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ABSTRACT

This narrative review describes up-to-date treatment options for peri-implantitis and
proposes a treatment protocol and flowchart based on the current scientific evidence. Peri-
implantitis treatment should be based on the phased treatment protocol for periodontitis,
which is a continuous flow of decisions for extraction, nonsurgical and surgical treatments
with step-by-step re-evaluation. The protocol’s goals are to fulfill the success criteria for
peri-implantitis treatment (probing depth of <5 mm, and absence of bleeding on probing,
suppuration, and progressive bone loss) and to halt disease progression. Fixtures with
peri-implantitis can initially be classified as failed or failing. A failed implant needs to

be removed. In contrast, nonsurgical and surgical treatments can be applied to a failing
implant. Nonsurgical treatment should be the initial treatment for failing implants; however,
sole nonsurgical treatment was regarded as inefficient for peri-implantitis. Recent studies
have found that the adjunctive use of antibiotics to nonsurgical debridement increased the
success of nonsurgical treatment for peri-implantitis. Surgical treatments can be classified
into resective, access, and reconstructive surgeries. The technique should be selected
according to the patient’s bone defect configuration, which relate to regenerative potential.
Various combinations of decontamination methods (e.g., mechanical, chemical, and
pharmacological approaches) are required to achieve absolute surface decontamination.
Clinicians should select an appropriate surface decontamination strategy according to the
purpose of surgery. After signs of disease disappear and its progression is halted through
active peri-implantitis treatment, it is necessary to enroll patients into maintenance
programs. Compliance of patients with the maintenance program reduces the recurrence
of peri-implantitis and sustains clinical success after treatment. Maintenance visits should
include professional plaque control and hygiene care reinforcement for patients, and their
interval should be set according to individual peri-implantitis risk. Clinicians should remind
that peri-implantitis treatment is not a single procedure, but rather a continuing cycle of
treatment and re-evaluation.
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INTRODUCTION

Peri-implantitis was defined in the 2017 World Workshop consensus as “a plaque-associated
pathological condition occurring in tissues around dental implants, characterized by
inflammation in the peri-implant mucosa and subsequent progressive loss of supporting
bone” [1]. Contrary to patients’ expectations of implants lasting indefinitely, a Swedish
study found that almost half of the implant recipients suffered peri-implantitis within 10
years [2]. Furthermore, the generalization of implant surgery has led to a dramatic increase
in the number of patients suffering from peri-implantitis. Peri-implantitis tends to progress
more rapidly and unpredictably than periodontitis, and its treatment outcome is less
predictable [3]. In natural teeth, collagen fibers in the connective tissue area are embedded
perpendicularly to the cementum and provide robust mucosal sealing, which operates as

a biological barrier. In dental implants, however, collagen fibers around the transmucosal
area run parallel to the abutment surface, which impairs mucosal sealing and its protective
function [4]. The surface geometry of implant fixtures, such as their macro and micro thread
structures and rough surfaces, also interferes with absolute surface decontamination and
reduces the likelihood of successful treatment [5].

Various treatment protocols have been proposed for peri-implantitis based on experiences
with periodontitis treatment. Mombelli and Lang proposed cumulative interceptive
supportive therapy based on the diagnostic criteria for periodontitis, suggesting that
peri-implantitis treatment is not a single procedure but rather a continuing sequence of
therapeutic procedures like in periodontitis [6]. Since, various studies have investigated the
factors that affect peri-implantitis, treatment protocols have been suggested to reflect these
factors [7-9]. Sinjab et al. [8] highlighted the importance of keratinized gingiva around the
implant and suggested that soft-tissue augmentation procedures are necessary for peri-
implant disease management. Monje [9] proposed a decision tree that focused on solutions
for failed implants and on detailed surgical approaches according to the configuration of the
peri-implant defect. Volume 13 of the International Team for Implantology (ITI) Treatment
Guide presents a peri-implantitis treatment protocol that considers nonsurgical and surgical
treatments consecutively, combined with re-evaluation [7].

Treatment approaches for peri-implantitis need to be changed as the scientific evidences

are updated. For example, nonsurgical therapy was formerly regarded as ineffective in peri-
implantitis due to access restrictions [10]. However, recent studies have found higher success
rates in treatment of peri-implantitis using nonsurgical therapy with the adjunctive use

of antibiotics [11,12]. An assessment tool has also been suggested for the individual peri-
implantitis risk based on the understanding of the key factors underlying peri-implantitis
disease development [13]. The aims of the present narrative review were therefore to describe
current treatment options for peri-implantitis and to propose an updated treatment flowchart
based on the current scientific evidence.

FAILING IMPLANTS VERSUS FAILED IMPLANTS

The phrase “ailing, failing, and failed” was first applied to dental implants by Meffert [14].
When this term is applied to the current diagnostic criteria of peri-implant disease, an ailing
implant is one affected by peri-implant mucositis, and a failing implant is one affected
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Examples of (A) failed and (B) failing implants.

by peri-implantitis whose prognosis is not yet hopeless. A failed implant is one with peri-
implantitis so severe that it needs to be removed (Figure 1).

It is obvious that mobile, which means complete loss of osseointegration, or fractured
implants should be removed. A histological analysis of implant fixtures extracted because of
mobility issues confirmed that bone-implant contact was completely lost when the implant
stability quotient (ISQ) was 40 or less [15]. However, criteria for implant removal vary among
clinicians. Volume 13 of the ITI Treatment Guide recommends that implant removal should
be determined by defect extent and need to be done in cases where the esthetic outcome is
expected to be severely compromised [7].

Some researchers have recommended fixture removal when bone loss affects more than
half of the fixture [16,17]. With fixture removal, the existing inflammation and its source
are removed, and further bone loss, especially in the vertical dimension, can be prevented,
so that a favorable environment can be established for future prosthetic rehabilitation [18].
The failure rate of peri-implantitis fixture treatment was estimated to be 20 times higher

in cases with >50% alveolar bone loss than with <25% bone loss [19]. Following implant
removal, a second attempt at implant placement is practicable with a relatively high survival
rate of around 88% [20,21]. The failure of the implant is affected by patient’s specific
factors, so control of the risk factors should take place prior to surgery [21]. Additional ridge
augmentation is common to compensate for alveolar bone loss around a fixture due to peri-
implantitis or implant removal [20].
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NONSURGICAL TREATMENT FOR PERI-IMPLANTITIS

Similar to the progression of gingivitis to periodontitis, peri-implant mucositis is regarded

as the stage preceding peri-implantitis [22]. Based on the treatment concept of periodontal
disease, managing peri-implant mucositis can be considered as the primary prevention of
peri-implantitis [23]. It is widely accepted that nonsurgical treatment is effective in resolving
peri-implant mucositis sites [10,24,25]. However, nonsurgical treatment alone showed
limitations in most cases when the disease progressed to peri-implantitis [26]. In nonsurgical
treatment, visual and instrumental access is often limited by the prosthetic structure and
bony defects. Therefore, surgical interventions have been considered essential to treat peri-
implantitis [10,27].

Nevertheless, attempts have been made to overcome the limitations of nonsurgical treatment
by applying adjunctive measures to mechanical debridement, while taking advantage of
nonsurgical treatment that are convenient for the clinician and less invasive for the patient
[25]. Periodontal and peri-implant diseases have a shared etiology in that they are plaque-
initiated inflammatory conditions; the levels of Gram-negative and anaerobic bacteria

are high in both contexts [28,29]. Recent studies have found that the adjunctive use of
antibiotics improves nonsurgical treatment for peri-implantitis, based on the success of
its use for periodontal disease [11,12,30,31]. Lifiares et al. [11] observed successful long-
term follow-up outcomes from nonsurgical treatment with the adjunctive use of systemic
metronidazole (500 mg, 3 times a day for 7 days) and 0.12% chlorhexidine (CHX) gel (twice
a day for 14 days). The mean radiologic bone loss was 4.5 mm at baseline, and reductions
in the mean radiological bone level and probing depth of 2.6 mm and 4.7 mm, respectively,
were observed at a mean follow-up of 4.5 years. Narts et al. achieved radiologic bone gain
and resolution of inflammation with nonsurgical treatment use of an ultrasonic scaler and
glycine air abrasives, as well as supportive maintenance therapy every 3—-6 months [31].

In their study, 500 mg of systemic metronidazole was prescribed 3 times a day for 7 days.
Park et al. [12] found a significantly higher success rate of peri-implantitis treatment by
administering local metronidazole and minocycline alongside nonsurgical treatment. Two
types of ointment were used: minocycline ointment containing 10.0 mg of minocycline
hydrochloride dehydrate, and minocycline-metronidazole ointment containing 10.0 mg of
minocycline hydrochloride dehydrate and 201.0 mg of metronidazole benzoate. Repeated
local application of either minocycline or metronidazole-minocycline was performed in
follow-up visits. The adjunctive use of minocycline and metronidazole-minocycline with
mechanical debridement led to treatment success rates of 20.5% and 31.6%, respectively,
whereas mechanical debridement alone achieved a success rate of only 2.7%. However,
because adjunctive antibiotic treatment has a temporary risk of antibiotic resistance in the
subgingival microbiome, appropriate dosing and duration of antibiotic use are required [32].

Over-contoured restorations or those that hinder plaque control (i.e., both mesial and distal
splinting) increase peri-implantitis risk [33]. Adjusting the implant restoration to a proper
form that facilitates self-application of oral hygiene significantly improves the clinical
outcome of nonsurgical treatment for peri-implant mucositis, and prevents inflammation
rebound after the initial treatment [34]. Removing suprastructures to facilitate better
instrumental access also significantly increases the efficacy of surface decontamination,
compared to performing surface decontamination without prosthesis removal in nonsurgical
treatment [35]. In a recent randomized controlled trial that adjusted the prosthesis to be
favorable for self-application of hygiene control, removing the prosthesis before mechanical
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debridement and systemic metronidazole administration doubled the success rate relative to
mechanical debridement alone [30].

SURGICAL TREATMENT FOR PERI-IMPLANTITIS

Surgical treatment is required for lesions where inflammation is not completely resolved
after nonsurgical treatment. The surgical approach for peri-implantitis can be classified

into 3 types. First, access surgery enables surface decontamination of fixture surfaces with
direct visual and instrumental access without pocket reduction. Second, resective surgery,
with or without implantoplasty, eliminates pathological pockets and facilitates access for
hygiene control in bone defects with a lack of regenerative potential, such as supracrestal
bone defects and 1- or 2-wall bone defects. Third, reconstructive surgery induces bone
regeneration in the bony defect, supports re-osseointegration of the decontaminated fixture,
and minimizes soft tissue recession in bone defects expected to be capable of regenerative
potential, such as circumferential bone defects and 2- or 3-wall defects [36].

Access surgery overcomes the limitations of nonsurgical treatment through flap elevation,
which facilitate more meticulous surface debridement with direct access, and is widely
accepted as being effective for periodontitis. Likewise, its use in peri-implantitis has also
been widespread and its long-term efficacy has been determined [37]. Applying various
surface decontamination methods has improved the success rate of the surgery. A recent
study found a higher success rate in access surgery with local delivery of minocycline and
meticulous surface decontamination using titanium-coated curettes, a metallic copper-alloy
ultrasonic scaler tip, a titanium brush, and an air-powder abrasive device [38]. Because access
surgery does not involve apical positioning of the flap or ostectomy, it is a more conservative
surgical approach than resective surgery. However, due to flap elevation, access surgery has a
risk of subsequent mucosal recession [39].

Resective surgery is performed in areas where regeneration is not expected, such as in
non-contained defects and suprcrestal defects, and it includes procedures such as bone
recontouring, apically positioned flap, and implantoplasty (Figure 2). The difference between
resective surgery for peri-implantitis and periodontitis is that implantoplasty is often
considered in the former. In implantoplasty, a high-speed bur finely polishes the surface

of the exposed implant thread outside the alveolar bone. Eliminating threads and making
surfaces smooth can reduce biofilm accumulation and bacterial regrowth on exposed fixture
surfaces without significant influence on biocompatibility [40]. However, thorough irrigation
must also be performed, since the titanium particles generated in this process may cause

Examples of resective surgery including bone recontouring and implantoplasty.

https://jpis.org
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biological complications [41]. The risk of fracture may also increase due to the thinner
fixture walls, so caution is needed when applying to narrow-diameter implants with internal
connections [42]. Englezos et al. [43] applied an apically positioned flap, osteoplasty, and
implantoplasty in severe peri-implantitis cases with more than 3 mm of alveolar bone loss,
and found favorable clinical outcomes during up to 2 years of follow-up.

Reconstructive surgery shares the same surface decontamination process as access surgery,
but it involves filling bony defects with graft materials instead of removing or leaving them
(Figure 3). Whether the bony defect configuration is suitable for regeneration or not is
important for applying reconstructive surgery. After using cone-beam computed tomography
(CBCT) to analyze bone defects in patients diagnosed with peri-implantitis, Monje et al.

[44] estimated that 58% of their bone defects (especially circumferential defects [3.2%]

and 2- or 3-wall infraosseous defects [55%]) had regenerative potential for reconstructive
surgery. Due to graft filling, the radiographic defect fill is significantly larger in reconstructive
surgery than in access or resective surgery [25]. Additionally, the reduction in probing depth
is substantial, and postoperative mucosal recession is minimized due to the graft materials’
support [39]. However, there was no significant difference from applying resective or access
flap surgery regarding the resolution of inflammation [25]. Long-term stable bone gain was
found after reconstructive surgery with the additional application of growth factors such as
an enamel matrix derivative and platelet-derived growth factor [45].

In the case of defects with combined intraosseous and supracrestal defect configurations,
combined surgery consisting of resective surgery on the supracrestal part and regenerative
surgery on the intraosseous part can be considered (Figure 4). In a recent study based

on CBCT analysis, around 20% of the peri-implantitis defects had combined horizontal
and intraosseous defect configurations [44]. Schwarz et al. [46] applied implantoplasty

to the supracrestal area and a regenerative approach to the intraosseous area with natural
bone mineral and collagen membrane. As a result, bleeding on probing (BOP) reduction

Examples of reconstructive surgery. A pre-op photo of the implant is shown in Figure 1B. A glycine air abrasive and chlorhexidine were applied for
surface decontamination.

https://jpis.org
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Examples of combined surgery. Implantoplasty was applied to the supracrestal part, and reconstructive
surgery was applied to the infraosseous part. A titanium brush can be applied for surface decontamination of the
infraosseous defect.

of more than 85% and clinical attachment gain of more than 2 mm were sustained over

7 years of follow-up. Absence of BOP was also found in 60% of the patients. In a recent

study, combined surgery with surface decontamination using a titanium brush significantly
decreased the probing depth by 3-4 mm and the radiographical bone fill by around 80% after
12 months [47].

Also, soft tissue quality is a factor that can be improved with surgical intervention. Adequate
peri-implant soft tissue condition is important for maintaining peri-implant health. Lack

of keratinized mucosa, which is less than 2 mm, and shallow vestibular depth cause patient
discomfort and disturb plaque removal [1,48]. Thin mucosal thickness offers limited mucosal
seal and has a disadvantage in marginal bone stability [49,50]. Soft tissue augmentation
using autogenous grafts or collagen substitutes can offer favorable peri-implant soft tissue
conditions [51]. An apically positioned flap with a free gingival graft is regarded as the
technique of choice in the sites with a lack of keratinized and attached mucosa. A connective
tissue graft or use of collagen substitutes is usually applied to increase mucosal thickness. A
recent systematic review observed that implants receiving soft tissue augmentation showed a
low prevalence of peri-implantitis in long term [51].

SURFACE DECONTAMINATION OF THE IMPLANT
FIXTURE SURFACE

The goal of proper surface decontamination is to remove the bacterial biofilm from the
contaminated fixture surface and obtain a pristine surface, which induces re-osseointegration
or minimizes bacterial recolonization [52]. Unlike natural teeth, the implant surface has
rough surface and thread structure characterized by angulation and depth that makes
accomplishing perfect surface decontamination a challenge. Restricted instrumental

access to the fixture surface is also often observed due to the prosthetic’s features, which
makes surface decontamination more difficult. Even with flap elevation, the bony defect’s
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configuration may constrain instrumental access [53]. Various surface decontamination
strategies have been suggested to overcome these limitations [54].

Mechanical debridement is primarily used to remove biofilm and calculus on contaminated
fixture surfaces. Metal curettes and ultrasonic scalers, which were traditionally used in
periodontal treatment, have the disadvantage of damaging the surface of titanium fixtures.
Accordingly, various methods have been suggested to preserve surface characteristics during
surface debridement, such as using a titanium curette, ultrasonic scalers with a plastic sleeve
tip, air powder abrasive, and various types of titanium brush. However, there is still no standard
of care for instrument selection [55]. The metal tips of conventional ultrasonic scalers are often
larger than the inter-thread distance, so that it only able to access the top of the thread structure.
Also, the tips are applied laterally and harder than the titanium, so that it damages the titanium
surface and thread structures [56]. Ultrasonic scalers with plastic tips have the advantage of
preserving the fixture surface, but such tips are not strong enough to completely remove the
attached biofilm, and plastic remnants are left on the surface after debridement [56,57].

The rotating titanium brush has a bristle at the end that is thin enough to facilitate the
cleaning of fixture thread valleys [58]. Air powder abrasive is a method of propelling particles
smaller than 50 pm (i.e., sodium bicarbonate, amino acid glycine, or erythritol) together with
compressed air and water. Its power is sufficient for plaque removal while not damaging the
surface, and can therefore offer more precise surface decontamination by approaching every
part of the thread while maintaining an implant’s surface characteristics [56]. Intrabony
defects, which are often observed in cases of peri-implantitis, have areas where direct
instrumental access is not possible. However, even in these areas, a rotating titanium brush
and air powder abrasive have greater cleaning efficacy than ultrasonic scalers [53].

In clinical situations, the mechanical surface decontamination of fixtures affected by
peri-implantitis is challenging due to their surface structure, prosthetic design, and the
configuration of the osseous defects. Achieving absolute surface decontamination is
therefore considered impossible with mechanical debridement alone. The additional use of
chemical agents for surface decontamination has been applied to overcome the limitations
of mechanical debridement, and this approach has improved the clinical results of peri-
implantitis treatment [55]. Chemical adjuncts reduce or even completely remove bacteria
on the fixture surface and eliminate its endotoxins. For chemical surface decontamination,
Monje et al. [54] recommended a minimum of 2 minutes of chemical detoxification using
citric acid, hydrogen peroxide, or ethylenediaminetetraacetic acid (EDTA) along with
optional irrigation with 0.12% CHX. The additional use of pharmacological agents such

as tetracycline may also reduce the bacterial burden on the surface. The efficacy of various
chemical decontamination methods has been demonstrated, but there is no clearly superior
method among chemical and pharmacological agents [59].

Complete surface decontamination is essential for ensuring a regenerative treatment.
Numerous studies have attained successful long-term results. Roccuzzo et al. [60] found
that a high success rate was maintained in reconstructive surgery even after 5 years when a
titanium brush was used for mechanical debridement together with chemical detoxification
using an EDTA and CHX gel. Froum et al. [45] used a bicarbonate air abrasive for mechanical
debridement, with CHX rinsing and tetracycline or minocycline for chemical debridement,
and found that high survival rates and improved clinical outcomes were maintained during
the follow-up period of 2-10 years.
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MAINTENANCE AND RE-EVALUATION OF TREATMENT

Because the progression of peri-implantitis is rapid and difficult to predict, clinicians often
consider its recurrence after treatment to be highly likely. Just as continuous re-evaluation and
maintenance treatment are important for maintaining the success of periodontitis treatment,
an adequate maintenance program is also important for maintaining treatment success in the
treatment of peri-implantitis. A recent study found that periodic supportive therapy consisting
of supra- and submucosal biofilm removal using a plastic tip ultrasonic scaler and titanium
curette at least once every 6 months, together with professional prophylaxis in other areas,
effectively maintained the clinical success of access flap surgery [61]. In that study, treatment
success was maintained in 63% of the patients, and the absence of BOP, meaning complete
inflammation resolution, was maintained in 42%. The treatment success rate was significantly
higher after regenerative surgery for peri-implantitis in the group with frequent maintenance
visits (3 or more times annually) than in the group with sporadic maintenance visits (2 or fewer
times annually) [19]. A recent systematic review found that patients who were continuously
enrolled in a supportive care program that included professional biofilm removal had a high
implant survival rate up to 7 years after peri-implantitis surgery [62].

Periodic maintenance therapy reduces the prevalence of peri-implantitis. In a retrospective
study with a mean follow-up period of 6.4 years, peri-implantitis prevalence was significantly
reduced in patients who complied with a maintenance program that included plaque control
and adjunctive local antibiotic application every 3—6 months. The prevalence was only

29.4% in the compliant group, whereas it was 72.5% and 68.6% in the non-compliant and
erratic-compliant groups, respectively [63]. In another retrospective study with 7 years of
follow-up, the peri-implantitis risk in patients who regularly received encouragement for self-
application of oral hygiene and plaque control was about 25% of the risk among those who
did not [64]. Another cross-sectional study found that patient compliance with maintenance
therapy was associated with peri-implantitis prevalence [65]. In the group with regular
compliance, 72.7% of the patients were healthy, while 4.5% suffered from peri-implantitis.
However, only 53.5% of the patients in the group with erratic compliance were healthy, and
23.9% suffered from peri-implantitis. Although the details of the maintenance programs
differed slightly between the two studies, both included professional plaque control and
reinforcement of the self-application of oral hygiene.

Evaluations of the peri-implantitis risk help clinicians to offer adequate maintenance
programs and motivate patient participation. Implant disease risk assessment (IDRA)

has been suggested as a tool for evaluating the patient-level risks of peri-implantitis [13].
Eight selected risk factors for peri-implantitis were presented in an octagonal diagram:
history of periodontitis, percentage of sites with BOP, prevalence of probing depths of >5
mm, periodontal bone loss in relation to the patient’s age, periodontitis susceptibility,
supportive periodontal therapy, distance from the restorative margin of the implant-
supported prosthesis to the bone, and implant prosthesis-related factors. This octagonal
diagram was used to classify patients as having low, moderate, or high risk. IDRA can be
used as a checklist for preventing peri-implantitis after implant therapy and as a tool for
communicating and encouraging patients to participate in maintenance programs. It is
important to involve patients in maintenance programs that are designed according to
their individualized risk assessments. Visits every 3—-6 months are generally recommended,
depending on individual risk. Visit intervals of more than 6 months decrease the preventive
efficacy of maintenance therapy [66].
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TREATMENT PROTOCOL FOR PERI-IMPLANTITIS

According to the current knowledge of peri-implantitis, the treatment flowchart in Figure 5
was suggested (Figure 5). First, it is necessary to determine whether the fixture involved
in peri-implantitis is a failing or failed implant. If the fixture is mobile, malpositioned,

fractured, or considered hopeless because less than 3 mm of the fixture is osseointegrated

or because it has an ISQ value <45, it is classified as failed. In such cases, fixture removal is
recommended because saving a failed implant is not possible. Subsequent treatment depends
on the defect configuration after the fixture is removed. Staged guided bone regeneration
(GBR) is recommended when the defect is not contained, but simultaneous GBR can

Current state of peri-implantitis affected fixture

o “Failied” implant

/1. Mobile implant
2. Malpositioned implant
3. Hopless prognosis
-Osseointegerated part < 3mm
-1SQ < 45

| 4. Fractured implant )
AN i

gl “Failing” implant
Nonsurgical treatment

« Removal and adjustment of prosthesis,
if possible

* Repetitive mechanical and chemical
debridement

~* Systemic/local antibiotic application

} 4

No

Re-evaluation :

* Probing depth < 5mm

* No BOP / pus discharge No

* No progressive bone loss

OK

[

% N

[ * Re-evaluation of disease recurrence
* Risk assessment using IDRA
* Recall period according to risk (< 6
months)
* Professional plaque control and
reinforcement of patient’s self-oral
hygienic care

\_ J/

Recall visit

- T S

Non-Contained
Contained Simultaneous
defect | WL VALIEN:

Fixture
-
removal

Surgical treatment

* Radiographic analysis (e.g. CBCT) of @
bony defect prior to surgery

* Surface decontamination

+ Mechanical (Ti curette, Ti brush, Ultrasonic)

+ Chemical (Citric acid, EDTA)

+ Pharmocological (Tetracycline, CHX)

+ Implantoplasty (in resective surgery)

* Soft tissue augmentation, in cases of lacking
keratinized and gingiva or thin mucosal

\ thickness

Resective surgery

e Supracrestal, 1-2 wall bone defect
* Ellimination of bone defect and
pathologic pocket

Access surgery

* Open flap debridement
* Maintaining the soft tissues around
the affected implant

Reconstructive surgery

¢ Circumferential, 2-3 wall bone defect
* Regeneration of bone defect and
minimizing soft tissue recession

Comprehensive treatment protocol of peri-implantitis.
1SQ: implant stability quotient, GBR: guided bone regeneration, BOP: bleeding on probing, CBCT: cone-beam
computed tomography, Ti: titanium, EDTA: ethylenediaminetetraacetic acid, CHX: chlorhexidine, IDRA: implant

disease risk assessment.
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be applied when it is contained. Furthermore, simultaneous fixture installation may be
considered if sufficient residual bone is left to achieve adequate primary stability.

Comprehensive peri-implantitis treatment is recommended for failing implants. Nonsurgical
treatment should be applied prior to any surgical approach. Removing the prosthesis
improves visual and instrumental access for facilitating surface decontamination, which is
important in both nonsurgical and surgical treatments and is beneficial for healing after the
latter. Nonsurgical treatment consists of repetitive mechanical debridement and chemical
debridement, such as irrigation with CHX. Systemic metronidazole or local minocycline
application is strongly recommended. Re-evaluation after nonsurgical treatment is necessary
for decisions about subsequent procedures.

Surgical treatment is needed if the peri-implant conditions do not satisfy the re-evaluation
criteria. In general, it is recommended to re-evaluate peri-implant conditions 3 months

after nonsurgical treatment. Radiographical analysis using CBCT can confirm the defect
configuration. Based on the defect configuration and esthetic concerns, a resective, access, or
reconstructive surgical approach can be chosen. The clinician may choose combined surgery
by incorporating surgical approaches in cases of combined defect configuration. Meticulous
surface decontamination is essential regardless of the surgical method. Mechanical

and chemical debridement should be applied together to achieve a pristine surface.
Implantoplasty can also be an adequate method when using resective surgery.

Patients should be enrolled in a maintenance program if the peri-implant conditions satisfy
the re-evaluation criteria after nonsurgical or surgical treatment. IDRA can be used to assess
the risk of peri-implantitis. The recall period should be set according to the individual

level of risk. It is important that each recall visit include professional plaque control and
reinforcement of patient self-application of oral hygiene. Re-evaluation should also be
performed at every visit. If the peri-implant conditions do not satisfy the re-evaluation
criteria, the peri-implantitis treatment process should be reactivated, starting with
nonsurgical treatment. Clinicians should remind that peri-implantitis treatment is not a
single procedure, but rather a continuous cycle of treatment and re-evaluation.
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