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Purpose: To estimate and compare the effect of two different nonreconstructive surgical techniques for treating peri-
implantitis. Materials and Methods: An electronic search was performed in PubMed, Web of Science, Embase, Scopus,
Ovid Medline, and the Cochrane Library of the Cochrane Collaboration (CENTRAL) for articles published until September
2023. Studies evaluating surgical nonreconstructive techniques for the treatment of peri-implantitis were included. The
primary outcomes were changes in pocket probing depth (PPD) and bleeding on probing (BoP). Secondary outcomes
included marginal bone levels (MBLs) and plaque index (Pl) changes. Meta-analysis and meta-regression were performed.
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach was used to determine
the quality of evidence. Results were grouped according to their treatment techniques: (7) flap surgeries and (2) osseous
resective surgeries (nonreconstructive). Results: The final stage of screening included 15 clinical trials. At 12 months,
the flap group had a mean PPD reduction of 1.27 mm (95% Cl: 0.67-1.87; I> = 95.9%), and the osseous resective group
had a PPD reduction of 1.88 mm (95% Cl: 1.39-2.37; I> = 97.1%), showing no significant differences (P = .119). Regarding
BoP, there were no significant differences between the two techniques at 3, 6, or 12 months. For MBL, at 12 months, the
flap group showed less bone loss than the osseous resective group (mean difference = 0.73 mm; P < .001). Conclusions:
Both nonreconstructive surgical interventions were effective in managing peri-implantitis. Moderate-quality evidence
suggested that flap surgeries may provide a slight advantage in maintaining MBLs compared to osseous resective surgery.
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Peri—implantitis—a condition with high prevalence
characterized by the extensive destruction of sur-
rounding tissues—has emerged as a significant con-
cern in dental health, drawing attention to its poor
therapeutic response and increasing incidence rate.!
Recent systematic reviews have highlighted alarm-
ing prevalence rates at both the patient and implant
level,>® with a cross-sectional study* reporting even
higher rates of 34% at the patient level and 21% at the
implant level. The prevalence of peri-implantitis tends
to increase with the prolonged functional loading of an
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implant,®> presenting a major challenge regarding the
numerous implants placed in recent decades.

While nonsurgical therapy for periodontitis has been
effective,® the same cannot be said for managing peri-
implantitis, particularly in established or advanced
forms, as the results have often been suboptimal and
unpredictable.” Despite various nonsurgical treatment
methods, there has been an inability to achieve a cor-
responding reduction in inflammatory parameters at
peri-implantitis sites.”® Following the stepwise ap-
proach implemented for advanced periodontitis,® it
has been generally observed that initial nonsurgical
therapy of peri-implantitis often necessitates further
surgical intervention due to a failure to reach treatment
objectives.'0-12

Surgical techniques such as pocket elimination, ac-
cess flap procedures, osseous resection, and recon-
structive surgeries have been explored extensively.'3-1°
These techniques aim to eliminate peri-implant pocket
probing depth (PPD) and reduce bleeding on probing
(BoP), which are both endpoints desired in periodontal
therapy.'6

During pocket-elimination procedures, soft tissue
flaps are apically displaced and resutured at the crestal

The International Journal of Oral & Maxillofacial Implants  s73



Saleh et al

bone level, sometimes involving a resection of sharp
bony edges to facilitate flap adaptation.'%'”'® Flap pro-
cedures involve repositioning soft tissue flaps upon de-
contaminating implant surfaces at the presurgical level,
typically maintaining the full height of the mucosal
component and the underlying bony structures sup-
porting peri-implant soft tissues.’®?® Reconstructive
surgery extends the access flap technique to address
the reconstruction of peri-implantitis—associated angu-
lar bony defects, often involving the use of bone substi-
tute materials, barrier membranes, bioactive agents, or
combinations thereof.1921:22

However, it is yet to be conclusively demonstrated
whether these techniques effectively improve clini-
cal and patient-reported outcomes.”® Although some
studies have reported significant improvements in clin-
ical and imaging parameters with graft materials,'* oth-
ers have not found additional improvement in probing
depth (PD) or other clinical parameters.?* The results of
reviews and meta-analyses on the effect of graft ma-
terials in treating peri-implantitis have been similarly
inconsistent.?>-?” Recent randomized controlled trials
(RCTs) with these procedures have provided additional
evidence, contributing to the formation of more cred-
ible conclusions.™

Even though significant differences in outcomes
were not consistently observed when comparing the
efficacy of flap surgery versus resective osseous sur-
gery for managing periodontitis,®® some studies have
implied the potential advantages of osseous resec-
tion.2?3% Given the parallels between periodontal dis-
ease and peri-implant disease, it is hypothesized that a
similar relationship may be observed in the treatment
outcomes of peri-implant disease.

Therefore, this systematic review and network
meta-analysis aimed to estimate the effect of access
flap procedures versus peri-implant osseous proce-
dures for nonreconstructive surgical treatment of
peri-implantitis.

MATERIALS AND METHODS

Protocol and Registration

The present systematic review was registered at the
Prospective Register of Systematic Reviews (PROSPERO;
CRD42023495793) (https://www.crd.york.ac.uk/PROS-
PERO/display_record.php?RecordID=495793).

Eligibility

The following population, intervention, comparison,
and outcomes (PICOS) framework was used to guide
the inclusion and exclusion of studies:
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« P (population): Patients requiring treatment for peri-
implantitis with at least one dental implant that was
previously in function. Their diagnosis should be
specified according to the case definition outlined by
the American Academy of Periodontology and Euro-
pean Federation of Periodontology 2017 World Work-
shop3'33 or a clear diagnosis based on clinical and
radiographic parameters.

« | (intervention): Any surgical therapy rendered for the
treatment of peri-implantitis to re-establish peri-im-
plant health while performing a “resective” approach
without employing any regenerative or augmenta-
tion procedures.

o C (comparison): Other surgical treatment of peri-
implantitis through open flap debridement alone
(positive control) or other nonreconstructive surgical
therapies.

« O (outcomes): For inclusion, studies had to provide
at least one of the following outcomes after the ren-
dered treatment: changes in PPD with BoP and/or
suppuration (SUP) (primary outcome[s]). The second-
ary clinical outcomes were as follows: radiographic
changes in marginal bone levels (MBLs), plaque index
(PI), composite outcomes, disease resolution, implant
loss/survival, recession, and other side effects.

Focused Questions

In patients requiring treatment of peri-implantitis (P),
this study aimed to estimate the effect of nonregenera-
tive surgical access flap procedures (l) when compared
to nonsurgical therapy (C), as measured by the reduc-
tion of PD or of BoP (O). When observed in controlled
trials with a follow-up of = 6 months and a sample size
of > 10 patients per arm (S), which procedure will have
the greatest effect on peri-implantitis?

Study Design

For a detailed analysis, all prospectively conducted
and controlled human studies that were published in a
peer-reviewed journal with at least a 6-month follow-up
(after the final intervention in case of repeated delivery/
administration of agents) and a minimum of 10 patients
per treatment arm were considered for this systematic
review. Studies had to delineate a clear description of
the rendered treatment.

Search Methodology

Preferred Reporting Items for Systematic Review and
Network Meta-Analyses (PRISMA 2020) guidelines were
followed in reporting.3* An electronic search was per-
formed in PubMed, Web of Science, Embase, Scopus,
Ovid Medline, and The Cochrane Library of the Co-
chrane Collaboration (CENTRAL) for articles published
until September 2023. Searches were expanded to



Saleh et al

include articles in the English and Spanish languages
and included hand searching.

Study Selection

Titles and abstracts of relevant studies obtained from
the electronic libraries were saved in EndNote (Clari-
vate Analytics). After the initial search, all studies
were uploaded to the Rayyan systematic review plat-
form (Rayyan Systems). Initial calibration of reviewers
was achieved by in-person meetings. Two reviewers
(M.H.AS. and A.A) independently screened titles and
abstracts and downloaded full texts through the Uni-
versity of Michigan electronic library. Conflicts were
resolved through discussion with a third author (R.N.).
If an article was excluded, the reason for exclusion was
recorded.

Risk of Bias in Individual Studies

Risk-of-bias assessments were performed by the same
two authors (M.H.AS. and A.A)). If there was disagree-
ment, a third reviewer (R.N.) was consulted. The evalua-
tion of bias risk was conducted using the Cochrane RoB
2 tool.3> The assessment included five key domains:
(1) bias in the randomization process (selection bias),
(2) bias from deviations in planned interventions (ad-
herence to interventions), (3) bias from missing data
(outcome data completeness), (4) bias in outcome
measurement, and (5) bias in the reporting of results.
Each domain addresses a distinct aspect of trial design
and execution, contributing to the inclusive bias risk
assessment.

Quality of the Evidence

The Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) approach along
with the GRADEpro were used to assess the quality of
evidence for each outcome to measure the efficacy of
peri-implantitis treatment using flap surgery versus
osseous surgery. The determination of the quality of
evidence was based on the following factors: (1) the
risk of bias across the studies, (2) any inconsistencies in
the findings, (3) imprecision of the study’s results, and
(4) indirectness, as well as (5) the magnitude of the ef-
fect, (6) plausible confounding factors, and (7) the dose
response.

Statistical Analysis

Weighted means were estimated from a random-effects
model with corresponding Z statistics, 95% confidence
intervals (Cls), and P values. A restricted maximume-likeli-
hood estimator was used in the model. The effect of the
type of surgery (flap vs osseous) was estimated using
mixed-effects models (meta-regression). Heterogeneity
analyses were carried out through Cochran’s Q test and
12 index, which represented the amount of variability

between studies compared to total variability. Funnel
graphs were performed to assess the potential publica-
tion bias, and Egger’s test was applied to contrast the
present hypothesis. The level of significance used in the
analysis was 5% (a = .05). The software used was R 4.3.1
(R Foundation for Statistical Computing; https://www.r-
project.org).

RESULTS

Selection of Studies

Our electronic search using preset keywords yielded
666 articles. After removing duplicates with the End-
Note software, we uploaded 475 articles to the Rayyan
systematic review platform for an initial assessment
process.3® Of these, 447 were deemed irrelevant based
on their titles and abstracts. We further narrowed the
pool down to relevant articles for comprehensive text
review (Appendix Table 1; find all appendix items at the
end of the article). Ultimately, 15 publications were se-
lected for inclusion, all of which were RCTs. The PRISMA
flow diagram depicts the selection process (Fig 1).

Characteristics of the studies

Details about the included studies are summarized in
Table 1. Though all included studies were RCTs, these
varied in their design approaches and settings. All
studies except for one were conducted in a university
setting.3’” In addition, all studies except for one were
conducted at a single site3® in Belgium, Brazil, Greece,
Italy, Netherlands, Saudi Arabia, South Korea, or Swe-
den. Note that all studies were conducted between
2007 and 2021. The duration of follow-up included
3 months,?® 6 months,**> 12 months,737:3846-48 34
months,2%4° and 60 months.*°

Definition of disease

The definition of peri-implantitis varied across the stud-
ies. However, as per our inclusion criteria, studies used
either the 2017 World Workshop classification or a com-
bination of clinical and radiographic criteria. Two stud-
ies used the 2017 World Workshop classification.3”-38 Six
studies defined peri-implantitis as BoP or SUP on prob-
ing with PPD > 5 mm and radiographic evidence of > 2
mm of bone loss .17:39-414647 Three studies defined peri-
implantitis as PPD > 6 mm in at least one aspect of the
implant, with BoP and SUP on probing and radiographi-
cally documented marginal bone loss > 3 mm.#24>48
Hallstrom et al?® defined peri-implantitis as = 2 mm
of bone loss as determined from a comparison of the
bone level 1 year following implant reconstruction or
as > 3 mm in depth determined from radiographs in
combination with a PPD of > 5 mm and the presence of
BoP or SUP on probing.?’ Bombeccari et al** used PPD >
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Fig1 PRISMA flow diagram.

5 mm with BoP and/or inflammatory exudate and con-
comitant radiographic signs of progressive bone loss
(> 3 threads) for a dental implant at least 12 months in
function. Lastly, Isehed et al*® defined peri-implantitis
as a PPD = 5 mm with BoP and SUP on probing in ad-
dition to an angular peri-implant bone loss of > 3 mm
measured radiographically.

Additional study details

Two studies were industry funded,*'#> and one study
did not mention its funding source*? The funding
source for the other 12 studies was internal from aca-
demic or national organizations. The RCTs reported
recruiting between 16 to 32 patients. Only studies by
Lasserre et al,*' Fragkioudakis et al,** Cha et al,*> com-
pletely excluded smokers.

Implant site and surgical site specifics

All studies reported performing nonsurgical therapy
prior to surgical intervention except for one.’” Eight
studies reported that periodontal disease had been pre-
viously present at the implant site.'7:20394045-48 Wagner
et al*® was the only study that did not perform implant
surface detoxification. One RCT reported performing
implantoplasty as part of the surgical therapy.*' Albaker
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et al,?” Cha et al,* and Hallstrém et al?° prescribed pre-
surgical and postoperative antibiotics.

Bias Assessment in Studies

The risk of bias was assessed in the included studies and
is detailed in Fig 2. Nine of the studies were considered
to have a low risk of bias,1%17:20.39-414345 whjle two stud-
ies*24 were seen as having a high risk of bias, primarily
due to inconsistent reporting of results. Other studies
were deemed to have a moderate risk of bias due to in-
consistent reporting of results or bias in their selection.

Assessment of Outcomes

The outcomes and interventions in the included stud-
ies are detailed in Table 1. All studies reported changes
in PPD and BoP. Additional variables reported included
MBL, as determined radiographically, and implant loss.
Six studies reported composite outcomes defined as
treatment success.204041454748 Qnly one study, Hall-
strom et al,?° used two composite outcomes and re-
ported treatment success accordingly. All composite
outcomes comprised PPD, progressive radiographic
bone loss, BoP, and SUP. Only Lasserre et al 4! defined
success as a mean PPD reduction of > 0.5 mm with no
further bone loss. Outcomes were reported for 3, 6, 12,
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24, and 36 months, but only those at 3, 6, and 12 months
could be analyzed due to sample size constraints for the
36-month follow-up.

Flap surgery versus osseous resective surgery for treat-
ment of peri-implantitis

Primary outcome: Reduction in PPD

When subgrouping by time point of observation, the
estimated mean PPD reduction for the flap group at 3
months was 1.56 mm (95% Cl: —0.13-3.25), with a high
level of heterogeneity (1= 99.5%). The estimated mean
PPD reduction for the osseous group at 3 months was
1.52 mm (95% Cl: 1.25-1.79), with high heterogeneity
(1> = 86.9%). When both groups (flap versus osseous)
were compared, no differences were found due to the
type of surgery (P =.967).

At 6 months, the mean PPD reduction for the flap
group was 1.72 mm (95% Cl: 0.88-2.55), with a high
level of heterogeneity (1> = 99.4%). The estimated mean
PPD reduction for the osseous group was 1.81 mm (95%
Cl: 1.14-3.47), with a high level of heterogeneity (1> =
98.5%). When both groups were compared, no differ-
ences were found due to the type of surgery (P =.891).

The highest PPD reduction in the osseous group at
6 months was 2.66 mm, as reported by Carcuac et al,*8
and 3.64 mm for the flap group as reported by Lasserre
etal4

At 12 months, the mean PPD reduction for the flap
group was 1.27 mm (95% Cl: 0.67-1.87), with a high
level of heterogeneity (1> = 95.9%). The estimated mean
PPD reduction for the osseous group was 1.88 mm
(95% Cl: 1.39-2.37), with a high level of heterogeneity
(12=97.1%). When both groups were compared, no dif-
ferences were found (P =.119).

At 12 months, the highest PPD reduction in the osse-
ous group was 2.52 mm as reported by Carcuac et al,*8
and for the flap group, it was 1.62 mm as reported by
Hallstrom et al?® (Fig 3) (Appendix Figs 1 and 2, available
at the end of the article).

In short, PPD reduction in the flap group was signifi-
cant at 6 and 12 months (P < .001), whereas PPD reduc-
tion in the osseous group was significant at 3, 6, and
12 months (P < .001). There were no significant differ-
ences between the techniques at 3 months (P =.967), 6
months (P=.891), or 12 months (P=.119).

Primary outcome: Reduction in BoP

The estimated mean BoP reduction for the flap group
at 3 months was 26.4% (95% Cl: -21.9-74.7), with a high
level of heterogeneity (1> = 99.2%). The estimated mean
BoP reduction for the osseous group was 16.8% (95% Cl:
2.53-31.1), with high heterogeneity (1> = 99.2%). When
both groups were compared, no differences were found
(P=.692). At 6 months, the mean BoP reduction for the

flap group was 38.1% (95% Cl: 19.9-56.3), with a high
level of heterogeneity (1> = 99.3%). The mean BoP re-
duction for the osseous group was 22.4% (95% Cl: 0.03-
44.8), with a high level of heterogeneity (1> = 96.5%).
When both groups were compared, no differences were
found (P=.312). At 12 months, the mean BoP reduction
for the flap group was 7.38% (95% Cl: -7.21 21.9), with
a high level of heterogeneity (1> = 97.1%). The mean
BoP reduction for the osseous group was 18.9% (95%
Cl: -2.06-39.9), with a high level of heterogeneity (I? =
96.1%). When both groups were compared, no differ-
ences were found (P =.363) (Fig 4). In short, there were
no differences between both techniques at 3, 6, or 12
months (P =.692,.312, and .363, respectively).

Secondary outcome: Changes in radiographic MBLs
No regression model was estimated for 3-month follow-
up studies due to both the lack of information reported
and the lack of sufficient studies reporting this outcome
at this time point.

The estimated MBL for the flap group at 6 months
was 0.46 mm (95% Cl: -0.04-0.95), with a high level of
heterogeneity (1> = 95.8%). The estimated mean MBL for
the osseous group was -0.14 mm (95% Cl: -0.27-0.02),
with a low level of heterogeneity (1% = 24.9%). When flap
and osseous groups were compared, significantly more
bone loss (0.58 mm more) was found for the osseous
group (P = .044). At 12 months, mean MBL change in
the flap group was 0.66 mm (95% Cl: 0.46-0.87), with a
moderate level of heterogeneity (12 = 65.4%). The mean
MBL change for the osseous group was -0.07 mm (95%
Cl: -0.31-0.17), with a high level of heterogeneity (I? =
76.8%). When the flap and osseous groups were com-
pared, significantly more bone loss (0.73 mm) was
found in the osseous group (P = .001) (Fig 5; Appendix
Figs 3 and 4, available at the end of the article).

In summary, the marginal bone loss at 6 months was
significantly higher in osseous surgery—with a differ-
ence of 0.58 mm—compared to flap surgery (P = .044).
The same result was observed at 12 months (0.73 mm;
P <.001).

Secondary outcome: Reduction in Pl

The estimated mean Pl reduction for the flap group at
3 months was 0.48% (95% Cl: -8.37-9.33), with a high
level of heterogeneity (12 = 92.9%). The estimated mean
Pl reduction for the osseous group was 2.12% (95% Cl:
-6.63-10.9), with high heterogeneity (12 = 89.5%). When
both groups were compared, no differences were found
(P=.793). No regression model was estimated for 6- and
12-month follow-up studies due to the insufficient in-
formation reported by an adequate number of studies
at these time points.
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Table 1 Included Study Characteristics

Female Male Age of Medical
No. of Total Peri-implantitis Treatment No. of No.of participants participants participants conditions Diabetic
Authors Year centers Country Studysetting patients  definition groups participants implants (%/N) (%/N) (mean = SD) (Y/N)  patients, %
Access flap: AB 13 13 31% 69% 61.5£99 15%
+AS
Marginal bone
loss =2 mm
. . Private after 1y of
Albakeretal 2018 1 Saudi Arabia practice 24 loading or > Access flap: AB
3mmin new HAS
radiographs  Antimicrobial n n 18% 82% 584+8.0 36%
photodynamic
therapy
PPD =5 mm
with BoP and
Wagneretal 2021 2 Brazil University 45  radiographic Flap surgical 24 30 18 6 60.1+86 None
evidence of treatments
bone loss >
2mm
Peri-implant Test grou
PPD >5mm, Implantoplasty =g‘|6 P 22 n 5 62.3 None
Lasserreetal 2020 1 Belgium University 31 marginal bone
loss =2 mm, and
BoP and/or SUP
Glyc‘|n§ air Control 20 " 4 71 None
polishing group =15
According to Resective
the Albrektsson  surgery and 15 20 75% 25% 68.8 +25.0 NR
etal (1986) and implantoplasty
Roos et al (1997)
criteria, such
as absence of
progressive
marginal bone
loss (bone
Hallstrometal 2017 1 Italy University 39 resorption in
measurement »
e Slizseer;tg’:ly 16 18 63% 37% 71477 NR
than 1 mm
during the first
year of implant
positioning and
0.2 mm per year
in subsequent
years)
Peri-implant B -
deWaaletal 2013 1 Netherlands  University 30 ARSI ApIacgbo 10 5 61.5 (10.0) None
and bone loss > solution 15 e
2mm
Rinsed for 1
min with a 2%
CHX solution
22 BoP and/or SUP, (alcohol- 22 49 17 5 58.6(10.2) None
peri-implant based) (test
de Waaletal 2014 1 Netherlands ~ University PPD >5mm group)
and bone loss >
2mm 0.12% CHX
()
2 +0.05% CPC 2 59 14 8 60.5(11.6) None
without
alcohol
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Was NST
Removed
before
surgery

Preoperative

Implant surface

Implant system/ antibioticsand Type of

Previous  performed Single or
periodontal before  multiple
Smoking status/  History of disease at surgery? treated Typeof  Implantoplasty decontamination Method of
systemic diseases periodontitis implant site (Y/N) sites  Site (arch) intervention (Y/N) (Y/N) decontamination implantsurface dosage (Y/N) prosthesis (Y/N)
Y NR NR NR Single  NR Flap N Y Titanium curettes NR NR NR NR
and gauze
Titanium curettes
and gauze +
one session of
Y NR NR NR Single NR Flap N Y antimicrobial NR NR NR NR
photodynamic
therapy post
surgery
SR=14,c ,'lonly
Y Y NR Y Multiple Both Flap N N NR NA NR _ .o forscrew
- retained)
A modified
implant surface:
. rough (titanium _
Nonsmokers Y - Y Single Both Flap Y Y Roundbdlamond plasma-sprayed; NR SR=1,C -
urs =18
16.7%) and
microrough
(83.3%)
. Air-Flow Handy 3.0 SR=1,C
Nonsmokers Y - Y Single Both Flap N Y Perio, EMS NR 13 -
Y Y 47% Y Multiple NR Flap N Y Plastic scaler - - Both NR
Y Y 53% Y Multiple NR Flap N Y - - Both NR
Maxilla:
o 24 (50.0)% .
Y Y 5(33.3)% Y Multiple Mandible: Osseous N Y A placebo solution NA N Both Y
11 (35.5)%
Multiple implant SR=45
Both Y 10 (45.5)% Y Multiple Both Osseous N Y system (91.8)CR= Y
Curette and 2% 462)
CHX solution
(alcohol-based)
Multiple implant SR =42
Both Y 10 (45.5)% Y Multiple Both Osseous N Y (71.2)CR= Y
system
17 (28.8)
—)
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Table 1 (cont) Included Study Characteristics

Female Male Age of Medical
No. of Total Peri-implantitis Treatment No. of No.of participants participants participants conditions Diabetic
Authors Year centers Country Studysetting patients  definition groups participants implants (%/N) (%/N) (mean = SD) (Y/N)  patients, %
Airflow, using
the Airflow
Master Piezon
device, EMS)
with erythritol- 3.7%/1
PPD>5 based powder 2 & v patient
mm with containing
concomitant 0.3% CHX
Hentenaar et al 2021 1 Netherlands  University 58 BoP and/or SUP (14 um, PLUS 33 25 589+ 11.7
and progressive Powder, EMS)
loss of marginal
bone >2mm Implant
surface was
mechanically 3.2%/1
cleaned with el i v patient
saline-soaked
cotton gauzes
PPD > 5mm and treastlriwrggctavlvith
BoP and/or SUP . X 15 15 NA NA 70 Y NR
adjunctive
and at least one
. B EMD
implant with
Isehed et al 2018 1 Sweden University 29 angular peri-
implant bone
loss >3 mm No EMD 14 14 NA NA 70 % NR
measured on
radiograph
ggg :'SSUP' Plastic curettes 15 25 77% 23% 68.9+15.8 N None
>5mm,
complete
immobility of Anair-abrasive
the implant, device (Perio- 16 22 90% 10% 67.5+12.9 N None
radiographic Flow)
evidence of
Toma et al 2019 1 Belgium University 47 bone loss > 2

mm or resulting
inexposureof A titanium
two or more brush (Ti- 16 23 81% 19% 61.7+13.4 N None
implant threads Brush)
for systems with
visible implant
threads

PPD =6 mm Flap + laser 8 8 55+87 Y NR
in at least one
implantand the
simultaneous
presence of

Papladopoulos 2015 1 Greece University 19 BoP Ol)r4|S4UP’f 10 6
eta no mobility o Flap only 8 8 55487 Y NR
the implant,
radiographic
bone loss >
2mmat 1+
implant surface
2017 World Flap + laser 10 10 5 5 58.10 +8.54 N None
F;at_?kloudakls 2023 1 Greece University 20 PWng;sh(:pIon
&8 eriodontology g3 only 10 10 4 6 60.28+6.34 N None
definition
Group 1: AB+/ 7.4%/2
AS+ 27 47 20 7 65.7 (23-90) Y patients
PPDandBop CTOUP2ABH g 46 17 8 679(21-88) Y None
or SUP at four AS-
Carcuacetal 2016 1 Sweden University 100
aspects per
. . . 0,
implant  Group3:AB-/ 5, 49 14 10 646(7-8) Y 4.2%/1
AS+ patient
Group 4: AB-/ 8.3%/2
AS-— 24 37 14 10 66.9 (30-88) Y patients
Loss of marginal  Flap +35%
14 bone >2mm phosphoric 14 22 7 7 60.9 (7.2) N None
in combination  etching gel
Hentenaar et al 2017 1 Netherlands  University with BoP and/or
SUP and a peri-
14  implantprobing Flap + saline 14 31 9 5 57.0 (13.7) N None
depth =5 mm
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Was NST
Previous  performed Single or Removed
periodontal before  multiple Implant surface Preoperative before
Smoking status/  History of disease at surgery? treated Typeof  Implantoplasty decontamination Method of Implant system/ antibioticsand Typeof surgery
systemic diseases periodontitis implant site (Y/N) sites  Site (arch) intervention (Y/N) (Y/N) decontamination implantsurface dosage (Y/N) prosthesis (Y/N)
Airflow with SR=38
o ) erythritol-based SLA+SLA active, _ (70.4)
Y y 9(33.3)% y Multiple Both Flap N Y powder containing _ TiUnite, Other C=16 Y
0.3% CHX (Osseotite, (29.6)
Osseospeed,
Xspeed,
machined/
turned, and
plasma-sprayed
HA SR=28
. Saline-soaked (70.0)
9, —
Y y 12 (38.7)% y Multiple  Both Flap N Y et GRS C=12 Y
(30.0)
Ultrasonic
Y NA - Y Single - Flap N Y cleaner witha Modified - NA -
special implant
tip and titanium
instruments
combined with
rinsing with
Y NA - Y Single - Flap N Y sodium chloride Modified - NA -
solution (9 mg/mL,
2x20mL)
. Microroughened
|0 - —
NR Y 84% Y Multiple Flap N Y surface 80.8% Both N
. Microroughened
NR Y 73% Y Multiple = Flap N Y surface 78.9% = Both N
Gracey curette +
sodium chloride
. Microroughened
0, - -
NR Y 82% Y Multiple Flap N Y surface 86.3% Both N
NA NA - Y Single - Flap N Y NA - NA N
Ultrasonics and
NA NA - Y Single - Flap N Y hand instruments NA - NA N
N NA = Y Single = Flap N Y Titanium implant = = NA Y
scalers + sterilized
_ . _ gauze soaked in _ _
N NA Y Single Flap N Y 0.2% CHYX solution NA Y
10 x 10-mm gauze
Y Y 21(77.8)% Y Multiple Both Osseous N Y soaked in 0.2% Modified Y SR Y
CHX
Y Y 21 (84)% Y Multiple Both Osseous N Y Saline solution Modified Y SR Y
10 X 10-mm gauze
Y Y 21(87.5)% Y Multiple Both Osseous N Y soaked in 0.2% Modified Y SR Y
CHX
Y Y 21(87.5)% Y Multiple Both Osseous N Y Saline solution Modified Y SR Y
. Y (only
0
v Y 5 (36%) Y Single - Flap N Y 35% phosphoric 6o N NA  forscrew
etching gel "
retained)
Y (only
Y Y 4 (29%) Y Single - Flap N Y Saline solution Modified N NA for screw
retained)
_—
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ble 1 (cont) Included Study Characteristics

Female Male Age of Medical
No. of Total Peri-implantitis Treatment No. of No.of participants participants participants conditions Diabetic
Authors Year centers Country Studysetting patients  definition groups participants implants (%/N) (%/N) (meanxSD)  (Y/N) patients, %
Peri-implant
bone loss >
University 25 2 mm, PPD Sites treated 25 25 15 10 63.0 (46-84) N None
>5mm, and by open-flap
concomitant  debridement
Chaetal 2019 1 South Korea BoP with combined with
no history minocycline
University 25 of surgical ointment 25 25 10 15 60.2 (40-83) N None
treatment for
peri-implantitis
PPD>5mm,
with the
presence of
BoP and/or
D F'Zpr;u';m NA NA NA NA 46 N None
exudation;
patients
also had
Bombeccari 5 " concomitant
el 2013 1 Italy University radiographic
signs of
progressive
bone loss (bone Flap +
16  loss.3threads) conventional NA NA NA NA 46 N None
around the therapy

dental implant
for at least 12
months

Note that all studies were randomized controlled studies, and none of the implants were tissue-level implants.
SR = screw retained; C = cement; PPD = probing pocket depth; BoP = bleeding on probing; SUP = suppuration on probing; CHX = chlorhexidine; EMD = enamel matrix derivative;
NR = not reported; NA = not available; NST = nonsurgical treatment.

Fig 2 (a) Details of risk-of-bias assessment
performed for randomized controlled trials
answering FQ1 with RoB2. (b) Overall details
of risk-of-bias assessment.

Risk of bias domains

Overall

Albaker et al, 2018
Wagner et al, 2021
Lasserre et al, 2020
Hallstrom et al, 2017

De Waal et al, 2013

De Waal et al, 2014
Hentenaar et al, 2021
Isehed et al, 2018

Toma et al, 2019
Papadopoulos et al, 2015
Fragkioudakis et al, 2023
Carcuac et al, 2016

>
e

>
e
(%]

Hentenaar et al, 2017
Chaetal, 2019
Bombeccari et al, 2013

9000000000009 0® =
CCICC QIO A RS
000000000 O® =
0000000000000
000000000V =
CACICIC A ACC I C @A

Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
a D5: Bias in selection of the reported result.

@ Some concerns

. Low

. No information

Bias arising from randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

b M Low risk

25%

50%

75%

100%

Some concerns [l No information
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Was NST
Previous  performed Single or Removed
periodontal before  multiple Implant surface Preoperative before
Smoking status/  History of disease at surgery? treated Typeof  Implantoplasty decontamination Method of Implant system/ antibioticsand Typeof surgery
systemic diseases periodontitis implant site (Y/N) sites  Site (arch) intervention (Y/N) (Y/N) decontamination implantsurface dosage (Y/N) prosthesis (Y/N)
Titanium-coated
[ — N it —
N Y 22(88.0)% Y Both Flap N Y curettes,ametallic ~ Modified NA N
copper-alloy
ultrasonic scaler
tip, a titanium
brush, and an air-
N Y 20(80.0)% Y Both - Flap N Y powder abrasion Modified - NA N
device
Y Y - Y Single — Flap N Y Modified - NA N
Plastic scalers and
irrigation with
0.2% CHX solution
for 1 min before
treatment
Y Y - Y Single - Flap N Y Modified - NA N
I - PPD at 3 Months II- PPD at 6 Months lll- PPD at 12 Months
Author Mean [95%Cl] Author Mean[95%Cl Author Mean (95%C1]
Abateretl. 2016 -fap [ 13009, 167]
Tassiane Panta Wagner et al 2021 -fiap W 010[004,016] Albaker et al. 2018 - flap ——— 1.50[1.15, 1.85)
Tassiane Panta Wagner etal 2021 -fap | ® 0401039,047]
e e Lo 20201 sootre a0 Jotme i Lassere 2020- et ssipses Tassiane Panta Wagner et al 2021 - fap - 0701064,076)
Hatsiom et al. 2017 - tap s 140(118,161] T, Lssti0 100
Hentenaar et al 2017 - tap — 1500125179 Somdta Deme . T
de waaleta. 2013 - osseous - 180(1.55,205)
Fragkioudaks et a1 2023 -ap — 230 206,272)
de Waaletal 2013 -osseous — 150(126,174)
Bombeccari et al. 2013 - flap - 0.65[0.50, 0.80] de Waal et al 2014 - 0sseous. L 1.90[1.77,203]
de aaletal 2014 -osseous - 175162, 188) de waaletal 2013 - osseous —— Ta011.15, 1651
Hentenaar et al 2021 - osseous - 130(1.14,1.48)
de Waaletal 2014 - osseous - 2000187,219)
Hentenaar et al 2021 - osseous - 130114, 148]
Hentenaar et al 2021 -osseous - 115098, 132] Carcuac etal 2016 - osseous ce 2m2p05.260
REMODEL 183[077.2301 Carcuac etal. 2016 - osseous - 266251, 281] RE MODEL e 162[1.20,205)
RE MODEL 175[1.19,231]
0% 100 150 200 250 300
PP reduction (mm) 0.00 1.00 200 3.00 400 PPPD reduction (mm)
PP reducton (nm)
Beta SE 95% CI. z (p-value) R2 Beta SE 95% CI z (p-value) R2 Beta SE 95% CI z (p-value) R2
FLAP 000 FLAP 0.00 FLaP 000
osstous L7 63 108141 0793 0.0% osseous 005 061 L1413 091 0.0% ossous 061 03 016139 0.1 20.5%

Fig3 Forest plotillustrating reduction of mean PPD.

I- BOP at 3 Months 1I- BOP at 6 Months 1ll- BOP at 12 Months

Author Mean [95%C1] Author Mean(95%C] Aubor Mean[95%C1
Abaler et al 2018 - 1ap - 620(469.1151)

Tassiane Panla Wagner ctal 2021 -fap -8 2190 28.56,-1524) Abaker etal 2016 - 1ap - 1510(11.20.18.40]
Jerbme Frétr Lasserre 2020 - fap . 6190(55.15,67.45]

sérome Fréairi Lasserre 2020 - 1ap a ssss(stst, 6629] Tassiane Pania Wagner et al 2021 -fap  +—8—s 80011466, -134]
Halsom et 2l 2017 -12p .- 2050(16.69,24.31]

Hertenaar et al 2017 - fap — 2oz 5028 Toma etal 2019 - fap . 363 [3565,3761] Hatsirom etal 2017 - ap - 14301049, 18:11)
Fragoudalis et al 2023 -1ap N— 7022527, 48.77)

de Waal et a. 2013 - osseous — s 430(-831, 1691 de Waal et al. 2013 - osseous L R 1101075, 1295)
Bombeccar et a. 2013 - 1ap — 67.50(50.54,81.46]

de Waal et al. 2014 - 0sseous. - 2975[24.34, 35.16] de Waaletal 2014 - osseous 36303240, 44.20)
de waaletal 2013 -osseous +—iammt ss0pear 160m

Hentenaar et al. 2021 - 0sseous. .- 1405 [ 872, 19.28] de Waal et al. 2014 - osseous i 4350 (37.68. 49.32) Hentenaar et al. 2021 - osseous 16.05(10.42.21.68)

——
REMODEL 21200476 4439 entenar et 2021 - ossecus — P REMODEL e m— 13061053,2560)
1 T 1T T T 1
RE MODEL e —— 3281[18.56,47.07] 2000 000 2000 4000 60.00
4000 2000 000 2000 4000 6000 8000 — T
BOP reduction (%)
80P reducton (%) 2000 000 2000 4000 6000 8000 10000
80P reduction (%)
Beta se 95% 1 2 (p-value) r Beta  sE ossct  z(p-value) r Beta  sE sswer  z(pva w
FLaP 0.0 FLap 0.00 FLaP 0.00
osseous 02 2ss ~60.840.4 0692 00% ossous 457 155 461148 o312 0.0% ossEous e 129 a3s3e 0363 0.0%

Fig4 Forest plotillustrating reduction of mean BoP.
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— I- MBL at 6 Months T Aior ll- MBL at 12 Months Mean [95%C]
Albakeret al. 2016 = ap! = 0:70[0.46; 0.64) Albaker et al. 2018 - flap ———t— 0.70[0.46, 0.94]
Tassiane Panta Wagner et al. 2021 - flap . 0.78[0.67, 0.89]
Tassiane Panta Wagner et al. 2021 - flap - 0.78[0.67, 0.89]
Jérdbme Frédéric Lasserre 2020 - flap — 0.40 [-0.07, 0.87)
Hallstrom et al. 2017 - flap ——— e 0.40[0.10, 0.70]
Toma et al. 2019 - flap — 0.87[0.65, 1.09]
de Waal et al. 2013 - osseous —_— 040[0.03, 0.77]
Chaetal. 2019 - flap —_—— -0.51[-0.82, -0.20]
de Waal et al. 2013 - osseous —_— 0.00 (-0.39, 0.39] de Waal et al. 2014 - osseous ——mm—r 0.15[-0.35, 0.05]
de Wvaal ctal, 2034 5 osscous et 7020[;0:39,:0.01] Hentenaar et al. 2021 - osseous b -0.15(-0.38, 0.08]
Hentenaar et al. 2021 - osseous e ie——i- 0.00(-0.21, 0.21]
Carcuac et al. 2016 - osseous S : -0.24[-0.41,-007]
Carcuac et al. 2016 - 0sseous - -0.24 [-0.41,-0.07) RE MODEL i —————— 0.25[-0.08, 0.57]
RE MODEL —am— 020[-0.13, 0.54] ) ‘ ! :
[ T T T T 1 0.50 0.00 0.50 1.00
-1.00 -0.50 0.00 0.50 1.00 1.50 BL gain (mm)
BL gain (mm)
Beta SE 95% CI z (p-value) R2 Beta SE 95% CI z (p-value) R2
FLAP 0.00 FLAP 0.00
OSSEOUS -0.58 0.29 -1.14 -0.01 0.044* 31.1% OSSEOUS -0.73 0.16 -1.05 -0.42 <0.001*** 82.3%
Fig5 Forest plotillustrating radiographic MBL changes.
Fig 6 Inverse relationship
60 ® 00 - between (a) BoP reduc-
tion and the percentage
50 | o1 of smokers per cohort, and
Bl . O (b) MBL changes and his-
c 5 . eps
S 40 . o tory of periodontitis.
g x =y -0.2 ®
S 8 [Tl ®
930 S
% 2 -0.34
@ 20 o u® =
-0.44
10 Y
N -0.51 e,
T T T T T T T T T T 2
10 20 30 40 50 40 50 60 70 80
a % current smokers b % teeth lost by perio

Secondary outcome: Effect of covariates

Results of meta-regression of PPD and BoP reduction
and MBL changes were assessed at 6 months (results
at 12 months could not be assessed due to sample size
restrictions).

For PPD, there were no differences in the results due
to sex (P=.469), age (P=.173), or the proportion of cur-
rent light smokers (P =.734).

For BoP, there were also no differences in the results
due to sex (P = .200) or age (P = .506). On the other
hand, differences were reported related to the propor-
tion of current smokers (P = .002). For each additional
1% in the rate of current smokers, BoP reduction was
lower (-1.17%) (Fig 6a).

For MBL changes, there were no differences in the
results due to sex (P = .574), age (P = .769), or the pro-
portion of current light smokers (P = .525). Previous se-
verity of periodontitis on implant sites was detected as
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a significant covariate (P =.043), but it was not clinically
significant. Note that for each additional 1% of bone
loss due to periodontitis, 0.006 mm more marginal
bone loss occurred (Fig 6b).

Quality of Evidence

After using GRADE (Appendix Fig 5, available at the end
of this article), it was determined that both types of sur-
gery were equally effective in reducing PPD, with mod-
erate quality. The reason for downgrading the quality of
evidence was because of the indirectness in the com-
parison and the heterogenicity of the results. High-
quality evidence shows that flap surgeries may provide
a slight advantage in maintaining MBLs compared to
osseous resective surgery. Although the indirectness
was serious, a large-enough sample size and narrow Cls
prevented downgrading (Appendix Fig 6, available at
the end of this article).
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DISCUSSION

In this systematic review, the outcomes of nonrecon-
structive surgical treatments—such as access flap or
pocket-elimination techniques—compared to osseous
resection for the treatment of peri-implantitis sites were
assessed. The analysis revealed no significant differ-
ences when comparing both groups in terms of PPD or
BoP. The only distinction observed was in MBLs, which
favored the flap group. The flap group exhibited a slight
increase in MBLs, whereas the osseous group showed
a slight decrease in MBLs. The MBL difference was 0.58
mm after 6 months in favor of flap surgery (P = .044).
The trend persisted at 12 months with a 0.73-mm differ-
ence favoring flap surgery (P < .001). This difference in
MBL between flap and osseous resective surgeries may
relate to the goal of achieving favorable soft and hard
tissue architecture by eliminating what are deemed
“unfavorable deformities;” such as a shallow crater de-
fect, not necessarily due to ongoing disease.

Despite the absence of direct comparative studies
between these techniques, both methods provided
significant improvements in the key outcomes across
15 prospective cohort studies. These improvements
included notable reductions in PPD and BoP and mini-
mal changes in MBL over periods ranging from 3 to 12
months. However, it is critical to note that considerable
heterogeneity was evident in almost all results.

Assessing non-reconstructive surgical treatment of
periimplantitis to non-surgical therapy is a common
comparison.”%°! That said, its appropriateness can be
debated since clinicians generally follow a progres-
sive treatment strategy in line with the current EFP
guidelines.®

All studies included in the present network meta-
analysis reported performing nonsurgical therapy be-
fore the surgical intervention was performed, except
the study by Albaker et al.3” In addition, the case defini-
tions of peri-implantitis in the present review are either
similar or of more stringent criteria than those suggest-
ed (see Table 1). The European Federation of Periodon-
tology guideline recommends performing access flap
or resective surgery, as both modalities are effective.>®
However, no present literature has systematically com-
pared both modalities except the recent meta-analysis
by Karlsson et al’’ that investigated studies compar-
ing access flap or pocket-elimination procedures to
nonsurgical therapy at peri-implantitis sites. Karlsson
et al’’ reported a significant reduction in clinical signs
of inflammation concomitant with stable MBLs up to
5 years after surgical therapy; however, they could not
base their results on direct comparisons due to a lack
of literature. Our review contextualizes the effective-
ness of both nonreconstructive (flap or osseous) surgi-
cal interventions for treating peri-implantitis because

both modalities significantly reduced PPD and BoP and
largely maintained MBLs (see Figs 1 to 3).

The present authors recognize that surgical inter-
ventions yield superior outcomes relative to nonsurgi-
cal approaches when treating peri-implantitis,”#>! and
we also further acknowledge that the present study
failed to accumulate enough evidence of a difference
between both treatments; however, this naturally leads
to an intriguing question: Does reconstructive surgical
therapy offer enhanced outcomes compared to nonre-
constructive techniques? Addressing this query is the
focal point of another systematic review in this series.
Nonetheless, a recent systematic review and meta-
analysis by Donos et al°’? demonstrated that recon-
structive surgery for treating peri-implantitis does not
yield significant improvements in peri-implant clinical
parameters compared to flap surgery at 12 months.
Other reviews have reported increased bone fill with
reconstructive techniques with'* or without? signifi-
cant change in other clinical parameters, which may
suggest better implant survival.>3>* Nonetheless, the
improvement in MBLs using reconstructive techniques,
as reported by Tomasi et al,>3 was 1.7 mm compared to
approximately 0.7 mm using flap surgery in the present
review. The clinical relevance of this 1-mm difference is
contingent upon the specific clinical scenario at hand.

Methodologic variations among studies included in
the present review may significantly impact the inter-
pretation of its outcomes. Moreover, pretreatment PPD
values and their subsequent reduction may play an im-
portant role.>° Different studies employed various ap-
proaches for measuring PPD, with some selecting the
deepest site to represent the entire implant,*® while
others averaged across multiple sites.® This distinction
can have a substantial impact on outcomes.

Multiple studies in this review prescribed preopera-
tive and postoperative antibiotics.2%374> The role of sys-
temic antibiotic treatments in surgery should ideally
be assessed in RCTs. The lack of studies focusing on the
exclusive use of systemic antimicrobials renders their
actual impact on treatment outcomes unclear.

Current evidence provided by Teughels et al*® in-
dicated that although systemic antimicrobials had a
positive impact on MBL, only 50% of the cases achieved
disease resolution after 1 year.

Other potential confounding factors and mathe-
matical coupling risks® limit definitive conclusions. Our
review faced constraints due to limited sample sizes in
certain meta-regression models, thereby potentially
rendering the findings in specific analyses less reliable.
A high level of heterogeneity was observed across the
studies included. This variability, reflected in high 12 val-
ues, shows that the study results may be influenced by
different study designs, patient populations, and treat-
ment protocols, which could affect the generalizability
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of the findings. Potential publication bias was another
limitation, as indicated by significant results in Egger’s
tests in some analyses (see Fig 4). This suggests that the
available literature might disproportionately represent
studies with positive findings, skewing the conclusions
of the present review. These findings underscore the
need for further research, particularly well-designed
studies directly comparing different surgical interven-
tions for peri-implantitis treatment.

CONCLUSIONS

Studies directly comparing nonreconstructive flap
surgery and osseous resective surgery for peri-
implantitis sites are lacking. Future two-arm RCTs
should directly compare both treatments to test for
superiority. Variables like defect morphology and
classification should be considered. In addition, di-
agnostic modalities like CBCT should be considered
to measure treatment outcomes.

Both nonreconstructive surgical interventions are
effective in managing peri-implantitis. They both ex-
hibit improvements in relevant clinical parameters
such as PPD and BoP.

The observed MBL changes slightly favor flap
surgery.

A weak inverse relationship between BoP reduction
and smoking was observed.

Slightly more marginal bone loss was observed in
patients with a history of periodontitis.
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APPENDIX
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Appendix Fig 1

Egger’s test funnel graphs showing the potential publication bias when the efficacy of the flap group was assessed for PPD.
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Appendix Fig 2 Egger’s test funnel graphs showing the potential publication bias when the efficacy of the osseous group was assessed for

PPD.
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Appendix Fig 3 Egger’s test funnel
graphs showing the potential pub-
lication bias for when the efficacy of
the flap group was assessed for MBL
changes.
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o Appendix Fig 4 Egger’s test funnel
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Flap compared to Osseous surgery for Treatment of Peri-implantitis

Certainty assessment Ne o ients.

5 Certainty
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effect to1.14
higher)
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CI: confidence interval; MD: mean difference

Appendix Fig5 GRADE table showing the level of evidence quality.
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Flap compared to Osseous surgery for Treatment of Peri-implantitis

Patient or population: Peri-implantitis
Intervention: Flap
Comparison: Osseous surgery

Anticipated absolute
Ne of Certainty 5 effects
o participants of the R:;?e tge
(studies) evidence ©95% CI) Risk with Risk
Follow-up (GRADE) ° Osseous difference

surgery with Flap

MD 0.09
The mean lower
PPD Reduction (PPDR) 693 Y O) ) PPD (131 lower
follow-up: 6 months (11 RCTs) Moderate Reduction lto 114
wasi0 higher)
. The mean 15.7 higher
Bgczlzefcr';‘f:"ongi’g oR) 484 0000 ) BOP (14.8 lower
) (9 RCTs) Low Reduction to46.1
follow-up: 6 months K
was 0 higher)
0.58 higher
Marginal Bone Changes (MBC) 645 DHDD ) The mean BL  (0.01 higher
follow-up: 6 (9 RCTs) High Gain was 0 to1.14
higher)
The mean 0.61 lower
PPD Reduction (PPDR) 521 [Y1:1@) _ PPD (1.39 lower
follow-up: 12 months (7 RCTs) Moderate Reduction t0 0.16
was 0 higher)
. The mean 11.8 lower
BOP Reduction (BOPR) 342 o000 BOP (37.6 lower
Scale from: 0 to 100 - "
(6 RCTs) Low Reduction t0 13.6
follow-up: 12 months K
was 0 higher)
The mean +0.73 higher
Marginal Bone Changes (MBC) 521 DDDD ) Bone Gain (0.42 higher
follow-up: 12 months (7 RCTs) High to 1.05
was 0 "
higher)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and
the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; MD: mean difference

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of
the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from
the estimate of effect.

Appendix Fig 6 GRADE table showing the summary of results.
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