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PREFACE






"Unfolding Peri-Implantitis” is a timely publication to enlarge the armamentarium of the implant clinician. When osseointegration was introduced as a therapy for the replacement of the natural dentition by Branemark, it appeared to be a highly predictable procedure if performed under sterile conditions by dentists with a formal surgical background. It was accepted as an appropriate predictable solution for young and middle-aged edentulous patients. No one anticipated the positive results and the acceptability of clientele to follow through with these therapies.


The treatment regime progressed from edentulous to the partially dentate to the replacement of a single tooth. The satisfaction of the patient continues to focus on the esthetic demands, extending to subgingival placement of prosthetic restorations. There are two categories of patients: a young individual with no exhibition of susceptibility to inflammation presenting with the loss of one tooth. The second category includes periodontally-compromised patients who clearly are susceptible to inflammation. It is universally accepted that there is not one etiology or one common solution for periimplantitis. This timely publication presents an understanding of the disease based on the diagnostic tools that are available.


The corrective activities obviously would be best provided by an early diagnosis. At this point, it would be referred to as mucositis and very likely be corrected by non-surgical methods. However, the prime dictate factor for the future of an implant infected by periimplantitis will be the supporting bone for the implant. The response of all therapies would include the efforts of the patient, the surgeon, and the oral hygienist. This is especially true for those susceptible to inflammation and we must provide a well-constructed maintenance program with a periodicity of about 3 months.


The editors have engaged surgical and prosthetic thought leaders to share their methods ranging from prevention to regeneration. The surgical complications require a decision whether to save a tooth or insert an implant. The location of the implant is important if it can be performed in an acceptable fashion for the patient. The patient’s satisfaction will vary greatly from posterior teeth to the esthetic zone. Therefore, there are times where you can save the implant although it is not in the best interest of the patient.


A well-prepared clinician resolves this decision based on previous experience and recently-approved therapeutics. This text provides contemporary information to practice constructive endpoint goals for the patients. I would suggest that there is a place in every dental operatory for this text and I am sure that it will provide the solutions required to manage periimplantitis.
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CHAPTER 1


Alberto Monje, William V. Giannobile, and Hom-Lay Wang

UNFOLDING THE INITIATION AND PROGRESSION OF PERI-IMPLANTITIS: THE SCOPE OF THE PROBLEM




[image: ]



ABSTRACT

Contemporary implant dentistry has grown enormously in popularity during the last few decades as a treatment alternative for rehabilitating fully and partially edentulous patients. Indeed, implant dentistry has been regarded as a revolutionary breakthrough in view of the improvements in quality of life it offers, in particular for patients with impaired mastication or major esthetic challenges. Nevertheless, clinicians and patients have neglected to adequately take into account the complications that may occur after prosthetic rehabilitation. In effect, biologic complications are regarded as the leading cause of implant failure.

One of the main problems in this regard has been a limited understanding of the myriad factors that can place patients at risk for progressive peri-implant infections and/or soft or hard tissue deterioration at implant sites. Moreover, the lack of consensus on peri-implant diseases has further contributed to misdiagnosis and consequent neglect.

LEARNING OBJECTIVES FOR THIS CHAPTER


	To appraise the evolution of relevant terminology and how this has contributed to inconsistencies in diagnosis and prevention of peri-implant diseases

	To conceive peri-implantitis as a biofilm-mediated infectious disease that can lead to progressive bone loss

	To examine evidence on the pathogenesis of mucositis and peri-implantitis

	To assess epidemiologic data on peri-implantitis

	To evaluate the factors associated with the site-specificity pattern of peri-implant diseases




1. Introduction: Contemporary implantology in a historical context

The face has been said to be “the chart of destiny, an impression of fullness of life and mirror of the soul.” Evolution has endowed humans with harmonious features able to express emotional states through nonverbal communication. For instance, by contracting a group of muscles, namely the zygomaticus minor, orbicularis oculi, or levator labii superioris, humans are able to reveal amusement or happiness. Concurrently, lips form a frame around the teeth and the neighboring structures, making them critical to esthetic appearance. In fact, a lack of teeth may act as a significant barrier to personal and social success.

Given the importance of teeth in esthetics, and the need for them to function correctly in phonetics and mastication, humans have attempted to fill missing gaps secondary to failed dentition since the ancient Egyptians (2500 BC). Nevertheless, until the 20th century, tooth replacement was not performed in a predictable manner with a foundation based upon scientific evidence. Contemporary implant dentistry was born in the 1970s, led mainly by two pioneers: Per-Ingvar Brånemark and André Schroeder. Refinements and improvements in implant design have been introduced since the early stages of this new era. In fact, it has now been roughly three decades since most scientific articles have focused on testing implant success in contrast to survival rate. Among the pioneering success criteria, mention can be made of: (1) lack of mobility or radiolucency; (2) absence of active infection or pain; (3) initial bone loss <1.5 mm; and (4) progressive bone loss <0.2 mm/year.1 These criteria were slightly modified years later by the group from Bern (Switzerland) (Figs 1 to 4).2, 3

Subsequently, surface modifications to enhance and accelerate osseointegration and changes in implant macrogeometry to improve primary stability in demanding scenarios led to more predictable outcomes. With the beginning of the new millennium, implant dentistry evolved to a point where failing
—but not failed— natural dentition was being replaced prematurely by dental implants.4 Hence, patients in need of periodontal therapy were taken to be suitable candidates for implant therapy, which was regarded as representing a third dentition.

Over the last four decades, clinicians paid scant attention to biologic complications (Fig 5). Nevertheless, the scientific community now gives greater attention to the growing prevalence of these problems, characterized by the rapid breakdown of supporting bone that can jeopardize implant function and esthetics.
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Fig 1 (A to G). Implant therapy was conceived to rehabilitate a failing dentition. A to C. Initial implant placement of external connection implants. D and E. Hard and soft tissue stability at 20 years of follow-up. F and G. Hard and soft tissue stability at 30 years of follow-up.
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Fig 2 (A to D). Reconstructive strategies simultaneous or staged with implant dentistry represent an effective alternative to restore esthetics and function. Note soft and hard tissue stability at 10-year evaluation after block grafting to compensate bone deficiency due to implant malposition.
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Fig 3 (A to F). Peri-implant soft and hard tissue stability must be viewed in a longitudinal context to determine long-term success. Note in this case the radiographic and clinical stability over time: (A and B) at 5 years of follow-up, (C and D) at 15 years of follow-up, and (E and F) at 30 years of follow-up.
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Fig 4 (A to C). Soft and hard tissue stability of a single posterior implant with 25-years of follow-up.




2. History of the definition of peri-implantitis

The terminology used to define local transient or chronic inflammation of the peri-implant tissues has evolved significantly over the years, as shown in Table 1.

Table 1 Evolution of the timing of diagnosis and the definition of peri-implantitis




	Author (year)
	Timing of diagnosis
	Case definition



	Levignac (1965)5

	At any given point
	Soft tissue inflammation with subsequent hard tissue destruction



	Mombelli et al (1987)6

	At any given point
	Infectious disease sharing features with chronic periodontitis



	Lang et al (1994)7

	At any given point
	Irreversible inflammatory destructive reaction around implants in function, resulting in loss of supporting bone



	Lindhe et al (2008)8

	At any given point
	Infectious disease with loss of supporting bone



	Sanz and Chapple (2012)9

	After early bone remodeling (>5 months)
	In the absence of baseline records, a threshold vertical distance of 2 mm from the expected marginal bone level following remodeling after implant placement



	Renvert et al (2013)10

	After early bone remodeling
	Inflammatory reaction associated with loss of supporting bone beyond initial biologic bone remodeling around an implant in function



	Albrektsson et al (2014)11

	At any given point
	Marginal bone loss around oral implants is conditioned by an imbalanced foreign body response and not by an infectious process



	Schwarz et al (2018)12

	After physiologic bone remodeling
	Inflammatory destructive condition that courses with progressive bone loss (±0.5 mm of standard deviation)



	Renvert et al (2018)13

	After physiologic bone remodeling (>12 months after prosthetic rehabilitation)
	In the absence of baseline records, a threshold vertical distance of 3 mm from the expected marginal bone level following remodeling after implant placement





Hence, it is recommended that peri-implantitis should be diagnosed based on progressive destruction of the peri-implant tissues using clinical and radiographic tools. To this effect, baseline parameters, including intraoral radiographs, pocket probing depth (PD), and other clinical variables such as bleeding on probing (BOP) or mucosal redness need to be recorded after initial bone remodeling.
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Fig 5 (A and B). Scanning electron microscopic views of an implant removed due to peri-implantitis. Note the network built up along the implant surface, composed of granulation tissue and bacterial debris.



In establishing the diagnosis, a number of considerations are recommended13:


	Marginal bone loss (MBL) should be reported using thresholds exceeding the measurement error of 0.5 mm.

	Radiographic MBL should be determined using long-cone paralleling techniques to contrast bone levels at two given time points.

	Baseline radiographic records should be obtained ≥12 months after the prosthetic reconstruction has been delivered.

	CBCT can also be used for the diagnosis of peri-implantitis. The use of CBCT should be within the context of the ALARA (as low as reasonably achievable) principle given concerns of overexposure of patients.

	In the absence of baseline records, the presence of inflammatory signs, including PD ≥6 mm and overt BOP, together with ≥ 3 mm of bone loss are indicative of disease (Figs 6 to 9).

	Without baseline records, MBL devoid of clinical inflammation is not necessarily attributable to an infectious process.

	If ≥2 mm MBL occurs during the initial 12 months after the delivery of the superstructure, it should be considered pathologic MBL.

	Peri-implant health can be compatible with reduced peri-implant support.
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Fig 6. Peri-implantitis courses with inflammation and tissue breakdown.
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Fig 7 (A to D). Clinical and radiographic findings (A to C) are primary elements in the diagnosis of peri-implantitis and usually concur with the intraoperative detection of bone defects (d).
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Fig 8 (A and B). Peri-implant conditions can be accurately monitored using clinical diagnostic tools such as the periodontal probe. Moreover, clinical signs such as profuse bleeding on probing and/or suppuration are indicators of disease.
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Fig 9 (A to D). Clinical signs of infection and inflammation, such as profuse BOP and/or suppuration are indicative of peri-implant tissue disease.




3. Factors influencing the extent of bone remodeling during initial healing

The following factors have been shown to alter the extent of peri-implant early bone remodeling:


	Surgical trauma induced by high insertion torque or inadequate implant drilling14


	Supracrestal implant placement

	Postoperative infection

	Failed simultaneous guided bone regeneration (GBR)

	Placement in insufficient alveolar bone dimensions (see chapter 5)

	Implant outside of the bony housing or placed in insufficient alveolar bone dimensions (see chapter 6)

	Idiopathic factors (see chapter 22)



4. Peri-implantitis conceived as an infectious disease

Inflammation is part of a complex reaction mediated by proinflammatory lipid mediators, cytokines and chemokines (Figs 10 and 11). These are recognized early by pattern recognition receptors (PRRs), which are critical to the function of the innate immune system. Four major events occur during the course of inflammation:


	Vasodilatation

	Increased vascular permeability

	Exudation

	Vascular stasis
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Fig 10. Cell number evolution according to inflammatory stage.
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Fig 11. Events during the inflammatory response in the course of peri-implantitis compared with other self-arresting conditions, where specialized mediators such as lipoxins, resolvins, protectins, or maresins resolve inflammation (homeostasis). In the context of peri-implantitis, mediators such as tumor necrosis factor, interleukin-1, interleukin-6, histamines, or prostaglandins lead to leukocyte infiltration with chronification of the condition, leading to progressive bone loss. (Adapted from Freire and Van Dyke.15)



Page and Schroeder described the pathogenesis of inflammatory periodontal disease as follows16:


	Periodontal health: Polymorphonuclear neutrophils (PMNs) and lymphocytes are present as a normal feature.

	Initial lesion (subclinical gingivitis, 2 to 4 days): Increased migration of PMNs into the junctional epithelium and gingival sulcus.

	Early lesion (clinical gingivitis, 4 to 7 days): Lymphoid cells account for up to 75% of the total infiltrate.

	Established lesion (severe gingivitis, 2 to 3 weeks): Lesion dominated by plasma cells.

	Advanced lesion (periodontitis, >3 weeks): Lesion dominated by plasma cells.



In contrast, peri-implant lesions seem to develop a stronger inflammatory response in experimental studies compared to their periodontal counterparts. Recent findings have shown that peri-implantitis lesions demonstrate a distinct macrophage (M1) polarization as compared to periodontitis lesions, owing to the more rapid disease progression in peri-implantitis.17

6. Pathogenesis of peri-implant mucositis

As aforementioned, experimental findings regarding the pathogenesis of peri-implant mucositis have shown that, compared to teeth, the peri-implant mucosa exhibits a stronger clinical and immunologic response than the periodontium in humans (Table 2).

Table 2 Findings regarding experimental peri-implant mucositis compared to experimental gingivitis in humans




	Author (year)
	Model
	Restricted oral hygiene
	Findings
	Resolution



	Salvi et al (2012)18

	Humans
	21 days
	Implants:
↑ GI
↑ CF
↑ MMP-8
= IL-1β
	>3 weeks



	Teeth:
↓ GI
↓ CF
↓ MMP-8
= IL-1β
	>3 weeks



	Meyer et al (2017)19

	Humans (>70 years)
	21 days
	Implants:
↑ GI
↓ PI
↓ IL-1β
↓ TNF-α
↓ IFN-γ
↑ IL-8
	3 weeks



	Teeth:
↓ GI
↑ PI
↑ IL-1β
↑ TNF-α
↑ IFN-γ
↓ IL-8
	3 weeks





GI, gingival index; CF, crevicular fluid; MMP-8, matrix metalloproteinase 8; IL, interleukin; PI, plaque index; TNF-α, tumor necrosis factor-α; IFN-γ, interferon-γ.

Summary of findings

Experimental studies of mucositis in humans have demonstrated that inflammation around implants exhibits a stronger clinical and immunologic response than inflammation around natural teeth. Moreover, longer healing periods are needed for efficient resolution of peri-implant mucositis compared to gingivitis.


7. Pathogenesis of peri-implantitis

The histopathologic features of peri-implantitis also differ from the characteristics found in periodontitis samples. Table 3 presents the histologic and clinical differences in a preclinical ligature-induced peri-implantitis model and in human samples retrieved from peri-implantitis lesions. Table 4 summarizes the differences between periodontitis and peri-implantitis regarding host response. For further detailed information regarding the immunophenotypic characteristics of peri-implantitis, please see chapter 4.

Table 3 Experimental and naturally occurring clinical and histologic features in peri-implantitis and periodontitis samples




	Author (year)
	Model
	Restricted oral hygiene
	Case definition
	Histologic findings
	Clinical findings



	Lindhe et al (1992)20

	Canine/ligature-induced peri-implantitis
	6 weeks
	NR
	Implants:
BL: 3.2 mm
GM-BC: 3.87 mm
GM-aICT: 3.70 mm
GM-aJE: 1.42 mm
aICT-BC: 0.17 mm
% Leu: 1.6%
ICT: 827.4 total counts
	↑ rapid destruction
Extension into bone marrow



	NR
	Teeth:
BL: 1.1 mm
GM-BC: 2.91 mm
GM-aICT: 1.80 mm
GM-aJE: 1.60 mm
aICT-BC: 1.11 mm
% Leu: 3.2%
ICT: 688 total counts
	↓ slow destruction
No extension into bone marrow



	Carcuac et al (2013)21

	Canine/ligature-induced peri-implantitis (turned vs modified implant surface)
	6 months
	NR
	Implants:
BL: 0.02–1.34 mm
GM/PM-aPE: 3.59–5.01 mm
aICT-B: 0.27–0.09 mm
cICT-aICT: 4.02–5.25 mm
ICT area: 2.43–3.47 mm2

	↑ rapid destruction
↑ influenced by implant surface
 
↑ destruction for milled surface



	NR
	Teeth:
BL: 0.00 mm
GM/PM-aPE: 2.59 mm
aICT-B: 1.32 mm
cICT-aICT: 1.83 mm
ICT area: 0.60 mm2

	↓ slow destruction



	
Carcuac and Berglundh (2014)22

	Human
	—
	>50% bone loss
	Implants:
CD3: 6.87%
CD20: 3.10%
CD138: 13.24%
CD68: 3.68%
MPO: 10.90%
Vascular units: 8.58%
ICT area: 3.48 mm2

	NR



	CP
	Teeth:
CD3: 7.82%
CD20: 4.97%
CD138: 8.96%
CD68: 2.13%
MPO: 4.28%
Vascular units: 2.31%
ICT area: 1.49 mm2

	NR



	Galindo-Moreno et al (2017)23

	Human
	—
	>3 mm BL
	Implants: 
Neutrophils: 7.8%
Lymphocytes: 25.2%
Plasma cells: 54%
Macrophages: 12.1%
	NR



	CP
	Teeth: 
Neutrophils: 12.16%
Lymphocytes: 39.4%
Plasma cells: 35.4%
Macrophages: 13.2%



	Fretwurst et al (2020)17

	Human
	—
	Progressive BL + BOP 
	Implants:
CD68: 14.92%
M1: 7.06%
M2: 7.56%
	NR



	—
	Periodontitis stage III–IV
	Teeth:
CD68: 8.01%
M1: 1.64%
M2: 4.907%





NR, not reported; BL, bone loss; GM/PM, gingival/peri-implant mucosal margin; BC, the most coronal extension of the bone crest; aPE, apical termination of pocket epithelium; aJE, the apical termination of the junctional epithelium; cICT, coronal termination of the infiltrated connective tissue; aICT, apical termination of the infiltrated connective tissue; Leu, leukocytes; ICT, infiltrated connective tissue; B, the marginal position of bone closest to the implant/tooth; MPO, myeloperoxidase; CP, chronic periodontitis.


Summary of findings

Experimental peri-implantitis has proven to be more destructive when compared to experimental periodontitis. Likewise, findings from naturally occurring peri-implantitis in humans indicate significantly more abundant plasma cells when compared to periodontitis samples. Results in humans have shown peri-implantitis lesions to be twice as large as periodontal lesions. These immunohistopathologic differences may explain the disparities in the onset and progression of peri-implantitis when compared to periodontitis (Figs 12 to 15 and Table 4).
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Fig 12. Graphic representation of the differences in cell counts on comparing periodontitis and peri-implantitis samples in humans. (Adopted from Carcuac and Berglundh.22)



Table 4 Differences in host response at peri-implantitis and periodontitis sites




	Marker
	Periodontitis16, 24

	Peri-implantitis20,22,23,25




	IL-6
	+
	++



	IL-8
	+
	++



	TNF-α
	+
	++



	Plasma cells (CD138–)
	++
	+++



	Lymphocytes (CD3–, CD19+)
	++
	+++



	PMNs
	++
	+++



	MMPs
	++
	+++



	MMPs
	++
	+++





IL, interleukin; TNF-α, tumor necrosis factor-α; MMPs, matrix metalloproteinases.
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Fig 13. Peri-implantitis lesions are twice as large as periodontitis lesions.
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Fig 14. Schematic representation of the host response at peri-implantitis sites, where pathogenic bacteria embedded within the biofilm lead to an inflammatory reaction that leads to progressive peri-implant bone breakdown.
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Fig 15 (A to C). Inflammatory infiltrate in the epithelium and lamina propria. Note the lymphocyte/monocyte and plasma cell inflammatory infiltrate in the lamina propria, and the granulocytes below the epithelium. RANKL, receptor activator of nuclear factor-kappa B ligand. (Histologic images courtesy of Prof Francisco J. O’Valle.). Movat pentachrome staining. Magnification: (A) 4x, (B) 10x, (C) 10x.




8. Onset and progression

Peri-implantitis, like periodontitis, is an irreversible condition that leads to peri-implant bone loss.26Limited data are available on the onset and progression of the clinical condition. Nevertheless, the existing data indicate that peri-implantitis differs significantly from periodontitis in terms of onset and progression. The following aspects are known in this respect:


	The prevalence of peri-implantitis is linked to implant time in function. Implants that have been in function over the long term are at greater risk of developing peri-implantitis.27


	Onset occurs within 3 years of function.28


	Onset is often linked to local predisposing factors (see chapter 7).

	Peri-implantitis follows a non-linear accelerating course of progressive breakdown (Fig 16).28, 29


	Accelerating factors such as certain implant surface characteristics may alter the progression rate (see chapter 9).



This means that an early and accurate diagnosis is essential for predictable and effective management during the early stages of the disease. Accordingly, routine monitoring with the reporting of clinical parameters is crucial to prevent disease progression and promote stability.30
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Fig 16 (A to D). Peri-implantitis progresses in a non-linear, accelerating manner. Initial radiograph in 2006 (a), followed by radiographs taken in 2007 (B), 2009 (C), and 2010 (D). (Courtesy of Prof Giovanni E. Salvi.)




9. Clinical characteristics of peri-implantitis 

The clinical diagnosis of peri-implant disorders has been a subject of controversy due to the difference in anatomical features between the periodontium and the peri-implant tissues (Figs 17 and 18, and Table 5). Nevertheless, conceiving peri-implantitis as an inflammatory condition, it seems reasonable to consider the four cardinal signs of inflammation, rubor et tumour cum calore et dolore (redness and swelling with warmth and pain), together with progressive bone loss, in order to accurately diagnose peri-implantitis.


[image: ]

Fig 17 (A and B). Peri-implantitis is often predisposed by local contributing factors such as faulty restorations that preclude adequate oral hygiene.



Table 5 Differences in anatomical features between the periodontium and peri-implant tissues




	Feature
	Natural tooth
	Dental implant



	Attachment/connection
	Periodontium (cementum, alveolar bone, periodontal ligament)
	Osseointegration or functional ankylosis



	Junctional epithelium
	Basal lamina (lamina lucida, lamina densa) and hemidesmosomes
	Hemidesmosomes



	Connective tissue fiber orientation
	Perpendicular and oblique
	Parallel and circular



	Vascularity
	+++
	++



	Collagen 
	+
	+++



	Fibroblast supply
	+++
	+
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Fig 18. Differential features between periodontal and peri-implant tissues. Note the orientation of the fibers.



The differential characteristics between periodontal and peri-implant tissues may further influence the diagnostic accuracy of the primary diagnostic tools, in particular in relation to PD. See chapter 2 for further details on the primary diagnostic tools for monitoring dental implants.


10. Sequelae of peri-implantitis

Untreated peri-implantitis may have the following clinical sequelae (Figs 19 to 21):


	Large horizontal and vertical bone defects

	Vertical and horizontal mucosal defects

	Limited hard and soft tissue available for future implant replacement

	Esthetic disharmonies

	Maxillary sinusitis in peri-implantitis affecting implants in the posterior maxilla
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Fig 19 (A to F). Bone breakdown due to peri-implantitis often requires reconstructive measures and staged implant placement. In this case, guided bone regeneration was performed simultaneous to implant removal.
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Fig 20 (A to D). Alveolar bone reconstruction is often needed if it is desired to restore an area with a history of peri-implantitis by means of an implant-supported prosthesis. In this case, guided bone regeneration by means of bone substitute and a long-lasting barrier membrane was used for implant site development.
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Fig 21 (A to F). Oral rehabilitation at implant sites that previously failed due to peri-implantitis is challenging because of the severe vertical and horizontal bone deformities. In these scenarios, the use of short dental implants is often the most suitable therapeutic option.



Moreover, patients often have unrealistically high expectations when referred for dental implant therapy because of inadequate patient communication.31 In fact, approximately 75% of all patients are unaware of peri-implant disease. Hence, the sequelae of peri-implantitis may lead to disappointment, dissatisfaction, and reluctance to be rehabilitated with dental implants.32


11. Prevalence of peri-implantitis

Evidence on the prevalence of peri-implantitis has been published in reference to different environments and geographic settings (Table 6). The reported prevalence varies greatly according to the case definition used. This has been illustrated by Derks et al, who found the prevalence of peri-implant bone loss to be 45% (>0.5 mm), 26.9% (>1 mm), 14.5% (>2 mm), 10.1% (>3 mm), and 5.9% (>4 mm).33 In turn, two meta-analyses pooling data from epidemiologic studies on peri-implantitis showed the prevalence at the patient level to range from 1% to 47% and from 12.5% to 36.5%.34, 35 This problem is abated when the case definition of peri-implantitis is standardized, as shown by previous epidemiologic data. Lee et al demonstrated that the prevalence at the patient level was 19.8%.27 More recently, Rakic et al showed the prevalence of peri-implantitis to be 12.8% at the patient level when including reports that adhered to the case definition proposed by Working Group 4 of the VIII European Workshop on Periodontology.36
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Fig 22 (A to G). Peri-implantitis displays site-specific features, in which local predisposing factors play important roles in the onset and progression of the disease.



An important feature in relation to the prevalence of peri-implantitis is its site-specific pattern (Figs 22 to 26). In contrast to the majority of forms of periodontitis, peri-implantitis does not progress evenly around all implants. This means that the prevalence assessed at the patient level may overestimate the frequency of diseased implants. This underscores the role of local predisposing factors in the onset and development of peri-implantitis. See chapter 9 for more information on local confounders.
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Fig 23 (A and B). One key element in understanding the site-specificity of peri-implantitis is to identify the local predisposing and precipitating factors that preclude adequate oral hygiene measures, such as inadequate prosthesis design and the lack of keratinized mucosa.




[image: ]

Fig 24 (A to D). Peri-implantitis is predisposed by factors such as implant position and inadequate prosthesis designs and accelerated by certain surface characteristics.
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Fig 25 (A and B). Inadequate prosthesis design may predispose an implant site to bacterial contamination and subsequent inflammation.



Table 6 Epidemiologic studies on the prevalence of peri-implantitis at both the patient and the implant level




	Study
	Study design
	Observational period (years)
	Sample size (patients/implants)
	Confounders
	Case definition
	Prevalence



	Patient level (%)
	Implant level (%)



	Astrand et al (2004)37

	Prospective cohort
	3
	28/150
	25% smokers
29% periodontitis
	MBL + SUP
	NR
	5



	Buser et al (2012)38

	Retrospective cohort
	10
	303/511
	NR
	NR
	1.5
	NR



	Cecchinato et al (2014)39

	Prospective cohort
	10
	133/407
	25% smokers
41% periodontitis
	PD >6 mm + BOP + MBL >0.5 mm
	12
	5



	Costa et al (2012)40

	Prospective cohort
	5
	212/NR
	NR
	PD >5 mm + BOP/SUP + MBL
	31.2
	NR



	Daubert et al (2015)41

	Cross-sectional
	1
	96/225
	NR
	PD ≥4 mm +
BOP/SUP + MBL ≥ 2 mm +
	26
	16



	Derks et al (2016)33

	Retrospective cohort
	9
	588/2277
	20.6% smokers
2.4% diabetes mellitus
24% periodontitis
	BOP/SUP + MBL >0.5 mm (exceeding measurement error)
	45
	24.9



	Ferreira et al (2006)42

	Cross-sectional
	5
	212/578
	19.3% periodontitis
	PD >5 mm + BOP +
MBL
	24
	13



	Fransson et al (2005)43

	Retrospective
case series
	5–20
	662/3413
	NR
	MBL >3 mm
	27
	8



	Jemt et al (2015)44

	Retrospective study
	8
	292/1294
	NR
	MBL >3 mm
	1.2
	NR



	Koldsland et al (2010)45

	Cross-sectional
	8.4
	109/372
	NR
	PD >4 mm + BOP/SUP + MBL ≥3 threads
	11–47
	5–37



	Konstantinidis et al (2015)46

	Cross-sectional
	5.5
	186/597
	11.8% smokers
8.6% controlled diabetes mellitus
20.4% periodontitis
	PD >4 mm +
BOP + MBL >2 m
	12.9
	6.2



	
Marrone et al (2013)47

	Cross-sectional
	5–18
	103/266
	20 smokers
54 periodontitis
	PD + BOP + MBL
	37
	23



	Maximo et al (2008)48

	Prospective
case series
	—
	113/374
	19% smokers
	PD >4 mm + BOP/SUP + MBL ≥3 threads
	12
	7



	Monje et al (2017)49

	Cross-sectional
	3.8
	115/206
	—
	MBL >2 mm + BOP + redness
	4.5–26.3
	2.4–19



	Rinke et al (2011)50

	Retrospective
case series
	2–11
	89/NR
	19% smokers
72% periodontitis
	PD >4 mm + BOP/SUP + MBL
	11
	NR



	Rinke et al (2015)51

	Retrospective cohort
	7
	65/112
	22% smokers
66% periodontitis
	PD ≥5 mm + BOP + SUP + MBL ≥3.5 mm
	9.2
	NR



	Rodrigo et al (2018)52

	Cross-sectional
	5
	272/474
	28% smokers
49% periodontitis
	MBL >2 mm + BOP + redness
	24
	20



	Roos-Jansåker et al (2006)53

	Retrospective
case series
	9–14
	218/999
	26% smokers
	BOP/SUP + MBL ≥3 threads
	16
	7



	Simonis et al (2010)54

	Retrospective
case series
	10–16
	55/131
	16% smokers
26% periodontitis
	PD >4 mm + BOP + MBL ≥2.5 mm/≥3 threads
	NR
	16.9



	Vignoletti et al (2019)55

	Cross-sectional
	4.7
	237/831
	9.3% smokers
54% FMPS >25%
	MBL >2 mm + BOP + redness
	35
	17.1



	Wahlström et al (2010)56

	Randomized clinical trial
	5
	112/304
	NR
	PD >5 mm + BOP/SUP + MBL >5 mm
	4
	NR





SUP, suppuration; NR, not reported; FMPS, full-mouth plaque score.


Summary of findings

Existing reports on the prevalence of peri-implantitis vary widely according to the case definition used. Nevertheless, it seems that peri-implantitis can be present in approximately 20% of all patients rehabilitated with dental implants. The prevalence at the patient level is generally overestimated when compared to the frequency at the implant level.

12. Concluding remarks

Peri-implantitis is a chronic inflammatory condition that leads to progressive bone loss beyond initial bone remodeling as the result of infection. While the pathogenesis of peri-implant mucositis resembles that of gingivitis, the pathogenesis of peri-implantitis differs significantly from that of periodontitis. The prevalence at the patient level often overestimates the frequency of the disease. In summation, these observations underscore the role of local predisposing factors in the onset and progression of peri-implantitis.


[image: ]

Fig 26. Peri-implantitis is a site-specific condition characterized by an approximately twofold higher prevalence at the patient level versus the implant level.
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CHAPTER 2


Alberto Monje and Giovanni E. Salvi

Diagnosis and Monitoring of Peri-implant Conditions
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ABSTRACT

The morphology of the peri-implant tissues differs significantly from their periodontal counterparts. The circular and parallel orientation of the periimplant fibers and the weak hemidesmosome attachment is of particular relevance for the clinical diagnosis. These features have led many clinicians to support the lack of reliability of pocket probing depth to monitor peri-implant conditions. It was further speculated that the disturbance of the soft tissue barrier at implants could induce inflammation, leading to bone resorption. Clinical indicators of inflammation such as bleeding or suppuration following probing have been the subject of further intense debate. It must be also kept in mind that other elements inherent to implant position, prosthetic design, or probing force may alter the diagnostic accuracy. Hence, the purpose of this chapter is to shed light on the existing knowledge regarding the primary diagnostic tools to monitor peri-implant conditions.

LEARNING OBJECTIVES FOR THIS CHAPTER


	To assess the diagnostic accuracy of probing pocket depth to monitor the peri-implant conditions

	To identify the factors that might lead to inaccurate probing

	To present the mucosal, bleeding and suppuration indices to monitor the peri-implant conditions

	To evaluate the reliability of mucosal indices to identify progressive bone loss

	To present the classifications proposed to analyze periimplant defect morphology and peri-implantitis defect morphology and severity




1. Introduction

Inflammation is a term rooted in the Latin inflammatio, which means “to light up.” In fact, it is an essential protective mechanism when an irritant is detected. Cornelius Celsus (1st century AD) described the four cardinal signs of inflammation as rubor et tumour cum calore et dolore (redness and swelling with heat and pain). In the 19th century, mainly led by Robert Koch and Louis Pasteur, insight was gained into the role of microorganisms or germs as the cause of acute inflammatory response.

Peri-implant diseases were defined at the 2017 World Workshop on the Classification of Periodontal and Peri-implant Diseases and Conditions.1 In this context, peri-implant mucositis was defined as an inflammatory lesion in the soft tissues surrounding an endosseous implant without loss of supporting peri-implant bone.2 Clinical signs of peri-implant mucositis may include bleeding on probing, erythema, swelling, and suppuration. Peri-implantitis, on the other hand, was defined as a pathological condition characterized by inflammation in the peri-implant soft tissues (ie, peri-implant mucositis) in conjunction with progressive bone loss.3 Hence, clinical signs of inflammation must be associated with both inflammatory conditions (Figs 1 to 4 and Table 1).

Classically, clinical and radiographic features have been used for the accurate diagnosis of periodontitis. However, the use of these modalities for the diagnosis of peri-implantitis has been a subject of debate due to the marked differences between the periodontium and the peri-implant tissues (see chapter 1). The objective of this chapter is to provide the basis for the accurate diagnosis of peri-implant conditions.
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Fig 1. Different types of probes that can be used to monitor peri-implant conditions.
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Fig 2 (A to C). Increased peri-implant probing depth (A) together with profuse bleeding and swelling (B and C) are very often indicative of peri-implant pathology.
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Fig 3 (A to E). The accuracy of peri-implant probing is often challenged by prosthesis design. In these cases, probing might not be reproducible, and hence the diagnostic accuracy is lower, leading to false negative results.
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Fig 4 (A to C). A and B. The clinical assessment of the peri-implant tissues for signs such as swelling, erythema, plaque accumulation, and mucosal recession often leads to the accurate diagnosis of peri-implantitis. C. Peri-implant probing and radiographic evidence of marginal bone loss should be used to validate the definitive diagnosis.



Table 1 Clinical parameters in the definition of peri-implantitis across the literature




	Author (year)
	Study design
	Sample size (patients/implants)
	Case definition of peri-implantitis



	Clinical parameters
	Radiographic parameters



	BOP
	SUP*

	PD >3 mm
	PD >5 mm
	Progressive bone loss
	Threshold





	Canullo et al (2015)4

	Cross-sectional
	56/125
	x
	x
	x
	
	>3 mm
	



	Casado et al (2013)5

	Cross-sectional
	215/754
	x
	x
	
	
	≥1 mm
	



	Cecchinato et al (2013)6

	Retrospective cohort
	133/407
	x
	x
	x
	
	>0.5 mm
	



	Costa et al (2012)7

	Retrospective cohort
	80/212
	x
	x
	
	x
	>0.5 mm
	



	Daubert et al (2015)8

	Cross-sectional
	96/225
	x
	x
	x
	
	
	≥2 mm



	Derks et al (2016)9

	Retrospective cohort
	588/225
	x
	x
	
	
	>0.5 mm
	



	Dierens et al (2012)10

	Retrospective cohort
	50/59
	x
	x
	
	
	
	≥3 threads



	Fischer et al (2012)11

	Prospective cohort
	23/137
	x
	x
	
	
	
	>4 mm



	Gatti et al (2008)12

	Prospective cohort
	62/227
	x
	x
	
	x
	
	>2 mm



	French et al (2019)13

	Retrospective cohort
	2060/4591
	x
	x
	
	
	
	≥1 mm



	Gotfredsen (2012)14

	Prospective cohort
	19/19
	x
	x
	
	
	
	>2 mm



	Karoussis et al (2003)15

	Prospective cohort
	53/112
	x
	x
	
	
	>0.5 mm
	



	
Marrone et al (2013)16

	Cross-sectional
	103/266
	x
	x
	x
	
	
	>2 mm



	Maximo et al (2008)17

	Prospective case series
	113/374
	x
	x
	x
	
	
	>3 threads



	Mir-Mari et al (2012)18

	Cross-sectional
	245/964
	x
	x
	
	
	
	≥2 threads



	Monje et al (2018)19

	Cross-sectional
	141/262
	x
	x
	
	x
	
	≥2 mm



	Rinke et al (2015)20

	Retrospective cohort
	65/112
	x
	x
	
	x
	
	≥3.5 mm



	Rodrigo et al (2018)21

	Cross-sectional
	272/474
	x
	x
	
	
	
	≥2 mm



	Ross-Jansaker et al (2006)22

	Retrospective cohort
	218/999
	x
	x
	
	
	≥3 threads
	



	Rutar et al (2001)23

	Retrospective cohort
	45/64
	x
	x
	x
	
	>0.5 mm
	



	Simonis et al (2010)24

	Retrospective case series
	55/131
	x
	x
	x
	
	
	≥2.5 mm (≥3 threads)



	Wahlström et al (2010)25

	Randomized clinical trial
	112/304
	x
	x
	
	x
	
	≥5 mm





* Simultaneous or not to BOP.

BOP, bleeding on probing; SUP, suppuration; PD, probing depth.


2. Key considerations for the diagnosis and monitoring of peri-implant conditions

Before reviewing diagnostic accuracy, it is of paramount importance to consider a few points regarding the potential and the limitations of primary diagnostic tools to monitor dental implants:


	Probing around dental implants does not represent irreversible damage to the peri-implant soft tissue seal, and healing following probing is established within 5 to 7 days by means of a junctional epithelium26 (Fig 5).

	Clinical parameters have shown to be accurate in diagnosing and monitoring peri-implant conditions.19,27–29


	Three-dimensional implant position may impact the accuracy and reproducibility of clinical parameters.

	Bleeding on probing (BOP) does not seem to be very sensitive for peri-implant tissue breakdown; however, it is correlated with probing depth (PD) >4 mm.30


	Probe force and probe dimensions should be standardized to improve the diagnostic potential, with the target probe tip penetration being 120 Ncm2 in order to minimize false-positive BOP results.31


	Clinicians tend to probe two to three times higher than 120 Ncm2, thereby increasing the risk for high false-positive BOP results.32


	In smokers, BOP might be less sensitive to tissue breakdown.

	Suppuration (SUP) is not consistent in every peri-implantitis site (20% to 30% at implant level).33, 34


	The presence and grade of SUP is associated with PD and marginal bone loss (MBL).

	The diagnosis should be made on a longitudinal basis (ie, baseline radiographic and clinical parameters should be recorded 12 months after final prosthesis delivery to monitor pathogenic peri-implant bone loss).35


	Plastic-made probes might be helpful in restorations with difficult access (eg, overcontoured).

	In cases of uncertainty, the prosthesis should be retrieved for more accurate diagnosis.

	The final diagnosis should be made combining the clinical and radiographic features.

	Given that peri-implantitis is not limited to the interproximal areas, the use of CBCT for the diagnosis of peri-implantitis may offer advantages for lingual and buccal bone assessment.

	CBCT performs well in detecting peri-implant circumferential/infraosseous or fenestration defects but is less effective in depicting dehiscence-type defects36 (Figs 6 and 7).

	Real-time ultrasound has shown promising outcomes in monitoring peri-implant conditions without concerns of ionizing radiation and image artifacts around implants37 (Fig 8).
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Fig 5 (A to D). Healing after peri-implant probing. Note that the length of the epithelial adaptation shows a tendency to increase over time and is completed at day 5. (Illustrated reproduction of histologic images from Etter et al.26)
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Fig 6 (A and B). CBCT can assist in the diagnosis of peri-implantitis, in particular for buccal and lingual lesions. Moreover, it is an important tool to be included in the decision-making process to manage the disorder.
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Fig 7 (A to C). CBCT has shown a high level of reliability in detecting circumferential defects.
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Fig 8 (A to C). Ultrasound images accurately represent peri-implant tissues without concern of ionizing radiation or image artifacts around implants. (Reprinted with permission from Chan et al.37)



3. Probing depth penetration in natural teeth and implants

Substantial differences exist in PD around teeth versus implants according to the condition. Under healthy conditions, Eriksson and Lindhe found that the physical resistance to probing offered by the gingiva around natural teeth was greater than that presented by the peri-implant mucosa, and consequently probe penetration was more advanced at implants than at teeth.38 Lang et al studied the accuracy of probing for monitoring peri-implant inflammation. The histologic results showed that the probes were able to identify the connective tissue adhesion level with a mean error of –0.05 mm in the healthy group and –0.02 mm in the mucositis group. Probe penetration increased with the degree of inflammation, and in the peri-implantitis group the probe exceeded the connective tissue level by a mean 0.52 mm (mean histologic probing depth: 3.8 mm).39 Schøu et al observed that even mild marginal inflammation was associated with deeper probe penetration around implants in comparison to teeth. Interestingly, it was demonstrated that the mean difference when probing implants with mucositis versus peri-implantitis was only 0.5 mm, while the range when probing teeth with gingivitis versus periodontitis was 0.5 to 1.5 mm.40 In fact, outcomes from a study in dogs indicated that PD gradually increases as bone is lost as a response to ligature-induced peri-implantitis.41


4. Accuracy of probing depth

Residual PD favors the progression of periodontal breakdown. In fact, PD ≥6 mm after active periodontal therapy has been regarded as a risk factor for tooth loss.42 Similarly, peri-implant probing should be considered essential for monitoring peri-implant conditions (Fig 9). The accuracy of PD in monitoring dental implants has been the subject of much debate. Nevertheless, evidence suggests that probing often displays high specificity, while sensitivity is lower,19 in particular when compared to the diagnostic accuracy of PD in monitoring periodontal conditions (Figs 10 to 12 and Table 2). The following aspects have to be considered for an accurate understanding of the use of PD to monitor peri-implant conditions:


	PD is correlated with bone loss and disease progression.33, 41


	PD is generally related to the implant’s apicocoronal position irrespective of health or disease.

	PD may not be accurate with the prosthetic reconstruction in place.43


	PD following the removal of the prosthesis is highly correlated with bone loss (~60% accuracy).43


	Approximately 30% of implant sites are not accessible for accurate probing.44




Table 2 Level of probe penetration according to the tissues probed and the condition




	
	Periodontal tissues
	Peri-implant tissues



	Health
	1/3 apical JE
	1/3 apical EB–1/3 coronal CT



	Gingivitis/mucositis
	1/3 apical JE
	2/3 coronal CT



	Periodontitis/peri-implantitis
	2/3 coronal CT
	1/3 apical AC





JE, junctional epithelium; CT, connective tissue; EB, epithelial barrier; AC, alveolar crest.
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Fig 9 (A and B). Peri-implant (A) and periodontal (B) probing are influenced by the orientation of the neighboring fibers to the structure.
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Fig 10 (A and B). Probing around the natural dentition may better reproduce the condition and severity of disease compared to dental implants.
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Fig 11 (A and B). Probe penetration around healthy peri-implant tissues (A) is often very similar to probe penetration around natural teeth (B). (Illustrated reproduction of histologic images from Schøu et al.40)
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Fig 12 (A to D). A to C. Erythema and bleeding on peri-implant probing might lead to the accurate diagnosis of peri-implantitis. Nevertheless, probe penetration is significantly increased even in mild peri-implant inflammation. D. Therefore, radiographic assessment should be used to determine the definitive diagnosis.




5. Factors that influence the accuracy of probing

Several local factors may influence the accuracy of probing depth, in particular those related to implant position and prosthesis design. Given the influence of these, retrieval of the prosthesis is encouraged whenever possible to avoid reporting false-negatives as a consequence of horizontal probing or BOP due to trauma to the peri-implant tissues (Fig 13). Table 3 lists the local factors related to the accuracy of probing and methods for increasing the precision of PD.

Table 3 Local factors related to the accuracy of probing and management to increase the precision of recording PD
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Fig 13 (A to F). Prosthesis designs such as hybrid prostheses are often associated with faulty probing, which can interfere with the accurate diagnosis of peri-implantitis.




6. Clinical parameters for peri-implant monitoring

There is ongoing debate regarding whether the parameters used for the diagnosis of periodontal diseases should be used to monitor the peri-implant tissues. It is worth mentioning that several shortcomings exist in probing. For instance, PD relies on direction, angulation, and force, which in turn might be altered by the prosthesis design. As mentioned above, it has been advised that the target probe tip penetration be 120 Ncm2 to minimize false-positive BOP.31 This is achieved by a 0.4-mm tip (Marquis) at 15 N, a 0.5-mm tip (UNC) at 23 N, or a 0.6-mm tip (plastic) at 34 N. Also as previously mentioned, in a recent study it was reported that most clinicians probe two to three times higher than 120 Ncm2 thereby, increasing the risk for high false-positive BOP at implants.32 In addition, probe tip penetration may be misleading in terms of accurate probing. Therefore, considering the weak peri-implant hemidesmosome attachment, light probing is suggested (0.15 to 0.2 N).31

Moreover, peri-implant and periodontal tissues differ, and hence so does the reproducibility of the clinical parameters. Ericsson and Lindhe reported in a canine study that deeper probe penetration with BOP does not necessarily reflect disease, as demonstrated by its occurrence around healthy implants as well.38 Cecchinato et al reported BOP at 80% of implants, but only 14% of implants developed bone loss.45 Similarly, Fransson et al showed that BOP occurred in more than 90% of implants with no progressive bone loss.29 A systematic review has concluded that there is a 24.1% chance of implants positive for BOP being diagnosed with peri-implantitis.46 Hence, findings from these studies suggest that BOP is a good indication to monitor peri-implant conditions but warn of the considerable false-positive rate of BOP in terms of diagnosing peri-implantitis.

Since false-positive BOP remains an issue, it is crucial that probe tip force and dimension is defined and standardized toward the 120-Ncm2 target31 and a non-dichotomous index based on profuseness and extension is used. Implants are potentially more prone to false-positive BOP; therefore, dichotomous scales limit the diagnostic potential.31 Indeed, there is presently poor agreement using existing indices for peri-implantitis, with only 52% of examiners having agreement on a peri-implantitis diagnosis.47 The literature is problematic in that historic data on peri-implantitis has used dichotomous scoring (BOP+ versus BOP–).48

Reporting of the following peri-implant parameters and indices is suggested in the monitoring of peri-implant conditions.


	
PD: The distance recorded in mm from the mucosal margin to the base of the pocket. According to the peri-implant condition, the PD is deeper (in disease) or shallower (in health).

	Desired: <6 mm

	Undesired: ≥6 mm







It should be emphasized, however, that deep PD (ie, ≥6 mm) may be identified in the absence of disease at implants placed in the anterior maxillary area for esthetic reasons or in subcrestally positioned implants.


	
BOP: Score assigned according to the presence, extent, and severity of bleeding upon probing.



It should be noted that BOP reflects the presence of inflammation at the bottom of the probeable peri-implant site, whereas other indices reflect inflammation located in the marginal compartment of the peri-implant soft tissues. (Figs 14 to 16 and Tables 4 to 6 list the descriptions of bleeding according to the index score.)

Table 4 Modified sulcular bleeding index (mSBI)49




	Score
	Description



	0
	No bleeding



	1
	Isolated spots bleeding



	2
	Blood forms a confluent red line or margin



	3
	Heavy or profuse bleeding
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Fig 14 (A to D). Modified sulcular bleeding scoring system: (A) score 0, (B) score 1, (C) score 2, (D) score 3.



Table 5 Bleeding time index (BTI)50




	Score
	Description



	0
	No bleeding within 15 seconds of second probing (ie, 30 seconds total time)



	1
	Bleeding within 6 to 15 seconds of second probing



	2
	Bleeding after 11 to 15 seconds of first probing or within 5 seconds after second probing



	3
	Bleeding within 10 seconds after first probing



	4
	Spontaneous bleeding



	 
	 





Table 6. Implant mucosal index (IMI)51




	Score
	Description



	0
	No bleeding



	1
	Minimal, single-point bleeding



	2
	Moderate, multiple-point bleeding



	3
	Profuse, multiple-point bleeding



	4
	Suppuration
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Fig 15 (A to E). Profuse bleeding is indicative of disease and must be present for the diagnosis of peri-implantitis. Suppuration is o!en present in severe forms of peri-implantitis and is frequently associated with bleeding. According to IMI, scores 0 and 1 (A and B) are compatible with health, while scores 2 through 4 (C to E) are consistent with mucositis or peri-implantitis.




	
Mucosal redness: The change in color and texture as a consequence of disease



Table 7 Modified gingival index (mGI)52




	Score
	Degree of inflammation
	Change in color
	Change in texture
	Change in the marginal unit
	Change in the papillary unit
	Spontaneous bleeding
	Ulceration



	0
	No
	No
	No
	No
	No
	No
	NO



	1
	Mild
	Slight
	Mild
	No
	NO
	NO
	NO



	2
	Mild
	Slight
	Mild
	Mild
	Mild
	No
	No



	3
	Moderate
	Redness
	Edematous/glazing
	Hypertrophy
	Hypertrophy
	No
	No



	4
	Severe
	Marked redness
	Edematous
	Hypertrophy
	Hypertrophy
	Yes
	Yes



	 
	 
	 
	 
	 
	 
	 
	 





Table 8 Peri-implant mucosal tissue index53




	Score
	Condition
	Description



	0
	Normal mucosa
	Nothing remarkable



	1
	Mild inflammation
	Slight color change, slight edema



	2
	Moderate inflammation
	Redness, edema, and glazing



	3
	Severe inflammation
	Marked redness, edema, ulceration as exemplified by spontaneous bleeding
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Fig 16 (A to D). The accuracy of BOP and mucosal inflammation depends on the profusion of bleeding and the presence of ulceration.




	
SUP: Dichotomous score according to the presence (1) or lack (0) of spontaneous exudate or upon probing.



Table 9 Suppuration grading index (SGI): A recent classification aimed at grading suppuration according to profuseness and time after probing (Figs 17 and 18)34




	Grade
	Suppuration
	Profuseness
	Time aŁer probing



	0
	−
	No
	No



	1
	+
	Dot
	≥15 seconds a�er probing



	2
	+
	Line/drop
	<15 seconds a�er probing



	3
	+
	Line/drop
	Spontaneous a�er palpation
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Fig 17 (A to C). Grading suppuration may lead to the accurate diagnosis of peri-implantitis since immediate suppuration after probing or spontaneous suppuration are more frequently encountered in severe forms of peri-implantitis.
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Fig 18 (A to D). Suppuration grades 2 to 3 are often associated with an unfavorable to hopeless prognosis.




	
Plaque: Presence and extent of biofilm and calculus and/or excess cement around the implant, abutment, and restoration.



Table 10 Modified plaque index (mPI)49




	Score
	Description



	0
	No plaque



	1
	Plaque disclosed by running a probe around the smooth marginal surface



	2
	Plaque can be seen by naked eye



	3
	Abundance of so� matter



	 
	 






	
Keratinized mucosa (KM): The distance measured from the free mucosal margin to the mucogingival junction at the midbuccal, mesial, and distal line angles, recorded to the nearest mm. If unclear, Lugol’s iodine can be used to stain the mucosa to better discern the mucogingival margin.

	Sufficient: ≥2 mm

	Insufficient/minimal: <2 mm

	Lack: 0 mm
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Fig 19. The lack of KM is very often linked to discomfort during brushing and higher levels of inflammation.
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Fig 20 (A and B). As a consequence of discomfort during brushing, the lack of KM is often associated with peri-implant bone loss.
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Fig 21 (A to C). Lack of KM is more frequently found in the posterior mandible and is associated with shallower vestibular depth, deeper PD, and profuse BOP on probing as a consequence of plaque accumulation.




	
Attached mucosa (AM): The firm and resilient KM is identified as attached mucosa.

	Desired: ≥1 mm

	Undesired: <1 mm





	
Vestibular depth (VD): The distance measured from the mucosal margin to the point of greatest concavity of the mucobuccal fold while retracting with a bilateral retractor.54

	Sufficient: ≥4 mm

	Insufficient: <4 mm





	
Mucosal recession (MR): The distance in mm from the implant-abutment connection to a steady mark at the mucosal margin. If the mucosal margin coronally exceeds the implant-abutment connection due to swelling, the MR is positive (+). If due to implant malposition or loss of support the margin is apical to the implant-abutment connection, the value is negative (–).



Figure 23 depicts a flowchart for the diagnosis of peri-implant conditions based on clinical and radiographic parameters. Table 11 presents a summary of the diagnostic accuracy of the clinical parameters used in the diagnosis of peri-implantitis.71
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Fig 22 (A to B). Shallow VD is associated with scenarios lacking KM and might preclude adequate home oral hygiene measures.
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Fig 23. Flowchart for the longitudinal diagnosis of peri-implant conditions based on clinical and radiographic parameters.



Table 11 Diagnostic accuracy of the clinical parameters/variables involved in diagnosing peri-implantitis
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7. Scales proposed according to the severity/extent of peri-implantitis

Classically, it was recommended to manage peri-implantitis in implants where the lesion is not extending >50%. In implants where bone loss exceeds >50%, implant retrieval was advocated. It is true that the therapeutic effectiveness relies on the severity/extent of the lesion (Figs 24 to 26).55 Nevertheless, the therapeutic modality is dependent on the defect morphology. With the goal of assisting the clinician in the management of lesions, several defect classifications have been proposed concerning the severity/extent (Table 12).

Table 12 Classifications based on peri-implantitis defect severity/extent




	Author (year)
	Scale
	Radiographic bone loss
	PD
	BOP/SUP



	Froum and Rosen (2012)56

	Early
	<25% of implant length
	≥4 mm
	+/+



	Moderate
	25%–50% of implant length
	≥6 mm
	+/+



	Advanced
	>50% of implant length
	≥8 mm
	+/+



	Decker et al (2015)57

	Early
	<25% of implant length
	≥4 mm
	+/+



	Moderate
	25%–50% of implant length
	≥6 mm
	+/+



	Advanced
	>50% of implant length
	≥8 mm
	+/+



	Derks et al (2016)9

	Slight
	>0.5 mm
	NR
	+/+



	Moderate/Severe
	>2 mm
	NR
	+/+



	Lin et al (2017)58

	Early
	<25% of implant length
	NR
	+/+



	Moderate
	25%–50% of implant length
	NR
	+/+



	Advanced
	>50% of implant length
	NR
	+/+



	Tallarico et al (2018)59

	Slight
	2 mm
	≥4 mm, ≤6 mm
	+/+



	Moderate
	<50% of implant length
	≥4 mm, ≤6 mm
	+/+



	Advanced
	>50% of implant length
	>6 mm
	+/+



	Matarazzo et al (2018)60

	Slight/moderate
	≥2 mm
	≥5 mm
	+/+



	Severe
	≥3 mm
	≥5 mm
	+/+



	Monje et al (2019)61

	Slight
	3–4 mm/<25% of implant length
	≥6 mm
	+/+



	Moderate
	4–5 mm/≥25%–50% of implant length
	≥6 mm
	+/+



	Advanced
	>6 mm/≥50% of implant length
	≥6 mm
	+/+
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Fig 24 (A to C). Moderate peri-implantitis bone defects are characterized by >25% to 50% bone loss.
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Fig 25 (A to D). Moderate peri-implantitis bone defects are often manageable by means of surgical therapy.
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Fig 26 (A to C). In advanced peri-implantitis, the prognosis is commonly hopeless.



8. Morphology and frequency distribution of peri-implantitis bone defects

Peri-implant defect morphology, among other features, plays a pivotal role in the decision-making process regarding methods to arrest and manage peri-implantitis. In general, contained defects are more prone to being effectively managed with reconstructive interventions, while for uncontained defects resective therapy might be advocated.

Given the importance of defect morphologic characteristics in the treatment planning and selection of a therapeutic modality, it is advisable to map out the bone defect topography preoperatively. The use of intraoral radiography is common in daily practice but is limited to two planes, and superimpositioning may mask the peri-implant marginal bone levels,62 in particular for the assessment of the buccal/lingual plates.63 In contrast, CBCT may overcome these limitations since it generates 3D images that assist in evaluating the buccolingual cortical plates and assessing the orthogonal planes.64, 65 In fact, it has been suggested that CBCT images outperform two-dimensional radiographic techniques such as periapical radiographs.66, 67 Table 13 presents the classification and the frequency distribution of peri-implantitis bone defects according to their morphology (Figs 27 to 35 and Table 6).

Table 13 Classifications and frequency of the morphology of peri-implantitis bone defects




	Authors
	Model
	Method used for diagnostics
	Score
	Feature
	Frequency



	Schwarz et al (2007)68

	Ligature-induced /canine
	Intraoperative examination
	Ia
	Dehiscence
	5.4%



	Ib
	3-wall defect (crater-like)
	15.8%



	Ic
	3-wall defect (circumferential)
	13.3%



	Id
	2-wall defect
	10.2%



	Ie
	Circumferential
	55.3%



	II
	Supracrestal (horizontal)
	NR



	Serino et al
(2013)69

	Naturally 
ocurring / human
	Intraoperative examination
	NS
	Circumferential
	66%



	NS
	Buccal bone loss
	34%



	Garcia-Garcia et al (2016)43

	Naturally 
occurring / human
	Intraoperative examination
	Ia
	Dehiscence
	4.4%



	Ib
	3-wall defect (crater-like)
	0%



	Ic
	3-wall defect (circumferential)
	26.1%



	Id
	2-wall defect
	17.4%



	Ie
	Circumferential
	32.6%



	II
	Supracrestal (horizontal)
	87%



	II (combined)
	Infraosseous + supracrestal
	87.4%



	Madi et al (2014)70

	Ligature-
induced /canine
	Intraoperative examination
	I
	Circumferential (infraosseous)
	66.5%



	II
	Circumferential + supracrestal
	25%



	III
	Circumferential + supracrestal +
 buccal defect
	12.5%



	Monje et al (2019)61

	Naturally 
occurring / human
	CBCT
	Ia
	Buccal dehiscence
	16.5%



	Ib
	2- or 3-wall defect
	55.1%



	Ic
	Circumferential
	3.2%



	II
	Supracrestal
	1.9%



	IIIa
	Buccal dehiscence + supracrestal
	4.4%



	IIIb
	2- or 3-wall defect + supracrestal
	13.9%



	IIIc
	Circumferential + supracrestal
	5.1%





CBCT, cone-beam computed tomography; NS, not scored
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Fig 27. Illustration of the classification of infraosseous peri-implantitis bone defects according to Schwarz et al.68
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Fig 28. Illustration of the classification of peri-implantitis bone defects according to Monje et al.61
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Fig 29. Frequency distribution of peri-implantitis defect morphology according to Monje et al.61
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Fig 30. Peri-implant bone loss according to site, based on Monje et al.61 Note that buccal bone loss is often more advanced regardless of the defect configuration.
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Fig 31 (A to C). Advanced buccal bone loss on the buccal aspect of the distal implant as a consequence of peri-implantitis (class Ib according to Monje et al61).
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Fig 32 (A to D). Multiple implants displaying class II defects combined with a class IIIc defect on the distal implant according to the defect configuration proposed by Monje et al.61
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Fig 33 (A to D). In multiple adjacent implants, peri-implant defect configuration is frequently less contained compared to defects around single-unit implants.



Recently, it has been demonstrated that the buccal-lingual width of the alveolar bone crest is explanatory to defect configuration. As such, implants placed in wider alveolar ridges often display 4-wall defects (circunferential), while implants placed in narrower ridges are more prone to exhibit 2/3-wall peri-implantitis bone defects.71
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Fig 34. Circunferencial peri-implantitis bone defects are often exhibited at wide alveolar ridges in implants placed within the bony housing.
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Fig 35 (A to D). Peri-implantitis bone defect in a single implant exhibiting moderate bone loss with a vast loss of the buccal aspect (class Ib according to Monje et al.61). Partial containment is provided by the lingual, mesial, and distal bony walls.



9. Concluding remarks

This chapter contains several take-home messages that may be of clinical assistance in the accurate diagnosis of peri-implant conditions. First, the routine clinical assessment of dental implants, including probing and visual examination, may lead to the accurate diagnosis of peri-implant diseases. Nevertheless, the definitive diagnosis should be made upon radiographic confirmation of progressive bone loss (>0.5 to 1 mm, corresponding to the standard error). Moreover, the clinical parameters increase in accuracy when reported in a longitudinal perspective so that clinical and radiographic changes can be noted. In this sense, it is worth noting, generally speaking, that PD is a reliable indicator of peri-implant health or disease if associated with BOP, erythema, and/or SUP. Single spots of BOP, however, have low reliability for the diagnosis of peri-implant conditions. Hence, dichotomous scales might lead to an increased rate of false-negative diagnoses. Additionally, peri-implantitis bone defects frequently course with an infraosseous component and buccal bone loss.
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ABSTRACT

The specificity of peri-implant biology increases the complexity of peri-implant diseases, exceeding the capacity of clinical parameters to provide the required diagnostic information. In vitro diagnostics within precision medicine is a gold standard approach for management of multifactorial conditions; thus, the new classification of periodontal and peri-implant conditions for the first time extends beyond clinical assessment and recommends the use of biomarkers for accurate disease diagnosis and prognosis. There is unfortunately no biomarker validated for diagnostic use in implantology. This chapter elaborates on biomarker strategy in implantology, the current state of progress, and future directions for implementation of precision medicine in implantology.

LEARNING OBJECTIVES FOR THIS CHAPTER


	To provide the plausibility of and rationale for in vitro diagnostics in monitoring peri-implant conditions

	To assess the accuracy of biomarker-supported diagnostics

	To examine the pathogenesis of peri-implant disease in the context of identification of target biomarkers

	To evaluate the selection of biomarkers for specific clinical needs, diagnostic specimens, and analytical methods

	To outline future directions for fast implementation of biomarker-supported implant diagnostics




1. Introduction

Contemporary medicine is grounded in the principles of precision medicine. The reason why the 20th century “one-size-fits-all” binary system has been replaced is that standard clinical methods are not able to answer the current demand for good medical practice in providing a high standard of health care. High-standard health care is thus defined as a patient management strategy built against specific risk/pathological factors in order to provide effective prevention, diagnosis of disease at an early stage, and target therapy for optimal treatment outcomes with an appropriate cost-effectiveness ratio. Those objectives ensued from the fact that the complexity of “modern” inflammatory pathologies relates to the multifactorial etiology that acts on human organisms, functioning on principles of dynamic homeostasis in which alteration of one parameter results in a cascade of changes in multiple independent parameters.1, 2 Additionally, all processes in the body are susceptible to a multitude of local, systemic, and environmental factors. Hence, it has become evident that linear clinical procedures cannot take into account so many factors and provide reliable diagnostic information for appropriate clinical decisions. In the spirit of that, the concept of clinical decisions guided by biologic markers was invented, representing the main goal of precision medicine,3 which remains specific patient profiling based on the underlying molecular patterns and associated risk/aggravating factors in addition to traditional clinical signs and symptoms3 to achieve highly accurate clinical decisions that fully fit the patient needs. Driving forces of precision medicine include in vitro diagnostics (IVD) and machine learning algorithms.4, 5 IVD refers to the in vitro examination of human biologic specimens6 used to provide objectively measurable information on the biologic process in the real time, while the machine algorithms provide highly accurate identification of a panel of critical diagnostic parameters and their respective implementation into interpretable clinical decision-making guidelines. Hence, while the conventional clinical techniques rely on subjective assumptions, IVDs use objectively measurable biologic parameters for highly precise patient profiling as a major prerequisite for targeted and successful patient management. Such an approach contributes to reduced health care costs by preventing predictable health conditions and unnecessary interventions.

Precision medicine focuses on unmet diagnostic needs, aiming to improve tailoring and timing of preventive and treatment procedures by utilization of biomarkers.7 This concept ensued from a plethora of breakthrough research in the domain of basic research, bioinformatics, and clinical research and represents the point where science meets clinical practice, subject to permanent changes within research progress. IVD is rigorously regulated,8 and the trajectory from biomarker discovery to standardization for diagnostic use represents a challenging process.9 This process can be summarized as follows: Basic research is done to map the pathogenetic pattern in order to identify candidate markers of interest that are further validated in clinical trials and processed together with clinical and anamnestic parameters using machine learning algorithms for integrating the critical parameters into a highly accurate diagnostic model for clinical decision making.4


2. Precision implantology

The merit for gold standard treatment solution in restoring missing teeth with dental implants is directly related to their high-level biomimetic concept. However, the lack of periodontal ligament (PDL), the ankylotic bone-to-implant attachment, and exposure to microbiologic threats are major culprits for complex peri-implant biology and complications. Peri-implant diseases are the most common complication of dental implants and are considered a growing problem in dentistry related to increasing prevalence and lack of a predictable treatment protocol.10, 11 Complex peri-implant biology, insufficiently explained peri-implant pathology, and the multifactorial etiology of peri-implant diseases are the factors qualifying peri-implant diseases for a precision medicine approach along the entire health care chain, from initial screening to diagnosis and treatment planing to posttreatment monitoring. For these reasons, the new classification of periodontal and peri-implant conditions for the first time extends beyond clinical assessment and recommends use of biomarkers for accurate disease diagnosis and prognosis as a first step toward precision medicine.12, 13 The precision medicine approach also contributes to a better understanding of the disease pattern, identification of treatment targets, and appropriate progress of research studies investigating treatment strategies. As previously mentioned, the process of biomarker validation for diagnostic use is a long and challenging process, hence, despite the great need, development of biomarkers for diagnostic use and related implementation of precision medicine in implantology is still in its initial stages.

3. Challenging aspects of peri-implant diagnostics: Unmet diagnostic needs and demand for precision medicine

Functional histology of periodontal tissues: The significance of the absence of PDL and cementum

The complex of PDL and cementum enables tooth fixation into the bone and resilience under strong biomechanical forces while exhibiting significant polyvalent functions (Fig 1).
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Fig 1. Periodontal complex. Transverse section of a decalcified tooth shows dental root, cementum (A), the apical portion of the PDL with apical fibers from the dentoalveolar group (B), and alveolar bone (C). Movat penta chrome staining.



The PDL is a specialized metabolically active connective tissue that interconnects the tooth, gingiva, and alveolar bone into a functional unit while providing them with support, nutrition, innervation, protection, and a source of reparation and regeneration. The specific function of the PDL is the dispersion of strong biomechanical forces and synchronization of the masticatory apparatus via proprioceptive regulation. The intrinsic role of the PDL is to maintain the integrity of the periodontal complex and to protect the internal periodontal tissues against strong biomechanical forces and microbiologic threats, while the main responsibility for this function falls on the periodontal fiber network. Periodontal fibers are anchored into rough microperforated surfaces of cementum and alveolar lamina cribrosa (histologically termed bundle bone) in a perpendicular direction, while the inserting ends remain calcified to reinforce the attachment of Sharpey fibers. Water constitutes 70% of the extracellular matrix to enable hydrodynamic dispersion of biomechanical forces, while a high content of glycosaminoglycans, proteoglycans, and glycoproteins reinforces the collagen network, contributing to the appropriate fiber orientation and facilitating the cell-to-fiber link.

Given its complex and multiple functions, the PDL is a highly cellular tissue containing five groups of cells, including formative, remodeling, protective, and regenerating cells as well as epithelial rests of Malassez. Amongst other histologic specificities, the PDL has a rich vascular network composed of fenestrated-type capillaries with larger diameters (about 20 µm) in contrast to smaller continual-type capillaries present in the other connective tissues of the body.14 The periodontal capillary plexus communicates with local vascular plexuses for an optimal nutritive supply, oxygenation, and metabolic homeostasis of the dental and periodontal tissues. Additionally, such vasculature structure enables an effective vascular reaction and expedient signaling within an early reaction to infective insults. The PDL also has a wide neural network consisting of four different nerve fiber types that provide sensory and autonomic innervation. The most abundant are unmyelinated C-fibers that work with nociceptors in pain perception; the Ruffini corpuscles with mechanoreceptors are located in the apical region and register biomechanical forces, while the sympathetic fibers innervate blood vessels.

Considering how complex the structure and biology of the PDL is, it is highly evident that lack of a PDL substantially affects the biology of peri-implant tissues since the periodontal tissues rely on histologic properties of the periodontal fiber network.
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Fig 2 (A to C). Lack of PDL (A) alters the accuracy of clinical parameters on implants (B) while contributing to the formation of crater-like bone defects in peri-implantitis (C).



From the biologic viewpoint, the lack of a PDL causes a decline in the nutritive and regenerative supply to the peri-implant tissues, making them more susceptible to complications. In fact, the lack of a collagen network decreases the barrier capacity against infection and facilitates disease progression with creation of crater-like defects. Moreover, decreased vascularization can negatively contribute to inflammation due to decreased oxygenation and reduced supply of host cells, while a decrease in immune cells possibly contributes to a delayed and weakened host reaction against pathogens. Despite compensatory osseoperception,15 the absence of a PDL leads to substantial reduction of neural fibers and pain receptors,16 which contributes to the asymptomatic course of peri-implant diseases. Additionally, a decline in Ruffini corpuscles and lack of a PDL contribute to the increased susceptibility of peri-implant tissues to the trauma caused by biomechanical forces (Fig 2).

Limitations of clinical parameters and request for molecular diagnostic tools

Despite the highly refined biomimetic concept of dental implants, the lack of two periodontal tissues and the presence of the dental implant itself with variable micro- and macro-design features substantially complicate clinical implant diagnosis, which routinely relies on periodontal parameters. The lack of a periodontal fiber network makes peri-implant tissues less resilient, negatively affecting the reproducibility of probing depth (PD). Additionally, the lack of a fiber network contributes to the increased vulnerability of peri-implant tissues, which in turn affects the accuracy of BOP, creating an increased risk of false-positive outcomes. The lack of PDL also contributes to the expressed bone remodeling interfering in the ability to set a diagnostic range for clinical and radiographic assessment of the bone level. In addition, the wide range of implant and abutment designs on the market complicate the standardization of bone parameters around implants (Fig 3).17
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Fig 3. Variation in implant designs.



Finally, the presurgical anatomical condition of the implant site as well as different surgical protocols additionally affect the peri-implant bone contour. Furthermore, all the aforementioned factors simultaneously contribute to the progressive course of peri-implant disease. In brief, the rough implant surface favors accumulation of bacterial biofilms, while the lack of oblique and horizontal periodontal fibers facilitates the apical migration of the infective and inflammatory infiltrate, thus contributing to the expedited maturation of biofilms and related conversion into aggressive anaerobic microflora. Generally, the lack of periodontal fibers contributes to rapid progression of disease and creation of characteristic crater-like defects. This is particularly concerning when considering that about 90% of innervation remains lost postextraction, leading to the asymptomatic course of peri-implant diseases. Therefore, the lack of PDL in terms of peri-implant pathology implies:


	Decreased diagnostic accuracy and reproducibility of BOP and probing PD due to decreased tissue resilience

	Decreased reproducibility of bone level assessment due to expressed bone remodeling

	Facilitated apical progression of the biofilm and the pathological process

	Asymptomatic course of the disease due to postextraction decline in sensory neurologic content

	Crater-like bone defect configuration



For these reasons, the diagnostic imperative in implant diagnostics remains early and precise diagnosis of the ongoing peri-implant condition and risk factors present. Such insistence on early diagnosis is based on the fact that peri-implant diseases are currently considered a growing problem in implantology due to increasing prevalence and lack of predictive treatment protocol.10, 11 Therefore, the main objective in the management of implant patients remains prevention of disease occurrence in healthy patients and disease treatment in the early stages. Recent studies estimating the diagnostic capacity of clinical parameters for implants demonstrated their ability to disclose peri-implant mucositis and peri-implantitis at a developed stage.18, 19 However, clinical parameters are unable to provide information on the conversion of peri-implant mucositis to peri-implantitis.19, 20 Similarly, it has been demonstrated that clinical parameters are unable to provide accurate information on the early responsiveness of the implant treatment and patient compliance with the treatment protocols.21 Thus, the major limitation of clinical parameters is insufficient capacity to provide accurate diagnostic information on early changes in the peri-implant tissues, representing the primary requisite to improve management of peri-implant diseases.

Regarding assessment of patient risk for peri-implant disease, the clinical and anamnestic scoring can provide some general information. However, considering results from recent studies in periodontology and implantology demonstrating that patients with a specific immunophenotype exhibit increased risk for contracting and/or developing more severe forms of the disease, predictive markers are greatly needed for appropriate adjustment of screening, treatment, and monitoring of patients at risk. Such diagnostic information only can be acquired using molecular diagnostic methods.

In the context of the diagnostic limitations of clinical parameters for implants, the main requirements for molecular diagnostic tools are:


	Risk prediction for peri-implant disease

	Early diagnosis of peri-implant mucositis conversion into peri-implantitis

	Disease staging and grading

	Specific prognostics for disease course and pattern of progression

	Early assessment of patient response to the treatment




4. Applied pathogenesis of peri-implant diseases and targets for precision diagnostics

The elementary definition of a biomarker is “a characteristic that is objectively measured and evaluated as an indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention.”22 Actually, biomarkers represent the extracted regulators of target biologic process that are measured in vitro whose respective measurement enables objective measurement of the ongoing biologic process/effect in real time. The processes in the human body are regulated by the complex intercellular communication via active biologic substances synthetized and released from the cells and tissues as an outcome of genetic control mechanisms modulated in response to the local and epigenetic factors (Fig 4). The tremendous progress in biomedicine has made possible the in vitro measurement of practically every component of the biologic process in the body, from the genetic level to final production of functional protein and related efferent reaction, making the biomarkers impressive and highly significant diagnostic parameters.

Peri-implant diseases are chronic inflammatory diseases of the peri-implant tissues induced by infection (for more details, see chapter 1).13 Although the keystone pathogens in peri-implant diseases originate from periodontal burdens and/or niches (extraction site of a periodontally compromised tooth, periodontal pockets, and soft tissue niches), the profile of peri-implant infection remains different when compared to periodontitis.23 The major difference lies in the greater impact of opportunistic pathogens, which account for about 50% of the peri-implantitis microflora.24 Moreover, within this significant volume of opportunists, there is a high prevalence of aggressive nosocomial pathogens such as Staphylococcus aureus, Enterococcus faecalis, and Pseudomonas aeruginosa,25–27 which are well known as highly resistant bacteria with strong immuno-inductive potential. Therefore, it is considered that the presence of pathogens is a possible contributing factor in the more aggressive pattern of peri-implant lesions. Peri-implant and periodontal diseases share the same pathogenetic mechanism of elicitation of a nonresolving inflammatory reaction induced by microbiologic dysbiosis. However, this inflammatory profile in peri-implantitis exhibits more aggressive behavior, clinically manifested as a rapidly progressing disease with a more destructive pattern.28, 29 In brief, the periopathogens latently persist in peri-implant tissues from the moment of implant placement until the moment of local immunologic breakdown caused by the accumulation of bacterial plaque on the implant surface, excessive biomechanical forces, mechanical irritation caused by superstructure micromovements or cement remnants, and most frequently by a multifactor cumulative effect. Once the initial inflammation is established, the inflammophilic periopathogens serve as enhancers of the local immunologic response, thus providing conditions conducive to the overgrowth of pathobionts and related suppression of protective opportunists, followed by conversion into a dysbiotic pathogenic ecosystem.30 As previously mentioned, pathogens associated with peri-implant infection exhibit an inflammophilic character,31 which means that those bacteria are well equipped to resist immunologic mechanisms while exploiting inflammation for their proper growth, thus leading to nonresolving inflammation associated with a detrimental host response. At the clinical level, the initial inflammatory reaction against bacterial biofilms accumulating on the exposed implant surface and mucosal margin is manifested by soft tissue inflammation corresponding to peri-implant mucositis. In this stage the acute inflammatory infiltrate abundant in granulocyte leukocytes dominates, led by neutrophils located laterally to the barrier epithelium and in contact with bacterial biofilm while being separated from the adjacent bone by an intact subepithelial connective tissue.32,33 This stage is easily identified by clinical signs of acute inflammation, including redness, swelling, positive BOP, and increased plaque index without radiographic signs of bone loss. However, the persistence of bacterial biofilms in untreated peri-implant mucositis contributes to the prolonged and increasing host reaction34 that subsequently leads to the attainment of critical concentrations of inflammatory mediators for triggering the inflammatory osteoclastogenesis and related peri-implantitis onset.35 The conversion of peri-implant mucositis into peri-implantitis is clinically unclear36 and cannot be properly diagnosed using clinical parameters. Given the non-linear, progressive, and asymptomatic course of peri-implantitis,29 early detection of the disease remains of crucial importance. In peri-implantitis, the inflammatory infiltrate reaches the bone, while the acute infiltrate becomes chronic lymphocyte-monocyte infiltrate dominated by plasma cells.37 It is established that peri-implantitis lesions exhibit more aggressive behavior than periodontitis lesions28; in addition to being larger in diameter, the lesions expressed neovascularization with higher densities of lymphocytes, plasma cells, and polymorphonuclear cells with highly expressed pro-inflammatory and pro-osteoclastogenic factors (Fig 5).
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Fig 4. In vitro measurement of biologic factors.
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Fig 5. Pathogenesis of peri-implant diseases at the clinical, microbiologic, inflammatory, and histopathologic levels.



Given the pathogenetic pattern of peri-implant diseases, diagnostic targets for biomarkers are:


	Identification of genetic characteristics causing excessive host reaction upon infective challenge within a peri-implant infection

	Identification and quantification of the keystone pathogens

	Estimation of the compositional characteristics of peri-implant microflora and related shifts

	Quantification of pro-inflammatory cytokines and their relative ratio with respective antagonists

	Quantification of bone markers

	Histopathologic characteristics of peri-implant lesions

	Expression of inflammatory, pro-resorptive, and pro-formative markers in peri-implant lesions



5. Biomarkers to monitor dental implants

Classification of biomarkers in implantology

The biomarkers in implantology can be classified based on the required diagnostic information and on their biologic type. The biomarker classification follows the clinical strategy in order to provide the diagnostic information required in specific clinical phases.

However, the most sensitive part of the biomarker strategy is the selection of the biologic components able to answer specific clinical questions, and the initial step in this remains mapping the pathogenetic process in relation to clinical stages of the diseases (Fig 6).
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Fig 6. Outline of biomarker classification in implantology.



Biomarkers in implantology can be categorized into four groups:


	Predictive markers measured in healthy individuals during disease prevention stage

	Diagnostic markers measured to disclose disease onset

	Prognostic markers measured in confirmed disease cases to establish disease progress, stage, and grade within treatment planning

	Diagnostic markers and surrogate endpoints used to estimate patient response to the treatment protocol, stability of the therapy results, and possible disease recurrence in the maintenance phase



The predictive biomarkers are a group of markers used before disease occurrence for the identification of risk factors and estimation of overall patient risk, used for precise adjustment of the screening protocol in terms of appropriate modification of risk factors for optimal disease prevention. For this purpose, static markers that do not change over time are usually used and are typically represented by genetic markers. Prognostic markers are similar to the predictive markers in the sense that they do not change over the time; in turn, they are measured at the moment when the disease has been already initiated to estimate disease characteristics, stage, and grade, which is indispensable for the accurate prognosis of progression pattern and responsiveness to different treatment protocols. Therefore, the role of prognostic markers is to guide the clinician in the process of treatment planning, adjusting aggravating factors in order to minimize disease complications, select a suitable treatment protocol, and establish a maintenance regimen for sustainable treatment outcomes. Diagnostic markers comprise a wide group of indicators able to disclose disease onset, disease activity, and related progression. For these purposes, rapidly responsive biochemical and microbiologic markers able to capture early changes in tissue metabolism are usually used, while the histopathologic markers are not routinely used for diagnosis of peri-implant conditions. The specific subset of diagnostic markers represents surrogate endpoints used to estimate patient response to treatment. These diagnostic markers are required to respond to a distinct diagnostic demand, primarily to identify an early or delayed tissue response to a performed treatment protocol.
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