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ABSTRACT

Objective: The objective of this review was to evaluate the outcomes of the treatment of peri-implant defects, using Guided Bone
Regeneration. Methods: A literature search was performed based on the PICO methodology in the PubMed/Medline, SciELO, Lilacs
electronic databases, CAPES periodicals and the Cochrane Library. We included studies using bovine mineral matrix, associated to a
collagen membrane for the treatment of peri-implantitis by Guided Bone Regeneration. Results: Of 1,163 studies, 10 were included
in this review after applying the evaluation criteria. A total of 269 implants were treated in 260 patients. The follow-up period ranged
from 6 to 48 months. The studies evaluated outcome in terms of reduction in probing depth, gain of clinical attachment and healing
of the bony defect. Due to the heterogeneity of the studies, it was not possible to perform meta-analysis. Conclusion: Treatment of
peri-implant lesions with Guided Bone Regeneration is a viable modality of treatment, providing reduction in bleeding on probing, as
well as gain of clinical attachment. Complete filling of the defect is, however, an unpredictable result.

Indexing terms: Bone regeneration. Dental implants. Peri-implantitis.

RESUMO

Objetivo: O objetivo desta revisao sistematica foi avaliar os desfechos do tratamento dos defeitos peri-implantares, por meio da
técnica da Regeneracdo Ossea Guiada. Métodos: Uma pesquisa bibliografica, baseada na metodologia PICO, foi realizada nas bases
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de dados eletrénica PubMed/Medline, SciELO, Lilacs periddicos Capes e Cochrane Library. Foram incluidos estudos que utilizaram
matriz mineral bovina, associado a uma membrana de coldgeno para o tratamento da peri-implantite por Regeneracao Ossea Guiada.
Resultados: De 1.163 estudos, 10 foram incluidos nesta revisdo, apds aplicacdo dos critérios de avaliacdo. Um total de 269 implantes
foram tratados em 260 pacientes. O periodo de acompanhamento variou de 6 a 48 meses. Os estudos avaliados reportaram reducao
média da profundidade de sondagem, ganho de insercdo clinica e preenchimento dsseo do defeito. Devido a heterogeneidade dos
estudos nao foi possivel realizar metanélise. Conclusdo: O tratamento das lesbes peri-implantares, com a técnica da Regeneracdo
Ossea Guiada é uma modalidade vidvel de tratamento, proporcionando reducdo do sangramento & sondagem, bem como o ganho de
insercdo clinica. Porém, o completo preenchimento do defeito, é um resultado imprevisivel.

Termos de indexacao: Regeneracdo ossea. Implantes dentarios. Peri-Implantite.

INTRODUCTION

Peri-implant diseases are defined as infectious-
inflammatory lesions that develop in the tissues around
the implants, and are currently considered an emerging
problem [1,2]. Peri-implant diseases can be classified as
peri-implant mucositis and peri-implantitis [3]. Peri-implant
mucositis is defined as a reversible inflammatory reaction
of the soft tissues that surround the implant in function,
whereas the peri-implantitis is an inflammatory reaction
associated with loss of bone support around the implant
in function [4].

The primary etiological factor for the development
of peri-implant diseases is the accumulation of bacterial
biofilms [5]. The key parameter for the diagnosis of peri-
implant mucositis is the presence of bleeding on probing
[6,7]. For the diagnosis of peri-implantitis, in addition to
bleeding on probing, it is necessary to combine it with an
increase in probing depth associated with bone loss around
implants [6-10].

According to the 11th European Workshop on
Periodontology, the prevalence of peri-implantitis and
peri-implant mucositis is 22% and 43%, respectively [11].
More recent studies have shown prevalence rates of peri-
implantitis ranging from 13.9% in a cohort study [12],
19.83% in a meta-analysis [13] to values of 20% in a cross-
sectional study with a follow-up period of 10 years [14].

In contrast to periodontal disease, non-surgical
mechanical treatment, as an isolated treatment modality,
has failed to block the progression of peri-implantitis
[15,16]. For this reason, several surgical procedures have
been tested, aiming at debriding and decontaminating
the exposed surface of the implant and elimination of
peri-implant defects [17,18]. Clinical studies suggest that
together with biocompatibility of the implant surface,
procedures for bone augmentation, such as guided bone
regeneration (GBR) may be associated with more favorable
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clinical outcome [16,19-21]. Autologous bone, defined as
the gold standard in bone augmentation, shows a volume
loss of approximately 40% during the healing time, which
will also result in greater morbidity due to the need for a
second surgical site [22]. Synthetic bone substitutes, on the
other hand, have shown a high stability in bone volume in
the long term [22,23].

In this context, a xenogeneic bovine mineral
matrix substitute (Bio-Oss®) that presents physical
and chemical properties similar to human bone, with
osteoconductive properties, has been widely used clinically
for bone augmentation in periodontal and dento-alveolar
surgery in combination with implant installation [24]. This
biomaterial has extensive scientific evidence for use in
sinus graft surgeries [25] and alveolar preservation [26], in
which volume stability and qualitative bone regeneration
of the grafted areas are reported. A longitudinal study
(more than 10 years) using this material of bovine origin,
demonstrated volume stability, with well-reshaped lamellar
bone around residual DBBM particles [27]. Studies cited in
a systematic review [13] highlighted that in clinical studies
on sinus graft, DBBM has been used as a positive control
biomaterial.

The primary goal of the treatmentfor peri-implantitisis to
prevent disease progression and, at the same time, maintain
the implant in function, with no signs of inflammation
[28]. Several techniques have been investigated to treat
defects resulting from peri-implantitis-derived sequelae,
such as non-surgical and surgical treatment combined with
different implant surface decontamination techniques,
with or without bone filling of the peri-implant space. In a
systematic review of the literature that aimed to evaluate
a regenerative surgical treatment for peri-implantitis and
to determine a predictable therapeutic option for clinical
management, an inconsistency was demonstrated in the
results reported [22]. All studies included in meta-analyzes
have underlined an improvement in clinical conditions



following regenerative surgical treatment for peri-implantitis,
however, there is a lack of scientific evidence in the
literature on the superiority of regenerative versus non-
regenerative surgical treatment.

A second systematic review published in the same
year aimed to evaluate thelong-term outcome of regenerative
procedures for the treatment of peri-implantitis showed
that the regenerative treatment resulted in a mean filling
of the bony defect of 2.41 mm after a minimum healing
time of 36 months [28,29].

In general, evidence has been reported that non-
surgical treatment does not present a favorable prognosis
for cases of peri-implantitis [30], mainly due to difficult
access to the implant surface [16,31]. Despite the lack of
consensus in the literature, several studies have reported
favorable results for the treatment of peri-implantitis with
GBR associated with barriers for biomaterial confinement
[16,17,32,33]. However, in view of the controversies in the
literature and the lack of definition of protocols regarding
the treatment for peri-implantitis, the main objective of
this review was to investigate the predictability of clinical
outcomes for the GBR-based approaches to treat peri-
implantitis, using a xenogeneic bone substitute associated
with a membrane.

METHODS

This narrative review was performed following
a systematic review approach based on the PRISMA
methodology [34]. A bibliographic search was carried out
in the electronic databases PubMed / MEDLINE, Cochrane
Library, SciELO and Lilacs localizing studies published
in English from January 2005 to January 2016. For this
search, the PICO methodology was used [35] aiming at
the establishment of the guiding question for the literature
search. All search steps and reviews were appraised by two
independent reviewers (LFA and DCP).

PICO Methodology for Systematic Research

The Evidence-Based Practice (EBP) proposes that
the clinical problems that arise in the practice of care,
teaching or research, be decomposed and then organized
using the PICO strategy, which is an acronym for the words
patient (P); intervention (I); comparison (C); outcomes (O).
Within the EBP these four components are the fundamental

Review of treatment for peri-implantitis

elements of the research question and the construction of
the question for the bibliographical search of evidence:

e P: Refers to patient or population problem: MeSH
terms: dental implant (s) OR dental implants OR
peri-implantitis OR words: oral implants;

and

e Intervention: Refers to the treatment to be
performed. MeSH terms: Bone Regeneration OR
words of the text: guided tissue regeneration
OR bone regeneration OR osteoconduction
bone regeneration, bone OR bone grafting OR
Bio-Oss OR collagen membrane OR Bio-Gide.
regenerative surgery OR regenerative treatment

and

e Comparison: Refers to alternative treatment or
some standard gold treatment protocol. There is
no standard gold standard treatment protocol.
So this question is left blank.

and

e Outcomes: Refers to the expected results. MeSH
terms: Peri-implantitis OR text words: gingival
bleeding on probing OR peri-implant health.

The question in focus

Will a patient diagnosed with peri-implantitis,
treated with guided bone regeneration using a bovine
mineral matrix (Bio-Oss®, Geistlich, Wolhusen, Switzerland)
associated with a collagen membrane (Bio-Gide®, Geistlich,
Wolhusen, Switzerland) show reduction in probing depth,
disease progression and bony defect healing?

Inclusion criteria

The inclusion criteria used in this review were:
randomized and non-randomized controlled clinical trials,
case series, cohort studies. We included only studies that
reported regenerative surgical treatment of peri-implant
lesions using bone substitute (Bio-Oss®) and resorbable
membrane (Bio-Gide®) or Bio-Oss Colagen® (Geistlich,
Wolhusen, Switzerland). The studies should have a
minimum of 8 implants treated and a minimum follow-up
of six months. Regarding the decontamination method of
implant surfaces, there were no restrictions regarding the
methodology used.
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Exclusion criteria

We excluded animal studies, case reports,
narrative and systematic reviews, non-clinical and clinical
studies with insufficient information and studies reporting
treatment of periapical peri-implant lesions.

Parameters assessed

The clinical parameters evaluated were: probing
depth (PD), bleeding on probing (BOP), clinical attachment
level (CAL), radiographic evidence of bony defect healing
and gingival margin recession. These parameters provide
vital data to establish the diagnosis of peri-implant
disease Padial-Molina et al. [10] The difference in the
aforementioned values before and after treatment and
their weighted averages were calculated whenever the
data were available in the studies.

RESULTS

Characteristics of the studies

The electronic search through the databases
yielded 1,163 publications initially. Addition of subsequent
terms and filters (studies published in the last 10 years and
human studies only), 105 studies were obtained. From
the analysis of the titles, 59 articles were excluded. The
remaining 47 studies were assessed on their abstracts,
of which 28 were excluded, totaling 19 articles for full-
article assessment. An article published in January 2016
was included, totaling 20 studies analyzed in full. Of these,
10 studies fulfilled the inclusion criteria and were selected
for review and 10 studies were excluded according to
the established criteria, which are listed in Appendix A.
Ten publications were read and included in this review, as
shown in figure 1.

Regarding study design, no controlled RCT studies
investigating treatment for peri-implantitis using bone
and membrane substitutes compared to a control group
were found. The results of this review indicated that three
studies were randomized [32-36], four were retrospective
[19,33,37,39] and five prospective [16,17,19,36,38], all of
which were case series (table 1).

A total of 269 implants were treated in 260
patients aged 54 to 64 years. The follow-up period
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Relevant articles identified
from the databases

(n=1,163) Articles excluded based
[ on the inclusion/exclusion
{ criteria (n = 1,058)
Selected articles
(n=105)

!

Abstracts selected from the title
(n=47)

l

Articles shortlisted from reading
the full text
(n=20)

l

Articles included in this
systematic review
(n=10)

!

Schwarz et al. [16]
Schwarz et al. [19]
Schwarz et al. [20]
Schwarz et al. [32}
Roccuzzo et al. [36]
Schwarz et al [33]
Schwarz et al. [38]
Matarasso et al. [17]
0. Roccuzzo et al. [18]

1
2
3
4
5
6
8
9
1

Figure 1. Flowchart of the research strategy.

ranged from 6 [16,32-35,37-39] to 48 months [20,36]
(table 1).

According to the characteristics of the sample,
three studies [16,19,20] (33.3%) reported that the
treatment was performed on nonsmoking patients; five
studies (55.5%) included smoking patients and two studies
[33,37] (11.1%) did not provide information regarding the
characteristics of the sample studied (table 1).

Regarding the material used, three sequential
studies compared the use of the Bovine Mineral Matrix (Bio-
Oss®) associated with a collagen membrane (Bio-Gide®) to
the hydroxyapatite graft (Ostim®) [16,19,20]. Some studies
have reported the technique using Bio-Oss® associated
with the Bio-Gide® membrane [17,32,33,37,38] or the
biomaterial Bio-Oss associated with collagen 10 (Bio-Oss
Collagen®) [18,36]. Regarding the type of implant, a great
diversity was found in relation to size, surface treatment
and trademarks (table 2).

Prior to surgery, baseline periodontal treatment
consisted of mechanical removal of bacterial biofilm and
calculus as well as oral hygiene instruction in all studies.
One study (10%) used laser (Er-YAG) in a single session to
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Table 1. Characteristics of the selected studies. Legend: CS: case series; M: male; F: female; GT. Group test; NHA: nanocrystalline hydroxyapatite; GC: Group

control; NA: not available.

22
1 Schwarz et al. [16] Case series / prospective.
M=8;F=22
2 Schwarz et al. [19] Case series / retrospective 20
3 Schwarz et al. [20] Case series / retrospective 19
Randomized controlled 32
4 Schwarz et al. [32]
case study M=11;F=21
. 26
5 Roccuzzo et al. [36] Prospective
M=10;F=16
Randomized
6 Schwarz et al. [33] : 24
controlled / retrospective
Randomized 21
7 Schwarz et al. [37] .
controlled / retrospective M=6;F=15
) 10
8 Schwarz et al. [38] CS — Prospective
M=5;F=5
. 11
9 Matarasso et al. [17] CS - Prospective
M=5;F=6
10 Roccuzzo et al. [18] Prospective 75

reduce the signs of inflammation [39], six studies (60%)
used plastic curettes combined with 0.2% chlorhexidine
solution supra-gingivally and 0.2% chlorhexidine gel
subgengivally [16,19,20,32,33,37]. Three studies (30%)
reported non-surgical treatment with supra and subgingival
debridement, but did not expand on how this treatment
was performed [17,18,36] (table 3).

Treatment strategies varied between studies in
terms of antibiotics prescription, i.e., pre and/or post-
surgically. Five studies (50%) did not provide data on
whether any medication was prescribed [16,19,20,32,33]
and one study (10%) reported prescription medication,
but did not specify the drug prescribed [37]. Three studies
(30%) used a combination of amoxicillin and clavulanic
acid [17,18,36] and one study (10%) used penicillin or
clindamycin [38] (table 3).

Aftertheinitial phase, surgical accesswas performed.
All studies performed mechanical decontamination of
the implant surface. A study (10%) used a curette and a
titanium brush [18] and one study (10%) used a stainless

GT.n=11
(NHA)

non-smokers 6

GC:n=11

(Bio-Oss + Bio-Gide)
Gln=9 Non-smokers 24
- el

GC:n=11

GT.n=9
Non-smokers 48

GC:n=10
38 Light smokers 6
26 Smokers (4) / non-smokers 12
24 NA 24
21 NA 48

13 Nao-fumante/fumante 5
< 10 cigarettes/day

11 5 smokers 12

75 11 smokers 12

steel curette [17]. The study by Schwarz et al. [38] reported
using mechanical treatment with curettes, which were
not specified. Five studies (50%) performed surface
smoothening of the implant, i.e., implantoplasty, with the
aid of rotatory instruments [17,32,33,37,38] (table 4).

The disinfection protocol during surgical access
for chemical decontamination of the implant surface
varied significantly. Five studies (50%) used sterile saline
[16,17,19,20,38], two studies (20%) [18,36] used 24%
EDTA for 2 minutes combined with 1% chlorhexidine
gel for 2 minutes. Three studies (numbers 4, 6 and 7)
(30%) compared saline solution with Er-YAG laser (infra-
red, 2,940 nm) to decontaminate the implant surface
[32,33,37], but failed to demonstrate the superiority of a
decontamination method (table 4).

Surgical treatment

Regarding the type of access, a full surgical flap
was used in all studies.

RGO, Rev Gauch Odontol. 2019;67:€20190010 5
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Table 2. Description of the methodology employed in each study. Legend: NHA: nanocrystalline hydroxyapatite; GT: group test; TPS: titanium plasma spray; GC:
grupo control; SLA: (sandblasted large-grit acid etching).

NHA (Ostim) none BRA; CAM; ITI; KSI; MTX; TSV; ZL
Schwarz et al. [16] Varied surfaces
Bio-Oss Bio-Gide BRA; CAM; ITI; KSI; MTX; TSV; ZL
NHA none BRA; CAM; ITI; KSI; MTX; TSV; ZL
Schwarz et al. [19] Varied surfaces
Bio-Oss Bio-Gide BRA; CAM; ITI; KSI; MTX; TSV: ZL
NHA none CAM,; ITI; KSI; MTX; TSV, ZL
Schwarz et al. [20] oG Varied surfaces
: Bio-Gide BRA; CAM; ITI; KSI; MTX; TSV; ZL
0.25-1 mm
Bio-O
07558 Bio-Gide ANK; BRA; CAM; ITI; TSV; XIV
0.25-1mm
Schwarz et al. [32] Tole Varied surfaces
10758 Bio-Gide AST; BRA; CAM; ITI; KSI; REP; TSV; XIV
0.25-1 mm
. SLA (GT,
Bio-Oss Collagen none 12 SLA (Straumann) N 1(2 )
Roccuzzo et al. [36] S——
14 TPS (ee)
n=14
Bio-O
0'25 551 o Bio-Gide ANK; BRA; CAM; ITI; TSV; XIV
Schwarz et al. [33] : Varied surfaces
AST; BRA; ITI; KSI; REP; TSV
BRA; CAM,; ITI; TSV; XIV; NI
Schwarz et al. [37] . Varied surfaces
Bio-Oss L
Bio-Gide AST; BRA; ITI; KSI; REP; TSV; NI
0.25-1 mm
Bio-Oss L .
Schwarz et al. [38] Bio-Gide 1 BRA; 3 CAM; 5ITI; 1 TSV; 3 NI Varied surfaces
0.25-1mm
Bio-Oss
Matarasso et al. [17] : Bio-Gide Straumann SLA
0.25-1 mm
Roccuzzo et al. [18] Bio-Oss Collagen none Straumann SLA

Bovine Mineral Matrix (Bio-Oss®) combined with
a collagen membrane (Bio-Gide®) was used in 8 studies
[16,17,19,20,32,33,38] while two studies used a 10%
collagen bovine mineral matrix (Bio-Oss Collagen®) [18,36].

i) Probing depth

Of the ten studies included, all provided
information on the baseline and post-operative
probing depths. There was a reduction in probing
depth in all studies. Such reduction varied from
an average of 1.1 mm [20,33] to 4.1 mm [17].
This average was regular in all studies, except in

Clinical parameters

i) Bleeding on probing

The ten studies included evaluated bleeding on
probing at baseline and post-operatively.

There was a reduction in bleeding on probing in all
studies. The percentage of reduction varied from
13.6% [17] to 85.20% [36] (table 1)

RGO, Rev Gauch Odontol. 2019;67:e20190010

the study by Matarasso et al. [17], which reported
a reduction in probing depth of 4.1 mm, higher
than those found in other studies (table 5).

iii) Bony defect healing

Of the ten studies included, only two (20%)
reported information on bone healing of the
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Table 3. Pre-treatment protocol described for each study.

1 Schwarz et al. [16] 54.4+12.5 Yes Deb. Plastic curettes; 0.2% CLX gel sub. / sol. supra NA
2 Schwarz et al. [19] 54.4+12.5 Yes Deb. Plastic curettes; 0.2% CLX gel sub. / sol. supra NA
3 Schwarz et al. [20] 54.4+12.5 Yes Deb. Plastic curettes; 0.2% CLX gel sub. / sol. supra NA
4 Schwarz et al. [32] 60.8 + 10.9 Yes OHI; debridement NA
5 Roccuzzo et al. [36] 60+7.9 Yes O35 DIEIENIE Amox. + clavul
' o Prophylaxis IPeSS < 20% ’ ’
6 Schwarz et al. [33] 62.3+10.0 Yes Non-surgical treatment NA
7 Schwarz et al. [37] 62.2 £0.0 Yes OHI; debridement NA
8 Schwarz et al. [38] 58.8+ 16.6 Yes laser Er-YAG Penicilin ou clindamicina
9 Matarasso et al. [17] 63.6 £ 8.9 NA OHl; debridement (supra and sub) Amox. + clavul.
10 Roccuzzo et al. [18] 57.8+85 Yes OHI; Deb; IPeSS < 20% Amoxicilina + &cido clavul.

Legend: NA: not available; Deb: debridement; 0.2% CLX gel sub.: chlorhexidine gel subgingivally; sol. supra: solution supragingivally; OHI: oral hygiene instruction;
Amox. + clavul.: amoxicillin + clavulanic acid.

Table 4. Intraoperative debridement and decontamination methods used in each study.

- Plastic curette + saline
Schwarz et al. [16]
Plastic curette + saline

- Plastic curette + saline
Schwarz et al. [19]
Plastic curette + saline

- Plastic curette + saline
Schwarz et al. [20]
Plastic curette + saline

+ Plastic curette + saline
Schwarz et al. [32]
Er-YAG

- 24% EDTA + 1%CLX
Roccuzzo et al. [36] |
Plastic curette

Schwarz et al. [33] + Plastic curette / Er-YAG
Schwarz et al. [37] + Plastic curette / Er-YAG
Schwarz et al. [38] + Curettes + saline
Matarasso et al. [17] + Saline

Roccuzzo et al. [18]

24%EDTA (2 min) + 1% CLX (1 min)
Curette and titanium brush

Legend: Er-YAG (laser); CLX: chlorhexidine; EDTA: (Ethylenediamine tetraacetic acid).

RGO, Rev Gauch Odontol. 2019;67:€20190010
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Table 5. Description of the outcomes for each of the shortlisted studies.

1 Schwarz
etal [16]

2 Schwarz
et al. [19]

3 Schwarz
et al. [20]

4 Schwarz et 15imp.

al. [32]

5 Roccuzzo
et al. [36]

6 Schwartz
et al. [33]

7 Schwarz
etal. [37

8 Schwarz
et al. [38]

9 Matarasso
etal. [17]

n=11

GC
n=11

n=10
PC

ERL

15 imp.

SLA
n=12

10 Roccuzzo

etal [18]

n=71

2.1

2.6

2.5

2.4

34

2.1

2.5

4.1

2.93

70.0

78.0

66.0

84.0

64.0

56.0

66.0

50.0

29.2

28.8

40.3

50.6

NA

NA

NA

NA

NA

NA

NA

NA

1.9+£13

1.6+£0.7

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

25.0

NA

NA

NA

NA

NA

NA

NA

1.80

1.00

2.00

0.6

2.0

2.2

1.5

NA

NA

1.2

1.0

2.08

3.0

NA

52.00

50.00

36.00

44.00

32.00

51.00

55.00

47.80

60.40

33.90

54.90

75.00

85.20

71.60

74.40

13.60

53.20

NA

NA

NA

NA

NA

NA

NA

NA

4/4-100

6/10-60

NA

NA

NA

NA

NA

NA

Prop: 45.3

Pés-op: 9.8

0.3

0.3

0.5

0.4

0.4

0.5

0.2

0.2

NA

NA

0.3

0.1

-0.46

NA

Both treatments were favorable
for reduction of PD and CAL
gain

After 24 months, both
treatments were effective, with
better results with best results
for BBM + CM

After 48 months, BBM + CM
was superior to
NHA

Favorable, no difference
between groups

Antimicrobial treatment
favorable

SLA-s superior
results

CAL no different from baseline.
PD reduction was greater in the
PCs group

Combined therapy not
influenced by decontamination
method

Favorable

Favorable

Favorable

Legend: NI: number of implants; GT: Group test; GC: Group control; PC: plastic curettes + saline; ERL: Er-YAG Laser; SLA: sandblasted large grit acid etching; TPS: titanium
plasma spray; imp.: implants; Red. PD: Reduction in probing depth; NA: not available; CAL: clinical attachment level; Red. BOP: reduction in bleeding on probing; Elim.
pus: elimination of pus; M DP RM: Mean of standard deviations from mucosal reduction; Pre-op: Pre-operatively; Post-op.: Post-operatively; BBM: bovine bone matrix; CM:
collagen membrane; NHA: nanocrystalline hydroxyapatite; SLA-s: SLA-treated surface.

defect [17,39]. In the study by Roccuzzo et al.
[36], bony defect healing was on average 1.9 +
1.3 mm in the test group (group that evaluated
SLA surface implants) and 1.60 £ 0.7 mm in the

RGO, Rev Gauch Odontol. 2019;67:e20190010

control group (group that evaluated implants of
TPS surface). The reductions were statistically
significant in each group, but without differences
between groups. Complete filling of the defect



was observed in 3 of the 12 treated cases of the
test group (25%), whereas in the control group
there was no complete filling of the defect in any
of the cases. In the study by Matarasso et al. [17],
the final bony defect healing was measured from
the implant shoulder to the deepest aspect of the
defect and averaged 2.8 mm. Infrabony healing,
measured from the deepest aspect of the defect to
the mesial or distal bony crest, was on average 3
mm, with a healing percentage of 93.3 = 13.0%,
on average (table 1).

Four studies reported only a reduction in
translucency around the peri-implant defect
[16,19,20,32]. While other four studies did not
report any bone gain [18,33,37,38].

iv) Clinical attachment level

Regarding clinical attachment levels, two studies
did not report data on this variable [18,39]. For all
other studies, there was CAL gain in 100% of the
cases. This gain varied from 0.6 [37] to 3.0 mm
[17] on average. In particular, sequential studies by
Schwarz et al. [16] showed a reduction in CAL in
the two groups evaluated (GT: NHA, GC: Bio-Oss®
+ Bio-Gide®), though the gains were higher in the
6-month follow-up [16]. The authors suggest that
this result may be related to the increase in plaque
index, observed along the follow-up time. Similar
results were obtained in sequential studies by
Schwarz et al. [32,33], where the gains obtained
after 6 months were not maintained in the follow-
up of 24 months (table 1).

v) Gingival margin recession

Only two studies did not report data on gingival
margin recession [18,36]. The results point to an
increase in gingival margin recession in all studies
(100%). The studies by Schwarz et al. [33,37]
showed lower mean gingival margin recession,
which was 0.1 mm, whereas Schwarz et al. [20]
demonstrated the highest mean, namely 0.5 mm.
In order to minimize gingival margin recession,
a study proposed the use of the subepithelial
connective tissue graft concomitant to the
regenerative surgical procedure [38]. After a period
of six months, the authors reported an overall
increase in gingival recession (0.59 + 0.54/0.98 +
0.81). However, on the buccal aspect, no increase in
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recession was reported and, in two implants, a mild
coronal migration of the gingival tissue was noted
(0.79 +0.84/0.76 + 0.38) (table 1).

DISCUSSION

The lack of well-defined protocols to manage peri-
implantitis warrants a systematic review, which was the
original objective of this study. The authors did, however,
face important challenges in performing this particular
study, namely the lack of RCTs and also undefined
gold-standard approaches against which to establish
comparisons. Evidence quality assessments, including
study limitations, inconsistency of results, indirectness
of evidence, imprecision and reporting bias, should be
discussed together with effect size obtained from synthesis
such as meta-analysis. In systematic reviews on treatment
of peri-implantitis, quality assessments are often performed
as a simple format evaluation and scarcely presented and
discussed with impact [40].

The limitations encountered and raised by the
authors have therefore rendered this review unable to reach
the status of a systematic review. We therefore performed a
narrative literature review following a systematic approach
in order to report on the interesting findings encountered
throughout this endeavor.

There is evidence that non-surgical therapy is
ineffective in advanced cases of peri-implantitis [30] because
access to the surface of the contaminated implant is limited
[16,31]. By contrast, surgical therapy for the treatment
of peri-implant lesions facilitates removal of granulation
tissue from the defect area and decontamination of the
exposed implant surface [18,32]. These data are supported
by results from previous experimental studies suggesting
that combining regenerative approaches may be associated
with better histological findings [15,41]. From the clinical
point of view, this beneficial effect seems to be potentially
influenced by the physicochemical properties of the bone
substitutes or defect configuration [20].

Analysis of the studies revealed common traits
in treatment approaches, including a non-surgical pre-
treatment phase, surgical therapy phase to target the cause
and a phase of maintenance care. The surgical approach
consisting of raising a mucoperiosteal flap was performed
where a deep peri-implant pocket (> = 5mm) was detected
to facilitate access to the contaminated implant surface.
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In this review, studies investigating a single
material (Bio-Oss® or Bio-Gide®) were excluded to prevent
weakening of the comparisons. An exception was made
to two studies [18,39] that used only Bio-Oss Collagen®.
These studies were included, because this material is
sufficiently dense to allow stabilization without the need
for barriers [42,43]. The use of the barrier membrane to
cover the grafted area is often an operator-dependent
decision. Barrier membranes are intended to stabilize the
graft and prevent epithelial growth in the grafted area, thus
favoring the progression of bone cell population into the
bony defect [22]. Sahrmann et al. [44] demonstrated that
GBR using the bone substitute and membrane represents
the bulk of the published literature on regenerative
surgical treatment for peri-implantitis. Differently from
the present study, Sahrmann’s work included several types
of bone substitutes combined with either resorbable or
non-resorbable membranes, with most studies being case
reports with missing clinical data, which rendered meta-
analysis unfeasible. Roos-Jansaker et al. [45,46], Figuero
et al. [47] and Chan et al. [48], however, reported that the
use of a barrier membrane was expensive, time-consuming
and technique-sensitive, the latter associated to a high risk
of material exposure and no evidence of superior clinical
outcomes in terms of PD and BOP reduction.

A 6-month follow-up case series by Schwarz et al.
[16] concluded that the application of alloplastic material
(nanocrystalline  hydroxyapatite -Ostin®) and bovine
xenograft (Bio Oss®), covered with a collagen membrane
(Bio Gide®) resulted in significant improvement in clinical
parameters (PD and CAL) in the healing period. A 2-year
follow-up of the same case-series published by Schwarz et
al. [19] also reported successful bone regeneration of the
peri-implant defect. Both provided a significant reduction in
PD and gain in CAL. In the 4-year follow-up [19], however,
the group receiving the combination of bovine xenograft
and collagen membrane was clinically superior compared to
the isolated nanocrystalline hydroxyapatite. This difference
can be influenced by the physicochemical properties of
the bone graft replacement applied in the long term. For
Daugela et al. [22], regarding the aforementioned studies,
different biomaterials were used, so comparisons should
be interpreted with caution.

Some of the surgical protocols included
administration of preoperative and/or postoperative
systemic antibiotics [17,18,36,38] and 100% of the studies
used chlorhexidine mouthwash postoperatively. An RCT
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demonstrated that the use of systemic antibiotics had no
impact on treatment outcome of smooth surface implants,
although a positive effect was observed in the treatment of
implants with a modified surface [49]. In the present study,
no RCT was found comparing treatment with or without
systemic antimicrobial agents and it was not possible to
assess the impact of antimicrobial therapy on treatment.

As inclusion criterion, all ten studies of this review
evaluated implants with PD > 5 mm and BOP positive, as
recommended by Aghazadeh et al. [50] and Froum et al.
[51]. It should be noted, however, that all studies included
basic periodontal treatment consisting of mechanical
biofilm control and 0.2% chlorhexidine mouthwash prior
to surgical treatment. Therefore, the PD and BOP values
described at the beginning of the study may be different
from those found before the surgical intervention, as they
included a non-surgical treatment phase. Implants with
peri-implant disease and PD > 8 mm, or with 50% or greater
loss of implant length have no indication for conservative
treatment, and thus should be removed [10,52].

BOP reduction is an important parameter for
evaluating the effectiveness of the treatment protocol
for peri-implant diseases [31]. No studies have reported
complete absence of BOP after treatment, though BOP
reduction ranged from 13.6% [17] and 85.20% [36], on
average. Comparing against other studies, Matarasso et
al. [17] reported the lowest mean at the end of treatment
(6.1 £ 24%), but also reported the lowest mean prior to
treatment (19.7 = 40.1%), as the baseline values of such
studies were not recorded at the time of diagnosis, but
8-10 weeks after the initial therapy, which consisted of sub
and supragingival mechanical debridement.

PD reduction was reported in 100% of the studies
evaluated, with the study by Matarasso et al. [17] recording
the highest mean reduction after 12 months of follow-up
(from 8.1 = 1.8 to 4.0 = 1.3 mm). By contrast, the study
by Schwarz et al. [20] presented the lowest mean (from
6.9 £ 0.6 to 5.8 = 0.7 mm) after a period of 24 months.
Although both had used GBR, different decontamination
methods were reported. The study by Schwarz et al. [20]
reported the use of plastic curettes and saline solution,
while Matarasso et al. [17] used implantoplasty combined
with jets of glycine-based powder. Regarding surface
decontamination method, the literature is inconclusive
in terms of the most suitable approach [10,47,52]. This
corroborates the findings from the present review, in which
several methods of decontamination were used during



surgical access. In addition, Heitz-Mayfield & Mombelli [31]
reported that a reduction in bacterial load and suppression
of pathogens in the peri-implant pocket may be sufficient
to establish a balance between peri-implant microbiota
and host response, though they question whether the
implant surface may be biocompatible for a new direct
bone/implant contact, i.e., for new osseointegration.

Regarding CAL, two studies did not report this
variable [18,36]. For the remaining studies, there was gain
of attachment in 100% of the cases. This gain varied from
0.6[20] to 3.0 mm [17] on average. In particular, sequential
studies by Schwarz et al. [16] demonstrated CAL reduction
in the two groups evaluated (GT: NHA, GC: Bio-Oss® +
Bio-Gide®), but the gains were highest at the 6-month
follow-up [16]. The authors suggested that such findings
may be related to an increase in the plague index, which
was observed along the follow-up time thereafter.

Although peri-implantitis is on the rise, some
aspects regarding the treatment of peri-implant disease
remain unresolved, such as the influence of the implant
surface and its topography treatment outcome. The study
by John et al. [53] indicated that surface roughness does
not seem to be the only factor influencing the amount and
speed of biofilm formation. The studies included in this
review reported on several implant brands, designs and
surfaces [16,19,20,32,33,37,39]. Differences in outcomes
have been reported, however, for implants with TPS or SLA
surfaces, in which the SLA surface showed superior results
in relation to TPS [36]. Similar results were reported in the
studies of Heitz-Mayfield [31] and Papathanasiou et al.
[54]. By contrast, the study by John et al. [52] indicated that
surface roughness does not appear to be the only factor
influencing the amount and rate of biofilm formation.
In addition, Dalago et al. [55] attempted to establish the
potential risk factors for peri-implantitis and concluded
that the surface features of the implants were not related
to the prevalence of this disease.

In the literature search for this review, no RCTs
were found comparing the outcome peri-implantitis
treatment using GBR and bone substitute combined with
a collagen membrane to an adequate control group. This
may be due to the lack of protocols, or because a gold
standard approach for the treatment of peri-implantitis has
not yet been established. Consequently, studies providing
a lower level of evidence, such as case series and RCTs
with a different objective, such decontamination methods,
have been included in the benefit of extracting relevant
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clinical data reported therein. In addition, the number of
cases included in most studies was relatively low (10 to 75)
and the follow-up period short, ranging from 6 months
to 4 years, and the intervals between visits varied greatly
[weekly in the first 2 months and monthly thereafter
[5,16,19,20,32,33,38]; weekly in the first 6 weeks and
once every 3 to 6 months thereafter [17], with 2 studies
not reporting their recall times [18,39]. Therefore, these
results should be interpreted with caution, since, for clinical
decision-making, the ideal scenario should be studies
including larger sample sizes and longer follow-up.

Consequently, it was not possible to establish strict
outcome comparisons for all studies based on follow-up
times. Furthermore, short observation periods strongly limit
the clinical relevance of a given treatment. It is important to
note that in the present review, favorable outcomes have
been observed in the selected studies, although disease
progression or recurrence as well as implant loss have also
been reported.

Due to significant heterogeneity between the
selected studies in terms of their design, decontamination
methods of the implant surface and the presence of
morphologically different peri-implant lesions, their
extension and severity, meta-analysis was possible to
perform. Future well-designed RCTs with longer follow-up
periods are still needed to fully explore the effectiveness
and long-term prognosis of treatment for peri-implantitis
using GBR as well as the cut-off point between conservative
treatment and and implant removal.

The number of patients with peri-implantitis
will increase in the near future. Establishing a standard
treatment protocol for peri-implantitis is an urgent task
for the specialists’ community. Clinical trials directed to
this specific condition has proven extremely challenging
for researchers, as dental implants are a high-cost medical
option in many countries, and peri-implantitis may be
classified as an asymptomatic iatrogenic disease [40]. In
the meantime, the clear lack of well-defined protocols
and gold-standard approaches to tackle peri-implantitis
reiterate the importance of meticulous preventative
strategies in an attempt to arrest or delay the onset of the
disease [56].

In conclusion, peri-implant defects treated with
GBR using bovine mineral matrix associated with a collagen
membrane resulted in favorable short-term outcomes in
terms of probing depth and gain of clinical attachment,
although complete filling of the bony defect was not a
predictable outcome.
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Given the heterogeneity of the methodology
described in the selected studies, meta-analysis proved
unfeasible.

Studies involving  well-designed  randomized
controlled clinical trials that investigate the impact of
defect configuration, different grafting materials, implant
surface decontamination methods and follow-up greater
than one year are needed to prove the effectiveness of the
method.
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