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Abstract
Purpose of the Review Peri-implant diseases are inflammatory reactions to bacterial infections affecting osseointegrated dental
implants. In recent years, scientific interest on this topic has increased, as demonstrated by the appearance of a large number of
protocols for treating peri-implant mucositis (PIM) and peri-implantitis (PI). The aim of the present narrative review is to provide
an overview of the recent (e.g., 2014–present) published protocols for the non-surgical treatment of peri-implant diseases.
Recent Findings Several adjunctive measures for mechanical debridement have been proposed and investigated to achieve
implant surface decontamination and resolution of mucosal inflammation. However, none of the adjunctive measures has been
shown to significantly improve peri-implant conditions compared with non-surgical mechanical debridement alone.
Summary Non-surgical approaches for the treatment of peri-implant diseases have been proved to be reliable in reducing clinical
signs of peri-implant inflammation (e.g., BoP), although with limited capability to achieve complete disease resolution. Due to
the limited benefits from the use of currently proposed adjunctive methods (e.g., chlorhexidine, lasers, photodynamic therapy,
systemic probiotics) their application is not recommended until further investigations prove their clinical utility.

Keywords Titanium . Dental implants . Peri-implant disease . Peri-implant mucositis . Peri-implantitis . Inflammation . Crestal
bone loss

Introduction

The quality and reliability of implant supported oral rehabili-
tations of partially and totally edentulous patients have been
radically increased during recent decades and feature high
long-term implant survival and success rates [1, 2].

As reported at theWorldWorkshop on the Classification of
Periodontal and Peri-Implant Diseases and Conditions, peri-
implant health was defined at the clinical level by the absence
of signs of soft tissue inflammation (e.g., BoP and suppura-
tion) [3••]. Unfortunately, peri-implant diseases, namely, peri-
implant mucositis and peri-implantitis, occur. Over the years,
several definitions have been applied to define peri-implant
mucositis and peri-implantitis [4, 5]. More recently, at the
2017 World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions, peri-implant mu-
cositis and peri-implantitis definitions were adopted as fol-
lows [6••, 7••, 8••]:

Peri-implant Mucositis

& The presence of bleeding and/or suppuration on gentle
probing with or without increased probing depth com-
pared with previous examinations

& The absence of bone loss beyond crestal bone level chang-
es resulting from initial bone remodeling
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Visual signs of inflammation may vary, and peri-implant
mucositis may be present around implants with variable levels
of bone support.

Peri-implantitis

& The presence of bleeding and/or suppuration on gentle
probing

& Increased probing depth compared with previous
examinations

& The presence of bone loss beyond crestal bone level
changes resulting from initial bone remodeling

Prevalence of Peri-implant Diseases

The world-wide prevalence of peri-implant diseases has been
widely investigated: a systematic review of the literature re-
ported a prevalence of peri-implant mucositis of 43% (range
19–65%) and peri-implantitis of 22% (range 1–47%) [9].
More recently, several data from cross-sectional studies have
been published, assessing the frequency of peri-implantitis
between 13 and 26% [10–14]. However, due to the present
wide range of reported prevalences reflecting the high hetero-
geneity of the applied clinical and radiographic thresholds of
disease definition, an adequate estimate of these diseases is
difficult [9]. Nonetheless, despite the variety of definitions
applied to detect these two clinical scenarios, the interest on
this topic has markedly increased during the last decade, as
shown by the high number of systematic reviews published
[15–19]. The first approach for the treatment of peri-implant
diseases has evolved from the classic periodontal treatment
including scaling and root planing to interventions aiming at
removing the peri-implant biofilm and granulation tissue [20].
The first diagnostic and therapeutic steps to manage peri-
implant diseases were summarized more than 20 years ago
by Lang and co-workers who proposed the Cumulative
Interceptive Supportive Therapy (CIST) protocol [21]. This
cumulative protocol includes a sequence of non-surgical in-
terventions (A: mechanical debridement, B: antiseptic thera-
py, C: antibiotic therapy) followed by surgical procedures (D)
and explantation as the last therapeutic step (E). Despite the
application of several different treatment modalities, a huge
discrepancy between the efficacy of non-surgical therapy
around teeth compared with that around dental implants has
been reported [20]. Nonetheless, it has been widely accepted
that clinicians should attempt to deliver non-surgical interven-
tions around dental implants prior to surgery.

The aim of the present narrative review was to summarize
the most recent scientific evidence (2014-present) published
on the non-surgical treatment of peri-implant diseases.

Clinical Approaches to Manage Peri-Implant Mucositis

Due to the reversible nature of peri-implant mucositis [22••,
23, 24•], the proposed treatment strategies to manage soft
tissue inflammation rely on the paradigm of infection control.
More specifically, to reduce the overall bacterial load under a
specific threshold, the following three key steps have been
investigated:

Peri-implant Biofilm Removal

Historically, peri-implant surface decontamination has been
performed by a combination of hand (i.e., titanium, plastic,
Teflon, carbon-fiber) [25••] and mechanical (i.e., abrasive air-
powder systems, rubber cup) instruments with conflicting re-
sults on the superiority of one versus another modality [26].
These results were corroborated by a large 6-month compar-
ative multicenter study on 141 implants, which failed to detect
any statistically significant difference in terms of reduction of
mucosal inflammation (i.e., BoP change) among the
four investigated tools (i.e., sonic plastic tips, titanium
curettes, airflow with glycine powder or rubber cups
and polishing paste) [27].

Different results were reported by another group, which
compared the efficacy of air-abrasive glycine powder to man-
ual debridement performed with plastic curettes followed by
local irrigation with a 0.1% chlorexidine digluconate solution
around 88 implants. At the 6-month follow-up, a statistically
significant difference between the two groups with respect to
mean probing depth (PD) (1.87 SD 0.38 vs. 2.70 SD 0.37) and
BoP (20.83 SD 30.99 vs. 70.45 SD 26.32) in favor of the air-
polishing device was observed [28].

Riben-Grundström and coworkers compared the applica-
tion of a glycine powder air-polishing device to an ultrasonic
instrument with a plastic coated tip to decontaminate 36 im-
plants with 3 different surfaces. At the 12-month evaluation,
similar changes in both the percentages of sites with
PD > 4 mm and BoP positive were reported. Therefore, the
authors concluded that both devices were “effective in reduc-
ing inflammation and number of peri-implant pockets” even-
though complete disease resolution was difficult to achieve in
both groups [29].

More recently, the efficacy of a chitosan brush to debride
peri-implant surfaces characterized by clinical signs of inflam-
mation (i.e., PPD > 4 mm with concomitant BoP and no de-
tectable marginal bone loss) was compared with titanium cu-
rettes in a split mouth 6-month randomized clinical trial
(RCT). A statistically significant difference in favor of the
chitosan brush was detected only in the early healing phase
(i.e., at week 2 and 4), while at the 6-month follow-up this
benefit was not observed [30].
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Adjuncts to Implant Surface Disinfection (i.e.,
Laser, Sodium Hypochlorite, Chlorexidine,
Probiotics, Enamel Matrix Derivative)

Due the difficulties in removing peri-implant biofilms and prop-
erly decontaminating implant surfaces, several adjunctive agents
have been recently released to the dental market. In particular, the
antibacterial [31] and decontamination [32] effects of a diode
laser have been reported both in vitro and in vivo studies.
Similar results have been reported in a retrospective study includ-
ing 27 patients rehabilitatedwith 125 dental implants treatedwith
a combined protocol (i.e., mechanical debridement, diode laser
application followed by a local chlorexidine gel application). A
statistically significant difference (p < 0.0001) with respect to
mean PD reduction was detected between test (2.66 SD
1.07 mm) and control (0.94 SD 1.13 mm) groups as well as
the final percentages of sites with BoP (T: 4.95%, C: 59.72%).
The present results should be carefully interpreted due to the
study design including different sample sizes between tests and
controls and imbalance for potential confounding factors such as
smoking. Moreover, due to the local application of chlorexidine
gel, the adjunctive benefits of diode laser itself seems difficult to
be estimated [33]. These positive findings could not be replicated
in a recent study by Aimetti and co-workers who reported the
outcomes of a 3-month RCT. A 3× diode laser application as an
adjunctive treatment of 220 implants did not yield any statistical-
ly significant clinical benefits compared with mechanical de-
bridement alone [34••]. Therefore, at the present time, even-
though adjunctive application of laser might result in greater
BoP reduction in the short-term, due to the lack of long-term
data, its routinely use to manage peri-implant mucositis seems
unjustified [35••].

The use of a sodium hypochlorite (NaOCl) gel was recently
investigated by Iorio-Siciliano and co-workers as an adjunct to
mechanical debridement alone in the management of peri-
implant mucositis. More specifically, in a 6-month triple blind
RCT it was reported that a 5× application for 30 s of NaOCl gel
prior to mechanical debridement with an ultrasonic scaler failed
to statistically significantly improve PD and BoP reductions
compared with mechanical debridement alone. Moreover, the
results indicated that a complete resolution of mucosal inflam-
mation was achieved in 45% of test and 32% of control implants,
respectively [36•].

The use of chlorexidine as chemical adjunct to enhance bio-
film control in conjunction with non-surgical periodontal therapy
has been widely assessed [37, 38]. Consequently, its application
on affected dental implants have been investigated. Recently, a
0.12% chlorexidine gluconate solution was applied into the peri-
implant pockets after mechanical debridement performed with
plastic curettes [39]. In addition, the 22 patients diagnosed with
61 implants affected by peri-implant mucositis were prescribed
twice daily for 2 weeks chlorhexidine mouth rinses. At the 6-
month evaluation, no clinical difference between the antiseptic

and placebo solution was detected with respect to the number of
BoP positive sites [39].

On the other hand, the clinical benefits of a single daily ses-
sion of oral hygiene procedure with adjunctive 0.2% chlorhexi-
dine gel were reported in a 12-week RCT. The 19 test patients
displayed after 4 and 12 weeks a statistically significantly lower
percentage of residual pockets (PD > 4 mm) compared with the
18 controls (33%vs. 55%, p< 0.05) despite the fact that one third
of the implants was still BoP positive at the final evaluation [40].

A solution containing chlorexidine 0.03% + 0.05%
cetylpyridinium chloride was recently tested over a 1-year period
as an adjunct in the treatment of peri-implant mucositis [41]. The
rationale behind the use of this solution originates from the suc-
cessful management of gingivitis [42] associated with reduced
side effects of a pure chlorhexidine rinse [43]. At the 12-month
follow-up, the twice daily tested solution was not more effective
than the placebo rinse formost of the assessed clinical parameters
except for the changes in buccal BoP values (47% vs. 23%) (p =
0.022). Once more the authors underlined that complete BoP
resolution was achieved in 58% of the test cases [41].

Among the adjunctive means to manage peri-implant mu-
cositis, the use of probiotics has been advocated based on their
delivery in non-surgical periodontal therapy [44, 45]. In par-
ticular, Flichy-Fernández and co-workers reported the positive
effects provided by the adjunctive delivery of tablets contain-
ing Lactobacillus reuteri (dosage: 1 × 30 days) on 23 implants
diagnosed with peri-implant mucositis [46]. Adjunctive
probiotics delivery yielded an additional PD reduction of
1.09 SD 0.90 mm compared with the placebo group after
6 months. However, these results should be interpreted with
caution because BoP values as the primary outcome of peri-
implant mucositis therapy were not reported. On the other
hand, the present results were not corroborated by recent
RTCs, which failed to document the effects of adjunctive
probiotics in the treatment of peri-implant mucositis [47, 48].

Furthermore, following the promising results obtained by
Froum et al. 2012 [49] on the use of enamel matrix derivatives
(EMD) as an adjunct in the treatment of peri-implantitis,
Kashefimehr et al. (2017) evaluated the use of EMD around
dental implants diagnosed with peri-implant mucositis.
Following submucosal mechanical debridement, adjunctive
EMD application yielded statistically significantly shallower
PDs (median 3.0 vs. 5.0 mm) as well as lower BoP percentages
(25% vs. 75.0%) at the 3-month follow-up [50]. The mean find-
ings from the discussed studies are summarized in Table 1.

Patient-Administered Oral Hygiene
Procedures

In addition to professionally administered mechanical and ad-
junctive procedures, optimal patient-administered biofilm control
regimes are crucial in the management of peri-implant mucositis.
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Nonetheless, the evidence of the superiority of
powered vs. manual tooth brushes as well as the efficacy
of twice daily patient’s administered antiseptic rinse
seem to be negligible [51•]. Moreover, the application
of a chlorexidine gel failed to provide clear benefits in
the management of peri-implant soft tissue inflammation
[52]. Finally, even-though systemic delivery of
azythromycin might result in better clinical outcomes
when compared with the mechanical debridement alone
[53], its use seems unjustified to manage peri-implant
mucositis [51•].

Clinical Approaches to Manage Peri-Implantitis

Due to the irreversible nature of peri-implantitis, characterized
by progressive marginal bone loss, the non-surgical interven-
tions are based on the following steps:

Peri-implant Biofilm Removal

Mechanical decontamination methods of the implant sur-
face have been pointed out to be crucial in order to
achieve resolution of mucosal inflammation. However,
due to several differences between teeth and dental im-
plants (i.e., macro and micro characteristics of the implant
surface), debriding and decontaminating peri-implant sur-
faces are more challenging than those around teeth.
Therefore, various tools have been introduced into the
market to debride peri-implant surfaces. In particular, a
new oscillating chitosan brush was tested in a 6-month
single-group multi-center study including 63 patients di-
agnosed with initial peri-implantitis. Although the results
indicated statistically significant improvements of PD and
BoP scores between baseline and follow-up, due to the
lack of a control group no definitive conclusions could
be drawn [54]

An additional study protocol compared the efficacy of
monotherapy with an air-polishing device containing glycine
powder with mechanical debridement with carbon fiber cu-
rettes and chlorhexidine digluconate after 12 months [55]. At
the final evaluation, no statistically significant differences
were found between the groups with respect to plaque index,
PD, mucosal recession, and clinical attachment level, while
lower BoP values were detected in the air-polishing group.

Currently, besides the multitude of methods proposed for
the mechanical debridement of implant surfaces, there is little
research investigating the efficacy of such devices. Therefore,
no clear clinical recommendations can be provided on which
tool should be selected to accomplish professional mechanical
debridement around dental implants.

Adjuncts to Mechanical Debridement (i.e.,
Lasers, Photodynamic Therapy, Sodium
Hypochlorite)

Although potential benefits of photodynamic and laser thera-
py on implants affected by peri-implantitis were reported [56],
conflicting results on their use as an adjunct to mechanical
debridement are available [57••].

In a single cohort retrospective study involving 15
subjects with 23 implants with a sand-blasted and acid
etched (SLA) surface, Mettraux et al. (2016) reported
promising 2-year results in terms of PD and suppuration
reduction despite the fact that complete resolution of
inflammation was not achieved, as shown by 43% of
sites still BoP positive [58]. Similar results were report-
ed by Bassetti and co-workers who performed a 12-
month RCT to test the adjunctive benefits of a 2×
PDT application. In particular, the test group failed to
show any statistically significant difference of BoP
scores compared with controls treated with minocycline
hydrochloride microspheres (1.74 SD 1.37 vs. 1.55
SD1.26) [59].

The adjunctive benefits of a sodium hypochlorite solu-
tion (Perisolv®) to mechanical debridement alone was test-
ed in a RCT with a split-mouth design including sixteen
patients [60]. At the 3-month evaluation, significant im-
provements in terms of BoP positive sites as well as PD
reduction were observed in both groups when compared
with baseline. Nonetheless, since no statistically signifi-
cant difference was detected between groups, it was con-
cluded that mechanical debridement with adjunctive use of
sodium hypochlorite was equally effective in the reduction
of mucosal inflammation as conventional non-surgical me-
chanical debridement alone.

One of the most challenging aspects in the evaluation of the
efficacy of a specific treatment protocol is that a combined
mechanical and chemical intervention is investigated.
Recently, in a 12-month retrospective case series, significant
improvements in terms of PD and BoP reductions and radio-
graphic bone gain were reported following repeated applica-
tions of a combined approach including mechanical debride-
ment, subgingival chlorhexidine irrigation, and systemic anti-
biotics [61]. Although the application of a combined non-
surgical protocol yielded positive outcomes at 1 year, the lack
of a control group failed to reveal superiority of this treatment
modality compared with mechanical debridement alone [61].
Studies details are reported in Table 2.

Limitations

The evidence summarized in the analyzed literature presents sev-
eral major limitations making comparisons among studies
difficult.
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First, a homogeneous case-definition of peri-implant mucosi-
tis and a highly heterogeneous definition of peri-implantitis were
detected. Second, despite the fact thatmost of the studies reported
a power calculation, the question of what should be considered
the primary outcomemeasure in themanagement of peri-implant
mucositis (i.e., BoP or PD change) is still a matter of debate. In
addition, in most of the studies the role of implant surface char-
acteristics was not considered since several implant systems with
different surface roughnesses were treated. Finally, despite in-
creasing evidence underlying the importance of an adequate
width (i.e., > 2 mm) of keratinized and attached peri-implant soft
tissue seal [62•], the characteristics of the soft tissue conditions
were poorly reported in the included studies.

Conclusions

Based on the level of evidence of the last 5 years, non-
surgical approaches in the management of peri-implant
diseases have been shown to be effective in reducing
signs of bleeding on probing even-though complete res-
olution of inflammation still remains unpredictable. On
the other hand, in cases of advanced peri-implant lesions,
the use of non-surgical protocols should aim at preparing
healthier soft tissue conditions prior to adjunctive therapy
including reconstructive and resective surgery. Finally,
patient’s enrolment in a tailored supportive therapy pro-
gram seems crucial to monitoring peri-implant conditions
before and after treatment.
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