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Abstract: Background: the prevalence of peri-implant diseases is constantly growing, particularly
with the increasing use of dental implants. As such, achieving healthy peri-implant tissues has
become a key challenge in implant dentistry since it considers the optimal success paradigm. This
narrative review aims to highlight the current concepts regarding the disease and summarize the
available evidence on treatment approaches clarifying their indications for usage following the
World Workshop on the Classification of Periodontal and Peri-implant Diseases (2017). Methods:
we reviewed the recent literature and conducted a narrative synthesis of the available evidence on
peri-implant diseases. Results: scientific evidence on case definitions, epidemiology, risk factors,
microbiological profile, prevention, and treatment approaches for peri-implant diseases were summa-
rized and reported. Conclusions: although there are numerous protocols for managing peri-implant
diseases, they are diverse and nonstandardized, with no consensus on the most effective, leading to

treatment confusion.

Keywords: dental implant; evidence-based practice; mucositis; peri-implant disease; peri-implant
health; peri-implantitis; periodontal disease; review

1. Introduction

Dental implant-supported prostheses are a well-established rehabilitation treatment
for partially or completely edentulous patients that restore function and esthetics while
having long-term survival rates [1]. As a result, the use of current treatment protocols
for rehabitulating edentulous patients, including those with severe bone deficiency, is
increasing, which is tied to a rise in the incidence of peri-implant diseases. Although
there are various protocols for managing peri-implant diseases, the treatment is complex
and nonstandardized, and new techniques still need to be investigated. Therefore, we
conducted this narrative review to assist clinicians and surgeons in making decisions by
summarizing the most recent disease and clinical recommendations presented by the World
Workshop on the Classification of Periodontal and Peri-implant Diseases (2017) [2]. The
tissues surrounding osseointegrated dental implants are referred to as peri-implant tissues,
consisting of soft and hard tissue parts. The soft tissue part forms following the placement
of implant/abutment during the wound healing and is known as “peri-implant mucosa,”
while the hard tissue part makes contact with the implant surface to ensure implant stabil-
ity. As such, the new classification differentiated peri-implant diseases into peri-implant
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health (the optimum), peri-implant mucositis (soft tissue part), and peri-implantitis (hard
tissue part).

2. Peri-Implant Diseases and Conditions
2.1. Peri-Implant Health

Healthy peri-implant tissues is a more objective definition of implant success that
focuses on the biological and esthetic health of surrounding tissues in addition to the
implant function rather than just implant survival. This is clinically assessed by:

Absence of clinical inflammatory signs;

No bleeding and suppuration on mild probing (0.25 N);

Stable probing depth compared to previous visits;

Absence of radiographic bone loss (excluding physiological crestal bone loss one year
after the prosthetic load of 0.5-2 mm) [3].

The physiological probing depth around implants cannot be determined since the ab-
sence of the periodontal ligament provides less resistance to probe insertion. Consequently,
excessive force on probing can disrupt the integrity of the mucosa-abutment attachment
and produce bleeding on healthy implants. As such, we could have peri-implant health on
implants with reduced bone support, successfully treated implants, or implants positioned
in a diminished alveolar crest [4].

The peri-implant mucosa section facing the implant consists of two compartments, a
“coronal” compartment lined with the sulcular epithelium and a thin epithelial attachment,
whereas the “apical” compartment contacts the connective tissue implant surface. Histo-
logically, this mucosa contains a connective tissue core, often covered by orthokeratinized
epithelium on its outer surface [3]. Therefore, after abutment placement, the mucosal height
gradually stabilizes to 3-4 mm, with a 2 mm epithelium [5] (Figure 1 and Table 1).

Table 1. Definitions of peri-implant disease cases according to the World Workshop on the Classifica-
tion of Periodontal and Peri-implant diseases.

Peri-Implant Peri-Implant Pen-‘Implanhtls Perl-Implan‘tlt'ls (No
Health M iti (With rx and rx and Clinical
a ucosiis Clinical Records) Records
C}inical sigr}s of B + + +
inflammation
BOP +/— suppuration — + + +
Increase in PD vs.
. . — — + >6 mm
previous visits
Radiographic bone loss +
(except physiological - — physiological >3 mm
remodeling) remodeling < 2 mm

2.2. Peri-Implant Mucositis

Peri-implant mucositis (Figure 2) is an inflammation in the peri-implant tissue that
is clinically identified by bleeding and/or suppuration on probing without radiographic
bone loss [6].

Although a recognized cause—-effect relationship exists between mucositis and plaque
accumulation [7], reestablishing good oral hygiene could restore the clinical parameters
and biochemical markers in the peri-implant crevicular fluid to normal. Even if implants
have less plaque accumulation, they often show more inflammation and bleeding sites than
teeth [8]. Histologically, the inflammatory lesion is found in the connective tissue, lateral to
the epithelial barrier, and it is more extensive for advanced lesions (0.36 mm?) than in the
early lesion (three weeks 0.14 mm?) (Figure 3).
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Figure 1. Graphical abstract illustrating the clinical characteristics of peri-implant health and diseases
and current evidence-based approaches for managing peri-implant diseases. This figure was created
using Biorender.com (https:/ /app.biorender.com).

2.3. Peri-Implantitis

Peri-implant mucositis is an inflammation in the peri-implant soft tissues with a
progressive loss in the supporting bone. It is clinically identified by bleeding and/or sup-
puration on probing, increased pocket depth compared to previous visits, and radiographic
bone loss [9] (Figure 4).

Standardized intraoral radiographs should be performed to monitor changes in bone
levels around implants beginning with abutment placement, as crestal losses of more than
2 mm (physiological remodeling) from the baseline should be considered pathological [4].
When previous clinical or radiographic data are unavailable, the diagnosis should be
confirmed by bleeding and/or suppuration on probing, a pocket depth greater than 6 mm,
and more than 3 mm of radiographic bone loss (measured from the most coronal part of
the marginal bone crest). Histologically, the inflammation becomes twice the size of the
periodontal lesion (3.5 mm? versus 1.5 mm?), extending to the bone crest and containing
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more neutrophils and lymphocytes B CD19+ than mucositis and more polymorphonuclear
and macrophages than periodontitis [10,11] (Figure 5).

Figure 2. Peri-implant mucositis; there is gingival inflammation around the implant unit.

Figure 4. Peri-implantitis; (A) Clinical signs. (B) Probing depth. (C) Peri-implant inflammatory tissue.
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Figure 5. Clinical aspect of implant removed for peri-implantitis.

However, Derks et al. [12] found that initial radiographic bone loss occurs between
the second and third functional years. Thus, peri-implantitis develops early, and bone loss
progresses in a nonlinear and accelerated pattern with significant individual variability.
According to Fransson et al. [13], in a retrospective study, implants had an average bone
loss of 1.7 mm after one year, and implants with radiographic bone loss of more than 1, 2,
and 3 mm were 68%, 32%, and 10%, respectively.

3. Epidemiology of Peri-Implant Diseases

Evaluation of the diseases” epidemiological features aims to determine how frequently
and why the disease arises. Such epidemiological data are used to assess and improve
available disease-specific prevention approaches, which are often implemented to target
the affected population [14]. As such, Derks et al. showed that the prevalence of peri-
implant mucositis ranged from 19% to 65% and peri-implantitis from 1% to 47% [15].
However, Lee et al., in a meta-analysis, showed that the mean prevalence of peri-implant
mucositis was 29.48% (implant-based) and 46.83% (subject-based), and the mean prevalence
of peri-implantitis was 9.25% (implant-based) and 19.83% (subject-based) [16]. Moreover,
Rakic et al. revealed in a meta-analysis that the peri-implantitis prevalence was 18.5%
(implant-level) and 12.8% (patient-level) [17]; however, Dreyer et al. revealed in a meta-
analysis that the peri-implantitis prevalence ranged from 1.1% to 85.0% (implant-level) and
an incidence ranged from 0.4% (within three years) to 43.9% (within five years) [18].

Such variations in prevalence are due to methodological heterogeneity in reporting
the peri-implant biological complications in studies, which limits attempts to estimate the
true impact of peri-implant diseases globally; thus, that emphasizes the importance of fully
adopting case definitions by the World Workshop on the Classification of Periodontal and
Peri-implant Diseases (2017) for accurate prevalence estimation [19].

4. Risk Factors and Indicators

Risk factors are disease-causing agents usually established by longitudinal research,
whereas risk indicators depend on cross-sectional investigations [20]. We summarized
several risk factors and risk indicators of peri-implant diseases in Figure 3. Smoking
and diabetes are the most well-known systemic risk factors that have been reliably re-
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lated to peri-implant disorders. The odds ratio (OR) of smoking was 2.7 in the study by
Schwarz et al. [9], 31.6 in Rinke [21], 4.67 in Roos Jansaker et al. [22], while the OR of
diabetes was 2.5 in Dreyer et al. [18], and Monje et al. [23] found that diabetic patients had
about a 50% higher risk of peri-implantitis than nondiabetics (OR = 1.89). On the other
side, there was a strong correlation between peri-implantitis and periodontitis history (OR
ranging from 2.2 to 9.2) [9], as evidenced by a lower frequency of bone loss (>3 mm) in
healthy individuals (5%) versus patients with moderate periodontitis (11%) and severe
periodontitis (15%) [24].

Poor plaque control is a risk factor since it makes it difficult to reach the implant
sites during oral hygiene, explaining the higher incidence of peri-implantitis in areas with
limited access to oral hygiene (65%) compared to cleanable areas (18%) [25]. Excess cement
retained around peri-implant soft tissues promotes plaque accumulation due to its rough
surface [26], and its removal promotes the normalization of inflammation indices [27].
Thus, cemented prostheses without cement residues appear to have no increased risk of
developing peri-implantitis compared to screw-retained prostheses (Figure 4). Adherence
to oral hygiene instructions is also a risk factor, as Costa et al. [28] and Roccuzzo et al. [24]
found that individuals who followed a regular maintenance program had a lower incidence
of peri-implantitis (18% and 27%, respectively) than those who did not (43% and 47%).
There is controversy about the minimum amount of keratinized mucosa around the im-
plant; however, many observational studies indicated that keratinized mucosal deficiency
(<2 mm) causes more discomfort in oral hygiene procedures, higher plaque levels, deeper
pockets, and bleeding [29,30].

The presence of peri-implantitis has been associated with many gene polymorphisms
(e.g., IL-1 gene) and osteoprotegerin (IL-6, and TNF7). In addition, Titanium and/or iron
particles were identified in peri-implant tissue biopsies and inflammatory cells at peri-
implantitis areas [31]. Titanium atoms may boost T-lymphocyte differentiation towards the
osteoclastic pathway [32] and could alter microbial genetic expression via epigenetic DNA
methylation [33] (Figure 6).
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Figure 6. Schematic illustration of the inflammatory response to titanium ions release, inducing
osteolysis. This figure was created using Biorender.com.
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However, iatrogenic factors that dental professionals generate, such as too buccal or
too apical position (>6 mm to the enamel-cement junction of the adjacent tooth), incorrect
abutment placement, and regenerative procedures, may play a role in the etiology of peri-
implantitis [34]. Although the literature has not yet emphasized occlusal overload as a
risk factor for peri-implantitis, a regular assessment of patients” occlusion is recommended.
Also, the gap between the implant and the abutment could act as a bacterial reservoir,
causing chronic inflammation and marginal bone loss [35]; hence, tissue-level implants
should be introduced to move this gap away from the bone crest, or antibacterial coating
should be applied to the system's internal chamber [36,37].

5. Microbiological Profile

Given that peri-implant diseases are induced by an inflammatory process around the
implant, which can impact soft tissue or progress to hard tissue, resulting in bone loss.
Thus, identifying the causative triggers is critical in understanding disease progression and
management [38]. Although the microbiota in healthy peri-implant tissue is similar to the
healthy periodontium [39,40], the periodontopathogenic microorganisms in periodontitis
around natural teeth differ from pathogens associated with diseased implant sites [41-43].
Porphyromonas gingivalis, Prevotella intermedius/nigrescens, and Uncultivable asaccharolytic
anaerobic bacteria (Gram-positive and -negative rods) often colonized peri-implantitis sites,
whereas the opportunistic microorganisms were not frequently identified [44].

Compared to peri-implant health, some specific bacterial species (Campylobacter rectus,
Campylobacter gracilis, Treponema denticola, Tannerella forsythia, Treponema socranskii, Por-
phyromonas gingivalis, Prevotella intermedia, and Staphylococcus aureus) were substantially
associated with peri-implant lesions [45]. Also, Candida spp. and fungal species were fre-
quently identified in peri-implant lesions [46], indicating that such microbial colonization
may contribute to the onset of peri-implant disease [43]. Moreover, a clinical study revealed
a significant correlation between viruses (particularly human cytomegalovirus and the
Epstein—Barr virus) and clinical parameters of peri-implant diseases since HCMV and EBV
were highly prevalent in subgingival plaque of peri-implantitis, further suggesting the
potential role of viruses in peri-implant disease progression [47].

6. Prevention of Peri-Implant Diseases

With the increasing prevalence of peri-implantitis, and its irreversible condition with
limited and expensive treatments, preventing peri-implant diseases is becoming paramount
to decreasing its incidence and boosting implant success rates [48,49]. As such, The Euro-
pean Federation of Periodontology (EFP) established some recommendations for managing
the primary risk factors of peri-implant diseases throughout implant workflow [48]. Proper
personalized risk assessment for the individual patient is the primary key to these preven-
tive measures, which aim to address and modify any relevant risk factors (either local or
systemic) [49].

Such preventive measures begin before implant placement (“Primordial prevention”)
by addressing the underlying risk factors that may induce disease development (e.g., pre-
venting noncommunicable diseases (diabetes type-II) by healthy behavior promotion such
as not smoking, increasing physical activity, and healthy diets) [49]. Once implant place-
ment occurs, preventive measures (“Primary prevention”) are implemented to maintain the
peri-implant tissues healthy over time and address any risk factors that may trigger disease
onset, such as regularly controlling biofilm accumulation around implants and practically
educating and motivating patients on oral hygiene measures). Then, early management
and control of peri-implant mucositis should be implemented to prevent peri-implantitis
progression (“Secondary prevention”) [49].

Currently, there is no direct evidence evaluating the impact of primordial preventive
(i.e., pre-implant placement) or primary preventive (i.e., post-implant placement) inter-
ventions on the development and progression of peri-implant diseases [50]. However, in
Carra et al., a meta-analysis revealed limited evidence supporting glycaemic control in
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diabetic patients and regular supportive periodontal/peri-implant care to prevent peri-
implantitis development. Also, augmentation procedures performed at implant sites with
peri-implant keratinized mucosa deficiency may reduce peri-implant inflammation and
marginal bone loss [50].

7. Treatment Strategies

Although there are various protocols for managing peri-implant diseases, they are
variable and nonstandardized, with no consensus on the most effective, creating confusion
in the treatment. Therefore, we aimed to highlight the current concepts in treatment
approaches and the available evidence on their efficacy and clarify their indications for
usage. Management of peri-implant diseases could be through nonsurgical therapy, surgical
therapy, or implant removal, depending on the condition and clinical symptoms [50].

7.1. Nonsurgical Treatment

Nonsurgical therapy includes mechanical debridement, oral hygiene instructions, and
possibly local antiseptics, which are indicated in managing mucositis and peri-implantitis
with mild bone loss (<25% of implant height) [51]. Mechanical debridement of the implant
surface aimed to reduce the adhered biofilm and restrict bacterial colonization to maintain
peri-implant health. That debridement could be achieved by curettes ultrasonic instru-
ments, titanium brushes, air power abrasion, laser, chemical agents, and photodynamic
therapy [52,53]:

e  Curettes plastic or carbon-fiber curettes are softer since they can mechanically debride
the implant surface without damaging it. However, they cannot clean the spaces
between the threads. Stainless steel curette is contraindicated since its hardness is
greater than titanium, resulting in substantial damage to the implant surface [52,54];

e  Ultrasonic Instruments: specialized ultrasonic tips that are implant compatible (a steel
tip, Teflon tip, and tip covered with either polyether ketone PEEK or carbon fiber),
vibrating at high frequencies (>20 kHz), can effectively debride the implant surface
and remove subgingival tartar faster than manual instruments [54-56];

e  Titanium Brush: these brushes are often used during open flap debridement. However,
they are fragile and break easily;

e  Air Powder Abrasion: granules of glycine, hydroxyapatite, sodium bicarbonate, tita-
nium dioxide, erythritol, or tricalcium phosphate can be used to debride the implant
surface without damaging it. However, these devices must be used cautiously (espe-
cially subgingivally) to avoid soft tissue injury or emphysema [57,58];

e Laser: many lasers can decontaminate the implant surface at high doses, and their
capacity is dose dependent. It can irreversibly alter the implant surface; it is critical
to consider proper time and emission power to avoid the possibility of thermal os-
teonecrosis of the bone. There is no clear evidence in the literature distinguishing
between laser, mechanical treatment alone, combined with mechanical debridement,
and air powder abrasion [59-61]. As such, Cosgarea et al. found insufficient evidence
of the clinical efficacy and patient-reported benefits of mechanical /physical decontam-
ination in nonsurgical submarginal instrumentation [19]. In all cases, inflammatory
indices were reduced for a limited follow-up period (3-6 months), while longer periods
were associated with reinfection phenomena [59];

e  Photodynamic Therapy: a low-power laser light (usually diode) or a nonlaser infrared
light stimulates the production of reactive oxygen species (ROS) from a photosensitive
molecule (methylene blue and toluidine blue, porphyrins, chlorines, and phthalocya-
nines). Photodynamic therapy destroys bacteria directly and speeds tissue healing;
it should be used as an adjunct to mechanical debridement or surgery. However,
Ramanauskaite et al., in a systematic review, revealed limited data with inconclu-
sive evidence on the clinical effectiveness of photo/mechanical and physical implant
surface decontamination in conjunction with surgical peri-implantitis treatment [62].
Therefore, the literature has yet to prove that this treatment is superior to conventional
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decontamination procedures, and there is no consensus on the factors making this
therapy more successful (type of light source, wavelength, and time of therapy), so
additional research is needed [63];

e  Chemical methods: chemical agents with antimicrobial effects (e.g., hydrogen perox-
ide, phosphoric acid, EDTA, and NaOCl) can efficiently debride the implant surface.
However, these agents could alter the titanium surface’s integrity and produce chemi-
cal residues having a cytotoxic effect. Therefore, they should be used at a moderate
concentration (citric acid 20%, EDTA 24%, NaOCl 1.5%) [64]. Yet, Dommisch et al., in a
systematic review, concluded limited evidence that the adjunctive use of aPDT, 0.95%
NaOCl, and 0.12% CHX had no additional efficacy in improving bleeding on probing
or pocket depth as compared to submarginal instrumentation during peri-implant
mucositis treatment [65]. Also, Wilensky et al., in a meta-analysis, found a low quality
of evidence supporting not employing chemicals (PDT, CHX, and LAbs) for surface
decontamination during peri-implantitis surgery since mechanical debridement (either
with or without saline) was superior [66];

e Adjunctive Measures: such measures have been employed in response to the necessity
to eliminate dental biofilm to maintain peri-implant tissues healthy regularly [53,66];
thus, adjunctive patient usage of some chemical agents (e.g., antimicrobials, anti-
inflammatory, or probiotic drugs) after mechanical treatment of peri-implant diseases
could aid in resolving inflammation around implants [67-69]. Antibiotics (systemic
and local) have been shown to reduce bleeding on probing and pocket depth [67,68],
and systematic antibiotics significantly improved the modified implant surface treat-
ment when combined with mechanical debridement with no effect on nonmodified
surfaces [69]. Gennai et al., concluded the current evidence as the systemic application
of probiotics, antiseptics, and antibiotics for three months at least have clinical improve-
ments by reducing gingival and plaque indices when combined with submarginal
instrumentation for peri-implant mucositis patients [70]. However, Teughels et al.
revealed insufficient evidence to support systemic and local antimicrobials as adjuncts
during surgical treatment of peri-implantitis since they did not improve clinical out-
comes (e.g., pocket depth, bleeding on probing, etc.) [71]. Given the inconclusive
evidence on their efficacy and concerns about increasing antibiotics resistance or su-
perinfection by opportunistic microorganisms [72], further randomized clinical trials
are needed to validate their adjunctive usage;

e  Electrochemical Disinfection: the main principles regarding this technique involve
the surface disinfection of biofilm-contaminated implant surfaces that could take
advantage of the application of low direct currents [73]. Recent studies reported that
the current charge is effective for organic component removal of the oral biofilms and
could reduce the adhesion capabilities and the oral environment survival [74,75]. For
this purpose, Koch et al., evaluated boron-doped diamond (BDD) electrodes (>2.5 V)
to determine an electrochemical implant surface treatment against biofilms producing
a water electrolytic property with hydrogen release from the cathode and oxygen from
the anode [73].

In summary, nonsurgical treatment is effective in treating mucositis, whereas it is
the initial stage for managing peri-implantitis to achieve healthier soft tissues before
undergoing surgical therapy. Only limited and unpredictable improvements of the main
clinical and inflammatory parameters (particularly BOP reduction) have been reported,
with a clear tendency to reinfection. The greatest reduction in pocket depth was 1.2 mm,
with no bone gain [76].

7.2. Surgical Treatment

Surgical therapy is often recommended for treating peri-implantitis (with moderate
loss, i.e., 25-50% of the implant height) since nonsurgical therapy, despite being conserva-
tive, has a high recurrence rate and typically does not resolve peri-implant disease [77-80].
The surgical treatment aims to decontaminate the implant surface, create a healthy hard and
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soft tissue peri-implant anatomy that allows easy cleaning, and regenerate the infrabony
defect (if possible) [81,82]. Surgical approaches for treating peri-implantitis include open-
flap debridement (OFD), apically positioned flap (APF), and guided bone regeneration
(GBR). The surgical approach is often determined by the bone defect configuration, as the
resective approach with APF (possibly with implantoplasty) is indicated for horizontal or
one-wall defects, regenerative therapy is indicated for vertical two or three-wall defects,
and combining approaches with combined defects.

7.2.1. Open-Flap Debridement (OFD)

To cleanse the implant surfaces with OFD, a vestibular and lingually/palatally mu-
coperiosteal flap is elevated following the completion of the intracrevicolar incision. Then,
inflamed tissue is degranulated, the implant surface is decontaminated mechanically or
chemically, and the flap is repositioned with a suture [82]. OFD provides direct access to
the defect, allowing for more effective implant decontaminating, and has a high implant
survival rate and a moderate success rate (i.e., PD < 5 mm, absence of BOP and suppu-
ration, preventing progressive bone loss) up to five years after treatment. According to
Heitz-Mayfield et al. [82], this approach, combined with systemic antibiotic use, resulted in
complete resolution in 53% of implants, and a reduction in inflammatory indices, but soft
tissue recession of up to 1.8 mm after five years [58].

7.2.2. Resective Technique and Apically Positioned Flap (APF)

Resective approaches aim to expose the supracrestal portion of the implant, eliminate
pockets, and modify anatomy to improve oral hygiene practices. As such, it is indicated for
supraosseous or intraosseous defects with one wall, whereas contraindicated in aesthetic
areas. Decontamination of implant surfaces with APF occurs following flap elevation
and degranulation of inflammatory tissue, the osteoplasty is performed under copious
irrigation, and implantoplasty (i.e., removal of supracrestal threads with diamond burs
and polishing of grommets under copious irrigation) may be added. According to studies
by Carcuac et al. [83] and Serino et al. [84], treatment success is closely related to the
initial severity of the pathology (i.e., a residual pocket > 6 mm would predict additional
radiographic bone loss, OR = 7.4). Post-treatment resolution implants were more common
in those with less initial bone loss (2—4 mm) than those with 5 mm bone loss (74% vs. 40%).

However, some evidence suggests that the resective approach combined with implan-
toplasty is superior to the resective technique alone. After three years, Romeo et al. [85]
reported a 100% survival rate in the implantoplasty group versus 87.5% in the control
group, as well as a progression of bone loss (1.44 mm mesially and 1.54 mm distally) in
the control group, despite the same marginal bone loss after three years of implant surgery
in the implantoplasty group [85]. However, implantoplasty is still controversial since it
reduces the diameter and mechanical strength of the implant, increases the crown/implant
ratio, and raises the risk of an implant or screw connection fracture [86]. Moreover, titanium
particles released into surrounding tissues can promote inflammation and osteoclastic ac-
tivity; thus, this approach is preferred in splint implants though not recommended for
narrow implants.

7.2.3. Regenerative Technique and Guided Bone Regeneration (GBR)

The regenerative approach aims to achieve reosteointegration by developing new
osteogenesis on the previously decontaminated implant surface. Although the feasibility
of attaining true reosteointegration on thoroughly decontaminated implants has been
demonstrated histologically in animal research [87], histological evidence in humans is
lacking [87]. However, BOP, CAL, and PD reductions, as well as radiographic filling
of bone defects, can be clinically assessed, even if radiopacity of the bone defect does
not always indicate successful osseointegration. The Eighth European Periodontology
Workshop report highlighted that the success of regenerative procedures is strictly tied to a
“proven method of decontamination of the implant surface”. However, no clinical, X-ray,
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or microbiological evidence exists to recommend a specific decontamination procedure
currently; instead, a combination of physical and chemical decontamination approaches
is recommended.

Although autologous bone is still considered the "gold standard" among grafting
materials, several studies have revealed that it loses volume (40%) during the healing
process compared to synthetic bone substitutes, which maintain their volume for years.
According to Jepsen et al. [88], titanium granules provided the best radiographic filling
of the bone defect (3.6 mm) and the best PD reduction (2.8 mm), together with bovine
bone (3.1 mm), according to Aghazadeh et al. [89]. Concerning the usage of membranes,
research has demonstrated that they improve clinical parameters (CAL and PD) compared
to biomaterials alone; yet other studies found no statistically significant changes in defect
reduction [20,86]. Membrane exposure in animal studies ranged from 13% to 38% and from
18% to 87.6% in clinical research, and early membrane exposure reduces the regenerative
potential [90].

According to the meta-analysis by Chan et al. [90], the mean values of reduction of PD
obtained with the various surgical approaches are:

2.38 4+ 0.53 mm (37.9%) for OFD;

2.04 £ 0.15 mm (33.4%) for the resective surgery;

2.32 + 1.29 mm (37.1%) for the use of bone substitutes;
3.16 & 0.62 mm (48.2%) for regenerative procedures.

The most significant reduction in pocket depth was 5.4 mm, obtained using regen-
erative procedures [90], and around 2 mm of RBF (bone filling) for surgical procedures
utilizing bone substitutes with or without membranes [90].

Compared to OFD, Toma et al. [91] found that reconstructive/regenerative surgery
resulted in a 1.7 mm bone gain with 57% defect filling, whereas there was no difference
in PD and BOP reduction. Reconstructive/regenerative therapy increased bone levels
(2.0 mm) and CAL (1.8 mm) while decreasing PD (2.8 mm) and BOP [92].

7.3. Implant Removal

When there is osseointegration failure (severe loss, i.e., >50% of height), implant
fractures, complicated implant designs (i.e., hollow-cylinder implant), or intricate infections
affecting the surrounding anatomical structures (e.g., inferior alveolar nerve, maxillary
sinus), the implant should be removed [93-95].

8. Conclusions

The prevalence of peri-implant diseases is constantly growing, particularly with the
steady increase in using dental implants. Therefore, clinicians should adopt the new
World Workshop definitions for more accessible communication and accurate diagnosis,
as their application in epidemiological studies will help accurately estimate the incidence
of peri-implant diseases. To effectively treat peri-implant diseases, risk factors should
be first identified and minimized, supported by early diagnosis, patient inclusion in the
maintenance protocol, and periodic clinical follow up with radiographic evaluations as
necessary. Since several protocols are used for treating peri-implantitis, clinical success
depends on the proper case evaluation. As such, it is recommended to combine different
decontamination approaches since the effectiveness of surgical treatment is tied to a proven
method of implant-surface decontamination; still, there is no clinical, radiological, or
microbiological evidence indicating a specific protocol. Therefore, further randomized
clinical trials investigating the different surgical approaches are required to address this
knowledge gap and establish a predictable, efficient, and evidence-based approach for
treating peri-implantitis.
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