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ABSTRACT 

Despite the success rates of dental implants, peri-implantitis is the most common complication in 

implant dentistry. With the increase in placement of dental implants, an increase in the frequency of 

peri-implant conditions has also been reported extensively. Two entities are described in the conception 

of peri-implant conditions: peri-implant mucositis and peri-implantitis. Several etiological factors 

contribute to the development of peri-implantitis, with bacterial biofilm playing a major role. This 
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review discusses many factors associated with peri-implantitis and different available treatments, with 

their advantages and disadvantages. Peri-implantitis can affect the life of successfully integrated 

implants. Implant success is dependent on reducing the peri-implantitis threat or successfully 

managing peri-implantitis. Further understanding of peri-implantitis can be gained from its frequency, 

microbial and individual findings, its curative nature, and the benefits of addressing systemic health 

issues with medication.  

KEYWORDS: peri-implantitis, implant complications, regeneration, dental implants 

 

INTRODUCTION 

The use of modern treatment protocols to rehabilitate edentulous patients, including those with 

severe bone loss, is on the rise, which has led to an increase in the occurrence of peri-implant diseases. 

Multiple strategies exist for managing these conditions; the treatment approaches remain complex, and 

further research into new techniques is still needed. To aid clinicians and surgeons in clinical decision-

making, this narrative review summarizes the latest disease definitions from the World Workshop on 

the Classification of Periodontal and Peri-implant Diseases (2017).1  

Peri-implant tissues refer to the structures surrounding osseointegrated dental implants and 

consist of both soft and hard tissue. The soft tissue, termed peri-implant mucosa, develops during 

wound healing following implant or abutment placement, whereas the hard tissue directly contacts the 

implant surface to provide stability. Based on these distinctions, the updated classification categorizes 

peri-implant conditions into peri-implant health (the optimal state), peri-implant mucositis (affecting 

soft tissue), and peri-implantitis (affecting hard tissue).1 

Peri-implant mucositis is characterized by a reversible inflammatory reaction confined to the 

soft tissues surrounding the dental implant. In this condition, inflammation is limited to the peri-

implant mucosa without any associated marginal bone loss.2 In contrast, peri-implantitis is an 

irreversible inflammatory condition that affects both the soft and hard supporting tissues around the 

implant.3 It leads to progressive bone loss, formation of periodontal pockets, and eventual loss of 

osseointegration.4 Epidemiological data suggest that the mean implant-based and subject-based 

prevalence of peri-implant mucositis are 29.48% and 46.83%, respectively, while the mean implant-

based and subject-based prevalence of peri-implantitis are 9.25% and 19.83%, respectively.5 
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 Both these conditions are precipitated by a condition that is primarily associated with 

plaque accumulation, which acts as a key etiological factor. However, timely intervention through 

meticulous oral hygiene can effectively reverse the inflammatory changes, restoring both clinical signs 

and biochemical markers in the peri-implant crevicular fluid to normal levels. Interestingly, even when 

plaque levels around implants are lower than those around natural teeth, implants often display a higher 

prevalence of inflammation and increased bleeding sites, highlighting their unique tissue response.6 

CLASSIFICATION 

A. As per the World Workshop on the Classification of Periodontal and Peri-Implant 

Diseases and Conditions (2018), the diagnosis of peri-implant mucositis and implantitis is 

based on the following criteria.6 

 

 

 

 

 

 

 

B. Froum and Rosen 2012 classification.  This classification of peri-implantitis was 

based on distinct clinical stages.7 

Stage 
Probing Depth 

(PD) 
Clinical Signs 

Radiographic Bone 

Loss 

Early ≥ 4 mm 
Bleeding and/or suppuration on 

probing 
< 25% of implant length 

Moderate ≥ 6 mm 
Bleeding and/or suppuration on 

probing 

25–50% of implant 

length 

Advanced ≥ 8 mm 
Bleeding and/or suppuration on 

probing 
> 50% of implant length 

 

PERI-IMPLANT MUCOSITIS 

Presence of peri-implant 

inflammatory signs, including 

redness, swelling, and 

bleeding occurring within 30 

seconds after probing, and 

Absence of any additional 

bone loss following the initial 

healing period 

 

 

 

 

 

 

PERI-IMPLANTITIS 

The diagnosis of peri-implantitis is established clinically when the 

following criteria are met; Presence of peri-implant inflammatory 

signs, Radiographic evidence of bone loss after the initial healing 

phase, and Increased probing depth compared to the measurements 

recorded after prosthetic placement. In situations where previous 

radiographs are not available, a radiographic bone level of ≥3 mm, 

in combination with bleeding on probing (BOP) and a probing 

depth (PD) of ≥6 mm, is considered diagnostic of peri-implantitis 
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C. Sarmiento et al (2016) classified peri-implantitis based on the etiology.8 

Cause/Origin Examples 

Bacterial/Biofilm-Induced Plaque, calculus, biofilm, or history of periodontitis 

Exogenous Irritants Residual cement, smoking, trapped food debris 

Iatrogenic Factors 
Improper implant placement, overheating during surgery, 

inadequate spacing, poor restorations 

Extrinsic Pathology 
Nearby periapical infection, carcinoma, or latent 

endodontic lesion 

Lack of Keratinized Tissue 

(AKT) 

Absence or deficiency of attached gingiva or keratinized 

tissue 

 

D. Passi D et al (2016) classified peri-implantitis based on bleeding on probing, probing 

depth, percentage of bone loss, and mobility, also known as BMP classification.9 

Stage 

Bleeding 

on 

Probing 

Probing 

Depth 

Bone Loss 

(% of 

Implant 

Length) 

Mobility 
Treatment & 

Prognosis 

Stage 

1 
Negative 2–3 mm 10–25% None 

Oral hygiene 

maintenance; 

good prognosis 

Stage 

2 
Positive 4–6 mm 25–50% Grade 1 

Guided bone 

regeneration or 

osteoplasty; fair 

prognosis 

Stage 

3 
Positive 6–8 mm >50% Grade 2 

Bone 

regeneration or 

augmentation; 

questionable 

prognosis 

Stage 

4 
Positive >8 mm >50% Grade 3 

Implant 

removal; poor 

prognosis 
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E. Rucha Shah et al 2016, Retrograde Peri-implantitis.10 

Class Severity Extent of Lesion 

Class I Mild < 25% of the implant length from the apex 

Class II Moderate 25–50% of the implant length from the apex 

Class III Advanced > 50% of the implant length from the apex 

 

F. Comprehensive compilation of all the major classifications of peri-implantitis based 

on defect morphology, bone loss, and clinical parameters.  

Author / 

Year 

Class / 

Stage 

Basis of 

Classification 

Description / 

Features 
Suggested Management 

Jovanovic 

(1995)11 Class 1 
Bone defect 

morphology 

Slight horizontal bone 

loss with minimal peri-

implant defects 

– 

 Class 2  

Moderate horizontal 

bone loss with isolated 

vertical defects 

– 

 Class 3  

Moderate–advanced 

horizontal bone loss 

with broad, circular 

bony defects 

– 

 Class 4  

Advanced horizontal 

bone loss with broad, 

circumferential 

vertical defects and 

loss of oral/vestibular 

wall 

– 

Nishimura 

et al. 

(1997)12 

Class 1–

4 

Bone defect 

morphology 

Similar to Jovanovic; 

graded from minimal 

horizontal loss to 

severe circumferential 

vertical defects 

– 

Vanden 

Bogaerde 

(2004)13 

Closed 

Defect 

Regenerative 

potential 

Surrounding bone 

walls intact; favorable 

for regeneration 

Guided bone 

regeneration 
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Author / 

Year 

Class / 

Stage 

Basis of 

Classification 

Description / 

Features 
Suggested Management 

 
Open 

Defect 
 

One or more bone 

walls missing; limited 

regenerative potential 

Bone grafting or 

resection 

Lang et al. 

(2004)14 Stage 0 

Clinical & 

radiographic 

features 

PD < 3 mm, no plaque 

or bleeding 
No treatment 

 Stage A  
PD < 3 mm, plaque 

and/or bleeding 

Mechanical cleaning and 

oral hygiene 

maintenance 

 Stage B  
PD 4–5 mm, no bone 

loss 

Local anti-infective 

therapy (e.g., 

chlorhexidine) 

 Stage C  
PD > 5 mm, bone loss 

< 2 mm 

Mechanical cleaning, 

microbiological testing, 

local & systemic 

antibiotics 

 Stage D  
PD > 5 mm, bone loss 

> 2 mm 

Resective or regenerative 

surgery 

Schwarz et 

al. (2019)15 

Class I 

Defect 

Bone 

configuration 

Intraosseous (within 

bone) defect 
Regenerative therapy 

 
Class II 

Defect 
 

Supra-alveolar defect 

at crestal implant area 
Surgical correction 

 

DIAGNOSIS 

Clinical and radiographic evaluation is essential for the diagnosis of peri-implant health and 

disease. Hence, a clinical and radiographic record should be obtained at the time of implant placement. 

This baseline data serves as a reference point for assessing any physiological or pathological changes 

in peri-implant tissues over time. In general, healthy peri-implant tissues exhibit no signs of 

inflammation, bleeding on probing (BOP), or an increase in probing depth (PD) compared with the 

initial examination. The diagnostic criteria for peri-implant health include: Absence of soft tissue 

inflammation (such as redness, swelling, or bleeding on probing) and no additional bone loss following 

the initial healing period. An increase in probing depth may be indicative of attachment loss and 
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supporting bone loss. Establishing an accurate diagnosis is crucial for designing an appropriate 

treatment plan, which ensures the effective management of peri-implant diseases.16 

PREVENTION OF PERI-IMPLANTITIS 

With the increasing occurrence of peri-implantitis an irreversible condition with limited and costly 

treatment options emphasizing preventive strategies has become crucial to lowering its incidence and 

improving implant success rates. In response, the European Federation of Periodontology (EFP) 

proposed several recommendations to manage key risk factors of peri-implant diseases throughout the 

implant treatment process. The foundation of these preventive strategies is a comprehensive, 

individualized risk assessment aimed at identifying and modifying both local and systemic risk factors 

that may contribute to disease development.17 

Preventive measures should begin before implant placement (primordial prevention) by 

addressing underlying causes that may predispose individuals to disease. This includes promoting 

healthy lifestyle choices to prevent systemic conditions such as type II diabetes through smoking 

cessation, increased physical activity, and balanced nutrition. Following implant placement, primary 

prevention focuses on maintaining peri-implant tissue health and reducing potential triggers such as 

biofilm accumulation. This involves regular monitoring and patient education on effective oral hygiene 

practices. Furthermore, early identification and management of peri-implant mucositis are essential to 

prevent its progression to peri-implantitis, referred to as secondary prevention. At present, there is no 

direct evidence demonstrating the impact of primordial or primary preventive interventions on the 

development and progression of peri-implant diseases.18 

However, a meta-analysis by Carra et al. reported limited evidence that maintaining good 

glycaemic control in diabetic patients and engaging in regular supportive periodontal or peri-implant 

maintenance care can help reduce the risk of peri-implantitis. Additionally, performing soft-tissue 

augmentation procedures in areas lacking sufficient keratinized mucosa may contribute to lowering 

peri-implant inflammation and marginal bone loss. 19 

MANAGEMENT 

Although multiple treatment protocols are available for the management of peri-implant 

diseases, they often differ considerably and lack standardization, with no clear agreement on the most 

effective therapeutic approach. This inconsistency results in uncertainty when choosing the optimal 
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treatment strategy.20 Therefore, this review seeks to outline the current treatment approaches, assess 

the existing evidence regarding their effectiveness, and specify the appropriate clinical indications for 

each method. Depending on the severity and clinical presentation, peri-implant disease management 

may involve nonsurgical therapy, surgical intervention, or, in severe cases, implant removal. (Table 1 

& 2).  

TABLE 1: NONSURGICAL MANAGEMENT OF PERI-IMPLANT DISEASES 

Therapy / Method 
Mechanism / Key 

Points 
      Advantages 

Limitations / Evidence 

Summary 

Mechanical 

Debridement 

(Curettes)21 

Removes 

biofilm/manual 

cleaning 

Plastic/carbon-fiber 

avoids implant 

damage 

Limited access to threads; 

steel contraindicated 

Ultrasonic Devices 

(PEEK, carbon, 

Teflon tips)21 

High-frequency 

removal of deposits 

Faster & more 

effective than manual 

scaling 

Must use implant-safe 

tips; potential surface 

alteration if incorrect 

Air-Powder Abrasion 

(Glycine, erythritol, 

HAP, NaHCO₃)22 

Abrasive powder 

removes biofilm 

Effective & 

minimally invasive 

Care needed to avoid soft-

tissue trauma/air 

emphysema 

Laser Therapy23 

Surface 

decontamination via 

energy emission 

Bactericidal effect; 

useful adjunct 

Over-exposure may alter 

titanium; no conclusive 

evidence vs other methods 

Photodynamic 

Therapy (PDT)24 

Photosensitizer + 

light generates ROS 

to kill bacteria 

Selective 

antibacterial effect; 

supportive healing 

Limited & inconclusive 

evidence as sole or adjunct 

therapy 

Chemical Agents 

(CHX, H₂O₂, citric 

acid, EDTA, NaOCl)25 

Antimicrobial surface 

decontamination 

Broad antimicrobial 

action 

Possible surface alteration; 

minimal added clinical 

benefit over mechanical 

alone 

Electrochemical 

Disinfection26 

Low-voltage 

electrolysis disrupts 

biofilm 

Promising novel 

technique 

Limited clinical data; 

research ongoing 
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Surgical intervention is commonly indicated for peri-implantitis with moderate bone loss (25–

50% of implant height), as nonsurgical methods, while conservative, are associated with high 

recurrence rates and rarely provide complete disease resolution. The objectives of surgical therapy are 

to decontaminate the implant surface, restore healthy hard and soft peri-implant tissues for easier 

maintenance, and, when feasible, regenerate infrabony defects. The main surgical approaches include 

open flap debridement (OFD), apically positioned flap (APF), and guided bone regeneration (GBR). 

The selection of the surgical technique depends on the bone defect morphology: resective therapy with 

APF (with or without implantoplasty) is recommended for horizontal or one-wall defects, regenerative 

therapy for vertical two- or three-wall defects, and a combination of approaches for defects exhibiting 

mixed configurations.27,28 

         TABLE 2:  SURGICAL MANAGEMENT OF PERI-IMPLANT DISEASES 

Surgical 

Approach 
Indications 

Procedure 

Highlights 

Clinical Outcomes / 

Evidence 

Open-Flap 

Debridement 

(OFD)29 

Moderate peri-

implantitis; access for 

decontamination 

Flap elevation → 

degranulation → 

implant surface 

decontamination → 

flap closure 

PD reduction & BOP 

improvement; ~53% 

complete resolution with 

systemic antibiotics; 

possible soft-tissue 

recession (~1.8 mm after 5 

yrs) 

Resective Surgery 

+ Apically 

Positioned Flap 

(APF)30 

Horizontal/suprabony or 

1-wall defects; non-

esthetics areas 

Flap elevation → 

tissue removal → 

osteoplasty → 

optional 

implantoplasty (thread 

removal & polishing) 

Higher success in early 

defects (2–4 mm bone loss); 

implantoplasty ↑ success vs 

Resective alone (100% vs 

87.5% survival at 3 yrs); 

reduces future bone loss 

Guided Bone 

Regeneration 

(GBR) / 

Vertical 2- or 3-wall 

defects; defects suitable 

for regeneration 

Implant 

decontamination → 

graft placement 

Potential PD & BOP 

reduction, bone defect fill; 

autograft gold standard but 
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Surgical 

Approach 
Indications 

Procedure 

Highlights 

Clinical Outcomes / 

Evidence 

Regenerative 

Surgery31 

(autogenous or 

substitutes) ± 

membrane → flap 

closure for 

regeneration 

resorbs ~40%; titanium 

granules show highest 

defect fill (~3.6 mm) and 

PD reduction (~2.8 mm) 

Combination 

Therapy 

(Resective + 

Regenerative)32 

Mixed-defect 

morphology 

Tailored approach 

combining APF + 

GBR based on defect 

pattern 

Improves access, 

maintenance, and 

regeneration where 

indicated 

Implant 

Removal33 

Severe bone loss 

(>50%), implant 

fracture, anatomical risk, 

failed osseointegration 

Atraumatic implant 

explantation 

Final option: indicated when 

structure, defect severity, or 

infection prevents salvage 

 

CONCLUSION 

 The prevalence of peri-implant diseases is steadily increasing, largely due to the growing use of dental 

implants. Clinicians are advised to adopt the definitions provided by the latest World Workshop to 

ensure clearer communication and more accurate diagnosis. Utilizing these definitions in 

epidemiological research will also allow for more precise estimates of peri-implant disease incidence. 

Effective management requires first identifying and minimizing risk factors, along with early 

diagnosis, patient engagement in maintenance programs, and regular clinical and radiographic follow-

ups as needed. Since multiple treatment protocols exist for peri-implantitis, clinical success depends 

on thorough case evaluation. 
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