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Background: Peri-implantitis is a destructive pathology with a considerable prevalence. Peri-implantitis 
surgical treatment is still unpredictable. In order to help clinicians do decide about the applicability of  
peri-implantitis surgical treatment a systematic review and meta-analysis was conducted to evaluate the rate 
of peri-implantitis recurrence (RecPI) and implant loss (LoPI) after surgical treatment of peri-implantitis.
Methods: A search of randomized trials including patients submitted to surgical treatment of peri-
implantitis was performed. Two independent reviewers screened titles and abstracts and selected full papers 
for full reading according the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 
methodology. Analyzed patient centered outcomes were RecPI and LoPI after a minimum follow-up  
of 6 months. Surgical approaches were divided in open flap debridement (OFD), regenerative (REG), 
resective (RES), implantoplasty (IP) and combined (COMBI). Also results considering short, medium and 
long term follow up were analyzed. For each meta-analysis, a forest-plot was prepared and the heterogeneity 
was analyzed by the Cochran Q test and by the I2 heterogeneity statistic, with a significance level of 0.05.
Results: Thirteen randomized controlled trials (RCTs) were eligible for quantitative synthesis. The RecPI 
and LoPI was 3% (95% CI: 1% to 5%) and 4% (95% CI: 2% to 6%) respectively. COMBI surgical approach 
was associated with the highest RecPI rate 7% (95% CI: –2% to 15%) and REG surgery with the lowest 2% 
(95% CI: –1% to 6%). OFD had the highest LoPI rate 15% (95% CI: –11% to 41%) and REG approach 
was associated with the lowest 3% (95% CI: 0% to 6%). Regarding short-term follow-up periods 3% (95% 
CI: 1% to 5%) and 4% (95% CI: 2% to 6%) of the patients had RecPI and LoPI, respectively. For the long 
term follow-up LoPI was 36% (95% CI: 15% to 55%). There were no data that allow to calculate medium 
term follow up for RecPI and LoPI and long term for RecPI.
Conclusions: The RecPI and LoPI are similar and low, 3% and 4%, respectively. After 12 months of 
follow-up RecPI and LoPI are low but LoPI increases to 36% at the long term follow up. Results should be 
interpreted with caution due to heterogeinity.
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Introduction

According to the classification of periodontal diseases and 
conditions, peri-implantitis has been defined as a biofilm-
associated pathologic condition affecting previously 
installed dental implants, characterized by increased probing 
depth with concomitant bleeding and/or suppuration and 
progressive loss of supporting bone (1).

In accordance with the cause-related concept of 
therapy, professionally administered plaque removal is a 
key strategy for the prevention and management of peri-
implant diseases. The non-surgical treatment has proven 
to be unpredictable, with potential benefits limited to short 
term controlled clinical studies (2). The current standard of 
care is surgical treatment, either resective or regenerative 
approach, according to the morphology of the peri-implant 
bone defect. At peri-implantitis sites, surgical protocols 
may involve different decontamination protocols, that may 
also be combined with resective (e.g., pocket elimination, 
bone re-contouring, implantoplasty) and/or augmentative 
approaches (e.g., bone substitutes or autografts with or 
without a supporting barrier membrane). Several systematic 
reviews evaluated the efficacy of the regenerative procedures 
focusing the complete elimination of the peri-implant 
infected tissues combined to a reconstructive bone fill of the 
lesions. Nevertheless, long-term efficacy of reconstructive 
procedures seems limited, especially in assessing recurrence 
of peri-implantitis and implant loss (3). While data from all 
studies indicated that disease progression could be supressed 
in the long-term, a subgroup of implant sites displayed 
recurrence/progression of peri-implantitis after treatment.

The 8th European Workshop on Periodontology issued 
a consensus report stressing the need for strictly controlled 
randomized clinical trials that measure outcomes at 6 
and 12 months endpoints, at a minimum, to determine a 
standard of treatment for peri-implantitis. Additionally, it 
was pointed out the importance of identifying the number 
of patients in whom peri-implantitis was resolved or a 
successful treatment outcome was obtained, defined as 
implant survival with probing pocket depth inferior to 6 mm  
without bleeding or suppuration (4).

The aim of this systematic review was therefore to 
address the following focused question: In patients with 
osseointegrated dental implants diagnosed with peri-
implantitis that have been submitted to surgical treatment, 
what are the peri-implantitis recurrence (RecPI) and 
implant loss (LoPI) rates?

Methods

This systematic analysis was performed according to the 
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) statement (5). The PICO question 
was performed according to the population, intervention, 
comparison and outcome:

Population: patients with osteointegrated dental implants 
that have been diagnosed with peri-implantitis, based on 
definitions used on publications, and received surgical 
treatment.

Intervention: surgical peri-implantitis treatment.
Comparison: nill.
Outcomes: primary: RecPI; secondary: LoPI.
PICO question: in patients with osseointegrated dental 

implants diagnosed with peri-implantitis that have been 
submitted to surgical treatment what is the RecPI rate or 
LoPI?

Search strategy

A literature search was performed in MEDLINE through 
the PubMed database of the US National Library of 
Medicine, EMBASE and Cochrane Library (Central 
Controlled Trials) and was completed in October 2020. 
The terms combination included: peri-implantitis [MeSH 
Terms] OR “peri-implant disease” OR “peri-implant 
infection” AND “surgery” OR “surgical treatment” OR 
“surgical therapy” OR “regeneration” OR “regenerative 
treatment” OR “regenerative therapy” OR “reconstructive 
treatment” OR “reconstructive therapy”.

Also a manual focused search on the topic covered 
articles included on the reference lists as well as review 
articles.

Screening and selection

Titles and abstracts of the electronic search were 
independently screened by two reviewers (OPM and IPB) 
accordingly the inclusion criteria:
 Randomized controlled trials (RCTs);
 Surgical treatment of peri-implantitis of the analyzed 

groups;
 Studies reporting changes in clinical [probing depth 

(PD)] and/or radiographic parameters after surgical 
peri-implantitis treatment, with a minimum follow-
up of 6 months;
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 Studies reporting information regarding RecPI and/
or LoPI;

 Publications in English language.
At a second stage, the identified and selected articles in 

the first stage were fully read and screened according the 
following exclusion criteria:
 Non-randomized controlled clinical trials, reviews, 

cohort studies, case-control studies, case series,  
in vitro and animal studies;

 Studies with no reference to patients with RecPI or 
LoPI;

 Ceramic dental implants;
 Studies not addressing surgical treatment of peri-

implantitis in the analyzed groups or with a follow-up  
<6 months;

 Studies not describing the definition of peri-implantitis;
 Articles addressing retrograde peri-implantitis;
 Studies without a clear description of the treatment 

protocol used to treat peri-implantitis;
 Insufficient information in the article and no 

response from the authors when inquired;
 Articles reporting the same patient population 

were excluded and only the article with the longest  
follow-up was included.

The literature search was conducted by two independent 
reviewers (OPM and IPB). Inter-reviewers disagreement 
during the first and second stage of study selection was 
solved by discussion. If necessary a third reviewer (FJC) was 
included.

Duplicated were excluded and titles and abstracts were 
independently screened during this first stage. During the 
second stage the resulting articles had their full text read 
and excluded if they did not meet the eligibility criteria. 
The resulting articles were included in the present review.

Data extraction

Two authors (OPM and IPB) extracted the following data to 
an excel file: first author and year of publication, definition 
of peri-implantitis, groups of intervention/number or 
patients and implants, follow-up period, smoking status and 
outcomes (Tables 1,2). Any disagreement was resolved by 
discussion and final consensus. If necessary a third reviewer 
(FJC) was included. The primary outcome was RecPI and 
the secondary was LoPI.

Regarding groups of intervention we considered five 
categories according to author’s description: open flap 
debridement (OFD), regenerative (REG), resective (RES), 

implantoplasty (IP) and combined (COMBI). RES therapy 
was considered when the authors made reference to bone 
resection/recontour. Studies were classified as “IP” if the 
authors only mentioned IP without resection. When the 
surgical approach consisted in REG and IP it was classified 
as “COMBI”.

The  fo l low-up  per iods  were  d iv ided  in  shor t  
(6–12 months), medium (13–36 months) and long term  
(>36 months).

Risk of bias in individualized studies

Risk of bias was assessed independently by two blinded 
reviewers (OPM and IPB) using the criteria outlined 
in the Cochrane Handbook for Systematic Reviews 
of Intervention (6). Any disagreement was solved by 
discussion and, if necessary, a third reviewer (FJC) was 
consulted. Graphic representation was computed using 
Review Manager (RevMan), version 5.4.1, the Cochrane 
Collaboration, 2020. The studies were classified according 
to the risk of bias (low, moderate or high). Each trial was 
also assigned an “overall risk of bias” in terms of low 
risk (low for all key domains), high risk (high for ≥1 key 
domains), and unclear risk (unclear for ≥1 key domains).

Statistical analyses

To carry out the different meta-analysis, patients with a 
recurrence rate reported in a set of articles obtained by 
a systematic review was chosen as the main measure. In 
addition, patients with implants loss due to peri-implantitis 
was also analyzed. For each of the meta-analysis, a forest-
plot was prepared and the heterogeneity was analyzed 
by the Cochran Q test and by the I2 heterogeneity 
statistic, with a significance level of 0.05. The analysis was 
performed on the R v3.3.2 platform using the package 
metafor.

Results

Study selection

Study flowchart is presented in Figure 1. Initial studies 
identification resulted in 1,424 articles. No additional 
articles were identified during the manual search. After 
removing duplicates (n=447 and 1 proceeding from a 
congress; n=448) the number of articles for title and abstract 
based selection was 976. After screening title and abstracts 
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Table 1 Characteristics of the included studies—part A

Authors, year Peri-implantits definition

Surgical intervention Smoking status

Group A surgery  
(patients/implants at baseline)

Group B surgery  
(patients/implants at baseline)

Group C surgery  
(patients/implants at baseline)

Group D surgery  
(patients/implants at baseline)

Follow-up 
(months)

Non-smokers
Smokers  

(<10 cig./day)
Smokers  

(≥10 cig./day)

Lassere et al., 2020 PD ≥5 mm + BOP and/or Sup + MBL ≥2 mm OFD (15/20): S cur. + Plasteel cur. + sal. +  
Gly AP

IP (16/22): S cur. + Plasteel cur. + sal. 
+ IP

None None 6 Yes No No

de Tapia et al., 2019 PD ≥6 mm + BOP and/or Sup + BLos >30% 
(implant body)

COMBI (15/15): cur/US teflon + IP (supra) + 
PL US + 3% H2O2 + ALOP (infra) + CM

COMBI (15/15): cur/US teflon + IP 
(supra) + PL US + 3% H2O2 + tit. BR + 
ALOP (infra) + CM

None None 12 Yes Yes No

Schlee et al., 2019 PD ≥6 mm + BOP and/or Sup + BLev ≥3 mm REG (12/12): cur and/or US + PEC + sal. + 
AB/BBM + CM

REG (12/12): cur and/or US + EC + 
AB/BBM + CM

None None 6 Yes Yes No

Toma et al., 2019 PD ≥5 mm + BOP and/or Sup + BLos ≥2 mm 
or ≥2 threads exposed

OFD (15/25): PL cur + sal. OFD (16/22): Gly AF + sal. OFD (16/23): tit. BR + sal. None 6 n.r. n.r. n.r.

Isler et al., 2018 Deepening of peri-implant pockets + BOP 
and/or Sup + MBL ≥2 mm

REG (26/26): tit. cur + sal. + BS + CM REG (26/26): tit. cur + sal. + BS + 
CGFmb

None None 12 Yes Smokers Smokers

Isehed et al., 2018 PD ≥5 mm + BOP and/or Sup + BLos ≥3 mm OFD (14/14): US + tit. cur + NaCl REG (15/15): US + tit. cur + NaCl + 
EMD

None None 60 Yes Yes Yes

Hallström et al., 2017 PD ≥5 mm + BOP or Sup + BLos ≥3 mm  
(or BLev ≥2 mm compared to baseline) 
(inclusion criteria)

OFD (19/19): cur + sal. OFD (20/20): cur + sal. + Sys AB AZT None None 12 Yes Current Current

Schwarz et al., 2017 PD >6 mm + intrabony >3 mm and 
supracrestal >1 mm (inclusion criteria)

COMBI (16/16): IP + Er:YAG + NBM + CM COMBI (16/16): IP + PL cur + sal. + 
NBM + CM

None None 84 Yes Yes No

Carcuac et al., 2016 PD ≥6 mm + BOP and/or Sup + MBL >3 mm RES (27/47): Sys AB/Mec Decont/0.2% CHX 
(AB+/AS+)

RES (25/46): Sys AB/Mec Decont/sal. 
(AB+/AS–)

RES (24/49): no Sys AB/Mec 
Decont/0.2% CHX (AB–/AS+)

 RES (24/37): no Sys AB/Mec 
Decont/sal. (AB+/AS–)

12 Yes Smoker Smoker

Papadopoulos et al., 
2015

PD ≥6 mm + BOP or Sup + no mobility + 
BLos ≥2 mm

OFD (10/10): PL cur + sal. OFD (9/9): PL cur + sal. + DIO.Ls None None 6 n.r. n.r. n.r.

de Wall et al., 2015 PD ≥5 mm + BOP and/or Sup + BLos ≥2 mm RES (22/59): cur + BRec + sal. + 0.12% 
chx/0.05% CPC

RES (22/49): cur + BRec + sal. + 2% 
CHX

None None 12 Yes Current Current

de Wall et al., 2013 PD ≥5 mm + BOP and/or Sup + BLos ≥2 mm RES (15/48): cur + BRec + sal. + PLB RES (15/31): cur + BRec + sal. + 0.12% 
CHX/0.05% CPC

None None 12 Yes Current Current

Wohlfahrt et al., 2012 PD ≥5 mm + BOP + an infrabony peri-implant 
osseous component (X-ray)

OFD (17/17): tit. cur + 24% EDTA + sal. REG (16/16): tit. cur + 24% EDTA + 
sal. + PTG

None None 12 Yes Smoker Smoker

PD, probing depth; BOP, bleeding on probing; Sup, suppuration; BLos, bone loss (radiographic); BLev, bone level; MBL, marginal bone loss; OFD, open flap debridement surgery; REG, regenerative surgery; RES, resective surgery; IP, implantoplasty; COMBI, combined surgery; sal., saline; HI, hand 
instruments; Son, sonic; US, ultrasonic; PL US, plastic ultrasonic; cur, curette; S cur, steel curette; PL cur, plastic curette; TFL cur, teflon curette; Piez SS Sc, piezoelectric and stainless-steal scalers; tit., titanium; tit. BR, rotatory titanium brush; Bchis, bone chisels; Mec Decont, mechanical decontamination; 
PDT, photodynamic therapy; MINOC, minocycline; AZT, azithromycine; MET, gel metronidazol; TETR, tetracycline hydrochloride; NaCl, sodium chloride solution; PLB, placebo; EMD, enamel matrix derivate; Sys AB, systemic antibiotics; BRec, bone recontour; Gly AP, glycine air polishing; AirFlow,  
air-powder abrasive device; SCTG, subepithelial connective tissue graft; AB, autogenous bone; CM, collagen membrane; RbM, resorbable membrane; CGFmb, Concentrated Growth Factor membrane; PTG, porous titanium granules; BGdox, doxycicline releasing bone graft; BS, bone substitute; BBM, 
bovine bone mineral; DBMAp, demineralized bone matrix human allograft putty; DBBMC, deproteinized bovine bone mineral with 10% collagen; β-TCP/AB, beta tricalcium phosphate + autogenous bone; β-TCP, beta tricalcium phosphate; ALOP, aloplastic graft; PEC, powder spray and electrolytic method; 
EC, electrolytic method; Er:YAG, erbium YAG laser; DIO.Ls, diode laser; PGA/PLA, poliglycolic/polilactic acid; ADM, absorbable acellular dermal matrix membrane; NRM, non resorbable membrane; IP, implantoplasty; LAD, light activated desinfection; CPC, cetylpyridinium chloride; CHX, clorhexidine; 
“smoker”: authors just make reference to “smoker” but don’t specify the number of cigarettes/day; “current”: authors just make reference to “current smoker” but don’t specify the number of cigarettes/day.
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Table 2 Characteristics of the included studies—part B

Authors, year

Implant surface and/or brand Recurrence of peri-implantitis (patients) Implant loss due to peri-implantitis (patients)

Group A Group B Group C Group D
With RecPI/total patients With LoPI/total patients

OFD IP REG RES COMBI OFD IP REG RES COMBI

Lassere et al., 2020 Nobel Biocare Brånemark; Nobel Biocare Tapered; 
Dentsply Friadent Ankylos; Straumann; Steri-Oss

Nobel Biocare Brånemark; Nobel Biocare Tapered; Dentsply 
Friadent Ankylos; Straumann; Steri-Oss; Biotech

None None n.r. n.r. n.r. n.r. n.r. n.r. 1/16 n.r. n.r. n.r.

de Tapia et al., 2019 n.r. n.r. None None n.r. n.r. n.r. n.r. 1/30 n.r. n.r. n.r. n.r. 1/30

Schlee et al., 2019 Astra TX ; Astra EV; Straumann tissue level; Straumann 
bone level; Conelog; Camlog; Ankylos; Sky; Branemark; 
Xive; Steri Oss; Zimmer; Nobel Active

Astra TX ; Astra EV; Straumann tissue level; Straumann bone 
level; Conelog; Camlog; Ankylos; Sky; Branemark; Xive; Steri Oss; 
Zimmer; Nobel Active

None None n.r. n.r. 1/24 n.r. n.r. n.r. n.r. 1/24 n.r. n.r.

Toma et al., 2019 Modified surface Modified surface Modified surface None 1/47 n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r.

Isler et al., 2018 Non modified (turned surface). Modified (resorbable 
blast media and blasted with hidroxyapatite surface; 
SLA and SLActive; TiO2 blast + fluoride hydroflouric 
acid surface; Friadent plus surface; TiUnite surface; 
Alumina Oxide Blasted/Acid Etched surface; 
Sandblasted/acid-etched surface)

Non modified (turned surface). Modified (resorbable blast media 
and blasted with hidroxyapatite surface; SLA and SLActive; TiO2 
blast + fluoride hydroflouric acid surface; Friadent plus surface; 
TiUnite surface; Alumina Oxide Blasted/Acid Etched surface; 
Sandblasted/acid-etched surface)

None None n.r. n.r. 1/52 n.r. n.r. n.r. n.r. 1/52 n.r. n.r.

Isehed et al., 2018 Non modified: (Nobel Biocare turned). Modified: (Nobel 
Biocare; Astra Tech Dental; Straumann SLA; Biomet 3i)

Non modified: (Nobel Biocare turned). Modified: (Nobel Biocare; 
Astra Tech Dental; Straumann SLA; Biomet 3i)

None None n.r. n.r. n.r. n.r. n.r. 7/15 n.r. 4/15 n.r. n.r.

Hallström et al., 2017 Brånemark; Astra; Straumann; Cresco Brånemark; Astra; Straumann None None 4/38 n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r.

Schwarz et al., 2017 Non modified: [KSI Bauer Schraube (machined surface)]. 
Modified: [Astra Dental Implant System (nanotype 
surface); ITI (microrough surface); NobelReplace 
(microrough surface); Tapered Screw Vent (microrough 
surface)]. Non identifiable implant systems

Non modified: [Brånemark System (machined surface)]. Modified: 
[Camlog Screw Line (microrough surface); ITI (microrough surface); 
Tapered Screw Vent (microrough urface); Xive (microrough 
surface)]. Non identifiable implant systems

None None n.r. n.r. n.r. n.r. 4/32 n.r. n.r. n.r. n.r. n.r.

Carcuac et al., 2016 Non-modified (Turned surface). Modifiied (TiUnite 
surface, TiOblast surface, OsseoSpeed surface, SLA 
surface, Neoss ProActive surface)

Non-modified (Turned surface). Modifiied (TiUnite surface, TiOblast 
surface, OsseoSpeed surface, SLA surface, Neoss ProActive 
surface)

Non-modified (Turned 
surface). Modified 
(TiUnite surface, TiOblast 
surface, OsseoSpeed 
surface, SLA surface, 
Neoss ProActive surface)

Non-modified (Turned 
surface). Modifiied 
(TiUnite surface, TiOblast 
surface, OsseoSpeed 
surface, SLA surface, 
Neoss ProActive surface)

n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. 6/100 n.r.

Papadopoulos et al., 
2015

n.r. n.r. None None 0/16 n.r. n.r. n.r. n.r. 0/16 n.r. n.r. n.r. n.r.

de Wall et al., 2015 Modified: [Nobel Biocare (Porous anodized surface); 
Straumann (Titanium plasma-sprayed; Sandblasted 
large grit acid-etched; Sandblasted large grit acid-
etched, SLActive); Astra Tech implant system (Fluoride-
modified titanium dioxide grit-blasted); IMZ (Titanium 
plasma-sprayed); Pitt-easy (Vacuum titanium plasma-
sprayed)]

Non modified: [Nobel Biocare (Machined surface)]. Modified: 
[Nobelbiocare (Porous anodized surface); Straumann (Sandblasted 
large grit acid-etched; Sandblasted large grit acid-etched); 
Astra Tech (Fluoride-modified titanium dioxide grit-blasted); IMZ 
(Titanium plasma-sprayed); Pitt-easy (Vacuum titanium plasma-
sprayed); Camlog (Abrasive-blasted acid-etched); Dentsply 
Friadent (Grit-blasted acid-etched)]

None None n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. 3/22 n.r.

de Wall et al., 2013 Modified: [Nobel Biocare (Porous anodized surface); 
Straumann (Sandblasted large grit acid-etched; 
Sandblasted large grit acid-etched); Astra Tech 
(Fluoride-modified titanium dioxide grit-blasted); IMZ 
(Titanium plasma-sprayed); Pitt-easy (Vacuum titanium 
plasma-sprayed); Camlog (Abrasive-blasted acid-
etched); Dentsply Friadent (Grit-blasted acid-etched)]

Non modified: [Nobel Biocare (Machined surface)]. Modified: 
[Nobel Biocare (Porous anodized surface); Straumann (Titanium 
plasma-sprayed; Sandblasted large grit acid-etched; Sandblasted 
large grit acid-etched); IMZ (Titanium plasma-sprayed); Pitt-easy 
(Vacuum titanium plasma-sprayed)]

None None n.r. n.r. n.r. n.r. n.r. n.r. n.r. n.r. 1/15 n.r.

Wohlfahrt et al., 2012 Modified: Astra (Astra Tech); Nobel Mark III 
(NobelBiocare); Nobel Replace (Nobel Biocare); 
Straumann (Institut Straumann)

Modified: Astra (Astra Tech); Nobel Mark III (NobelBiocare); Nobel 
Replace (Nobel Biocare); Straumann (Institut Straumann); Frialit 
(dentsply Friadent)

None None n.r. n.r. n.r. n.r. n.r. 0/17 n.r. 0/16 n.r. n.r.

OFD, open flap debridement surgery; REG, regenerative surgery; RES, resective surgery; IP, implantoplasty; COMBI, combined surgery; n.r., no reference; RecPI, recurrence of peri-implantitis; LoPI, implant loss after surgical treatment of peri-implantitis.
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Figure 1 Flowchart of the screening procedure.
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a total of 917 articles were excluded (n=917) resulting  
59 articles to full-text eligibility. Full-text analysis resulted 
in the exclusion of 46 articles because they did not meet the 
eligibility criteria resulting in 13 articles for inclusion in 
the present review. Table 3 summarizes the excluded articles 
with the reasons for exclusion.

Patient and study characteristics

Four hundred and thirty-six patients and 627 implants 
were included at baseline in these 13 RCTs addressing 
peri-implantitis surgical treatment (Table 1). Regarding the 
overall of surgical treatments 239 patients were evaluated 
for RecPI and 338 for LoPI.

Regarding the surgical approach to treat peri-implantitis 
six studies had at least one group with OFD (7-12), four 

with REG (9,12-14), three using RES (15-17), one IP (7) 
and two using a COMBI surgical approach (18,19). Eight 
studies included one implant per patient (8-10,12-14,18,19), 
the remaining five studies had patients with more than 
one implant enrolled in the study (7,11,15-17). RecPI was 
addressed in seven studies (8,10,11,13,14,18,19) and LoPI 
in 10 studies (7,9,10,12-18). Regarding smoking status two 
studies made no reference to this patient characteristic 
(10,11), one study included only non-smokers (7) and 
the remaining studies included non-smoker and smoker 
patients.

The follow-up presented in the included articles varied 
between 6 (7,10,11,14) and 84 months (19). Two research 
groups presented several studies of the same population 
with different follow-ups. In this cases only the study with 
the longest follow-up was included, corresponding to 7 (19) 
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Table 3 Excluded clinical studies at the second stage of selection and the reason for exclusion

Author, year Reason for exclusion Author, year Reason for exclusion

Almohareb et al., 2020 No surgical treatment Isehed, 2016 Study with a longer follow-up

Emanuel et al., 2020 Insufficient information in the 
article/no email answer

Jepsen et al., 2016 No reference to recurrence or 
implant loss

Galarraga-Vinueza et al., 
2020

No RCT Pommer et al., 2016 No RCT

Jemt et al., 2020 No RCT Rakašević et al., 2016 Follow-up <6 months

Koldsland et al., 2020 No surgical treatment Roccuzzo et al. 2016 No RCT

Polymeri et al., 2020 No reference to recurrence or 
implant loss

Roos-Jansåker et al., 
2014

No RCT

Wang et al., 2020 No reference to recurrence or 
implant loss

Bombeccari et al., 2013 No reference to recurrence or 
implant loss

Roccuzzo et al. 2020 No RCT Esposito et al., 2013 Unclear PI treatment description

Carcuac et al. 2020 No reference to recurrence or 
implant loss

Schwarz et al., 2013 Study with a longer follow-up

Alqahtani et al., 2019 No surgical treatment Aghazadeh et al., 2012 No reference to recurrence or 
implant loss

Cha et al., 2019 No reference to recurrence or 
implant loss

Wiltfang et al., 2012 No RCT

Dalago et al., 2019 No reference to recurrence or 
implant loss

Schwarz et al., 2012 Study with a longer follow-up

Wang et al., 2019 No surgical treatment Renvert et al., 2011 No surgical treatment

Albaker et al., 2018 No reference to recurrence or 
implant loss

Roos-Jansåker et al., 
2011

No RCT

Klimecs et al., 2018 No RCT Schwarz et al., 2011 No reference to recurrence or 
implant loss

Heitz-Mayfield et al., 2018 No RCT Schwarz et al., 2010 No reference to recurrence or 
implant loss

Renvert et al., 2018 No reference to recurrence or 
implant loss

Schwarz et al., 2009 No RCT

Abduljabbar et al., 2017 No surgical treatment Schwarz et al., 2008 No RCT

Carcuac O., 2017 Study with a longer follow-up Romeo et al., 2007 No reference to recurrence or 
implant loss

Guler et al., 2017 No reference to recurrence or 
implant loss

Romeo et al., 2005 No reference to recurrence or 
implant loss

Zeza et al., 2017 No surgical treatment Deppe et al., 2007 No RCT

Al Amri et al., 2016 No surgical treatment Khoury et al., 2001 No reference to recurrence or 
implant loss

Arab et al., 2016 No reference to recurrence or 
implant loss

Bach et al., 2000 Insufficient information
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Author, year

de Tapia et al., 2019 (COMBI)

Schlee et al., 2019 (REG)

Toma et al., 2019 (OFD)

lsler et al., 2018 (REG)

Hallstrom et al., 2017 (OFD)

Schwarz et al., 2017 (COMBI)

Papadopoulos et al., 2015 (OFD)

Size

30

24

47

52

38

32

16

Num

1

1

1

1

4

4

0

Proportion [95% CI]

0.03 [−0.03, 0.10]

0.04 [−0.04, 0.12]

0.02 [−0.02, 0.06]

0.02 [−0.02, 0.06]

0.11 [0.01, 0.20]

0.12 [0.01, 0.24]

0.03 [−0.05, 0.11]

RE Model for All Studies

(Q =5.47, df =6, P=0.49; I2 =0.5%) 0.03 [0.01, 0.05]

−1 −0.5 0 0.5 1

Proportion

Figure 2 Forest plot regarding recurrence of peri-implantitis (RecPI) for all surgical procedures.

and 5 years (9) follow-up.

Case definitions

Peri-implantitis definitions varied among the included 
articles (Table 1). Most provided a clear definition of peri-
implantitis however some articles only made reference to 
clinical and radiographic parameters in the inclusion criteria 
(8,19). All included articles made a definition of peri-
implantitis using clinical and radiographic parameters.

RecPI

Meta-analysis of the seven included studies for all type of 
surgeries regarding the percentage of patients with RecPI 
resulted in a value of 3% (95% CI: 1% to 5%) (Figure 2).  
For OFD surgery meta-analysis of the three included 
studies resulted in a percentage of patients with RecPI of 
3% (95% CI: 0% to 7%) (Figure 3) and for REG surgery 
both analyzed studies resulted in a percentage of 2% (95% 
CI: –1% to 6%) (Figure 4). No studies presented results 
regarding RecPI after using a RES or IP surgical approach. 
The meta-analysis of two studies regarding COMBI 

surgical approach resulted in a percentage of RecPI of 7% 
(95% CI: –2% to 15%) (Figure 5).

LoPI

The meta-analysis of all type of surgeries regarding the 
percentage of patients that lost at least one implant due to 
peri-implantitis included 12 groups of 10 studies and the 
result was 4% (95% CI: 2% to 6%) (Figure 6). The meta-
analysis of OFD included three studies and resulted in a 
percentage of 15% (95% CI: –11% to 41%) (Figure 7). 
For REG surgical approach meta-analysis resulted in the 
final percentage of 3% (95% CI: 0% to 6%) (Figure 8) 
after analyzing the four included studies. Meta-analysis 
for the three studies regarding RES surgery resulted in a 
percentage of LoPI of 7% (95% CI: 3% to 11%) (Figure 9). 
Only one study made reference to IP (7) and COMBI (18) 
surgeries not allowing meta-analysis.

Follow-up periods

Considering the short follow-up analysis 3% (95% CI: 1% 
to 5%) of the patients submitted to peri-implantitis surgery 

file:///D:/%e8%81%94%e7%89%88/TLCR/TLCR-V10N4%20(Apr%202021)/%e2%80%9cTLCR-V10N4%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/l 
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Author, year

Toma et al., 2019 (OFD)

Hallstrom et al., 2017 (OFD)

Papadopoulos et al., 2015 (OFD)

Size

47

38

16

Num

1

4

0

Proportion [95% CI]

0.02 [−0.02, 0.06]

0.11 [0.01, 0.20]

0.03 [−0.05, 0.11]

0.03 [−0.00, 0.07]

RE Model for All Studies

(Q =2.42, df =2, P=0.30; I2 =3.2%)

−1 −0.5 0 0.5 1

Proportion

Figure 3 Forest plot regarding recurrence of peri-implantitis (RecPI) for open flap debridement (OFD).

Author, year

Schlee et al., 2019 (REG)

lsler et al., 2018 (REG)

Size

24

52

Num

1

1

Proportion [95% CI]

0.04 [−0.04, 0.12]

0.02 [−0.02, 0.06]

0.02 [−0.01, 0.06]

RE Model for All Studies

(Q =0.25, df =1, P=0.62; I2 =0.0%)

−1 −0.5 0 0.5 1

Proportion

Figure 4 Forest plot regarding recurrence of peri-implantitis (RecPI) for regenerative (REG) procedures.

had RecPI within the period between 6 and 12 months 
post-surgery (Figure 10). For this analysis six studies were 
included. There were no results for the medium and long 

term follow up due to the absence of studies.
Also for a short follow up period the percentage of 

patients with LoPI was 4% (95% CI: 2% to 6%) (Figure 11).  
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Author, year

de Tapia et al., 2019 (COMBIl)

Schwarz et al., 2017 (COMBI)

Size

30

32

Num

1

4

Proportion [95% CI]

0.03 [−0.03, 0.10]

0.12 [0.01, 0.24]

0.07 [−0.02, 0.15]

RE Model for All Studies

(Q =1.87, df =1, P=0.17; I2 =46.5%)

−1 −0.5 0 0.5 1

Proportion

Figure 5 Forest plot regarding recurrence of peri-implantitis (RecPI) for combined (COMBI) procedures.

Author, year

Lassere et al., 2020 (IP)

de Tapia et al., 2019 (COMBI)

Schlee et al., 2019 (REG)

lsler et al., 2018 (REG)

lsehed et al., 2018 (OFD)

lsehed et al., 2018 (REG)

Carcuac et al., 2016 (RES)

Papadopoulos et al., 2015 (OFD)

de Wall et al., 2015 (RES)

de Wall et al., 2013 (RES)

Wohlfahrt et al., 2012 (OFD)

Wohlfahrt et al., 2012 (REG)

Size

16

30

24

52

15

15

100

16

22

15

17

17

Num

1

1

1

1

7

4

6

0

3

1

0

0

Proportion [95% CI]

0.06 [−0.06, 0.18]

0.03 [−0.03, 0.10]

0.04 [−0.04, 0.12]

0.02 [−0.02, 0.06]

0.47 [0.21, 0.72]

0.27 [0.04, 0.49]

0.06 [0.01, 0.11]

0.03 [−0.05, 0.11]

0.14 [−0.01, 0.28]

0.07 [−0.06, 0.19]

0.03 [−0.05, 0.10]

0.03 [−0.05, 0.11]

0.04 [0.02, 0.06]
RE Model for All Studies

(Q =19.05, df =11, P=0.06; I2 =0.2%)

−1 −0.5 0 0.5 1

Proportion

Figure 6 Forest plot for implant lost due to peri-implantitis (LoPI) considering all surgical procedures.
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Author, year

lsehed et al., 2018 (OFD)

Papadopoulos et al., 2015 (OFD)

Wohlfahrt et al., 2012 (OFD)

Size

15

16

17

Num

7

0

0

Proportion [95% CI]

0.47 [0.21, 0.72]

0.03 [−0.05, 0.11]

0.03 [−0.05, 0.10]

0.15 [−0.11, 0.41]

RE Model for All Studies

(Q =11.04, df =2, P=0.00; I2 =94.3%)

−1 −0.5 0 0.5 1

Proportion

Figure 7 Forest plot for implant lost due to peri-implantitis (LoPI) considering open flap debridement (OFD).

Author, year

Schlee et al., 2019 (REG)

lsler et al., 2018 (REG)

lsehed et al., 2018 (REG)

Wohlfahrt et al., 2012 (REG)

Size

24

52

15

16

Num

1

1

4

0

Proportion [95% CI]

0.04 [−0.04, 0.12]

0.02 [−0.02, 0.06]

0.27 [0.04, 0.49]

0.03 [−0.05, 0.11]

0.03 [−0.00, 0.06]

RE Model for All Studies

(Q =4.69, df =3, P=0.20; I2 =0.2%)

−1 −0.5 0 0.5 1

Proportion

Figure 8 Forest plot for implant lost due to peri-implantitis (LoPI) considering regenerative (REG) procedure.
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Author, year

Carcuac et al., 2016 (RES)

de Wall et al., 2015 (RES)

de Wall et al., 2013 (RES)

Size

100

22

15

Num

6

3

1

Proportion [95% CI]

0.06 [−0.01, 0.11]

0.14 [−0.01, 0.28]

0.07 [−0.06, 0.19]

0.07 [0.03, 0.11]

RE Model for All Studies

(Q =0.99, df =2, P=0.61; I2 =0.0%)

−1 −0.5 0 0.5 1

Proportion

Figure 9 Forest plot for implant lost due to peri-implantitis (LoPI) considering resective (RES) procedure.

Figure 10 Forest plot for recurrence of peri-implantitis (RecPI) considering a short term follow-up.

Author, year

de Tapia et al., 2019 (COMBI)

Schlee et al., 2019 (REG)

Toma et al., 2019 (OFD)

lsler et al., 2018 (REG)

Hallstrom et al., 2017 (OFD)

Papadopoulos et al., 2015 (OFD)

RE Model for All Studies
(Q =2.86, df =5, P=0.72; I2 =0.0%)

Size

30

24

47

52

38

16

Num

1

1

1

1

4

0

Proportion [95% CI]

0.03 [−0.03, 0.10]

0.04 [−0.04, 0.12]

0.02 [−0.02, 0.06]

0.02 [−0.02, 0.06]

0.11 [0.01, 0.20]

0.03 [−0.05, 0.11]

0.03 [0.01, 0.05]

−1 −0.5 0 0.5 1

Proportion
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Figure 11 Forest plot for implant lost due to peri-implantitis (LoPI) considering a short term follow-up.

Author, year

Lassere et al., 2020 (IP)

de Tapia et al., 2019 (COMBI)

Schlee et al., 2019 (REG)

lsler et al., 2018 (REG)

Carcuac et al., 2016 (RES)

Papadopoulos et al., 2015 (OFD)

de Wall et al., 2015 (RES)

de Wall et al., 2013 (RES)

Wohlfahrt et al., 2012 (OFD)

Wohlfahrt et al., 2012 (REG)

RE Model for All Studies
(Q =4.18, df =9, P=0.90; I2 =0.0%)

Size

16

30

24

52

100

16

22

15

17

16

Num

1

1

1

1

6

0

3

1

0

0

Proportion [95% CI]

0.06 [−0.06, 0.18]

0.03 [−0.03, 0.10]

0.04 [−0.04, 0.12]

0.02 [−0.02, 0.06]

0.06 [0.01, 0.11]

0.03 [−0.05, 0.11]

0.14 [−0.01, 0.28]

0.07 [−0.06, 0.19]

0.03 [−0.05, 0.10]

0.03 [−0.05, 0.11]

0.04 [0.02, 0.06]

−1 −0.5 0 0.5 1

Proportion

Despite the absence of data for medium term follow up, 
for long term the result regarding LoPI was 36% (95% CI: 
15% to 55%) (Figure 12).

Risk of bias in individualized studies

The overall risk of bias was low for three studies (8,16,17), 
unclear to one study (20) and high to the remaining nine 
studies (7,10-15,18,19) (Figure 13).

Discussion

To the best of our knowledge this is the first meta-analysis 
to describe RecPI and LoPI after surgical treatment of peri-
implantitis, including only RCTs and using the patient as 
unit of analysis. Thirteen RCTs were included in the present 
meta-analysis. The overall rate of RecPI after surgical 
treatment of peri-implantitis was 3% and for LoPI was 
4%, corresponding to the analysis of 239 and 338 patients, 
respectively.

Peri-implantitis is a plaque associated pathological 
condition clinically defined by a combination of PD ≥6 mm,  

bleeding and/or suppuration on probing and bone level 
≥3 mm apical to the coronal part of the intraosseous part 
of the implant (21). If not treated this disease may led 
to implant loss. Replacing a failed implant by a new one 
is always associated with treatment cost and additional 
surgery. Also implant replacement due to signs of infection, 
loss of osseointegration or other causes presents a challenge 
to achieve osseointegration in a healed site and has lower 
survival rates than the rates reported for the previous 
attempts of implant placement (22-24). This lower survival 
rate suggests site or patient specific risk factors (25,26) and 
clinicians must always remember that replacement of the 
implant is subjected to at least all the initial factors that led 
to the failure (22). On the other hand, instead of implant 
explanation, regeneration and placement of a new implant, 
peri-implantitis treatment may have a surgical approach (27).  
Current data tell us that surgical non-regenerative 
treatment can reduce the amount of inflammation in the 
short-term follow-up and implantoplasty may result in the 
improvement of clinical and radiographic parameters (28).  
Regenerative treatment results in improved clinical 
and radiographic outcomes compared to baseline (29). 
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Author, year

lsehed et al., 2018 (OFD)

lsehed et al., 2018 (REG)

Size

15

15

Num

7

4

Proportion [95% CI]

0.47 [0.21, 0.72]

0.27 [0.04, 0.49]

RE Model for All Studies

(Q =1.35, df =1, P=0.25; I2 =25.9%)

0.36 [0.16, 0.55]

−1 −0.5 0 0.5 1

Proportion

Figure 12 Forest plot for implant lost due to peri-implantitis (LoPI) considering a long term follow-up.

However, a recent systematic review referred that peri-
implantitis treatment may be associated with recurrence 
and subsequent retreatment or implant loss (29) and this is 
not the desirable clinical situation in a daily practice. The 
clinical and radiographic parameters applied to diagnose 
peri-implantitis before surgical treatment are the same to 
diagnose the possible RecPI after surgical treatment.

In the present systematic review 3% of the patients that 
were submitted to surgical treatment, regardless of the 
surgical approach, presented RecPI. Considering the REG 
treatment both recurrence and implant loss were observed 
in 2% and 3% of the patients, respectively. Recurrence 
results are in line with Roos-Jansåker et al. [2014] clinical 
comparative study (30). The authors treated 25 patients with 
peri-implantitis using a regenerative approach and observed 
that only one implant (1 patient) demonstrated progressive 
peri-implantitis (4% of the patients). The regenerative 
studies included in the present review used different 
biomaterials therefore results should be interpreted with 
caution. However, a recent systematic review regarding 
treatment of peri-implantitis concluded that there is no 
superiority of a specific biomaterial or product in terms of 
long-term clinical treatment benefits (29). Despite these 
data presently we do not know if any biomaterial may 
be associated with disease recurrence. Also some studies 
included in the present review used membranes (13,14). 

Their application is technique sensitive and associated with 
high exposure risk (31,32). Membrane exposure diminishes 
the regeneration potential of the site (33) and this could 
lead to the presence of residual PD ≥6 mm that constitutes 
a risk factor for RecPI (34). COMBI surgery was the type 
of surgical approach that resulted in higher recurrence rate. 
One of the possible explanation for this result might be the 
possible influence of titanium and silicon polymer debris 
resulting from implantoplasty on the regenerative process 
since they have been identified over the implant body and 
may hamper the stability of the peri-implant tissues with a 
negative impact on the post interventional wound healing 
(35,36). Also Schwarz et al. [2011] found residual titanium 
particles in the surrounding soft tissues, which provoked 
localized chronic inflammatory cell infiltrates (37).

Regarding implant loss REG and RES procedures 
were associated with loss of implants in 3% and 7% of the 
patients, respectively. Two 12 months clinical regenerative 
studies presented loss of implants after REG treatment of 
peri-implantitis in 7.7% (2 of 26 patients) (38) and 13.4% 
of the patients (20). The differences between these studies 
and our review may be due to different implant surfaces 
and/or different marginal bone level following surgical 
therapy of peri-implantitis (34). On the other hand, OFD 
surgery was associated with implant loss in 15% of the 
patients. This value was highly influenced by the results of 
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the included study of Isehed et al. [2018] since it was the 
only study in this analysis that reported loss of implants (9).  
However the follow up period of this study was of  
60 months in contrast to the 6 and 12 months for the other 
two included studies (10,12). In fact our review presented 
an implant loss for a short follow up of 4% compared to 
36% for a long follow up period. For RecPI the result was 
of 3% for a short term evaluation without data for long 
term. The increase in the rate of implant loss over time 
presented in our review corroborates previous data. A 
recent 5-year follow-up study confirmed that regenerative 
peri-implantitis treatment resulted in stable clinical and 
radiographic conditions at 1 year follow-up however it was 

observed a tendency to disease relapse over a longer period 
of observation (39). In a long term follow up prospective 
study Roccuzzo et al. [2020] (40) found that regarding 
interproximal bone levels the tested groups experienced a 
significant improvement 1 year after treatment but some 
implants had a tendency to relapse at the 7- and 10-year 
analysis. Also during the 1st year there was no implant 
loss, however after 7 and 10 years later 31% and 53% 
of the implants on both groups, respectively, were lost. 
Our review results for long term implant loss should be 
interpreted with caution since both included groups belong 
to the same study (9). Despite short term results, for both 
recurrence and implant loss, may corroborate the clinical 
applicability of surgical treatment of peri-implantitis 
the long term LoPI results may cause some reflection 
regarding the clinician decision to treat peri-implantitis 
since the obtained value of 36% is superior to the 22% 
weighted mean prevalence of peri-implantitis before any 
treatment approach (41). One of the possible explanation 
for the difference between short and long term results may 
be the application and maintenance of supportive oral care.

Irrespective of the surgical approach an adequate tailored 
maintenance care program has been demonstrated to be 
crucial to maintain the post-surgical obtained results. 
In a recent systematic review by Roccuzzo et al. [2018] 
the authors concluded that the great majority of patients 
enrolled in regular supportive care after surgical treatment 
of peri-implantitis will not lose their implants (42). A 
clinical study with 7 years follow up evaluated 16 implants 
in 16 patients. The authors reported that during the 
supportive periodontal treatment additional antibiotic and/
or surgical therapy was necessary in 8 implants (8 patients) 
and 4 of these were lost (43). This 50% recurrence rate 
of peri-implantitis is high. However, this recurrence rate 
is not homogenous among studies. Heitz-Mayfield et al.  
[2018] (44) followed 24 patients during 5 years, after 
treatment for peri-implantitis. At 3 years two patients had 
RecPI and 8% of the patients lost an implant. At 5 years 
four implants in four patients had to be removed due to 
recurrent peri-implantitis. Serino et al. [2015] (45) also 
presented a 5 years follow-up study and reported disease 
recurrence after surgical treatment of peri-implantitis 
in 15% of the patients (4 patients). Very recently Heitz-
Mayfield et al. [2020] developed a tool for preventing peri-
implant disease (46). This could help clinicians to design 
tailored maintenance programs for patients after treatment 
of peri-implantitis. In the present review some publications 
did not indicate if patients were enrolled in maintenance 

Figure 13 Risk of bias summary for analyzed randomized 
controlled trials (RCTs).
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programs.
One of the variables that may influence the result of 

peri-implantitis surgical therapy and the subsequent need 
of retreatment is implant surface characteristics. Despite 
the role of implant surface on re-osseointegration has been 
investigated in animal studies with some controversial 
results (47-49) a recent human case report made reference 
to this possibility (50). According to a prospective study by 
Roccuzzo et al. [2020] (40) implant surface characteristics 
affect the decision to treat implants with peri-implantitis. In 
this study six patients with TPS (rough surface) and two with 
SLA (moderately rough) implant surfaces had additional 
antibiotic and/or surgery during a 10 years examination 
after peri-implantitis treatment, with five TPS and two 
SLA implants removed due to recurrent infections. Also in 
a retrospective long-term up to 11-year study, Berglundh 
et al. [2018] (51) obtained a better probing depth reduction 
in implants with non-modified surfaces than those with 
modified. Both these studies corroborate previous results 
(15,52) that disclosure the significant influence of implant 
surface on treatment outcome. This is particularly important 
since we know from Carcuac et al. [2020] (34) data that 
persistent PD after surgical treatment of peri-implantitis may 
be a risk factor for disease recurrence. Despite the aim of the 
present review was not to analyze the influence of implant 
surface on recurrence and implant lost the included studies 
for both short and long term results include non-modified 
(9,13,15-17) and modified surfaces (7-18). However, the data 
presented by the authors do not allow to analyze recurrence 
and implant loss accordingly to the implant surface.

Despite this review only includes RCTs it presents 
some limitations like the relative small sample sizes and 
short follow up periods for the majority of studies. Also 
inconsistencies in methodology with various treatment 
modalities, are a considerable limitation. Some results 
are associated with considerable heterogeneity due to the 
limited number of included patients in each study, presence 
of smokers, light smokers (<10 cig.) or heavy smokers 
(>10 cig./day), different treatment methodologies or even 
biomaterials/biological agents used. There is the need for 
RCTs with proper design and powerfull sample sizes to 
provide strong and comparable evidence of RecPI after 
surgical treatment of peri-implantitis.

Conclusions

Our study found that the percentage of patients with 

RecPI or LoPI after surgical treatment of this pathology 
are similar and have a low rate, 3% and 4%, respectively. 
The short term follow up results corroborate the previous 
results. However, results should be interpreted with caution 
due to substantial heterogeneity.
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