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Abstract

Background Peri-implantitis is the most difficult biological complication associated with dental implants, often
requiring surgical treatments in advanced stages. This study compares the effectiveness of different surgical methods
for peri-implantitis.

Methods Randomized controlled trials (RCTs) of different surgical treatments for peri-implantitis were extracted

from EMBASE, Web of Science, Cochrane Library databases, and PubMed systematically. Pairwise comparisons and
network meta-analyses (NMA) were conducted to analyze the effect of surgical treatments on probing depth (PD),
radiographic bone fill (RBF), mucosal recession (MR), bleeding on probing (BOP), and clinical attachment level (CAL). In
addition, risk of bias, quality of evidence, and statistical heterogeneity of the selected studies were evaluated. A total
of 13 articles were included in this study, involving open flap debridement (OFD), resective therapy (RT), and augmen-
tative therapy (AT) with and without adjunctive treatments (laser therapy, photodynamic therapy, local antibiotics,
phosphoric acid, and ozone therapy).

Results AT improved RBF and CAL more than OFD, but does not outperform OFD in reducing peri-implant soft-tissue
inflammation. AT, OFD and RT did not significantly alter the levels of MR. Addition of ozone therapy improved the
effect of AT, but addition of photodynamic therapy did not affect PD reduction and CAL gain significantly. Similarly,
adjuvant treatment with phosphoric acid during RT did not significantly change the outcome of BOP.

Conclusions Within the limitation of this systematic review and NMA, AT was superior to OFD in improving peri-
implantitis outcomes. While adjunct use of ozone therapy may further improve the efficacy of AT, the limited evidence
supporting this combination therapy argues for cautionary interpretation of these results.
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Background

Over the past few decades, dental implants have been
extensively used as a treatment alternative to conven-
tional removable partial-fixed dentures. The long-term
survival rate of the implants ranges from 92.3 to 95.7%
[1, 2]. With the popularization of dental implant therapy,
however, various implant complications have emerged,
including biomechanical overload, infection or inflam-
mation, and other issues [3]. One of the main complica-
tions of implantation is peri-implantitis, which exhibits a
nonlinear and accelerated pattern of bone loss and may
ultimately result in implant loss [4]. Peri-implantitis is
defined as “a pathological condition occurring in tis-
sues around dental implants, characterized by inflam-
mation in the peri-implant mucosa and progressive loss
of supporting bone” [5]. Other typical characteristics of
peri-implantitis include bleeding on probing and/or sup-
puration, increased probing depths and/or recession of
the mucosal margin [6]. The prevalence of peri-implan-
titis ranges from 11.2 to 22% [7-9], with risk factors
such as history of periodontitis, smoking, diabetes, poor
plaque control and lack of regular maintenance therapy
[6]. Nowadays, peri-implantitis is considered to be the
most difficult biological complication associated with
implants, as untreated disease can eventually lead to
implant loss [10].

Treatment options for peri-implantitis comprise non-
surgical and surgical therapy but there is no reliable evi-
dence to suggest which interventions are most effective
[11]. The nonsurgical method is effective in reducing soft
tissue inflammation such as bleeding on probing (BOP)
[12], but the efficacy of treatment is limited [13, 14]. Sur-
gery is often recommended for advanced peri-implantitis
[10, 15] and can be divided into three categories: access
flap surgery; resective therapy; augmentative methods,
which can also be combined with other treatment modal-
ities [16]. The access flap method, i.e., open flap debride-
ment, mitigates inflammation around the implant by
exposing the implant surface and applying debridement
directly [17, 18]. Resective therapy is indicated for supra-
crestal bone defects with threads exposed in esthetically
non-demanding areas. The procedure involves reduction
or removal of pathological peri-implant pockets, apical
mucosal flap placement, or bone recontouring with or
without implant surface modification, known as implan-
toplasty [19]. Augmentative methods are also known
as regenerative treatment, and involve flap elevation,
mechanical debridement, and placement of graft material
with or without membrane [20]. This surgical method
aims to regenerate bone defects, achieve re-osseointe-
gration, and limit peri-implant soft-tissue recession [21].
Often, the above three surgical treatments are combined
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with adjuvant therapy such as laser therapy, photody-
namic therapy, and local antibiotics.

Surgical treatments of peri-implantitis are shown to
have better outcomes than non-surgical treatments [22].
Chan et al. showed that surgical treatments result in an
estimated probing depth (PD) reduction of 2-3 mm,
and regenerative procedures can achieve an average
radiographic bone filling of 2 mm [23]. Moreover, it is
more effective to use bone graft materials in combina-
tion with barrier membranes. Although partial filling
of defects may be expected, complete filling of the bone
defect caused by peri-implantitis using the guided bone
regeneration (GBR) protocol is unpredictable [24]. Cases
of implant loss, disease recurrence, and further pro-
gression have been reported even though augmentative
therapies were clinically and radiographically successful
[25]. Despite promising results that have been achieved
in regenerative treatments, non-regenerative modali-
ties have limited effects. Given the many therapeutic
options available for peri-implantitis, evaluating the clini-
cal effects of the different surgical treatments is essential
for clinical decision making. Conventional meta-analyses
on the surgical treatment of peri-implantitis typically use
pairwise comparisons which do not simultaneously eval-
uate the many surgical methods available [26]. Network
meta-analysis can combine the effects of multiple treat-
ments and make statistical comparisons [14]. To the best
of the author’s knowledge, there is a dearth of network
meta-analysis that evaluates the efficacy of access flap
surgery, resective therapy, and augmentative methods,
both with and without adjunctive treatments.

Thus, this systematic review and network analysis aim
to screen recent research on surgical treatment methods
for peri-implantitis. In this study, the efficacy of various
surgical treatment modalities was evaluated in accord-
ance with the resolution of different clinical and radio-
graphic parameters. This review endeavors to provide
a reference for clinicians to select the most appropriate
surgical treatment method.

Methods

Protocol registration and report format

Protocol for the present review was registered with the
identification number CRD42022313804 in the PROS-
PERO database, hosted by the National Institute for
Health Research, University of York, Center for Reviews
and Dissemination. Our manuscript was prepared based
on the Cochrane Collaboration guidelines [27], and the
data reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Exten-
sion Statement for systematic reviews incorporating net-
work meta-analysis for healthcare interventions [28].
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Objectives
To evaluate the clinical effect of surgical methods on per-
iodontal parameters in patients with peri-implantitis.

PICOS questions

Population (P): systemically healthy adult patients
with peri-implantitis.

Intervention (I): surgical therapies for peri-implan-
titis, including access flap surgery, resective therapy,
augmentative therapy with adjunctive methods such
as laser, photodynamic therapy, and so on.
Comparator (C): open flap debridement alone
applied for peri-implantitis.

Outcomes (O): 1) probing depth (PD) reduction (in
millimeters): changes in distance between the gingi-
val margin and the bottom of the probeable pocket
before and after treatment with positive values
indicating decreased PD after the intervention; 2)
radiographic bone fill (RBF; in millimeters): radio-
graphic assessment of bone gain after the interven-
tion; 3) mucosal recession (MR; in millimeters):
buccal recession at the peri-implant mucosal mar-
gin after the intervention; 4) bleeding on probing
(BOP) reduction (percentage): change in percentage
of sites with bleeding on probing; 5) clinical attach-
ment level (CAL) gain (in millimeters): changes in
distance between the implant neck and the bottom
of probeable pocket before and after treatment with
positive values indicating increased CAL after the
intervention.

Study (S): Randomized controlled trials (RCTs) only.

Inclusion criteria

1) RCTs of systemically healthy patients with peri-
implantitis.

2) Involved surgical methods for peri-implantitis
therapy.

3) Reported at least one clinical or radiographical
parameter.

4) Patients were followed up for at least 3 months
after surgical intervention.

5) Screw-shaped implants with either smooth or
rough surfaces were included.

Excluded criteria
1) Pre-clinical articles, animal studies, reviews, and

case reports.
2) Reports with duplicated data.
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3) Insufficient/unclear data.
4) Lack of clinical data on changes in PD, CAL, BOP,
RBF or MR.

Information sources and literature search

Four electronic databases (EMBASE, Web of Science,
Cochrane Library databases, and PubMed) were searched
between January 1, 2000 and May 28, 2022 for relevant
articles on surgical treatment of peri-implantitis. Unpub-
lished literature, gray literature, non-profit reports, gov-
ernment articles, or other materials were searched via the
ClinicalTrial.gov website. The search strategy includes
"peri-implantitis" AND "surgical procedure". Further-
more, a manual search was conducted in dental and
implant-related journals, including the Journal of Dental
Research, Journal of Clinical Periodontology, Journal of
Periodontology, Clinical Oral Implants Research, Clini-
cal Implant Dentistry, and Related Research, The Interna-
tional Journal of Oral & Maxillofacial Implants, Journal
of Oral and Maxillofacial Surgery, International Journal
of Oral Implantology, Clinical Oral Investigations, as
well as International Journal of Periodontics and Restora-
tive Dentistry. Moreover, references of the included arti-
cles were searched to identify publications that were not
identified electronically.

Selection of the articles

Titles and abstracts from the electronic search were first
screened by two reviewers independently. Articles that
were considered to be potentially relevant by at least one
reviewer entered the next screening step. Full manu-
scripts were acquired if the title and summary satisfied
the eligibility criteria, or if insufficient information is
available. Any disagreement between the reviewers was
resolved through discussion. Articles that did not sat-
isfy the inclusion criteria were excluded with reasons
provided.

Data extraction

All pertinent information including first author, year
of publication, follow-up, age of participants, interven-
tion and control group, surgical method, as well as mean
changes in periodontal parameters (PD, CAL, BOP,
RBF, MR)+SD were independently retrieved from the
selected articles by two reviewers. At any stage, disa-
greements between the reviewers were resolved through
open discussion and consensus. Unresolved disagree-
ments were evaluated by a third reviewer to settled the
discussion.
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Network meta-analysis

The frequentist method was adopted for network
meta-analysis using the STATA software (version: 14.1,
StataCorp LLC, TX, USA), R language (version: 4.1.3)
[29], as well as the “netmeta” package (version: 2.1-0)
[30, 31]. R was mainly used for data analysis, while the
STATA software was used to optimize visual charts. All
article reported data were used to obtain the total mean
difference using a random effects model for total mean
deviation, and pairwise comparison was drawn based
on 95% confidence intervals. Global and local methods
were employed for the network consistency algorithm
[32]. Statistical heterogeneity was evaluated using T2
and I* statistics. There is low heterogeneity (I*<25%),
medium heterogeneity (25-75%), and high heteroge-
neity (I*>75%) [33]. Publication biases were evaluated
using the Comparison-adjusted funnel plot. Network
plots were generated using the STATA software pro-
gram. Based on previous meta-analyses [14, 34],
changes in the respective parameters were expressed
as mean difference (MD) with 95% confidence interval
for the intuitive clinical interpretation of the results.
League tables were generated using netmeta to show
the effects of different surgical treatments on the soft
and hard tissues around implants. Surface under the
Cumulative Ranking Curve (SUCRA) was used to rank
the included methods for each outcome and assess the
probability of the intervention being the best option
[35]. Treatments with higher SUCRA scores are more
effective, while those with lower SUCRA scores are less
effective.

Evaluation of risk of bias and overall quality

of the evidence

Risk of bias of the included trials was assessed by the
Cochrane Risk of Bias Assessment tool (ROB 2) and
include five domains: bias arising from the randomi-
zation process, bias due to deviations from intended
interventions, bias due to missing outcome data, bias in
measurement of the outcome, and bias in selection of the
reported result [36]. Trials were classified as low risk only
if all five domains scored low, whereas trials with high
risk in one or more domains were considered to have
high risk of bias. Credibility of the findings from each
network meta-analysis was evaluated using the Confi-
dence in Network Meta-Analysis (CINeMA) online doc-
umentation (http://cinema.ispm.ch/#doc) [37, 38], which
classified the risk of bias for each study into low risk,
unclear risk, or high risk of systematic errors. All evalu-
ations were performed independently by three reviewers
in triplicates. Any disagreements were resolved by public
discussion until a conclusion was drawn.
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Results

Study selection

Figure 1 illustrates the detailed process of study selec-
tion. Four electronic databases and a manual search of
relevant articles yielded 4612 articles, 57 of which were
selected for full text evaluation. Excluded studies and
the major reasons for their exclusion are described in
the supplementary material (Appendix 5). A total of 13
articles were included in the network meta-analysis. The
Kappa values for the consistency between the reviewers
in terms of title/abstract screening and full-text evalua-
tion reached 0.92 and 0.90, respectively, corresponding to
an "almost perfect” consistency among the reviewers.

Description of articles

Characteristics of the 13 selected articles are presented in
Table 1. Randomized clinical trials (RCTs) with parallel
group designs were used in all articles. All articles were
published between 2012 and 2021 and the follow-up time
ranged from three to 12 months. The studies included
patients with an average age range of 46 to 73.5 years and
received at least one implant. Periodontal parameters,
including probing depth (PD), clinical attachment level
(CAL), plaque index (PI), bleeding on probing (BOP),
gingival index (GI), mucosal recession (MR), suppuration
(SUP), and vertical defect depth (VDD), were adopted to
express changes around the implants after the treatment.
Five articles compared treatment efficacy between open
flap debridement (OFD) and augmentative therapy (AT)
[39-43], and one article compared OFD and OFD with
local antibiotics (LA) [44]. Two articles compared OFD
and OFD with photodynamic therapy (PDT) [45, 46].
One article compared resective therapy (RT) and RT with
phosphoric acid (PA) [47]. One article compared AT and
AT +PDT [48]. One article compared AT and AT with
ozone therapy (AT + O) [49]. Finally, two articles com-
pared RT and OFD [50, 51].

Risk of bias and quality of evidence

The risk of bias was assessed for 36 outcomes from the
included randomized controlled trials. In the randomi-
zation process, 16 (44.4%) outcomes were at high risk of
bias, 2 (5.5%) contained some concerns and the others
were at low risk of bias. All outcomes were at low risk of
bias in the other four domains (Fig. 2). The overall risk
of bias was low in 7/13 (53.0%) trials assessing PD, 5/8
(62.5%) trials assessing RBF, 1/5 (20%) trials assessing
MR, 4/8 (50%) trials assessing BOP and 2/5 (20%) trials
assessing CAL (Appendix 12). A comprehensive exami-
nation of the comparison-adjusted funnel plots revealed
the absence of any significant asymmetry, suggesting the
absence of significant publication bias among the studies
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Fig. 1 Schema outlining the search process

that were included in the analysis (Appendix 8). The over-
all quality of evidence in the pair-wise meta-analysis was
graded using CINeMA (see Appendix 13 for details).
The high risk is mainly concentrated in three domains:
within-study bias, imprecision, and incoherence. Overall,
the evidence of the included articles is very weak.

Synthesis of results from the network meta-analysis

The network meta-analysis (NMA) of the 13 articles
is presented as node link diagrams (Fig. 3) where the
8 nodes represent the 8 treatment methods, the line
between nodes represents direct comparison, and the
size of nodes and the thickness of the lines represent
the number of articles, i.e. bigger nodes and thicker
lines contain more articles in the comparison between
those methods. The network analysis of PD involved a
total of 13 studies, which comprised 7 direct compari-
sons among 8 interventions. The degree of heterogene-
ity among these studies was moderate, with F value of
54.7% and 1% of 0.2126. The RBF network comprised 8
studies, which included 5 direct comparisons of 6 treat-
ments. This network showed high heterogeneity, with P
value of 79.5% and 12 of 0.3985. The MR network con-
sisted of 5 studies and comprised 3 direct comparisons

among 4 interventions. This network demonstrated high
heterogeneity, with ° value of 89.8% and 12 of 0.4571. The
BOP network comprised 8 studies and included 6 direct
comparisons among 7 treatments, with low heterogeneity
(% 6.5%, 1% 7.4592). Finally, the CAL network consisted
of 6 studies and included 5 direct comparisons among 6
interventions, with low heterogeneity (P 0%, T 0).

Network meta-analysis

The forest plot (Fig. 4) shows the results of direct and
indirect comparisons between OFD and all other treat-
ment methods. In the league tables (Tables 2, 3, 4, 5, and
6), results of the NMA are shown in the lower left of the
tables while those of direct comparisons are in the upper
right. According to the forest plot and the league tables,
we can derive the following findings: 1) augmentative
therapy combined with ozone therapy (AT + O) or pho-
todynamic therapy (AT 4 PDT) reduced PD significantly
more than open flap debridement (OFD); 2) increase in
bone mass measured by radiographic bone fill (RBF) was
significantly higher in AT 4 O than RT, OFD, OFD+PDT
and OFD combined with local antibiotics (OFD +LA),
while AT alone was significantly higher than OFD; 3) no
significant difference was identified for mucosal recession
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Table 1 Characteristics of the included articles and their interventions
Publication Country Follow-up Participant age Control group Test group Number of Outcomes
times (years) intervention and
(months) comparison

Renvert S (2021) [39] Sweden, 12 CG:629+130TG:  OFD AT 32/34 BL/PD/BI/SUP/REC

France, 622+10.2

Germany
Cha JK (2019) [44] South Korea 6 61.6+216 OFD OFD+LA  25/25 PD/PI/GI
Renvert S (2018) [40] Sweden 12 CG:70+£78TG: OFD AT 20/21 PD/BL

675+11.3
Isler SC (2018) [49]  Turkey 12 CG:54.18+£10.36 AT AT+0 21/20 PI/GI/BOP/PD/CAL/
TG: 544 +£8.08 REC/VDD

Albaker AM (2018)  Saudi Arabia 12 CG:61.5+£99TG: OFD OFD4PDT 13/11 PI/BOP/PD/BL
[45] 584480
Hentenaar DFM Netherlands 3 CG:570+£137TG: RT RT+PA 20/30 BOP/SUP/PD
(2017) [471 609+7.2
Rakasevi¢ D (2016)  Serbia 3 CG:60TG: 57.59 AT AT+ PDT 19/21 PD/CAL/BOP
[48]
Jepsen K (2016) [41]  Germany 12 584+123 OFD AT 26/33 VDD/PD/BOP/PI
Hamzacebi B (2015)  Turkey 6 60.98+11.9 OFD AT 19/19 BOP/PD/REC/CAL/KM
[42]
Bombeccari GP Italy 6 46+£13.0 OFD OFD+PDT 20/20 PD/CAL/BOP
(2013) [46]
Wohlfahrt JC (2012)  Norway 12 CG:650+£100TG:  OFD RT 16/16 PD/BOP
[50] 572+123
Emanuel N (2012) Israel 12 64.81+£7.61 OFD AT 14/18 PD/CAL/BL/BOP/REC
[43]
Lasserre JF (2020) Belgium 6 66.5+24.5 RT OFD 15/14 PI/BOP/SOP/PD/CAL/
[51] REC/BL

CG control group, TG test group, OFD open flap debridement, AT augmentative therapy, RT resective therapy, OFD + LA open flap debridement combined with

local antibiotics, OFD+ PDT open flap debridement combined with photodynamic therapy, RT+ PA resective therapy combined with phosphoric acid, AT+ PDT
augmentative therapy combined with photodynamic therapy, AT+ O augmentative therapy combined with ozone therapy, PD probing depth, CAL clinical attachment
level, Pl plaque index, BOP bleeding on probing, G/ gingival index, MR mucosal recession, SUP suppuration, VDD vertical defect depth, BL bone level, B/ bleeding index,

KM keratinized mucosa, SOP suppuration on probing

As percentage (intention-to-treat)
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Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions
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10 20
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Fig. 2 Graph showing the risk of bias categories and the percentage of articles with these risks
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Fig. 3 Node link diagram showing the network meta-analysis comparisons. Nodes represent treatment methods, lines represent comparisons
between the linked nodes, size of node and lines represent number of articles involved in that comparison

among the treatment groups; 4) resective therapy com-
bined with phosphoric acid (RT +PA) showed the worst
effect on BOP reduction compared to all other treatment
groups while AT+O and OFD+PDT showed more
reduction than OFD; 5) AT achieved more CAL gain
than OFD+PDT and OFD, and OFD+PDT achieved
more CAL gain than OFD, all of which were statistically
significant. Overall, AT 4+ O showed the most significant
response for all parameters.

SUCRA ranking of all treatment methods

The cumulative ranking curves (Fig. 5) and SUCRA rank-
ing table (Appendix 11 Table S9) showed the probabili-
ties of each type of intervention to achieve the evaluated
outcomes. AT+ O showed the highest probability to
achieve the best outcome for all evaluated parameters:
most PD reduction (probability 81.6%), most RBF gained
(97.8%), most BOP reduction (87.6%) and most CAL
gained (97.3%). All surgical procedures were less effective
for mucosal retraction, with RT showing slightly higher
probability (54.5%) of achieving the best outcome.

Discussion

Summary of the main finding

A total of 13 articles with 542 participants were included
for this review. Network meta-analysis based on the fre-
quentist method suggests that AT is better than OFD in
improving RBF and CAL outcomes, but comparable to

OFD in reducing peri-implant soft tissue inflammation.
Studies that evaluated MR changes in AT, OFD and RT
did not achieve statistical significance. Addition of pho-
todynamic therapy did not significantly alter the effect of
AT alone on PD reduction and CAL gain. Similarly, sup-
plementing RT with phosphoric acid did not significantly
alter BOP reduction from RT alone. However, the qual-
ity of evidence for the above treatments is poor, and the
result should thus be interpreted cautiously.

Effect of augmentative treatment

Augmentative treatment alone

Augmentation therapy for peri-implantitis aims to
remove granulation tissue and bacterial biofilm to
achieve re-osseointegration on the surface of the implant
that is previously contaminated. The results of this NMA
suggest that AT outperforms OFD in terms of RBF and
CAL gain, consistent with previous research [52, 53].
Recent meta-analysis identified a significantly larger mar-
ginal bone level gain of 1.7 mm and defect fill (weighted
mean difference of 57%) with AT compared with open
flap debridement, whereas no differences were identi-
fied for clinical measures (PD and BOP reduction) [53].
Thus, regenerative therapy can significantly improve
radiographic bone filling but does not outperform OFD
in reducing peri-implant soft tissue inflammation. Aug-
mentation therapy also aims to maintain the soft tissue
height. But the results of this NMA indicated that there
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Fig. 4 The forest plot comparing the changes in five parameters between OFD and all other treatments
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Table 2 League table comparing the changes in PD reduction (mm) between different surgical treatments. The surgical methods
were ranked according to the SUCRA value. Numbers outside of brackets indicate mean difference (MD), and numbers inside of
brackets are 95% confidence intervals. If MDs is more than O, column treatment is better. Bold indicates significant results

AT+0 / / /
0.27(-1.35,1.89)  AT+PDT / /
045(-146,236) 0.18(-1.74,2.10) RT /
047(-137,231)  020(-1.65,205  0.02(-1.95199 OFD+LA
1.15(-1.11,340)  0.88(-1.38,3.14)  0.70(-049,1.89) 068 (-1.63,2.99)
1.13(-0.01,227)  086(-0.29,2.01)  0.68(-0.86,2.22) 0.66 (-0.78,2.10)
1.15(-032,261)  0.88(-0.60,2.36)  0.70(-0.93,2.33) 068(086 2.22)
1.60 (0.35,2.85) 1.33(0.06,2.60) 1.15(-0.29,2.59) 3(-021,247)

/ 1.13(-001,227) / /

/ 0.86(-0.29,2.01) / /
0.70(-049,1.89) / / 1.15 (-0.29, 2.59)
/ / / 1.13(-0.21,247)
RT+PA / / /
-002(-197,1.93) AT / 047 (-0.06, 1.00)
-0.00(-2.02,2.02) 0.02(-0.90,094) OFD+PDT 045 (-0.31,1.21)
045(-142,232) 047 (-0.06,1.00) 045(-031,1.21) OFD

Table 3 League table comparing the changes in RBF gain (mm) between different surgical treatments. The surgical methods were
ranked according to the SUCRA value. Numbers outside of brackets indicate mean difference (MD), and numbers inside of brackets are
95% confidence intervals. If MDs is more than 0, column treatment is better. Bold indicates significant results

AT+0 1.15 (-0.25, 2.55) /

1.15(-0.25; 2.55) AT /

2.04 (0.02, 4.06) 0.89 (-0.57, 2.35) OFD+LA
2.45(0.15,4.75) 1.30(-0.53,3.13) 041 (-1.70,2.52)
2.45(0.88,4.02) 1.30(0.59, 2.01) 041 (-0.86, 1.68)

2.73(0.03,5.43)

1.58 (-0.73, 3.89)

0.69 (-1.85,3.23)

/ / /

/ 1.30(0.59,2.01) /

/ 041(-0.86,1.68) /

OFD +PDT 0.00(-1.68,168) /

0.00 (-1.68, 1.68) OFD 0.28(-1.92,2.48)
0.28 (-2.49, 3.05) 0.28(-1.92,248) RT

Table 4 League table comparing the changes in MR (mm)
between different surgical treatments. The surgical methods
were ranked according to the SUCRA value. Numbers outside
of brackets indicate mean difference (MD), and numbers inside
of brackets are 95% confidence intervals. If MDs is more than 0,
column treatment is better. Bold indicates significant results

AT+0

0.06 (-1.32,1.44)
0.10(-1.50, 1.71)
0.12(-2.03,2.27)

0.06 (-
AT

0.04 (-0.78, 0.86)
0.06 (-1.59,1.71)

1.32,144) / /

0.04 (-0.78,0.86) /

OFD 0.02 (-1.42, 1.46)
0.02(-142,1.46) RT

was no statistical difference between AT, OFD, and RT
in MR outcomes. This is consistent with animal studies
that suggest that peri-implant augmentation surgery does
not up-regulate the levels of mid-facial mucosa compared
with access flap surgery alone [54, 55]. Thus, whether
augmentation surgery can increase the esthetic effect of
peri-implantitis remains unclear.

Ozone therapy in augmentative treatment

The results of this NMA suggest that AT+ O outper-
forms AT alone in terms of RBF and CAL gain, and PD
and BOP reduction. In aqueous and gaseous phases,
ozone serves as a reliable and potent antibacterial agent,
capable of killing bacteria, fungi, protozoa, and viruses.

Table 5 League table comparing the changes in BOP reduction (%) between different surgical treatments. The surgical methods were
ranked according to the SUCRA value. Numbers outside of brackets indicate mean difference (MD), and numbers inside of brackets are
95% confidence intervals. If MDs is more than 0, column treatment is better. Bold indicates significant results

AT+0 /
0.74 (-28.70,30.18)
8.30(-3.79,20.39)

10.27 (-9.57,30.10)
1844 (-6.22,43.11)

8.30(-3.79,20.39) /
OFD+LA / /
756 (-19.28,34.40) AT /
9.52(-15.19,34.24)  1.97 (-13.75,17.68)

17.70 (-11.04, 46.44) 10.14 (-11.35,31.64)

18.74(0.73,36.76) 18.00(-5.28,41.28) 1044 (-2.91,23.80)
39.00 (15.88, 38.26 (4.96, 71.55) 30.70 (11.00,
62.12) 50.40)

OFD+PDT

8.18 (-10.60, 26.95)
8.48(0.19,16.77)
28.73(3.53,53.94) 20.56 (-8.60,49.72)

/ / /

/ 18.00 (-5.28,41.28) /

/ 1044 (-2.91,23.80) 30.70(11.00, 50.40)
/ 8.48(0.19,16.77) /

030 (-16.54,17.14) /

OFD /

20.26 (-3.54,44.06) RT+PA

RT
030 (-16.54,17.14)
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Table 6 League table comparing changes in CAL gain (mm) between different surgical treatments. The surgical methods were ranked
according to the SUCRA value. Numbers outside of brackets indicate mean difference (MD), and numbers inside of brackets are 95%
confidence intervals. If MDs is more than 0, column treatment is better. Bold indicates significant results

AT+0 / 1.18 (0.40, 1.96)
0.68 (-0.49, 1.85) AT +PDT 0.50(-0.37,1.37)
1.18 (0.40, 1.96) 0.50(-0.37,1.37) AT

1.93(0.37, 3.49) 1.25 (-0.36, 2.86) 0.75(-0.61,2.10)
2.22(1.26,3.17) 1.54(0.51,2.57) 1.04 (0.49, 1.59)

2.66 (1.71, 3.61) 1.98 (0.95, 3.01) 1.48 (0.93, 2.03)

/ / /

/ / /

/ / 1.48 (0.93, 2.03)
RT / 0.73(-0.51,1.97)
0.29 (-0.95, 1.53) OFD +PDT 0.44 (0.40, 0.48)
0.73(-0.51,1.97) 0.44 (0.40, 0.48) OFD

Current dental practices employ ozone to prevent the
development of caries, non-surgical treatment of peri-
odontitis and cleaning of oral restorations, etc [56].
Intraoral gram-positive and gram-negative microorgan-
isms and oral Streptococcus albicans can be killed by
ozone water [57]. Topical application of ozonated water
may facilitate wound healing [58]. Moreover, ozone water
has a high level of biocompatibility with human oral epi-
thelium, gingival fibroblasts, as well as periodontal cells
[59]. McKenna et al. compared ozone with and with-
out hydrogen peroxide in the treatment of peri-implant
mucositis, and found that ozone is capable of significantly
reducing plaque, altering gingival and bleeding indexes,
with a high potential for peri-implant mucosal manage-
ment [60]. Furthermore, the antimicrobial effect of ozone
therapy potentially delays disease progression, prevent-
ing soft tissue friability and thus offering better soft tissue
handling if invasive surgery is required. As a result, aug-
mentation therapy with ozone is capable of significantly
mitigating peri-implant soft tissue inflammation. Exist-
ing research suggests that ozone therapy is capable of
facilitating bone formation in autogenous bone grafting
and promoting osteogenesis in animal studies [61, 62].
However, the Isler et al. study included in our analysis

is the only study on the use of ozone therapy in surgical
management of peri-implantitis [49], and our attention
should be paid to this finding.

Photodynamic therapy in augmentative therapy
Photodynamic therapy uses low energy visible light to
stimulate a non-toxic light-sensitive dye called a “photo-
sensitizer” (PS) [63]. This results in formation of singlet
oxygen free radicals, which are toxic to bacteria and cells
[64]. It has been used repeatedly for treating periodon-
titis and peri-implantitis. In this study, PDT combined
with AT did not show significant difference in PD reduc-
tion and CAL gain compared with AT alone. Vohra et al.
conducted a meta-analysis which suggested that PDT
improves bone implant contact and re-osseointegration
but does not differ from chemical debridement [65]. Fur-
ther meta-analyses suggested that PDT improves peri-
implantitis outcomes [66]. Since only one study evaluated
this treatment method, this finding should be treated
cautiously.

Effect of resective therapy
In this study, RT did not achieve a good therapeutic
effect. In terms of BOP, AT+ O was significantly lower
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than RT +PA, and no significant difference was identi-
fied between RT and RT + PA. It can be seen that the use
of chemicals has not achieved better therapeutic effect.
The chemical agents recommended for use on exposed
implants after mechanical decontamination during
implant surgery include hydrogen peroxide, citric acid,
sodium chloride, chloramines, tetracycline hydrochlo-
ride, and chlorhexidine gluconate [67]. However, a meta-
analysis did not find any method to be superior [68], and
0.2% chlorhexidine gluconate has no better therapeu-
tic effect than sterile saline [69]. Accordingly, the use of
chemical agents in surgical resection for peri-implantitis
does not improve the final outcome.

Limitation

As far as we know, this has been the first NMA compar-
ing different surgical methods for peri-implantitis. Nev-
ertheless, there are some limitations to this study. Due to
the small number of relevant articles (and their sample
sizes), some of the results were subject to bias. Among
the included randomized controlled trials, 30.8% were
at high risk of bias and only 53.8% were at low risk. The
quality of evidence was significantly low, leading to low
confidence in the estimation of effect. Thus, while we can
show which surgical option is more effective, the opti-
mal surgical option for peri-implantitis remains unclear.
Future research should involve well-designed high-qual-
ity RCTs with larger sample sizes to accurately address
the above limitations.

Conclusions

Within the limitations of this systematic review and net-
work meta-analysis, our data showed that augmentation
surgery is capable of significantly increasing the amount
of bone filling on imaging, whereas the control of peri-
implant soft tissue inflammation is comparable to open flap
debridement. Augmentative surgery combined with ozone
therapy is likely to achieve better outcomes but should be
implemented with caution as the quality of evidence is
poor. The present data do not contribute to the final deter-
mination of the optimal surgical option for peri-implantitis.

Abbreviations

RCTs Randomized controlled trials
PD Probing depth

RBF Radiographic bone fill
MR Mucosal recession

BOP Bleeding on probing
CAL Clinical attachment level
Pl Plaque index

Gl Gingival index

SUP Suppuration

VDD Vertical defect depth

BL Bone level
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BI Bleeding index

KM Keratinized mucosa

SOP Suppuration on probing

OFD Open flap debridement

RT Resective therapy

AT Augmentative therapy

OFD+LA  Open flap debridement combined with local antibiotics

OFD+PDT  Open flap debridement combined with photodynamic therapy
RT+PA Resective therapy combined with phosphoric acid

AT+ PDT Augmentative therapy combined with photodynamic therapy
AT+0 Augmentative therapy combined with ozone therapy

NMA Network meta-analysis

MD Mean difference

SUCRA Surface under Cumulative Ranking Curve

ROB Risk of bias evaluation

CINeMA Confidence in Network Meta-Analysis
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