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Abstract



Dental implants have become an often used alternative to replace missing teeth, resulting in an increasing percentage of the adult population with implant supported prosthesis. Although favourable longterm results of implant therapy have been reported, infections occur. Until recently few reports included data on peri-implant infections, possibly underestimating this complication of implant treatment. It is possible that some infections around implants develop slowly and that with time peri-implantitis will be a common complication to implant therapy as an increasing number of patients have had their implants for a long time (>10 years). Data on treatment of periimplant lesions are scarce leaving the clinician with limited guidance regarding choice of treatment. The aim of this thesis was to study the frequency of implant loss and presence of peri-implant lesions in a group of patients supplied with Brånemark implants 9-14 years ago, and to relate these events to patient and site specific characteristics. Moreover three surgical treatment modalities for peri-implantitis were evaluated. The thesis is based on six studies; Studies I-III included 218 patients and 1057 implants followed for 9-14 years evaluating prevalence of, and factors related to implant loss (Paper I) and prevalence of peri-implant infections and related factors (Paper II-III). Study IV is a review describing different treatment modalities of peri-implant infections.







Study V is a prospective cohort study involving 36 patients and 65 implants, evaluating the use of a bone substitute with or without the use of a resorbable membrane. Study VI is a case series with 12 patients and 16 implants, evaluating a bone substitute in combination with a resorbable membrane and submerged healing. This thesis demonstrated that: •



After 9-14 years the survival rates of dental implants are high (95.7%). Implant loss seems to cluster within patients and are related to periodontitis evidenced as bone loss on radiographs at remaining teeth before implant placement. (Paper I)



•



Peri-implantitis is a common clinical entity after 9-14 years. (Paper II)



•



Using the implant as the statistical unit the level of keratinized mucosa and pus were explanatory for a bone level at ≥3 threads (1.8 mm). When the patient was used as a statistical unit a history of periodontitis and smoking were explanatory for periimplantitis. (Paper III)



•



Animal research has demonstrated that re-osseointegration can occur. The majority of human studies were found to be case reports. Using submerged healing and bone transplants, bone fill can occur in peri-implant defects. (Paper IV)



•



Surgical treatment of peri-implantitis using a bone substitute with or without a resorbable membrane resulted in similar pocket depth reduction, attachment gain and defect fill. (Paper V)



•



Bone substitute in combination with a resorbable membrane and a submerged healing resulted in defect fill ≥2 threads (1.2 mm) in 81% of the implants. (Paper VI)



In conclusion: 9-14 years after implant installation peri-implant lesions are a common clinical entity. Smokers and patients with a history of periodontal disease are at higher risk to develop periimplantitis. Clinical improvements and defect fill can be obtained with various surgical techniques using a bone substitute.







Populärvetenskaplig sammanfattning



Dentala implantat har blivit ett ofta använt alternativ för att ersätta förlorade tänder, vilket resulterat i att en ökad andel av den vuxna befolkningen är försedd med implantatförankrad protetik. Trots att fördelaktiga långtidsresultat av implantatbehandling rapporterats förekommer infektioner. Hitintills har endast ett fåtal studier inkluderat data om infektioner runt implantat, vilket troligen lett till att denna komplikation vid implantatbehandling underskattats. Det är möjligt att vissa infektioner runt implantat utvecklas långsamt och att peri-implantit (infektion runt implantat med benförlust) blir en vanlig komplikation vid implantatbehandling, när fler patienter har haft sina implantat en lång tid (>10 år). Det finns begränsad information om hur peri-implantit ska behandlas. Målet med avhandlingen var att studera frekvens av implantatförluster samt förekomst av infektioner runt implantaten i en grupp av patienter som fått Brånemark-implantat installerade för 9-14 år sedan, samt att relatera dessa komplikationer till patient-och implantatspecifika faktorer. Vidare utvärderades tre kirurgiska behandlingsmodeller för peri-implantit. Denna avhandling baseras på sex studier; Studie I-III inkluderar 218 patienter och 1057 implantat som följdes i 9-14 år och utvärderar förekomsten av samt faktorer som kan relateras till implantatförlust och förekomst av samt faktorer relaterade till lesioner runt implantat.
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Studie IV är en översiktsartikel som beskriver behandling av infektioner runt implantat. Studie V är en prospektiv kohortstudie som inkluderar 36 patienter och 65 implantat och som utvärderar användandet av benersättningsmedel med eller utan resorberbart membran. Studie VI är en fallstudie med 12 patienter och 16 implantat och som utvärderar benersättningsmedel i kombination med resorberbart membran och täckt läkning. Denna avhandling visar att; •



Efter 9-14 år finns de flesta implantaten kvar i munnen hos patienterna (95.7%). Patienter som förlorat ett implantat förlorar ofta flera. Implantatförlust är relaterat till förekomst av parodontit (röntgenologisk benförlust på >30 % av tänderna). (Studie I)



•



Peri-implantit är en vanlig klinisk företeelse efter 9-14 år. (Studie II)



•



Vid användandet av implantatet som statistisk enhet förklaras en bennivå på ≥3 gängor (1.8 mm) av förekomst av keratiniserad mukosa och pus. På patientnivå förklaras peri-implantit av parodontit och rökning. (Studie III)



•



Djurstudier har visat att re-osseointgration är möjlig. Majoriteten av humanstudierna är fallstudier. Täckt läkning och bentransplantat kan ge benfyllnad i defekter runt implantat. (Studie IV)



•



Kirurgisk behandling av peri-implantit med ett benersättningsmedel eller benersättningsmedel och ett resorberbart membran resulterade i jämförbara kliniska och röntgenologiska förbättringar. (Studie V)



•



Benersättningsmedel i kombination med resorberbart membran och täckt läkning resulterade i defektfyllnad med ≥2 gängor (1.2 mm) i 81% av implantaten. (Studie VI)



Konklusion: 9-14 år efter implantatinstallation är peri-implantit en vanlig klinisk företeelse. Rökare och patienter med en historia av
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parodontit löper större risk att drabbas av peri-implantit. Klinisk förbättring och utfyllnad av bendefekter kan åstadkommas med olika kirurgiska tekniker med användning av benersättningsmedel.



12



Abbreviations



AB BOP BI CFU CHX CI DFDB e-PTFE G- GBR GI GPAL GPBL HA MR N NA NI NS OPG OR p PAL PI PD PPD rh-BMP 



autogenous bone bleeding on probing bleeding index colony forming units chlorhexidine confidence interval decalcified freeze-dried bone expanded polytetrafluoeethylene membrane gram negative guided bone regeneration gingival index gain of probing attachment level gain of probing bone level hydroxyapatite mucosal recession numbers not applicable/unknown not included in the multivariate analysis not significant orthopantomogram odds ratio p-value probing attachment level/probing attachment gain plaque index pocket depth/probing depth/probing depth reduction probing pocket depth recombinant bone morphogenetic protein
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Introduction



History The use of dental implants is not a new feature in odontology. Archaeologists have found a 5500 year old artificial tooth from Egypt that possibly has been used as an implant (Irish 2004). In 1913 efforts were made to implant artificial crown and bridge abutments (Greenfield 1991). The subperiosteal implant was described in the 1940s. However, due to infection around the implant, it was often removed a short time after placement (Schou et al. 2000). In spite of this, the subperiosteal implant has been considered a long-term treatment option in patients with inadequate bone for placement of screw type implants (Kurtzman & Schwartz 1995). During the last decades titanium dental implants have dramatically changed the treatment of partially and totally edentulous patients. P-I Brånemark described the concept osseointegration, meaning direct bone to implant contact (Brånemark et al.1969). Initially he met a lot of scepticism among colleagues, but his ideas were finally accepted, and are now used worldwide. Today dental implants are a commonly used treatment alternative to removable or conventional fixed partial dentures.



Survival and success rates With implant therapy a new terminology was also introduced; ‘survival and success rate’. Survival rate refers to that the implant is still present in the mouth. Even if there is extensive loss of bone around the implant or if the implant is not used in the supraconstruction the term survival is used. Survival rates in the range of 90-95% have been described in long term studies of 5-10 years (for
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review see, Esposito et al. 1998a, Berglundh et al. 2002, Pjetursson et al. 2004). Adell et al. (1990) reported the survival rate to decrease over the years, and after 15 years the survival rate was 78% in the maxilla and 86% in the mandible. A successful implant should not only be in function. It shall not demonstrate any mobility, peri-implant radiolucency, an annual bone loss >0.2 mm after the first year, pain, infection, neuropathies or paraestesia (Albrektsson et al. 1986, Smith & Zarb 1989).



Bone loss Longitudinal series of standardized radiographs are required to evaluate continuous peri-implant bone level changes. Studies on the Brånemark implant system used in fully edentulous patients have demonstrated an average peri-implant bone resorbtion ranging from 0.9-1.6 mm, from the second stage surgery through the first year in function. A continuous bone resorbtion after the first year in function at a rate of 0.05-0.13 mm per year have been reported (Adell et al. 1981, 1986, Ahlquist et al. 1990, Cox & Zarb 1987, Lindquist et al. 1988). In partially edentulous patients a radiographic bone loss of 0.5mm after the first year in function has been found (Lekholm et al. 1994), and the average bone loss after 10 years was 0.7 mm (Lekholm et al. 1999). In a study by Ekelund et al. (2003) Brånemark implants were followed for more than 20 years. The mean bone level was located 1.6 mm apical to the reference point after 20 years. However the amount of bone loss varied from patients with no bone loss at all to those with large amounts of bone loss. The marginal bone level change during the first year has been explained to result from marginal remodelling, adaptation, surgical trauma and/or loading (Adell et al. 1981, 1986).



Biological complications Biological complications do occur around implants (Mombelli et al. 1987, Mombelli & Lang 1994,1998, Pjetursson et al. 2004). These complications can occur early (before osseointegration has been achieved) or late (after osseointegration has occurred) (Esposito et al. 1998a). Such biological complications can result in implant loss and can occur before or after functional loading (Berglundh et al. 2002). Factors related to implant complications can be divided into
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endogenous (systemic and local) and exogenous (operator or biomaterial related). Surgical trauma, infection, overload and certain local and systemic conditions have been proposed as possible causes of implant loss (Esposito et al. 1998b, Oh et al. 2002). Loss of implants before functional loading has been reported in the range of 0.87.5% and late implant loss in the range of 2.1-11.3% (Berglundh et al. 2002). Peri-implantit mucositis has been described as a reversible inflammation of the soft tissues surrounding implants. If this inflammation is combined with peri-implant bone loss, the term peri-implantitis has been proposed (Albrektsson & Isidor 1994). Peri-implantitis may if not successfully treated lead to a complete disintegration of the implant and ultimately a loss of the implant (Esposito et al. 1998b, Quirynen et al. 2002, Leonhardt et al. 2003). The prevalence of peri-implantitis has been reported in the range of 0-14.4% (for a review see Berglundh et al. 2002). The wide range reported may partly be due to differences in defining the lesion, and in the different length of the follow up. Advanced periodontal disease is reported in the range of 10-15% (Hugosson et al. 1998, 2005, Albandar et al. 1999). However, periodontal destruction is relatively uncommon during the first 20-30 years of function of the permanent dentition (Hugoson et al. 1998). Although peri-implant disease is a different entity and may not completely mirror periodontal disease progression there seems to be several similarities between the diseases (George et al. 1994, Bullon et al. 2004). Therefore, it seems reasonable to anticipate that the frequency of peri-implant lesions will increase as a result of increasing years of function and that implants are often used to replace teeth lost due to periodontal disease. Clinical signs of peri-implantitis are destruction of the crestal bone often seen on radiographs as a crater shaped defect. This is combined with deepening of the peri-implant pocket, bleeding and/or pus after probing, swelling and redness of varying degrees. The accumulation of micro-organisms adjacent to the implant is an important etiological factor. Patients with poor oral hygiene demonstrated more bone loss than in patients with good oral hygiene (Lindquist et al. 1988). A pathological micro flora is established around the implants after a few weeks in the oral cavity (Quirynen et al. 2006) and it has
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been proposed that micro organisms may translocate from teeth to implants. The pockets around teeth may act as reservoirs of bacteria that can colonize implant sites (Apse et al. 1989, Gouvoussis et al. 1997, Koka et al. 1993, Mombelli et al. 1995, Papaioannou et al. 1996, Quirynen 1990, 1996). After years in the oral cavity the microflora adjacent to implants and teeth are quite similar (Renvert et al. 2007). Microbial pathogens associated with periodontitis occur more commonly around implants exhibiting gingival inflammation (George et al. 1994), but also microorganisms such as S. aureus, Enterobacteria and Enterococci, not so often described in periodontal infections are commonly found around infected implants (Leonhardt et al. 1999, Renvert et al. 2007).



Patient related risk factors Smoking has been considered a risk factor for compromised healing following fixture placement (Sadig & Almas 2004), and a deleterious effect of smoking on implant loss has been reported (Bain & Moy 1993, Bain 1996, Wilson & Nunn 1999, Lambert et al. 2000, Wallace 2000, DeLuca et al. 2006, Mundt et al. 2006 ). An increased risk of implant loss, by a factor of 2.5 was reported among smokers by Wilson & Nunn (1999). The number of years of smoking was significantly associated with an increased risk of implant failures (Mundt et al. 2006). The failure rate in smokers was 15-16.6% as compared to 3.6-6.9% in non-smokers (Wallace et al. 2000, Mundt et al. 2006). In a recent meta-analysis comparing smokers and nonsmokers regarding implant failures significantly more failures were found among smokers (Hinode et al. 2006). Smokers treated for peri-implantitis demonstrated less favourable results (Leonhardt et al. 2003). Periodontitis has been reported to be a risk factor for peri-implantitis (Karoussis et al. 2003). Patients who had lost teeth due to periodontitis demonstrated lower survival rates for implants (90.5%) compared to patients without periodontitis (96.5%). Baelum & Ellegaard (2004) reported a survival rate of 78% for one-stage implants in periodontitis patients, which is lower than reported in many other long-term follow-up studies. Patients with a history of aggressive periodontitis demonstrated more peri-implant bone loss than patients with chronic periodontitis (Mengel & Florence-de-Jacoby
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2005). In two recent reviews (van der Weiden et al. 2005, Schou et al. 2006) it was concluded that patients with a history of periodontitis seem to run a greater risk for loss of supporting bone and to get peri-implantitis as compared to patients without such a history. Reports have also demonstrated that patients with carriage of interleucin-1 polymorphism gene in combination with heavy smoking have more peri-implant bone loss (Feloutzis et al. 2003.) Laine et al. (2006) found that the interleukin-1 receptor antagonist gene allele 2 carriers were associated with peri-implantitis, and may represent a risk factor. Periodontitis and diabetes were statistically associated with peri-implantitis (Ferreria et al. 2006). However, evidence of the impact of systemic diseases on the success of implant therapy is low (Mombelli & Gionca 2006).



Treatment Several uncertainties remain regarding treatment of peri-implantitis. In dog studies several treatment models have been evaluated. Ericsson et al. (1996) using systemic antimicrobial therapy in combination with surgical curettage of the defect and cleaning of the implants demonstrated an improvement of the clinical status. Animal research has shown that it is possible to obtain re-osseointegration on a previously infected implant surface and to regenerate bone in experimentally created peri-implant defects (Jovanovic et al. 1993, Hürzeler et al. 1997, Schou et al. 2003a,b, Persson et al. 2001, Shibli et al. 2003, Kolonidis et al. 2003). Hürzeler et al. (1997) evaluated different treatment models in combination with submerged healing. They found that the use of a membrane alone or in combination with grafts resulted in bone regeneration. In a non-submerged model membrane alone, bone graft alone or the two in combination was analyzed by Machado et al. (1999, 2000). All three methods enhanced the hard tissue fill and re-osseointegration was partial in peri-implantitis defects in dogs. In a recent paper Schwarz et al. (2006a) concluded that submerged healing improved the clinical healing outcome compared to non-submerged healing. Accordingly re-osseointegration seems to be possible and regeneration of experimentally induced defects can occur in animal models. Clinical evidence regarding treatment outcome of peri-implantitis in humans is limited. There is some human case reports published. Mombelli et al. (2001) reported improved clinical conditions using
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local antibiotics in combination with mechanical debridement of the peri-implant pockets. Buchmann et al. (1996, 1997) reported both clinical and radiographic (1.6 mm bone fill) improvements with closed debridement. Using a membrane, bone fill in peri-implant defects in the range of 50-80% has been achieved (Hämmerle et al. 1995, Lehman et al. 1992, Goldman 1992). Combinations of a non-resorbable membrane and a graft (autogenous bone, freezedried allografts or hydroxyapatite) have also been used (Kraut & Judy 1991, Zablotzky 1992, Mellonig & Triplett 1993, Bell et al. 1994, Mellonig et al. 1995, Buchmann et al. 1997, Artzi et al. 1998). Membrane exposure and thereby infection were reported in almost all studies using a non-resorbable membrane. However, Ibbot et al. (1993) used a resorbable collagene membrane in one case and reported it to be successful. A resorbable membrane in combination with autogenous bone resulted in complete bone regeneration (von Arx et al. 1997). In a case series Schwarz et al. (2006b) reported clinical improvements using a bone substitute and a resorbable membrane without submerged healing. Limited data exist from comparative clinical trials. Bach et al. (2000) demonstrated positive effects of diode laser in maintenance after surgical treatment of peri-implantitis. Khoury & Buchmann (2001) compared three different regenerative techniques, 1) autogenous bone alone, 2) autogenous bone plus a non-resorbable membrane, 3) autogenous bone plus a resorbable membrane, in combination with submerged healing. A mean defect fill of 1.7-2.5 mm was achieved. No statistical difference between treatments was found. The use of resective surgical approaches and smoothing of the implant surfaces in order to reduce plaque formation has been reported to improve the long term survival of implants (Romeo et al. 2005, 2007). The effect of anti-infective therapy in treatment of peri-implantitis was reviewed by Klinge et al. (2002). They concluded that there was no evidence to support anti-infective treatment strategies although beneficial clinical effects had been shown. However, the studies included a small number of patients and the periods were short.
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Final remarks Lost teeth, irrespective reason, are nowadays often replaced by dental implants. Long term (10 years) studies reporting a survival rate of around 95% are sometimes used to justify replacement of periodontitis affected teeth with dental implants. It should however be kept in mind that the survival rate of teeth over their 10 first years in function is far better than 95% and that treatment of periodontitis affected teeth has a good long term prognosis (Hirschfeld & Wasserman 1978, Mcfall 1982, Goldman et al. 1986). Extractions of periodontitis affected teeth in order to preserve bone for implant therapy do not seem to be justified. The question is not teeth or implants. It is how teeth sometimes can be combined with implants in the benefit of the patient.
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Aims



To study, in a group of patients treated with dental implants 9-14 years ago: •



the outcome of titanium implant therapy, and possible associations between implant loss and various factors (Paper I)



•



prevalence of peri-implant lesions around titanium implants (Paper II)



•



factors related to peri-implant lesions, on implant and patient basis (Paper III)



Review of studies on treatment of peri-implant infections: •



to present available information on treatment of mucositis and peri-implantitis (Paper IV)



To study different surgical approaches for peri-implantitis: •



to compare two different techniques employing a bone substitute with or without a resorbable membrane and non submerged healing (Paper V)



•



to evaluate surgical treatment of peri-implantitis using a bone graft substitute, covered with a resorbable membrane in a submerged healing situation (Paper VI)
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Hypothesis



The hypotheses of the studies were: •



Patients with a history of periodontitis are at greater risk to experience implant loss than non-periodontitis patients



•



Mucositis and peri-implantitis are frequent findings in patients who have their implants installed 10 years ago



•



Patients with a history of periodontal disease are at risk to develop peri-implantitis



•



Treatment of peri-implantitis lesions with a bone substitute may lead to defect fill and improved soft tissue conditions



•



There is no difference in defect fill whether a bone-substitute is used in combination with a resorbable membrane or not



•



Submerged healing results in defect fill and clinical healthy tissues
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Materials and methods



Paper I-III Paper I, II and III reports on patients treated with titanium implants (Brånemark, Nobel Biocare®, Sweden) at the Public Dental Health Service in Kristianstad, Sweden, during a period from January 1988 to December 1992. During this interval, a total of 294 patients were provided with implant supported fixed or removable restorations. After placement of the suprastructure the patients where referred back to their general dentist for supportive therapy. One and 5 years after placement of the suprastructure, the patients where examined at the Department of Prosthodontics and new sets of intraoral radiographs were obtained. Between January 2000 and December 2002 the patients were again called in for a clinical and long-cone radiographic examination. This final examination, on which the main outcome data of these papers are based was performed 9-14 years after suprastructure placement. Out of the initial 294 patients treated, 218 (74%) of the patients supplied with 1057 implants accepted to participate in the study. 22 patients had died and 54 patients did not want to or were unable to attend the clinical examination due to health problems. In 40 out of the 54 “drop-out” patients, radiographs from the 5-year control were available.
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The clinical examination consisted of an update of the medical and dental history. The following parameters were included; •



age



•



gender



•



dental status (dentate/edentulous) at time of implant placement



•



years of education



•



number of dental visits (dentist and dental hygienist) since placement of the suprastructure



•



smoking habits (current smoker, former smoker, never smoking; if current or former smoker, numbers of cigarettes/day were used to calculate pack-years)



•



medical history (focus on diabetes, osteoporosis and coronary heart disease)



•



medication (number of different drugs used daily at the time of examination)



•



number of implants placed



•



implant position (maxillary; mandibulary; anterior = incisorcuspid region; posterior = premolar-molar region)



•



keratinized mucosa (measured in mm at the buccal marginal portion of the implant mucosa)



•



probing depth measured at 4 sites (mesial, buccal, distal and lingual) of each implant to the nearest mm using a plastic probe with 0.25 N force (Hawe Click-Probe®, KerrHawe SA, Bioggio, Swizerland)



•



bleeding on probing score [total score for both teeth and implants (full mouth) and for implants alone, measured at 4 sites per tooth and implant and expressed as a percentage. The bleeding scores were also expressed into 3 categories: 0-20%, 21- 50% and 51-100%]



•



suppuration if apparent following probing



•



plaque score [presence/absence of plaque after using a disclosing dye; total score for both teeth and implants (full mouth) and for implants alone, measured at 4 sites per tooth and implant and expressed as a percentage of examined sites]
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•



percentage of remaining teeth before extraction initiated by implant therapy or at implant placement with bone loss ≥ 4mm (measured by author A-M.R.J. from the cemento-enamel junc tion on radiographs). The extent of bone loss within the mouth was divided into 3 categories: 0-30%, 31-50% and 51-100% of teeth with bone loss ≥4 mm at mesial and/or distal aspect



•



number of implant threads and mm not supported by bone at the mesial and distal aspects of the implant on the radiographs obtained 1 year after placement of the suprastructure and final examination (the implant collar measure 1.3 mm and the distance between the threads is 0.6 mm). The bone level was divided in two categories: 12 months, the numbers of patients with a 2nd event were compared using Fisher’s exact test (Altman 1991). 28



Paper III: Outcome data on mucositis, bone level and peri-implantitis respectively, were considered. The effects of several potentially explanatory variables on each of those binary outcomes were analyzed. Logistic regression with random effects was employed. First, the effect of each explanatory variable was examined in univariate analyses. Each explanatory variable with a p-value 1-5 years in the examined patients were compared with implant loss in the dropout group with radiographs available at 5-year follow-up (Table 2). Three implants (0.3%) in 2 patients (0.9%) were lost between >1-5 years in the study group compared to 4.5% of implants in 11.1% of patients in the drop-out group. More implants were lost in the maxilla compared to implants in the mandible. Table 1. Implant loss in the study group in percent Early



1 year



Late (>1-5 year)



Late (>5 year)



Patients N=218



6.9



2.3



0.9



1.4



Implants N=1057



2.7



0.7



0.3



0.7
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Table 2. Implant loss in the drop-out group in percent Early



1 year



Late (>1-5 year)



Patients N=40



7.5



2.7



11.1



Implants N=193



1.5



1.5



4.5



Time to 1st event For 22 out of the 218 patients, at least 1 event occurred. With 1st event as the end-point, only >30% of teeth with bone loss ≥4 mm were statistically significant as an explanatory factor (log rank test p=0.001). In Fig. 1, patients with bone loss at >30% of teeth , ≤30% of teeth and edentulous patients are depicted. Two other variables showed a tendency (p 
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