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Abstract Objectives: The goal of this systematic review was to analyze, in randomized controlled

clinical trials (RCTs), regenerative techniques used to treat peri-implantitis (PI).

Methods: Three databases (PubMed/Medline, EMBASE, and On-Line Knowledge Library)

were accessed, applying the PICO strategy (Population [P], Intervention [I], Comparison [C], and

Outcomes [O]), with the following focused questions: (i) ‘‘In patients who received regenerative

treatments for peri-implantitis (P), is the regenerative surgical treatment (I) clinically effective

and predictable compared to non-regenerative (C) to treat PI (O)?”; and (ii) ‘‘In patients who re-

ceived regenerative treatments for peri-implantitis (P), the regenerative approach (I), compared

to non-regenerative (C), significantly increase the prognosis and implant survival rate in the mid-

and long-term (O)?” The inclusion criteria were RCTs published in English between 2012 and

2022, with at least a one-year follow-up, which applied regenerative techniques to treat peri-

implantitis. Cochrane’s collaboration tool for assessing the risk of bias was used.

Main results: Nine articles were included with 404 patients (225 females and 179 males; mean age

of 60.44 years). One study evaluated patients after 48 months and another after 88 months. The

techniques and devices used were: (i) implantoplasty with Er:YAG laser, (ii) blood concentrate

(growth factors), and (iii) EMD, with no statistically significant outcome. Two studies considered

the use of titanium granules with a significant increase in radiographic bone identification, whereas

regenerative techniques with bone graft (autogenous, alloplastic, and xenograft) were the majority
hool of

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sdentj.2023.05.022&domain=pdf
mailto:gustfern@umich.edu
https://doi.org/10.1016/j.sdentj.2023.05.022
http://www.sciencedirect.com/science/journal/10139052
https://doi.org/10.1016/j.sdentj.2023.05.022
http://creativecommons.org/licenses/by-nc-nd/4.0/


590 F. Castro et al.
chosen, associated or not, with a collagen membrane. Xenograft had better results radiographically

when compared to the autogenous bone graft and presented better results for bone level. There was

an overall decrease in bleeding on probing, independent of the control or test group, and a reduc-

tion in pocket depth in the groups analyzed. Titanium granules, EMD, Er:YAG laser, and CGF

had non-significant results; better results were observed when using bone grafts. The RoB showed

a low risk in four studies (44.44%), three with moderate (33.33%), and two with high risk (22.23%).

Conclusion: Surgical regenerative treatment was a predictable option in the management of PI

and in improving the clinical parameters of peri-implant tissues in the short term, mainly when us-

ing porous titanium granules, alloplastic bone grafts, and xenografts.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Osseointegration understanding became dental implants a feasi-
ble and effective choice for oral rehabilitation (Fernandes et al.,
2021a). Even though it is a complex process, it depends on the
successful result of bone-implant contact (BIC) (Branemark
et al., 2001). The clinical assessment involves the mechanical an-
chorage of the implant into the bone, permitting regular oral
functions, which are obtained after several weeks (Puleo and
Nanci, 1999). Even with a high success rate (Borges et al.,
2020), clinicians face a significant increase in peri-implant dis-
eases. In fact, implant failure may cause supporting bone loss,
and around 25% of the patients rehabilitated with implants
may develop peri-implant diseases (Wang et al., 2017).

Peri-implantitis (PI) is a pathological condition associated
with bacterial colonization. It is an emphatic and crescent
problem characterized by the inflammatory process around
the implant, commonly associated with suppuration, involving
soft and hard tissue loss (Sanz & Chapple, 2012; Poli et al.,
2017). It is characterized by the loss of supporting bone and
soft tissue inflammation (Berglundh et al., 2019), reaching a
pocket depth (PD) of � 6 mm, bleeding upon probing
(BoP), or suppuration and radiographic bone loss
(RBL) � 3 mm (Berglundh et al., 2018). Then, the main goal
of peri-implantitis treatment is to eliminate inflammation, pre-
serve the structure around the implant, and bring a healthy sta-
tus to the tissues (de Waal et al., 2013; Fernandes, 2021b).
Moreover, some authors reported that PI is between 2.7%
and 47.1%, and the success rate in high-risk groups (patients
with a family or personal history of periodontitis and smokers)
can be around 70% (Zitzmann et al., 2008).

In this sense, the correct diagnosis and selection of an accurate
therapy for PI treatment should aim to reduce/eliminate local in-
flammation and bone loss. The steps for PI therapy should in-
clude (i) the control of the infection, (ii) debridement, corrective
surgeries, or regenerative surgical procedures when necessary,
and (iii) supportive therapy (Murray et al., 2013; Renvert &
Polyzois, 2018). In an umbrella review,Martins et al. (2022) con-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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cluded that surgical therapy had a better outcome than non-
surgical therapies for PI treatment. Surgical regenerative therapy
is mainly based on the principles of bone regeneration or guided
bone regeneration (GBR), which must be considered if there is a
vertical infrabony defect with two or three walls compromised
(Mishler & Shiau, 2014). The regenerative technique used bone
substitutes/grafts associated with resorbable or non-resorbable
membrane (barrier) to promote bone regeneration (Khoury &
Buchmann, 2001; Lang&Lindhe, 2015). It can be used for autol-
ogous bone, allograft, xenograft, or synthetic bone materials, or
even a mixture of them (Fernandes et al., 2009; Aghazadeh et al.,
2012; Fernandes et al., 2012; Wang et al. 2021; Monteiro et al.,
2022) always covered bymembranes. However, several other ad-
junctive techniques have been suggested with the proposal to re-
generate the tissues around the implants, such as methods for
detoxifying implant surfaces, implantoplasty, and antimicrobial
prescriptions (Martins et al., 2022).

One umbrella review developed byMartins et al. (2022) con-
cluded that surgical approaches are the best option to treat PI.
Thus, several regenerative surgical techniques have been identi-
fied and referred to in the literature, aiming to favor the recon-
struction of bone defects (Larsson et al., 2016). Regenerative
procedures can be characterized using only resorbable or non-
resorbable membranes or GBR (Hermann & Buser, 1996), with
xenografts, allografts, alloplastic materials, or autografts
(Roccuzzo et al., 2016; Baskaran et al., 2022), enamel matrix
derivative (EMD, Emdogain�) (Isehed et al., 2016; Dias et al.,
2022), or titanium granules (Jepsen et al., 2016; Andersen
et al., 2017). In addition, it is essential tomention that the regen-
erative surgical treatment of PI has a high level of complexity
and depends on several factors such as the patient’s systemic
health status, oral hygiene habits, setting of the defects, decon-
tamination procedure, implant surface characteristics, surgical
technique used, postoperative maintenance, and several other
factors that may influence clinical outcome and results.

Nevertheless, depending on the morphology of the defect,
the use of a membrane may or not be indicated (Schwarz
et al., 2018), and the regenerative surgery result may not be
predictable. It can be questionable (Schwarz et al., 2009). Fur-
thermore, factors such as complete decontamination of the im-
plant surface, materials in contact with the patient’s saliva, and
complete bacteria removal increase the level of difficulties of
the treatment. Otherwise, in most studies, surgical augmenta-
tive peri-implant therapy has shown improved outcomes, clin-
ically and radiographically, with follow-up between six months
and ten years of follow-up (Khoury et al., 2019).
Table 1 Eligibility criteria.

Inclusion criteria Exclusion criteria

� 10 years (2012–2022) and at

least 6 months of follow-up

- Studies involving peri-

implantitis treatment but without

approach regenerative techniques

- Clinical studies (Randomized

Controlled Trial [RCT])

- Patient with peri-implantitis and

other systemic conditions

- Language: English - Reviews (systematic, narrative,

scoping), letters to the editor, pre-

clinical studies, in silica and

in vitro studies

- Articles that applied the

surgical regenerative treatment

for peri-implantitis

- Lack of information about the

surgical therapy used and

materials applied

- Full text available - Same cohort patients (keeping

the last follow-up)
Within this scenario, the goal of this review was to verify
the current literature about regenerative techniques used to
treat PI, to understand better the regenerative approach and
outcomes obtained, detailing techniques and materials applied
to improve the knowledge and practice.

2. Materials and methods

2.1. Protocol and focus question

This systematic review followed the PRISMA guidelines (Page
et al., 2021). The focused questions were based on the PICO
(Population [P], Intervention [I], Comparison [C], and Out-
comes [O]) strategy (Table 1): (i) ‘‘In patients who received re-
generative treatments for peri-implantitis (P), is the
regenerative surgical treatment (I) clinically effective and pre-
dictable compared to non-regenerative (C) to treat PI (O)?”;
and (ii) ‘‘In patients who received regenerative treatments for
peri-implantitis (P), the regenerative approach (I), compared
to non-regenerative (C), significantly increase the prognosis
and implant survival rate in the mid- and long-term (O)?”

2.2. Search strategy

Electronic research was performed on February 23rd, 2022,
and carried out on PubMed/Medline, EMBASE, and On-
Line Knowledge Library (B-On). It was applied specific key-
words associated with the Boolean connectors (‘‘AND” and
‘‘OR”) to combine them, achieving a more significant number
of articles: ‘‘randomized clinical trial” AND (regenerative OR
‘‘regenerative technique”) AND (‘‘surgical treatment” OR ‘‘sur-
gical therapy”) AND (periimplantitis OR peri-implantitis OR
‘‘periimplant disease” OR ‘‘peri-implant disease”) AND (‘‘bone
loss” OR ‘‘bone defect”) AND (‘‘bleeding on probing”) AND
(‘‘guided bone regeneration” OR GRB OR ‘‘bone regeneration”
OR ‘‘bone reconstruction” OR ‘‘bone graft” OR ‘‘bone graft-
ing” OR ‘‘bone substitute”) AND (membrane OR ‘‘collagen
membrane” OR ‘‘non-absorbable membrane” OR ‘‘non-
resorbable membrane” OR ‘‘resorbable membrane”). A manual
search was conducted to verify cross-references.

2.3. Eligibility criteria

The inclusion criteria were: (i) 10 years (2012–2022) and at
least a one-year follow-up; (ii) clinical studies, considering only
Randomized Controlled Trials [RCT]; (iii) language restriction
Table 2 Description of the PICO strategy and focus

questions.

Population

(P)

Patients with dental implants affected by peri-

implantitis

Intervention

(I)

Regenerative surgical approach in dental implants

with peri-implantitis

Comparison

(C)

Non-surgical treatment or resective surgical treatment

of dental implants affected by peri-implantitis

Outcome

(O)

Survival rate of dental implants after regenerative

surgical treatment

Focus

questions

(i) Is the regenerative surgical treatment clinically

effective to treat peri-implantitis? And (ii) will this

approach significantly increase the implant survival

rate?
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(English); and (iv) articles that applied the surgical regenera-
tive treatment for peri-implantitis with full text available.
The exclusion criteria were: (i) studies involving peri- implan-
titis treatment but without approach regenerative techniques;
(ii) patients with peri-implantitis and other systemic condition-
s; (iii) reviews (systematic, narrative, scoping), letter to the ed-
itor, consensus, pre-clinical studies, in silica and in vitro
studies, case series or case report; (iv) article with a lack of in-
formation about the surgical therapy used and materials ap-
plied; and (v) same cohort patients results reported (only the
longest follow-up was included) (Table 2).

2.4. Selection of articles and data extraction

Two independent reviewers (ASB and FCC) performed the ap-
praisal, and a third reviewer (GVOF) was consulted in case of
initial disagreement. The reviewers discussed the results based
on the inclusion/exclusion criteria, observing first the title and
abstract and after reading the full text. Duplicate articles were
removed. The following information was extracted from the
articles: (i) author, (ii) type study, (iii) follow-up, (iv) sample
size and sample characterization, (v) clinical characteristics
and details (defect existent and bone gain, PD, keratinized tis-
sue, BoP, plaque index), (vi) treatment done, adverse effects
observed, and results found.

2.5. Risk of bias

All included studies were qualitatively assessed. Two indepen-
dent investigators (GVOF and JCHF) performed the biases
assessment. It used the Cochrane Collaboration’s tool for
assessing the risk of bias in randomized trials (Higgins et al.,
2011), focusing on (i) Random sequence generation, (ii) Allo-
cation concealment, (iii) Blinding of participants and person-
nel, (iv) Blinding of outcome assessment, (v) Incomplete
outcome data, (vi) Selective reporting, and (vii) Other sources
of bias (such as funding or conflict of interest), where each
group is classified as ‘‘low risk” (green), ‘‘unclear” (yellow),
or ‘‘high risk” (red). In the case of divergences, a third re-
searcher was consulted (FCC). If the study had green for all
options evaluated, it was classified as low RoB; if it had one
red or two yellows, it was classified as a moderate level for
RoB; more than one red or two yellows, high RoB.

3. Results

Initially, 887 articles were identified (462 through B-On, 298 in
the EMBASE, and 127 in the PubMed/Medline databases).
Duplicate articles (n = 273) were removed, resting 614 articles.
In the first analysis by title and abstract, 586 were excluded
(k = 0.95). After, 28 studies were full-text reading
(k = 0.98). 19 out of 28 were removed due to lack of use of
the regenerative technique, <12-month follow-up, and same
cohort group (the article with the most extended follow-up
was kept), which resulted in nine articles that were finally in-
cluded (Fig. 1).

3.1. Demographic data and Follow-up

A total of 404 patients were treated in the nine included studies
(225 females and 179 males, respectively, 55.69% and 44.31%),
with a mean age of 60.44 (±9.47) years. There were 54 drop-
outs with the following justifications: loss of follow-up, techni-
cal problems related to removing the suprastructures, the
patient died, implant removed before follow-up (failure), psy-
chological illness, and the patient received another crown. On-
ly two studies (Aghazadeh et al., 2012; Renvert et al., 2018) did
not report dropouts. Smokers were considered in all studies ex-
cept Schwarz et al. (2013), who excluded smokers. Seven out of
9 studies included had 12-month follow-ups; Schwarz et al.
(2013) evaluated patients after 48 months; Andersen et al.
(2017) assessed the patients after 88 months.

3.2. Techniques and materials/devices used to treat PI

Only one study included implantoplasty associated with Er:
YAG laser (Schwarz et al., 2013). Another study used blood
concentrate (CGF, concentrated growth factors) (Isler et al.,
2018), and Isehed et al. (2016) used EMD in the test group. Th-
ese three materials/devices did not significantly improve the re-
sults. Two studies considered to approach the use of titanium
granules (Jepsen et al., 2016; Andersen et al., 2017), with a sig-
nificant increase in radiographic bone identification. The re-
generative technique using bone graft was majority chosen
for the more substantial part of the studies, which involved au-
togenous bone grafts (Aghazadeh et al., 2012), alloplastic bone
grafts (Tapia et al., 2019), and xenograft or bovine bone grafts
(Aghazadeh et al., 2012; Schwarz et al., 2013; Isler et al., 2018;
Renvert et al., 2018; Renvert et al., 2021), associated or not
with the collagen membrane. Xenograft had better results ra-
diographically when compared to the autogenous bone graft.

3.3. Detoxification method

Different methodologies were applied to promote implant sur-
face detoxification, but the most common was the use of 3%
hydrogen peroxide (H2O2) for 1 min (Aghazadeh et al., 2012;
Jepsen et al., 2016; Renvert et al., 2018; Tapia et al., 2019;
Renvert et al., 2021). Titanium curettes and rotary titanium
brushes were the second most used (Isehed et al., 2016;
Jepsen et al., 2016; Isler et al., 2018; Tapia et al., 2019;
Renvert et al., 2021). Ultrasonic scalers were also considered
instead of plastic scalers or special implant tips (Isehed et al.,
2016; Tapia et al., 2019). Other options were 24% EDTA
(Andersen et al., 2017) and implantoplasty with Er:YAG laser
(Schwarz et al., 2013). Titanium brushing before regenerative
treatment significantly reduced PD (Tapia et al., 2019); other-
wise, implantoplasty and laser therapy did not substantially
improve the results (Schwarz et al., 2013).

3.4. Submersion of the implant and antimicrobial medication
postoperative

Three articles considered complete closure of the flap (sub-
merging the implants) after surgery and, thus, temporarily re-
moving the crown (Andersen et al., 2017; Isler et al., 2018;
Renvert et al., 2018). Renvert et al.’s (2021) study considered
submerging the implants in cases of the screw-retained pros-
thesis and non-submerging them in cases of cemented crowns.
Other five studies did not submerge the implants (Aghazadeh
et al., 2012; Schwarz et al., 2013; Isehed et al., 2016; Jepsen
et al., 2016; Tapia et al., 2019).

The postoperative antimicrobial therapy varied according
to the study. Therefore, all therapies used chlorhexidine except
Jepsen et al. (2016) and Andersen et al. (2017). Azithromycin



Fig. 1 PRISMA flowchart for the screening and records.
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was considered in three studies (Aghazadeh et al., 2012;
Renvert et al., 2018; Renvert et al., 2021), with the posology
of 500 mg and/or 250 mg. All other studies administrated
the association of amoxicillin 500 mg with metronidazole
500 mg or 400 mg (3x a day for one week) (Jepsen et al.,
2016; Andersen et al., 2017; Isler et al., 2018; Tapia et al.,
2019). Tapia et al. (2019) reported using clindamycin 300 mg
in the case of allergy to amoxicillin.

3.5. Clinical parameters (Table 3)

3.5.1. BoP

There was an overall improvement (decrease) for bleeding on
probing, independent of the group. Aghazadeh et al. (2012)
had initial and final values of 87.5% and 48.4% in the control
group and 79.4% and 26.7%, respectively, in the test group,
with a significant BoP decrease. Andersen et al. (2017) report-
ed a percentual reduction of 22% and 17% in the control and
test groups. Isehed et al. (2016) described non-significative val-
ues between groups through medians, and the percentual
found for the control and test groups (EMD) were, respective-
ly, 51.11% and 37.5%. Jepsen et al. (2016) reported 45.4% (-
control) and 56.1% (test group) of the BoP reduction.
Schwarz et al.’s (2013) study had a significative BoP improve-
ment of 85.2% (CPS group) and 71.7% (ERL group), whereas,
Renvert et al. (2018) had an improvement of 35% and 47.6%
for the control and test groups, respectively. In another study
by Renvert et al. (2021), the control group had a 64.28% im-
provement compared to 69.23% in the test group. Tapia
et al. (2019) had a reduction of 54% and 80% (control and test
group, respectively), and Isler et al. (2018) reported an im-
provement of 61.31% and 61.54%, respectively, in the CM
and CGF group. (See Table 3)

3.5.2. Bone level

For this parameter, Aghazadeh et al. (2012) had 0.1 mm of im-
provement in the autogenous group, whereas the xenograft
group had 1.0 mm, resulting in a better outcome than the gold
standard and also demonstrating more radiographic evidence
of bone filling (RBL, p < 0.001). For the studies that used tita-
nium granules (Andersen et al., 2017), the authors found signif-
icantly better filling of radiographic peri-implant defects in the
test group, with a baseline and final results for the test group
of 5.4 (±1.5) mm and 4.6 (±3.0) mm, respectively; and for
the control group, a baseline value of 4.3 (±1.3) mm and the fi-
nal value of 4.5 (±1.8) mm. They had low values compared to



Table 3 Data extraction of the included studies.

Author/year

(Study design)

n /

groups /

mean age

(SD)

Groups Dropped out Smoker Follow-

up

(months)

PD BoP Bone

Level

Detoxification method Submerge or

not

Antimicrobial Comments/Conclusion

Aghazadeh

et al., 2012

(Single-blind

randomised

clinical trial)

45

AB

group:

22

70.1 y.o.

(±6.2)

14

female, 8

male.

BDX

group:

23

67 y.o.

(±7.5)

13

female,

10 male.

AB group: autogenous

bone + resorbable bovine collagen

membrane

BDX group: bovine

xenograft + resorbable bovine

collagen membrane

None AB

group:

23.2

(±13.4)

packs/

year

BDX

group:

18.8

(±11)

packs/

year

12 AB

Group:

-

baseline:

6 (±1.3)

mm

- final:

3.8 mm

BDX

group:

-

baseline:

6.2

(±1.4)

mm

- final:

3.3 mm

AB

Group:

-

baseline:

87.5%

(±20.1)

- final:

48.4%

BDX

group:

-

baseline:

79.4%

(±28.9)

- final:

26.7%

AB

group:

- baseline:

5.9

(±1.8)

mm

- final: 5.8

(0.3) mm

BDX

group:

- baseline:

5.2

(±1.8)

mm

- final: 4.2

(±0.3)

mm

3% Hydrogen peroxide for 1 min Non-

submerged

Azithromycin + 0.1%

Chlorhexidine

BDX provided more evidence of

radiographic bone fill than AB.

The overall success of the

treatment within both groups was

limited

Andersen

et al., 2017

(RCT)

33 (final:

12)

PTG

group:

16 (final:

6)67

(±12.9),

45–79 y.

o.

3 female,

3 male.

Test

group:

17 (final:

6)67.2

(±11.8),

53–85 y.

o.

4 female,

2 male.

Test group: open flap mechanical

and chemical debridement with

titanium curettes and EDTA

gel + Porous titanium granules

(PTG)

Control: open flap debridement

alone

5 died; 10 subjects lost

the follow-up; 3 lost

implants; 2 excluded

due to technical

complications; 1

received a new

cemented single crown

Porous

titanium

granules

(PTG):

2/6

(33.3%)

Control

group: 3/

6

(50%)

88 PTG

group:-

baseline

6.5

(±1.9)

mm- final

4.3

(±2.4)

mm

Control

group:-

baseline:

6.5

(±2.3)

mm-

final: 3.5

(±1.2)

mm

PTG

group:

-

baseline:

92%

- final:

75%

Control

group:

-

baseline:

100%

- final:

78%

PTG

group:-

baseline:

5.4

(±1.5)

mm-

final: 4.6

(±3.0)

mm

Control

group:-

baseline:

4.3

(±1.3)

mm-

final: 4.5

(±1.8)

mm

24% EDTA Submerged Amoxicillin

500 mg + metronidazole

PTG significantly better

radiographic peri-implant defect

fill compared with controls;

therefore, the long-term follow-up

of surgical treatment of peri-

implant osseous defects showed

unpredictable results

Isehed et al.,

2016

(RCT)

29

EMD

group:

15

61 � 819

female, 6

male.no

-EMD

group:

14

67 � 83

9 female,

5 male.

Control group:

debridement + saline solution

Test group: debridement + saline

solution + EMD (0.3 mL

Emdogain)

EMD group: 1

discontinued to

follow-up and 2 lost

due to infection

no-EMD group: 1

implant loss

EMD

group:

26.7%

no-EMD

group:

42.9%

12 Median

difference

control:

3.0 mm

(1.9 to

7.0 mm)

test:

2.8 mm

(0.4 to

3.9 mm)

Control:

median-

baseline:

22.5 (1–

79)

- final:

11.0

Test:

median-

baseline:

16

(8–44)

- final: 10

Median

change

control:

�0.1 mm

(-0.7 to

1.2 mm)

test:

0.9 mm

(0.0 to

1.3 mm)

Debridement (removal of

granulation tissue with UltraSons

and Ti curettes) and saline solution

Non-

submerged

10 mL chlorhexidine (2 mg/ml)

- twice daily, for 6 weeks

EMD did not improve PD and

BoP after 12 months
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Table 3 (continued)

Author/year

(Study design)

n /

groups /

mean age

(SD)

Groups Dropped out Smoker Follow-

up

(months)

PD BoP Bone

Level

Detoxification method Submerge or

not

Antimicrobial Comments/Conclusion

Jepsen et al.,

2016

(Multicenter,

Multinational

RCT)

63

TG

group:

33

65 y.o.

(±10)

17

female,

16 male.

Control:

30

59.1 y.o.

(±12.2)

19

female,

11 male.

Control group: Open flap

debridement alone

Test group: Open flap

debridement + Tigran titanium

granules (TG)

4 patients in the

control group were

excluded (at the time

of analysis - missing

data)

Control:

18%

TG

group:

20%

12 TG

group:

-

baseline:

6.3

(±1.3)

mm

- final:

3.5

(±1.5)

mm

Control

group:

-

baseline:

6.3

(±1.6)

mm

- final:

3.5

(±1.1)

mm

TG

group:

-

baseline:

89.4%

(±20.7)

- final:

33.3%

(31.7)

Control

group:

-

baseline:

85.8%

(±23.9)

- final:

40.4%

(±37.1)

TG

group:

- baseline:

4.64

(±1.95)

mm

- final:

1.03

(±1.4)

mm

Control

group:

- baseline:

3.98

(±2.1)

mm

- final:

2.88

(±1.86)

mm

Rotary titanium brush + 3%

hydrogen peroxide

Non-

submerged

Amoxicillin

500 mg + metronidazole

400 mg

TG significantly increased

radiographic bone defect

identification in comparison to

open flap debridement

Schwarz et al.,

2013

(RCT)

32 (21

female

and 11

male)

60.8 y.o.

(±10.9)

CPS

group:

16

ERL

group:

16

CPS group: Plastic

curettes + implantoplasty + saline

solution + Bovine-derived natural

bone + native collagen membrane

Grupo ERL: implantoplasty + Er:

YAG laser + Bovine-derived

natural bone + native collagen

membrane

4 from the CPS group

7 from the ERL group

(missing recall sessions

or severe signs of

reinfection)

Smoker

was

excluded

48 CPS

group:

-

baseline:

5.5

(±1.7)

mm

- final:

4.3

(±1.2)

mm

ERL

group:

-

baseline:

5.1

(±1.5)

mm

- final:

3.8

(±1.1)

mm

CPS

group:

-

baseline:

100%

- final:

14.8%

(±16.4)

ERL

group:

-

baseline:

95.2%

(12.6)

- final:

23.5%

(23.4)

CPS

group:-

baseline:

6.7

(±1.8)

mm-

final: 5.2

(±1.9)

mm

ERL

group:-

baseline:

7.3

(±1.9)

mm-

final: 6.1

(±1.1)

mm

CPS

group = implantoplasty + saline

solution

ERL

group = implantoplasty + Er:

YAG laser

Non-

submerged

0.2% Chlorhexidine

digluconate

Different methods of surface

decontamination did not show

significant differences in the

treatment of peri-implantitis

Renvert et al.,

2018

(RCT)

41

Test

group:

21

67.5 y.o.

13

female, 8

male.

Control group: Surgical debridement

Test group: Surgical

debridement + xenograft

None 25% in

the

control

group

23.81%

in the

test

group

12 Control

group:

-

baseline:

6.0

(±1.7)

mm

- final:

3.9

(±2.7)

Control

group:

-

baseline:

100%

- final:

65%

Test

group:

Control

group:

- baseline:

3.7

(±2.0)

mm

- final: 3.1

(±1.2)

mm

3% Hydrogen peroxide + saline

solution

Submerged Zitromax� (Sandoz AS,

Copenhagen, Denmark)

500 mg day 1 and 250 mg days

2–4) + chlorhexidine 0.2%

(twice daily)

Successful treatment outcome

using a bone substitute was more

predictable when a composite

therapeutic endpoint was

considered.

(continued on next page)
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Table 3 (continued)

Author/year

(Study design)

n /

groups /

mean age

(SD)

Groups Dropped out Smoker Follow-

up

(months)

PD BoP Bone

Level

Detoxification method Submerge or

not

Antimicrobial Comments/Conclusion

Control

group:

20

70 y.o.

9 female,

11 male.

mm

Test

group:

-

baseline:

6.6

(±1.8)

mm

- final:

2.6

(±1.5)

mm

-

baseline:

100%

- final:

52.4%

Test

group:

- baseline:

3.6

(±1.0)

mm

- final: 2.9

(±1.2)

mm

Renvert et al.,

2021

(Multicenter,

RCT)

71

Control

group:

34

62.9 y.o.

(±13.0)

17

female,

17 male.

Test

group:

37

62.2 y.o.

(±10.2)

20

female,

17 male.

Control group: surgical debridement

Test group: surgical

debridement + adjunct use of

DBBM (deproteinized bovine bone

mineral) and NBCM (native bilayer

collagen membrane)

Control group: 2

patients due to implant

failure

Test group: 3 patients

(2 due to implant

failure and 1 lost the

follow-up)

Control

group: 9

patients

Test

group: 8

smokers

12 Control

group:

(mean)

-

baseline:

6.8

(±1.3)

mm

- final:

4.5

(±1.5)

mm

Test

group:

(mean)

-

baseline:

6.7

(±1.5)

mm

- final:

4.8

(±1.5)

mm

Control

group:

(mean)

-

baseline:

1.4

(±1.0)

- final:

0.5

(±0.6)

Test

group:

(mean)

-

baseline:

1.3

(±0.9)

- final:

0.4

(±0.6)

Control

group:

(mean)

- baseline:

4.9

(±1.8)

mm

- final: 3.6

(±2.3)

mm

Test

group:

(mean)

- baseline:

4.4

(±1.8)

mm

- final: 2.1

(±1.6)

mm

Titanium curettes and a rotary

titanium brush + 3% hydrogen

peroxide for 1 min + saline

solution (2 � 20 mL)

Submerged

in cases of

screw-

retained

prosthesis;

non-

submerged

for cemented

Azitromycin: 500 mg on day 1

and 250 mg for

4 days + chlorhexidine (0.2%),

twice daily, for 3 weeks

DBBM and NBCM resulted in

significantly more radiographic

defect filled (RDF) than

debridement alone. Therefore, no

difference was found in any

clinical parameters

Tapia et al.,

2019

(RCT)

30

Test

group:

15

65.53 y.

o.

(±10.3)

11

female, 4

male.

Control

group:

15

55.47 y.

o.

(±11.75)

Control group: Surgical mechanical

debridement + alloplastic bone

graft + collagen membrane

Test group: Surgical mechanical

debridement (with titanium

brush) + alloplastic bone

graft + collagen membrane

Control group: 2 lost

the follow-up and 1

implant was removed

4

(26.7%)

in the

control

group

6 (40%)

in the

test

group

12 Control

group:

-

baseline:

6.17

(±0.98)

mm

- final:

3.87

(±0.81)

mm

Test

group:

-

baseline:

6.16

(±1.27)

Control

group:

-

baseline:

100%

- final:

46%

(±52)

Test

group:

-

baseline:

100%

- final:

20%

(±41)

Control

group:-

baseline:

3.41

(±0.78)-

final: 0.89

(±1.36)

Test

group:-

baseline:

3.71

(±0.77)-

final: 0.75

(±0.86)

Control group: Mechanical

debridement with plastic ultrasonic

scalers + 3% H2O2

Test group: Mechanical

debridement with plastic ultrasonic

scalers + 3% H2O2 + titanium

brush (with an oscillating low

speed of 900 rpm)

Non-

submerged

0.12% Chlorexidine (twice

daily for 2 weeks) + 500 mg

amoxicillin and 500 mg

metronidazole (3x a day for

7 days). In the case of allergy to

amoxicillin, clindamycin

(300 mg every 6 hr)

Use of a titanium brush before

regenerative treatment resulted in

statistically significant benefits in

terms of PD reduction after

12 months
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Table 3 (continued)

Author/year

(Study design)

n /

groups /

mean age

(SD)

Groups Dropped out Smoker Follow-

up

(months)

PD BoP Bone

Level

Detoxification method Submerge or

not

Antimicrobial Comments/Conclusion

9 female,

6 male.

mm

- final:

3.31

(±0.72)

mm

Isler et al.,

2018

(RCT)

60

CM

group:

26

56.15 y.

o.

(±9.23)

15

female,

11 male.

CGF

group:

26

57.96 y.

o.

(±9.07)

10

female,

16 male.

Collagen membrane (CM) group:

Surgical mechanical

debridement + xenograft (BioOss

spongiosa granules, particle size

0.25–1 mm) + Biogide

Concentrated growth factor (CGF)

membrane group: Surgical

mechanical

debridement + xenograft (BioOss

spongiosa granules, particle size

0.25–1 mm) + 2 membranes of CGF

3 patients were

excluded (technical

problems related to

removing the

suprastructures)

5 patients (three in the

test group and two in

the control group) -

lost of the follow-up

CM

group: 9

(34.6%)

CGF

group: 6

(23.1%)

12 CM

group:

(mean)

-

baseline:

5.41

(±1.16)

mm

- final:

2.70

(±0.80)

mm

CGF

group:

(mean)

-

baseline:

5.92

(±1.26)

mm

- final:

3.71

(±1.09)

mm

CM

group:

(mean)

-

baseline:

97.12%

(±8.15)

- final:

29.81%

(±30.02)

CGF

group:

(mean)

-

baseline:

97.12%

(±10.79)

- final:

35.58%

(±30.14)

CM

group:

(mean)

- baseline:

5.47

(±1.31)

mm

- final:

2.92

(±1.0)

mm

CGF

group:

(mean)

- baseline:

5.95

(±1.18)

mm

- final:

3.98

(±1.22)

mm

Titanium curettes + saline-soaked

cotton gauzes

Submerged Amoxicillin

500 mg + metronidazole

500 mg (3x a day for

1 week) + chlorhexidine

0.12% twice a day for 2 weeks

Both regenerative approaches

yielded significant clinical and

radiographic improvements.

Therefore, collagen

membrane + bone substitute

showed better results

AB = autogenous bone; BDX = bovine-derived xenograft; CPS = plastic curette + cotton pellets + sterile saline; EDTA = ethylenediaminetetraacetic acid; ERL = Er:YAG laser;

PTG = Porous Titanium Granules; SD = standard deviation; TG = titanium granules.
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Jepsen et al. (2016), who reported baseline and final values, re-
spectively, of 3.98 (±2.1) mm and 2.88 (±1.86) mm (control
group) and 4.64 (±1.95) mm and 1.03 (±1.4) mm (test group).
Therefore, Jepsen et al. had a 12-month follow-up, whereas
Andersen et al. (2017) had an 88-month follow-up.

Schwarz et al. (2013) was the only study that evaluated the
effect of implantoplasty associated with xenograft and colla-
gen membrane and Er:YAG laser. Negatively, the result for
the test group (laser) was not significant and did not have im-
proved outcomes compared to plastic curettes and saline solu-
tion (CPS group), respectively, at baseline: 7.3 (±1.9) mm and
after 48 months 6.1 (±1.1) mm, and 6.7 (±1.8) mm and 5.2
(±1.9) mm.

In the only study (Isler et al., 2018) that used a biological
blood material, CGF, there were improvements in bone levels
(2.55 mm) for the collagen group and 1.98 mm for the CGF
group. Another study used EMD (Isehed et al., 2016) and pre-
sentedmedian results of�0.1mm (-0.7 to 1.2mm) in the control
group and 0.9mm (0.0 to 1.3mm) in the EMDgroup. It was sug-
gested that EMD has potential application in the management
of peri-implantitis, noting that its adjunctive use was associated
with an increase in marginal bone level and an increased preva-
lence of aerobic bacteria after 12 months of healing.

These results were similar to two other studies by Renvert
et al. (2018, 2021), which used xenograft. There was an im-
provement for the control and test group, respectively, of
0.6 mm and 0.7 mm (Renvert et al., 2018) and 1.3 mm and
2.3 mm (Renvert et al., 2021), with better results found in
the xenograft group (in the most recent article). Using alloplas-
tic materials, Tapia et al. (2019) found similar improvement in
the control and test groups, respectively, with mean differences
of 2.52 mm and 2.96 mm.

3.5.3. Pocket depth

The PD had a similar reduction between groups (control and
test)/period. Therefore, Renvert et al. (2018) showed the best
results, with a reduction of 2.1 mm and 4.0 mm, respectively,
in the control and test group. In another study by Renvert
et al. (2021), the decline was not significant, as in the previous
research, mainly in the test group, presenting 2.3 mm and
1.9 mm in the control and test groups.

For the blood concentrate (CGF), the PD findings were not
significant, with lower reduction compared to the collagen
membrane group, 2.21 mm (CGF group) and 2.71 mm (colla-
gen membrane group). Also, there was no significant PD im-
provement in the study by Schwarz et al. (2013) after
applying the laser, with initial and final values of 5.5 mm
and 4.3 mm (control group) and 5.1 mm and 3.8 mm (test
group), respectively. A similar result was found by Isehed
et al. (2016), but using EMD instead of a laser, and reporting
a non-significative result between the groups, with a median
difference of 3.0 mm (1.9 to 7.0 mm) in control and 2.8 mm
(0.4 to 3.9 mm) in the test group.

Analyzing and comparing autograft and xenograft
(Aghazadeh et al., 2012), PD was slightly better in the xeno-
graft group, which had a reduction of 2.9 mm. In contrast,
the control group had 2.2 mm for PD reduction. For the stud-
ies that used titanium granules (Jepsen et al., 2016; Andersen
et al., 2017), there was similar, and non-significative PD reduc-
tion (difference) between the groups analyzed, showing a non-
effective result for this material. The authors (Andersen et al.,
2017) reported 6.5 mm (±2.3) and 3.5 mm (±1.2) (baseline
and final result) in the control group, and in the test group,
6.5 mm (±1.9) and 4.3 mm (±2.4) (baseline and final). In
the Jepsen et al. (2016) study, they presented 6.3 mm (±1.6)
and 3.5 mm (±1.1) in the control group (baseline and final re-
sults); while 6.3 mm (±1.3) and 3.5 mm (±1.5) (baseline and
final results) was presented in the test group.

Finally, a significant improvement was found in the test
group using a titanium brush in the study by Tapia et al.
(2019), who reported a PD reduction of 2.3 mm in the control
group (alloplastic graft and collagen membrane) and 2.85 mm
in the test group (alloplastic graft and collagen membrane as-
sociated with a titanium brush).

3.6. Risk of bias

The RoB resulted in four studies with low risk (Aghazadeh
et al., 2012; Schwarz et al., 2013; Tapia et al., 2019; Renvert
et al., 2021); three with moderate (middle-level) risk (Jepsen
et al., 2016; Isler et al., 2018; Renvert et al., 2018); and two
with high risk (Isehed et al., 2016; Andersen et al., 2017), as
demonstrated in Fig. 2.

4. Discussion

In the present systematic investigation, our goal was to evaluate
regenerative procedures used to treat PI, including only RCTs.
A total of 404 patients (225 females and 179males), with amean
age of 60.44 years, diagnosed with PI were enrolled and received
different regenerative surgical approaches. Nevertheless, even
though regenerative surgical treatmentsmay result in a healthier
peri-implant clinical condition, most of the included studies
(Aghazadeh et al., 2012; Isehed et al., 2016; Jepsen et al., 2016;
Andersen et al., 2017; Isler et al., 2018; Renvert et al., 2018;
Tapia et al., 2019; Renvert et al., 2021) had a postoperative
follow-up of 12months, which can be considered a short period.
Only one study had a 48-month follow-up (Schwarz et al., 2013).
This fact raises questions about mid- and long-term success
when surgically treating PI.

Also, a significant part of the studies included smokers, ex-
cept for Schwarz et al. (2013); therefore, no relevant data was
explicitly provided for this group, even though it is known that
smokers have inferior results for tissue healing (Naji et al.,
2020). Moreover, the included studies reported several brands
of dental implants with different designs, surface treatments,
and abutments, combined or not to bone substitutes and bar-
riers. Consequently, comparing different cases of peri-implant
regenerative techniques, they were not precisely feasible, and
there were many reasons for marginal bone loss. In addition,
there were diversified etiologies, such as inadequate occlusal
contact, infection, or mechanical problems.

Furthermore, a central role in the resistance to inflammatory
processes has been given to soft tissue thickness. In this sense, it
is difficult to directly compare different studies due to a lack of
information or standardization. Also, it is noted that including
patients with risk factors, such as smokers and those with sys-
temic diseases and a history of periodontitis, may contribute
to the differences found in the results. Moreover, the authors
did not find any significant effect for a specific type of decontam-
ination method (Khoury et al., 2019; Roccuzzo et al., 2021),
which was similarly found in our systematic study.

According to Daugela et al. (2016), a greater success level of
PI treatment was demonstrated when bone graft material was
added, reducing the pocket depth (Aljohani et al., 2019). How-
ever, consensus data (Hallstrom et al., 2012) about the surgical
treatment of PI supported that the regenerative approaches
had a better clinical and radiographic performance. This fact



Fig. 2 RoB for the studies included.
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agrees with the results found in a recent umbrella review
(Martins et al., 2022). Still, there is no solid evidence support-
ing the use of a single material or product.

Our results agree with those findings, and the best PD re-
duction result was obtained in the study by Renvert et al.
(2018), decreasing 4.0 mm in the test group (surgical debride-
ment with bone substitute [xenograft]). In another study by
Renvert et al. (2021), the results for PD were not as effective
as in the previous publication, with the best result in the xeno-
graft group (1.9 mm). Aghazadeh et al. (2012) also inserted
xenograft material and found 2.9 mm of PD reduction; similar
results were presented by Jepsen et al. (2016) using titanium
granules (PD decreased of 2.8 mm). Therefore, when compar-
ing control and test treatments, most studies did not find sta-
tistically significant results for PD.

The common finding for peri-implant disease (mucositis
and peri-implantitis) is the positive presence of BoP. Even
though BoP is an important clinical parameter, a systematic
study (Khoshkam et al., 2013) showed that the studies includ-
ed in the review did not accurately inform the BoP presence.
Therefore, in our systematic review, all RCTs included had im-
proved outcomes and reduced bleeding, supporting that all
detoxification methods had effective results. Schwarz et al.
(2013) found the most significant BoP reduction, with an im-
provement of 85.2% in the CPS group and 71.7% in the laser
group (ERL); nevertheless, no significant result was found
when using the laser. It can be explained because of the period
studied, 48 months, against the 12-month follow-up of the
other studies, which had around 40–60% bleeding reduction
results.

The last parameter studied was bone level. Andersen et al.
(2017) found a difference of �0.2 mm in the control group and
0.8 mm in the test group (porous titanium granules). These
data reflect the long-term assessment, which can be contrasted
to the short-term results of Jepsen et al. (2016), who found dif-
ferences in the control and test groups of 1.1 mm and 3.61 mm.

Renvert et al.’s (2018) study did not cite the impact of xeno-
graft used on bone level, but there was no statistical signifi-
cance between groups. Differently from Renvert et al.’s
(2021) study, the authors reported a difference in the bone level
for the control and test groups of 1.3 mm and 2.3 mm. Tapia
et al. (2019), using alloplastic biomaterial with or without pre-



600 F. Castro et al.
vious titanium brushes, had a mean improvement of 2.52 mm
and 2.96 mm, respectively, for the control and test groups. Al-
so, Er:YAG laser had no significant results compared to plastic
curettes, with differences between initial and final values of
1.2 mm and 1.5 mm, respectively, after 48 months.

Aljohani et al. (2019) showed the highest bone defect fill
was achieved with porous titanium granule (PTG) application.
Sequentially, it was followed by bovine xenograft and autoge-
nous bone graft. Similarly, our results also have this perspec-
tive, with the best improvement for bone level found in
PTG, sequentially followed by alloplastic bone graft, xeno-
graft, CGF, EMD, and lastly, by the autogenous bone graft.
This fact permitted to confirm that the ‘‘gold standard” bioma-
terial is not the best choice to treat PI, with significant differ-
ences shown in the Aghazadeh et al.’s (2012) study
(p < 0.001).

4.1. Study limitations

The articles included in this systematic had different implant
systems (brands), with different macro and microtopography,
designs, and surfaces, associated with many biomaterials and
membranes, making direct comparisons difficult. Also, varied
types of cases and approaches cannot permit accurate to com-
pare surgical procedures and different methods to treat and de-
contaminate the implant surface, and the inclusion of smokers
might be reasons to explain the variability found in the results.
Moreover, the lack of information caused difficulty in compar-
ing studies.

The periods for patient observation reported ranged from
12 months (in 7 studies), 48 months (Schwarz et al., 2013), and
88months (Andersen et al., 2017), with a diversified period of re-
examination. Re-evaluation in the long term is required for a
more robust assessment; only two studies provided long-term
results, bringing more reliability to the data obtained.

Also, different etiologies (infection, inadequate occlusal
contact, and mechanical problems) can be responsible for
peri-implant bone loss. In addition, there is variability in the
patient’s gingival thickness, which may cause variations in
the resistance threshold to inflammation. Another limitation
is the RoB found for the articles; most studies had a moderate
or high risk of bias (5 articles), leading to reduced reliability of
the data collected and raising questions about the viability and
effectiveness of peri-implantitis surgical treatments.

5. Conclusion

Within the limitations of this study, it was possible to conclude
that the regenerative surgical approach is a predictable choice
in the management of PI and in improving the clinical param-
eters of peri-implant tissues in short-term, mainly when using
porous titanium granules, alloplastic bone grafts, and xeno-
graft biomaterials. Therefore, all data must be carefully inter-
preted due to the different materials used, the period of
evaluation, and the number of articles included. More RCTs
need to be carried out, with a long follow-up period (at least
24 months), standardization, and systematization of their pro-
tocols for regenerative surgical treatment of PI.
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