample size with the vertical axis. The studies that measured
BoP (Shibli et al., 2019; Blanco et al., 2022; Polymeri et al., 2022)
showed the greatest asymmetry (Figure 9).

4 Discussion

Systematic reviews on the efficacy of adjuvant antibiotics in the
treatment of peri-implantitis are scarce, and we did not find any

10.3389/fcimb.2023.1149055

meta-analysis that analyzed the efficacy of this antimicrobial (ie.,
metronidazole), so this systematic review aimed to evaluate the
efficacy of metronidazole as an adjuvant in the treatment of peri-
implantitis. In total, five RCTs were included in the analysis, of
which four were analyzed and one was eliminated for providing
non-analyzable data.

The absence of BoP is evidence of the absence of inflammation,
which should be the first target in the treatment of peri-implantitis,
and according to recent recommendations, the results of peri-
implantitis treatment should be evaluated after 6 months of
healing, based on outcomes including multiple parameters: bone
fill, peri-implant soft tissue recession, BoP, SoP, and PPD (Sanz and
Chapple, 2012). However, in our meta-analysis, only the studies by
Blanco et al. and Shibli et al (Shibli et al., 2019; Blanco et al., 2022).
performed a 3-, 6-, and 12-month follow-up; the studies by De Waal
et al. and Park et al (De Waal et al,, 2021; Park et al,, 2021).
performed a single 12-week follow-up.

Mombelli and Decaillet (Mombelli and Deécaillet, 2011)
highlighted the growth of gram-negative anaerobic species in
peri-implant pockets, compatible with peri-implantitis, and
that peri-implant disease can be considered a mixed anaerobic
infection, warning of the benefits of combined mechanical and
chemical treatments. All the studies included in our meta-
analysis combined mechanical debridement and adjuvant
antibiotic treatment; however, in this aspect, several studies have
demonstrated the benefits of the use of systemic antibiotics as an
adjunct to non-surgical treatment of peri-implantitis (Lifiares et al.,
2019; Nart et al., 2020), although a Cochrane systematic review
(Esposito et al., 2012) warned that there is no reliable evidence to
suggest which interventions might be the most effective in the
treatment of this pathology. A recent systematic review and meta-
analysis by Ramanauskaite et al. (2021) found that adjunctive
reconstructive measures in conjunction with surgical treatment of
peri-implantitis were beneficial in terms of radiographic reduction
of the bony defect and reduced soft tissue recession, despite not
improving mucosal inflammation; likewise, systemic antibiotics did

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
13.1PPD
Park et al. 2021 5.71 133 59 5.82 1.39 59 4.1% -0.11[-0.60, 0.38]
Subtotal (95% CI) 59 59 4.1% -0.11[-0.60, 0.38]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.44 (P = 0.66)
1.3.2 BoP
Park et al. 2021 0.83 0.22 59 0.8 0.25 59 42.3%  0.03[-0.05,0.11)
Subtotal (95% CI) 59 59 423% 0.03[-0.05,0.11]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.69 (P = 0.49)
13.3PS
Park et al. 2021 1.02 0.61 59 0.98 0.49 59 18.3%  0.04 [-0.16, 0.24]
Subtotal (95% CI) 59 59 183% 0.04 [-0.16, 0.24]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.39 (P = 0.69)
13455
Park et al. 2021 0.18 0.3 59 0.29 0.39 59 31.5% -0.11[-0.24,0.02]
Subtotal (95% CI) 59 59 31.5% -0.11[-0.24,0.02]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.72 (P = 0.09)
13.5BL
Park et al. 2021 354 14 59 3.12 143 59 3.8%  0.42[-0.09, 0.93]
Subtotal (95% CI) 59 59 3.8% 0.42[-0.09, 0.93]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.61 (P = 0.11)
Total (95% CI) 295 295 100.0% -0.00 [-0.11, 0.10]
Heterogeneity: Tau? = 0.00; Chi? = 6.37, df = 4 (P = 0.17); I = 37% Q 100

Test for overall effect: Z = 0.06 (P = 0.95)
Test for subgroup differences: Chi* = 6.37, df = 4 (P = 0.17), I’ = 37.2%

FIGURE 6
Forest plot for subgroup 3 (PPD, BoP, PS, SS, BL).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
DeWaaletal. 2021  -0.04 0.2 30 -0.06 0.17 32 43.1% 0.02(-0.07,0.11] i3
Shibli et al. 2019 0.41 039 20 047 031 20 30.7% -0.06(-0.28, 0.16] —a—
Blanco et al. 2021 0.2 059 16 0.05 042 16 19.5% 0.15(-0.20, 0.50] 1T
Park et al. 2021 375 1.5 59 277 245 59 6.7%  0.98[0.25,1.71]
Total (95% CI) 125 127 100.0% 0.09 [-0.12,0.29] ?

Heterogeneity: Tau® = 0.02; Chi? = 7.59, df = 3 (P = 0.06); I' = 60%
Test for overall effect: Z = 0.81 (P = 0.42)

-1 0
Favours [Metronizadole] Favours [Control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Park et al. 2021 3.75 15 59 277 245 59 16.7%  0.98(0.25,1.71] —_—
Blanco et al. 2021 02 059 16 0.05 0.42 16 34.3% 0.15[-0.20, 0.50] ——
De Waal et al. 2021  -0.04 0.2 30 -0.06 0.17 32 49.0% 0.02[-0.07,0.11] L
Total (95% CI) 105 107 100.0% 0.23 [-0.14, 0.59] e =

Heterogeneity: Tau® = 0.07; Chi* = 6.86, df = 2 (P = 0.03); I’ = 71%
Test for overall effect: Z = 1.20 (P = 0.23)

Experimental Control

Blanco et al. 2021 151 2.78 16 039 1.51 16 28.0%
Shibli et al. 2019 0.41 0.39 20 047 031 20
Total (95% CI) 36

Heterogeneity: Tau® = 0.38; Chi* = 2,18, df = 1 (P = 0.14); I* = 54%
Test for overall effect: Z = 0.51 (P = 0.61)

FIGURE 7

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

=1 1
Favours [Metronizadole] Favours [Control]

Mean Difference
IV, Random, 95% CI

1.12 [-0.43, 2.67]

72.0% -0.06 [-0.28, 0.16]

36 100.0% 0.27[-0.77,1.31]

-4 -2 0 2
Favours [Metronidazole] Favours [Control]

Forest plot for radiographic evaluation of all studies: radiographic evaluation of studies with a 3-month follow-up and radiographic evaluation of

studies with a 12-month follow-up.

not provide any benefit to the outcomes of non-reconstructive
surgical treatment of peri-implantitis.

According to the results obtained in our study, the pooled RCT
analysis demonstrated the effect of metronidazole as an adjuvant
treatment after 12 weeks (p = 0.02). A statistically significant result
(p = 0.03) was also obtained in the analysis of studies with shorter
follow-up (3 months).

Blanco et al. (2022) obtained at 12 months a significant
reduction in PPD (2.53 vs. 1.02 mm) and CAL (2.14 vs. 0.53 mm)
in the test group compared with the control group. Similarly, Shibili
et al (Shibli et al, 2019). with metronidazole plus adjuvant
amoxicillin found at 12 months a probing reduction of 3.1 mm in
the antibiotic group vs. 1.8 mm in the control group, despite
including in their study compromised cases, with PD >5 mm,
peri-implant bone loss >4 mm, and BoP and/or SoP. Studies,
such as Cionca et al. using systemic metronidazole and
amoxicillin, significantly improved clinical outcomes at 6 months
after non-surgical full-mouth periodontal debridement, thus
significantly reducing the need for additional treatment (Cionca
etal., 2009). In contrast, the studies by Polymeri et al., de Waal et al.,
and Park et al (De Waal et al., 2021; Park et al., 2021; Polymeri et al.,
2022). found no clinical benefits with adjunctive antibiotic
treatment; the results coincided with Stein et al. (2017) who
found that, in a study of 45 patients with chronic periodontitis,
carriers of 164 implants with peri-implantitis, treatment with

Experimental
Study or Subgroup _Mean _SD_Total
Blanco etal. 2021 02 059 16
Shibli et al. 2019 041 039 20
DeWaaletal. 2021 -0.04 02 30

Control Mean Difference
Mean SD Total Weight IV, Fixed, 95% CI
005 042 16  55% 0.15(-0.20,050]
047 031 20 14.4% -0.06 (-0.28,0.16]
-0.06 0.17 32 80.1% 0.02[-0.07,0.11]

Mean Difference
IV, Fixed, 95% CI

-

Total (95% C)
Heterogeneity: Chi* = 1.02, df = 2 (P = 0.60); I = 0%
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FIGURE 8
Forest plot for BL of studies in which systemic antibiotics were used.
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adjunctive metronidazole/amoxicillin had no significant benefits
in the changes in mean PPD, CAL, and BoP values at 12 months of
treatment. Blanco et al. (2022), with the use of metronidazole as
adjuvant treatment, found a significantly higher radiographic bone
gain at 12 months in the test group compared with the control
group (2.15 mm test vs. 0.95 mm control). In contrast, Shibli et al.,
with metronidazole and amoxicillin and the same follow-up time,
found no significant differences between the groups (Shibli et al,
2019). In this regard, some authors have even suggested that the
prescription of amoxicillin plus metronidazole as an adjunct to
non-surgical treatment should be limited to patients with specific
microbiological profiles, especially those positive for A.
actinomycetemcomitans, as this germ is known to resist
mechanical treatment particularly well (Mombelli et al., 20005
Dannewitz et al., 2007); however, Mombelli et al. (2013), in a
longitudinal study of 82 patients with 41 positive cases for A.
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actinomycetemcomitans and 41 negative cases, also found no
specific benefit from the use of metronidazole in combination
with amoxicillin.

Certain similarities in terms of biomarkers of bone destruction
and causative microbial agents, in peri-implant and periodontal
pathologies and the frequent coincidence of both in the same
patient, have led some researchers to investigate both pathologies
together or to design studies on peri-implantitis based on those
performed on periodontitis (Mombelli and Decaillet, 2011),
although Liu et al. and Zhang et al (Liu et al., 2020; Zhang et al,,
2022). observed that peri-implantitis and periodontitis have
significantly different microRNA and long-chain RNA expression
profiles, indicating that osteoclast differentiation pathways are more
active in peri-implantitis than in periodontitis.

On the other hand, it is known that an individual’s immune
response to bacterial aggression is influenced by genetic and
epigenetic factors, as well as environmental factors. It has been
shown that inflammatory diseases, such as peri-implantitis and
periodontitis, can be enhanced by epigenetic modifications in
certain subjects (Larsson et al., 2022). A recent systematic review
concluded with the need for future research to explore the
functional role of specific microRNAs and their possible role as
therapeutic targets (Asa'ad et al., 2020). A correlation between IL-1-
specific gene polymorphisms and peri-implant bone loss has also
been described in smoking subjects, although smoking is not
considered a conclusive risk factor (Feloutzis et al.,, 2003; Dreyer
et al., 2018; Schwarz et al., 2018).

The present meta-analysis has some limits that must be
emphasized. On the one hand, the included studies used local
and systemic adjuvant antibiotics; on the other hand, only the
study by Blanco et al. (2022) used metronidazole as an adjuvant
treatment; all the others (Shibli et al., 2019; De Waal et al.,, 2021;
Park et al., 2021) used metronidazole combined with other
antibiotics. Another aspect to consider would be the different
implant surfaces used in the studies. It has been reported that the
mean peri-implant bone loss around moderately and minimally
roughened surfaces is less than around roughened surfaces;
however, certain studies have reported that the clinical impact
of surface roughness alone on bone loss and the risk of peri-
implantitis appears to be rather limited and of minimal clinical
importance (Renvert et al., 2011; De Bruyn et al,, 2017). Only
three of the studies included in our meta-analysis took into
account implant type or surface modification (De Waal et al,
2021; Park et al., 20215 Polymeri et al., 2022), yet all considered
age, sex of patients, and location of inserted implants, although
Dreyer et al (Feloutzis et al, 2003), in a systematic review,
reported with a medium-high level of evidence that the age and
sex of the patients were not related to peri-implantitis.

On the other hand, Song et al. (2020) proposed that implants
placed in anterior regions, both maxillary and mandibular, would
have a higher prevalence of peri-implantitis compared with
posterior regions, and in our meta-analysis, only two of the
included studies (De Waal et al., 2021; Park et al., 2021) reported
on the site of implant placement; they also combined implants in
the anterior and posterior sites. However, some studies have drawn
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attention to the “clustering effect,” considering that implants placed
in the same mouth should not be considered as independent
(Pikner and Gréndahl, 2009).

The outcome reports of the included studies were conducted at
different time periods, and although Sanz et al (Sanz and Chapple,
2012). recommend evaluating the results of peri-implantitis
treatment 6 months after healing, we have not found unanimity
in this recommendation; a systematic review by Heitz-Mayfield and
Mombelli chose a 12-month re-evaluation period to evaluate
the satisfactory outcome of treatment (Heitz-Mayfield and
Mombelli, 2014).

Finally, although all studies used radiographic evaluation by
intraoral radiography to assess the peri-implant bone loss, there are
other useful radiographic techniques, such as multislice computed
tomography and cone-beam volumetric imaging, which
offer certain advantages to implant dentistry, such as the
representation of intraosseous lesions in three planes, on a real
scale and without overlapping or distortion. In addition, computer-
assisted image analysis, such as subtraction radiography, allows the
detection of small changes in bone density (Heitz-Mayfield, 2008;
Naveau et al., 2019; Trivedi et al., 2022). The different cutoff levels
reported for the different clinical parameters and the different
methods of statistical analysis in the included studies should also
be taken into account; only three of them (Park et al., 2021; Blanco
et al,, 2022; Polymeri et al., 2022) resorted to the Shapiro-Wilk test
to contrast the normality of the data.

All this could bias the results, and therefore, the results obtained
in our meta-analysis should be taken with caution.

Therefore, we consider that the decision on a specific adjuvant
antibiotic treatment should be made individually for each patient,
taking into account the severity and extent of peri-implantitis and
possible concomitant periodontitis, as well as the number of affected
areas requiring treatment. Likewise, the potential risk of the
development of strains resistant to metronidazole or to the
chosen antimicrobial combination should be taken into account,
and the protocol to be followed in each indicated situation should
be carefully decided (Ardila et al., 2010; Veloo et al., 2012). On the
other hand, the approach to incipient peri-implantitis is of vital
importance, since bone defects in advanced stages require complete
debridement and repositioning of the marginal mucosa to allow the
patient effective oral hygiene, generally compromising the esthetic
outcome of prosthetic restorations (Figuero et al., 2014).

5 Conclusions

Adjuvant local or systemic administration of metronidazole in
the treatment of peri-implantitis remains of questionable efficacy
and with serious discrepancies among investigators.

Due to the heterogeneity of the types of treatment, the reported
administration protocols, and, ultimately, the heterogeneity of the
studies, we have not been able to draw definitive conclusions about
its effect in the adjuvant treatment of peri-implantitis.

In certain pathologic situations of peri-implantitis, metronidazole,
alone or in combination with other antibiotics, could be beneficial as an
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adjuvant to surgical treatment, always weighing the benefits against
the disadvantages.

Long-term RCTs with standardized methodologies would
be desirable and justifiable to determine the exact role of
metronidazole as an adjuvant treatment for peri-implantitis.
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