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Abstract

:

Peri-implantitis is a common biological complication in dentistry. The aim of the present study was to retrospectively analyze risk characteristics in a group of patients referred to a university-based consultation for peri-implantitis. In all, 190 initial cases from 2010 to 2019 were evaluated and descriptively summarized. The evaluation included various parameters such as periodontitis, smoking and oral hygiene status, implant position, type of prosthetic restoration and retention, mucosal quality, and further anamnestic and clinical findings related to the potential risk of developing peri-implantitis. Peri-implantitis was diagnosed in 83% of the cases, with peri-implant mucositis alone in 16% of cases; furthermore, 38% of the patients were diagnosed with active/instable periodontitis, while 14% had stable periodontitis. Residual cement was considered as a potential co-factor of peri-implant inflammation in 43% of cases. Suboptimal implant positioning was found in 19% of patients. Peri-implantitis or peri-implant mucositis was present in about one-third of patients in the absence of smoking and periodontitis factors. Of note, 6% showed no identifiable risk factors. Factors related to an increased risk of peri-implantitis should be taken into consideration when planning implant treatment. Adequate prosthetic implant position, restoration, and cleanability remain important for long-term success.
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1. Introduction


Approximately 12–18 million dental implants are sold and placed worldwide each year [1]. Although implant survival rates are high, peri-implantitis and peri-implant mucositis are common biological complications [2]. The incidence of mucositis is reported to range from 19 to 65%, and peri-implantitis (PI) ranges from 1 to 47% [3,4,5]. With millions of dental implants sold and placed worldwide each year [6], when implant removal is necessary, peri-implantitis is the leading cause, followed by implant fractures [7]. Mucositis is diagnosed clinically via marginal signs of inflammation of the peri-implant mucosa without bone resorption, and the most important indicator is bleeding provoked by probing. In PI, there is also progressive resorption of the marginal bone around the implant, manifested by markedly increased probing depths and radiographic bone resorption. It is assumed that every case of PI is preceded by a basically reversible mucositis, which, similar to gingivitis and periodontitis, does not necessarily change into the irreversible form.



A meta-analysis from 2018 [8] calculated the predictive power of bleeding on probing (BOP) in implants for PI. According to this study, 24% of all BOP-positive implants develop PI after one year or longer of functional loading. Another study found that the inflammatory response to biofilm around implants is more severe in teeth with gingivitis [5]. Accordingly, there is a higher potential risk of biofilm accumulation in implants due to suboptimal oral hygiene. According to Meyle and Chapple’s periodontitis development model [9], an ecological shift takes place in the microbiome of the oral biofilm, resulting in “dysbiosis”. This leads to chronic inflammation and bone resorption [10]. For this reason, similar to tooth-related measures, prophylactic and therapeutic measures are primarily aimed at reducing plaque by professional cleaning and optimizing individual oral hygiene. In addition, the host response remains an important factor. Common risk factors mentioned in the literature include a positive history of periodontitis, smoking, and various systemic diseases, such as osteoporosis and diabetes mellitus [11]. The Implant Disease Risk Assessment (IDRA) tool therefore lists a total of eight factors for peri-implant risk assessment [6]: BOP, probed pocket depth, prosthetic characteristics, bone loss of the most affected tooth in relation to age, general susceptibility to periodontitis, distance of the restoration margin to the bone, recall interval, and a history of periodontitis. Other influencing factors include the three-dimensional positioning of the implant in relation to the depth and position of the implant shoulder and the distance to neighboring implants or anatomical structures. In addition, there are prosthetic and (material) technical characteristics.



Within this conceptual framework of risk factors and disease development, the present work aimed to assess typical risk factors in a regional population of patients referred to the interdisciplinary peri-implantitis consultation clinic at the University of Zurich. We hypothesized that the overall findings would be congruent with the available literature and that these factors are related to an increased risk of peri-implantitis.




2. Materials and Methods


We anonymized and digitally processed admission records from the peri-implantitis consultation clinic for further analysis. A total of 190 consecutive cases referred from 2010 to 2019 were available for data collection. The documentation contained the following information: medical history, referral (objective) and patient information/request (subjective), information on implant type, prosthetic restoration, insertion date, etiological factors, intraoral photographs, radiographs, periodontal parameters, diagnosis, and therapeutic suggestions. In addition, we employed a qualitative risk-oriented traffic-light scheme, which included case-related etiological aspects, such as oral hygiene, smoking status, and periodontal situation, and local, systemic, and functional factors (Figure 1, Figure 2 and Figure 3).



We transferred and saved this information in a data matrix (MS Excel 2019, Microsoft Corporation, Redmond, WA, USA) that contained 25 anamnestic and diagnostic parameters in addition to anonymized case IDs. If information was not provided, we set the corresponding variable to “NA” (not available). After data processing, we described and presented the distribution of parameters in tables and diagrams. We divided the results into the following main categories in the respective context: patients, prosthetics, and implant characteristics.




3. Results


3.1. Patient Characteristics


A total of 688 dental implants in 190 patients were available for evaluation. The mean age of patients was 60 years (σ = 13.7 years), with an age range from 24 to 87 years. The proportion of women (N = 127) and men (N = 63) was 2:1. Among the patients, 173 were referred by external practitioners, and only 17 were self- or in-house referrals. Among external patients, 45% did not undergo implantation at the referrer’s site (implant placement alio loco), while 46% had implants placed by the referral clinician. Only 22% of patients (N = 41) reported pain, and 78% (N = 148) did not report any pain (Table 1).



Systemic risk (e.g., diabetes and osteoporosis) was noted in 29% of patients; notably, 4% of patients in this group took bisphosphonate medication. Concomitant mental illness, such as depression, was present in 6%, as confirmed by a psychiatrist. Local factors (LFs) were considered as etiologically relevant in 46% of patients versus 49% without LFs. A sufficient band of keratinized mucosa, which was evaluated subjectively from photographs with no set measurements, was present in 67% of cases. In this patient cohort, 94% of cases mentioned risk factors, including local and systemic factors, i.e., prosthetic and biological factors, compared with 6% with no clear risk factors.



The time between implant placement and referral varied from 1 to 28 years, with a frequency peak at 8 years after implant placement (Figure 4). Eleven years after implant placement, the frequency of referrals dropped.



At the time of evaluation, 38% of patients had active periodontitis, and 14% had periodontitis in the past (Figure 5). Oral hygiene was rated as insufficient in 19%, in need of local improvement in 33%, and good to very good in 43% of cases (Figure 6).



Smoking as a co-factor was present in 32% of patients; 16% percent were former smokers, and 44% reported never having smoked (Figure 7). Suspected parafunction was reported in 6% of cases. Additionally, 6% of patients had no identifiable risk factors for peri-implantitis.




3.2. Prosthetics


In 77% of the cases, the suprastructure was easily cleansable by the patients. In 10%, cleansability was rated as moderate, and in 11% cleansability was difficult to impossible with regard to oral hygiene measures. Removable prostheses were found in 10% (cover denture prostheses supported by a bar, anchors, or telescopes). Fixed prostheses were found in 88% of the documented cases. Prosthetic reconstructions were screw-retained in 45% and cemented in 50%. Most prosthetic reconstructions were fabricated in the form of metal–ceramic restorations (82%). Radiographically, the transition between implant and abutment or prosthetic reconstruction was free of gaps and rated as sufficient in 82%. Significant marginal gaps or inadequate fit was found in 14% of cases (Table 2). Presumed cement-induced bone loss (Figure 2) was present in 7% of all cases, and cementation was considered a co-factor in 43% of peri-implantitis cases.




3.3. Implant Distribution and Biological Complications


The number of implants per patient varied from 1 implant (22%) to 16 implants (0.5%). A total of 388 out of the 688 implants evaluated were diagnosed as having a biological complication. Peri-implant mucositis was diagnosed in 31 patients (16%), and peri-implantitis was diagnosed in 158 patients (83%); furthermore, 49% of patients presented with peri-implantitis at one implant, and 51% of patients had more than one implant with peri-implantitis. The median probing depth measured was 5.5 mm (mean: 6 mm) (Table 3). Bone augmentation prior to or at the time of implant placement (guided bone regeneration or ridge augmentation) was documented in 21% (Figure 3). Sinus floor elevation had been performed in 8%. No information on the augmentation procedures was available for 45% of patients. Suboptimal, i.e., non-prosthetically driven, implant positioning was noted in 19% (optimal positioning: 80%). A radiographically visible pattern of bone resorption could be classified as horizontal in 44% of cases and vertical in 31% (no resorption was found in 20%) (Table 3).





4. Discussion


The present work retrospectively investigated the presence and distribution of individual risk characteristics in a specific patient population with peri-implant complications in a university-based consultation setting. A previously published retrospective study showed that healthy peri-implant ratios at 9–14 years post-implantation were predictive of future peri-implant health [12]. The positive benefit of regular recall sessions in the prevention of peri-implantitis (odds ratio (OR): 0.14) has also been demonstrated in studies [13]. Poor oral hygiene increases the risk of biofilm formation and, if predisposed, triggers an inflammatory response, leading to progressive bone resorption. In the investigated patient cohort, more than 80% of all biological complications occurred within the first 10 years after implant placement. This is in line with evidence suggesting that the onset of peri-implantitis occurs within the first 3 years of function and progresses over time [14,15]. The available literature clearly shows that the risk of developing peri-implantitis is increased (OR > 9) when there is pre-existing periodontitis [16]. After periodontitis is successfully treated, this can be reduced to approximately half [13]. The association of smoking with the development of periodontitis is reported in the literature, with an OR of 3 [8]. Regarding the development of peri-implantitis, the evidence in this regard is still weak. In a prospective study reporting on a 10-year period, approximately 20% of patients who smoked developed peri-implantitis; however only 6% of non-smokers developed the disease [17].



According to the consensus of the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions, the evidence showing that a band of keratinized mucosa around implants was required was inconclusive, although it may be advantageous for patient comfort and ease of plaque removal [18]. However, a recent study concluded that a thin gingival phenotype and inadequate keratinized mucosa width (KMW < 2 mm) may be significant indicators for the risk of peri-implant disease [19].



An unfavorable design of the restoration can lead to biofilm accumulation and thus promote mucositis and peri-implantitis [20,21,22]. The contours of a restoration are related to the surgical position of the implant, restoration design, and aesthetics. Moreover, a recent cross-sectional study found that the presence of a convex profile and an emergence angle greater than 30° are significant indicators for the risk of peri-implantitis in bone-level implants [23].



In the case of cementation, biofilm can accumulate on excess cement. This could lead to peri-implant inflammation or host tissue reacting directly to the possible toxicity of the cement [24]. Wilson endoscopically assessed excess cement in a patient population and observed that removing cement remnants resulted in the healing/resolution of inflamed peri-implant tissues in 75% of the cases [25]. Peri-implant infection and cement excess were also found in the cohort of the present study. In patients with good oral hygiene and no risk factors, one might assume that cases of peri-implantitis might be cement-induced. Recent evidence suggests that zinc-based cement seems to inhibit biofilm bacterial growth in vitro, performs well clinically, and has favorable properties compared to resin-based cement [26,27]. Thus, the type of cement used appears to make a difference. In the present study, we lacked information about the cement type, which can be a limitation in this regard. Nevertheless, techniques to remove excess cement should be prioritized in combination with diagnostic methods to minimize the risk of residual excess cement [28,29]. A systematic review proves that biological complications occur more frequently in cemented reconstructions, while screw-retained reconstructions exhibit more technical complications, such as screw loosening and screw fracture [30]. Overall, screw-retained and -cemented reconstructions have their own advantages and disadvantages, with no significant differences in terms of survival rates [31,32].



The quality of the marginal seal in the area of the implant-abutment or abutment-restoration interface varies depending on the qualities of the transfer procedure and the dental technical work. Manufacturing-related gaps or steps may also have an influence on the development of peri-implantitis [20]. In the investigated group, the interface quality was insufficient in a total of 14%, i.e., gaps or steps were visible on radiographs. Gross positioning errors of implants leading to bone resorption [33] and inter-implant distances that were very small occurred only rarely in the investigated group. However, suboptimal implant positioning combined with other risk factors was observed in 19% of cases and may be a co-factor in the development of peri-implant infection. Data regarding implant systems and implant surface characteristics were not presented in this study due to the wide variety of systems from various companies. A recent review revealed good long-term survival rates independent of implant surface and roughness [34].



Certain genetic predispositions to peri-implantitis, such as tumor necrosis factor-alpha (TNF-⍺) or interleukin-1 (IL-1) polymorphisms, showed potential links in the onset of peri-implant diseases [35,36,37], although clear genetic patterns are still to be determined. In addition, immune-centered therapeutic approaches to improve osseointegration and prevent bone loss around implants were recently proposed in a review by Albrektsson et al., who emphasized the role of foreign body reaction and host response in the development of peri-implantitis [34]. These may account for the small percentage of patients with no clear risk factors identified in the present review.



The number of cases with bone augmentation procedures was reported in this study; however, it is important to bear in mind that hard and/soft tissue augmentation procedures do not increase the risk for biological complications, as concluded by a recent consensus report [38] based on a systematic review by Salvi et al. [39].



The following limitations must be considered due to the retrospective model of this study: Firstly, the treatment durations of the anti-resorptive medication (ARM), including bisphosphonates (BP), type of medication, and the time-point of implant placement, were not available for all patients. Although low-dose BP has not been shown to be a risk factor for peri-implant diseases based on current evidence, it is important to note that high-dose ARM could result in implant-related complications [40,41,42]. Additionally, data regarding the development of peri-implantitis in patients with a history of periodontitis were not available.



In summary, all the risk factors described in the literature were present in the studied patient population. Some of the established factors, such as an ill-fitting suprastructure and the reconstruction not allowing for oral hygiene, should be avoided or corrected. Other factors, such as inadequate plaque control, require both informing and re-motivating patients and including them in a strict recall protocol. Ongoing periodontitis needs to be addressed prior to implant therapy in order to minimize the risk of developing a peri-implant infection. Further studies are still needed to improve our understanding of all etiological factors in order to better understand prevention and maintenance.




5. Conclusions


The present study illustrates the wide range of etiologic factors in peri-implant disease. For prevention, all factors must be considered at every stage of treatment. Adequate pre-surgical and surgical planning is essential to assure prosthodontically optimal implant positioning and minimize risks. Care must be taken to not make surgical, prosthetic, or hygienic compromises that could negatively affect peri-implant health in the long run. The design of the reconstruction should allow for efficient hygiene access for the patient. For patients, especially those with a history of periodontitis who have undergone implant treatment, follow-up maintenance care in addition to monitoring and early detection are needed.







Author Contributions


Conceptualization, P.S., P.R.S. and R.E.J.; methodology, P.S., R.E.J. and P.R.S.; validation, P.S. and P.R.S.; investigation, A.V.S. and C.C.L.; resources, P.S., R.E.J. and P.R.S.; data curation, A.V.S.; writing—original draft preparation, A.V.S. and C.C.L.; writing—review and editing, C.C.L., P.S., P.R.S. and N.N.; visualization, C.C.L.; supervision, P.S. and P.R.S.; project administration, N.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The project is considered to be a quality assurance project that meets all requirements regarding data protection and ethical considerations. The focus is on improving the supply structures and service processes of the institution and organization, and aiming to increase service efficiency. All patient data were irreversibly anonymized from the consultation service. No data were prospectively generated and the retrospective evaluation did not interfere with any treatment (decision).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Anonymized data can be obtained from the authors.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Klinge, B.; Lundström, M.; Rosén, M.; Bertl, K.; Klinge, A.; Stavropoulos, A. Dental Implant Quality Register-A possible tool to further improve implant treatment and outcome. Clin. Oral Implant. Res. 2018, 29 (Suppl. 18), 145–151. [Google Scholar] [CrossRef] [PubMed]

	



Howe, M.S.; Keys, W.; Richards, D. Long-term (10-year) dental implant survival: A systematic review and sensitivity meta-analysis. J. Dent. 2019, 84, 9–21. [Google Scholar] [CrossRef] [PubMed]

	



Derks, J.; Tomasi, C. Peri-implant health and disease. A systematic review of current epidemiology. J. Clin. Periodontol. 2015, 42 (Suppl. 16), S158–S171. [Google Scholar] [CrossRef] [PubMed]

	



Krebs, M.; Kesar, N.; Begić, A.; von Krockow, N.; Nentwig, G.H.; Weigl, P. Incidence and prevalence of peri-implantitis and peri-implant mucositis 17 to 23 (18.9) years postimplant placement. Clin. Implant. Dent. Relat. Res. 2019, 21, 1116–1123. [Google Scholar] [CrossRef] [PubMed]

	



Salvi, G.E.; Cosgarea, R.; Sculean, A. Prevalence and Mechanisms of Peri-implant Diseases. J. Dent. Res. 2017, 96, 31–37. [Google Scholar] [CrossRef]

	



Heitz-Mayfield, L.J.A.; Heitz, F.; Lang, N.P. Implant Disease Risk Assessment IDRA-a tool for preventing peri-implant disease. Clin. Oral Implant. Res. 2020, 31, 397–403. [Google Scholar] [CrossRef]

	



Solderer, A.; Al-Jazrawi, A.; Sahrmann, P.; Jung, R.; Attin, T.; Schmidlin, P.R. Removal of failed dental implants revisited: Questions and answers. Clin. Exp. Dent. Res. 2019, 5, 712–724. [Google Scholar] [CrossRef]

	



Hashim, D.; Cionca, N.; Combescure, C.; Mombelli, A. The diagnosis of peri-implantitis: A systematic review on the predictive value of bleeding on probing. Clin. Oral Implant. Res. 2018, 29 (Suppl. 16), 276–293. [Google Scholar] [CrossRef]

	



Meyle, J.; Chapple, I. Molecular aspects of the pathogenesis of periodontitis. Periodontology 2000 2015, 69, 7–17. [Google Scholar] [CrossRef]

	



Lasserre, J.F.; Brecx, M.C.; Toma, S. Oral Microbes, Biofilms and Their Role in Periodontal and Peri-Implant Diseases. Materials 2018, 11, 1802. [Google Scholar] [CrossRef]

	



Renvert, S.; Polyzois, I. Risk indicators for peri-implant mucositis: A systematic literature review. J. Clin. Periodontol. 2015, 42 (Suppl. 16), S172–S186. [Google Scholar] [CrossRef] [PubMed]

	



Renvert, S.; Lindahl, C.; Persson, G.R. Occurrence of cases with peri-implant mucositis or peri-implantitis in a 21–26 years follow-up study. J. Clin. Periodontol. 2018, 45, 233–240. [Google Scholar] [CrossRef] [PubMed]

	



Renvert, S.; Aghazadeh, A.; Hallström, H.; Persson, G.R. Factors related to peri-implantitis—A retrospective study. Clin. Oral Implant. Res. 2014, 25, 522–529. [Google Scholar] [CrossRef] [PubMed]

	



Derks, J.; Schaller, D.; Håkansson, J.; Wennström, J.L.; Tomasi, C.; Berglundh, T. Peri-implantitis—Onset and pattern of progression. J. Clin. Periodontol. 2016, 43, 383–388. [Google Scholar] [CrossRef]

	



Fransson, C.; Tomasi, C.; Pikner, S.S.; Gröndahl, K.; Wennström, J.L.; Leyland, A.H.; Berglundh, T. Severity and pattern of peri-implantitis-associated bone loss. J. Clin. Periodontol. 2010, 37, 442–448. [Google Scholar] [CrossRef]

	



Costa, F.O.; Takenaka-Martinez, S.; Cota, L.O.; Ferreira, S.D.; Silva, G.L.; Costa, J.E. Peri-implant disease in subjects with and without preventive maintenance: A 5-year follow-up. J. Clin. Periodontol. 2012, 39, 173–181. [Google Scholar] [CrossRef]

	



Karoussis, I.K.; Salvi, G.E.; Heitz-Mayfield, L.J.; Brägger, U.; Hämmerle, C.H.; Lang, N.P. Long-term implant prognosis in patients with and without a history of chronic periodontitis: A 10-year prospective cohort study of the ITI Dental Implant System. Clin. Oral Implant. Res. 2003, 14, 329–339. [Google Scholar] [CrossRef]

	



Berglundh, T.; Armitage, G.; Araujo, M.G.; Avila-Ortiz, G.; Blanco, J.; Camargo, P.M.; Chen, S.; Cochran, D.; Derks, J.; Figuero, E.; et al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions. J. Periodontol. 2018, 89 (Suppl. 1), S313–S318. [Google Scholar] [CrossRef]

	



Gharpure, A.S.; Latimer, J.M.; Aljofi, F.E.; Kahng, J.H.; Daubert, D.M. Role of thin gingival phenotype and inadequate keratinized mucosa width (<2 mm) as risk indicators for peri-implantitis and peri-implant mucositis. J. Periodontol. 2021, 92, 1687–1696. [Google Scholar] [CrossRef]

	



Kordbacheh Changi, K.; Finkelstein, J.; Papapanou, P.N. Peri-implantitis prevalence, incidence rate, and risk factors: A study of electronic health records at a U.S. dental school. Clin. Oral Implant. Res. 2019, 30, 306–314. [Google Scholar] [CrossRef]

	



Serino, G.; Ström, C. Peri-implantitis in partially edentulous patients: Association with inadequate plaque control. Clin. Oral Implant. Res. 2009, 20, 169–174. [Google Scholar] [CrossRef] [PubMed]

	



Tallarico, M.; Canullo, L.; Caneva, M.; Özcan, M. Microbial colonization at the implant-abutment interface and its possible influence on periimplantitis: A systematic review and meta-analysis. J. Prosthodont. Res. 2017, 61, 233–241. [Google Scholar] [CrossRef] [PubMed]

	



Katafuchi, M.; Weinstein, B.F.; Leroux, B.G.; Chen, Y.W.; Daubert, D.M. Restoration contour is a risk indicator for peri-implantitis: A cross-sectional radiographic analysis. J. Clin. Periodontol. 2018, 45, 225–232. [Google Scholar] [CrossRef] [PubMed]

	



Staubli, N.; Walter, C.; Schmidt, J.C.; Weiger, R.; Zitzmann, N.U. Excess cement and the risk of peri-implant disease—A systematic review. Clin. Oral Implant. Res. 2017, 28, 1278–1290. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, T.G. The positive relationship between excess cement and peri-implant disease: A prospective clinical endoscopic study. J. Periodontol. 2009, 80, 1388–1392. [Google Scholar] [CrossRef]

	



Korsch, M.; Walther, W. Peri-Implantitis Associated with Type of Cement: A Retrospective Analysis of Different Types of Cement and Their Clinical Correlation to the Peri-Implant Tissue. Clin. Implant. Dent. Relat. Res. 2015, 17 (Suppl. 2), e434–e443. [Google Scholar] [CrossRef]

	



Raval, N.C.; Wadhwani, C.P.; Jain, S.; Darveau, R.P. The Interaction of Implant Luting Cements and Oral Bacteria Linked to Peri-Implant Disease: An In Vitro Analysis of Planktonic and Biofilm Growth—A Preliminary Study. Clin. Implant. Dent. Relat. Res. 2015, 17, 1029–1035. [Google Scholar] [CrossRef]

	



Kotsakis, G.A.; Zhang, L.; Gaillard, P.; Raedel, M.; Walter, M.H.; Konstantinidis, I.K. Investigation of the Association Between Cement Retention and Prevalent Peri-Implant Diseases: A Cross-Sectional Study. J. Periodontol. 2016, 87, 212–220. [Google Scholar] [CrossRef]

	



Kotsakis, G.A.; Romanos, G.E. Biological mechanisms underlying complications related to implant site preparation. Periodontology 2000 2022, 88, 52–63. [Google Scholar] [CrossRef]

	



Gaddale, R.; Mishra, S.K.; Chowdhary, R. Complications of screw- and cement-retained implant-supported full-arch restorations: A systematic review and meta-analysis. Int. J. Oral Implantol. 2020, 13, 11–40. [Google Scholar]

	



Sailer, I.; Mühlemann, S.; Zwahlen, M.; Hämmerle, C.H.; Schneider, D. Cemented and screw-retained implant reconstructions: A systematic review of the survival and complication rates. Clin. Oral Implant. Res. 2012, 23 (Suppl. 6), 163–201. [Google Scholar] [CrossRef] [PubMed]

	



Gotfredsen, K.; Wiskott, A. Working Group 4. Consensus report—reconstructions on implants. The Third EAO Consensus Conference 2012. Clin. Oral Implant. Res. 2012, 23 (Suppl. 6), 238–241. [Google Scholar] [CrossRef]

	



Schwarz, F.; Derks, J.; Monje, A.; Wang, H.L. Peri-implantitis. J. Periodontol. 2018, 89 (Suppl. 1), S267–S290. [Google Scholar] [CrossRef]

	



Albrektsson, T.; Tengvall, P.; Amengual-Peñafiel, L.; Coli, P.; Kotsakis, G.; Cochran, D.L. Implications of considering peri-implant bone loss a disease, a narrative review. Clin. Implant. Dent. Relat. Res. 2022, 24, 532–543. [Google Scholar] [CrossRef]

	



Eguia Del Valle, A.; López-Vicente, J.; Martínez-Conde, R.; Aguirre-Zorzano, L.A. Current understanding of genetic polymorphisms as biomarkers for risk of biological complications in implantology. J. Clin. Exp. Dent. 2018, 10, e1029–e1039. [Google Scholar] [CrossRef] [PubMed]

	



Petkovic-Curcin, A.; Zeljic, K.; Cikota-Aleksic, B.; Dakovic, D.; Tatic, Z.; Magic, Z. Association of Cytokine Gene Polymorphism with Peri-implantitis Risk. Int. J. Oral Maxillofac. Implant. 2017, 32, e241–e248. [Google Scholar] [CrossRef] [PubMed]

	



He, K.; Jian, F.; He, T.; Tang, H.; Huang, B.; Wei, N. Analysis of the association of TNF-α, IL-1A, and IL-1B polymorphisms with peri-implantitis in a Chinese non-smoking population. Clin. Oral Investig. 2020, 24, 693–699. [Google Scholar] [CrossRef]

	



Heitz-Mayfield, L.J.; Aaboe, M.; Araujo, M.; Carrión, J.B.; Cavalcanti, R.; Cionca, N.; Cochran, D.; Darby, I.; Funakoshi, E.; Gierthmuehlen, P.C.; et al. Group 4 ITI Consensus Report: Risks and biologic complications associated with implant dentistry. Clin. Oral Implant. Res. 2018, 29 (Suppl. 16), 351–358. [Google Scholar] [CrossRef]

	



Salvi, G.E.; Monje, A.; Tomasi, C. Long-term biological complications of dental implants placed either in pristine or in augmented sites: A systematic review and meta-analysis. Clin. Oral Implant. Res. 2018, 29 (Suppl. 16), 294–310. [Google Scholar] [CrossRef]

	



Dreyer, H.; Grischke, J.; Tiede, C.; Eberhard, J.; Schweitzer, A.; Toikkanen, S.E.; Glöckner, S.; Krause, G.; Stiesch, M. Epidemiology and risk factors of peri-implantitis: A systematic review. J. Periodontal Res. 2018, 53, 657–681. [Google Scholar] [CrossRef]

	



Stavropoulos, A.; Bertl, K.; Pietschmann, P.; Pandis, N.; Schiødt, M.; Klinge, B. The effect of antiresorptive drugs on implant therapy: Systematic review and meta-analysis. Clin. Oral Implant. Res. 2018, 29 (Suppl. 18), 54–92. [Google Scholar] [CrossRef] [PubMed]

	



Schliephake, H.; Sicilia, A.; Nawas, B.A.; Donos, N.; Gruber, R.; Jepsen, S.; Milinkovic, I.; Mombelli, A.; Navarro, J.M.; Quirynen, M.; et al. Drugs and diseases: Summary and consensus statements of group 1. The 5. Clin. Oral Implant. Res. 2018, 29 (Suppl. 18), 93–99. [Google Scholar] [CrossRef] [PubMed]








[image: Dentistry 10 00159 g001 550] 





Figure 1. Initial findings in patient with healthy medical history (risk profile, top left). Tooth 14 was removed due to endodontic complication and ridge preservation was performed at that time. Three months later, implant placement was performed. Implant crown was cemented intraorally on an individualized abutment. Four years after placement, clear peri-implant bone resorption can be seen in radiograph (top right). Bottom left: removed abutment; bottom right: clinical findings of peri-implant mucosa with cement residue on abutment. 
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Figure 2. Initial findings in patient with history of periodontitis and smoking as co-factor (risk profile or traffic light, top left). Five years after implantation, recurrent abscesses formed at this site. X-ray image six years after operation shows vertical degradation patterns of peri-implant bone (top right). 
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Figure 3. Initial findings in healthy patient with two implants in maxilla (risk profile or traffic light, top left). After healing, two crowns were cemented intraorally (initial radiograph, bottom left). Despite clinically and visually inconspicuous status, mesial implant showed rapidly progressive bone resorption a short time later (X-ray, bottom right). 
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Figure 4. Time periods between implant placement and time of consultation. Blue bars indicate absolute number of patients, and line indicates cumulative percentages in corresponding time horizon (years; X-axis). 
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Figure 5. Distribution of periodontally healthy and diseased patients in sample. In 5% of cases, documentation related to this variable could not be evaluated. 
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Figure 6. Oral hygiene status based on periodontitis manifestation (number: number of patients). 
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Figure 7. Smoking status according to patient data based on periodontitis manifestation (number: number of patients). Cig: cigarettes. 
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Table 1. Patient and case characteristics. NA: not available.
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	Gender
	Number of Patients (%)





	Female
	127 (67)



	Male
	63 (33)



	Total
	190 (100)



	Age (years)
	



	Median
	62



	Min.
	24



	Max.
	87



	Referral
	Number of patients (%)



	External
	173 (91)



	Self/In-house
	17 (9)



	Place of implant insertion
	Number of patients (%)



	Alio loco
	86 (45%)



	Referral practice
	87 (46%)



	Center of dental medicine
	17 (9%)



	Systemic involvement
	Number of patients (%)



	Yes
	55 (29%)



	No
	121 (64%)



	NA
	13 (7%)



	Psychological comorbidity
	Number of patients (%)



	Present (certified by specialist)
	11 (6%)



	Not present
	163 (86%)



	NA
	15 (8%)



	Local factors (LFs)
	Number of patients (%)



	Present
	87 (46)



	Absent
	93 (49)



	NA
	10 (5)



	Peri-implant keratinized mucosa width
	Number of patients (%)



	Sufficient
	127 (67)



	Insufficient
	59 (31)



	NA
	4 (2)



	Risk factors
	Number of patients (%)



	Present
	179 (94)



	No clear risk factors
	11 (6)
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Table 2. Prosthetic superstructure and case characteristics. NA: not available.
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	Cleanability of Prosthetic Reconstruction
	Number of Patients (%)





	Easy to clean
	146 (77)



	Moderate
	19 (10)



	Difficult
	18 (9.5)



	Impossible to self-clean
	3 (1.5)



	NA
	4 (2)



	Prosthetic reconstruction
	Number of patients (%)



	Fixed
	167 (88)



	Removable
	19 (10)



	NA
	4 (2)



	Prosthesis
	Number of patients (%)



	Cemented
	95 (50)



	Screwed on
	85 (45)



	Other
	6 (3)



	NA
	4 (2)



	Prosthetic material
	Number of patients (%)



	Metal–ceramic restoration
	156 (82)



	Abutments with bonded ceramic crowns
	8 (4)



	Other
	22 (12)



	NA
	4 (2)



	Prosthetic reconstruction
	Number of patients (%)



	Single crown implants
	86 (45)



	Reconstruction on multiple implants
	100 (53)



	NA
	4 (2)



	Interface between crown and implant on radiograph
	Number of patients (%)



	Gap-free
	86 (45)



	Insufficient
	100 (53)



	NA
	4 (2)
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Table 3. Biological complications and case characteristics. NA: not available.
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Total number of implants

	
682




	
Number of implants with biological complications

	
388




	
Diagnosis

	
Number of patients (%)




	
Peri-implantitis

	
158 (83)




	
Peri-implant mucositis

	
30 (16)




	
NA

	
2 (1)




	
Peri-implantitis

	
Number of patients (%)




	
Single implant

	
97 (51)




	
Multiple implants

	
93 (49)




	
Probing depth         Median

	
5.5 mm      Mean  6 mm




	
Radiographic form of defect

	
Number of patients (%)




	
Horizontal bone loss

	
84 (44)




	
Vertical bone loss

	
59 (31)




	
Marginal radiolucency

	
4 (2)




	
No bone loss visible

	
38 (20)




	
NA

	
5 (3)




	
Bone augmentation

	
Number of patients (%)




	
Guided bone regeneration/

ridge augmentation

	
40 (21)




	
Sinus lift

	
15 (8)




	
No augmentation documented

	
49 (26)




	
NA

	
86 (45)




	
Overall implant positioning

	
Number of patients (%)




	
Optimal implant positioning

	
152 (80)




	
Error in implant positioning

	
17 (19)




	
NA

	
2 (1)




	
Distance to neighboring structure

	
Number of patients (%)




	
Sufficient distance

	
177 (93)




	
Insufficient distance

	
11 (6)




	
NA

	
2 (1)




	
Relative implant positioning (vertical) Number of patients (%)




	
Appropriate insertion depth

	
175 (92)




	
Seated too deeply

	
13 (7)




	
NA

	
2 (1)




	
Relative implant positioning

	
Number of patients (%)




	
Appropriate buccal-lingual position

	
177 (93)




	
Seated too buccally

	
11 (6)




	
NA

	
2 (1)
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