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Abstract

:

This retrospective study aimed to investigate the survival rate of implants from 5 to 10 years after the placement of implant-supported fixed dental prostheses (ISFDPs) and the management of implant loss in the elderly population. Elderly patients (≥65 years old) who had been treated with ISFDPs and followed up with for at least 5 years between October 2009 and March 2020 were enrolled. Patient profiles and implant-related data were extracted. The survival rate of implants up to 5 years as well as the 10-year cumulative survival rate were evaluated. The management of implant loss and prosthetic interventions were also investigated. In total, 195 patients (mean age: 70.1 ± 4.5 years old) and 687 implants (287 ISFDPs) were assessed. The 5-year survival rate was 99.0% and the 10-year cumulative survival rate was 98.1%. Seven of the eleven implants lost were lost due to peri-implantitis. Only three implants in two patients were placed after the loss of the implants; most were restored using non-invasive procedures. Two patients underwent a conversion from ISFDPs to removable prostheses. This study showed that high survival rates were observed in an elderly population with ISFDPs and that non-invasive procedures were often applied after the loss of an implant.
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1. Introduction


The proportion of persons aged 65 years old or older is increasing in Japan, and Japan is already a super-aged society, with more than 21% of the population being 65 years old or older [1]. The increasing demand for dental interventions for edentulous or partially edentulous patients has been noted [2,3]. Implants are regarded as one of the main treatment modalities for the elderly population with partially or completely edentulous arches [4,5]. In general, previous reports have proven that dental implant treatments for partially or completely edentulous patients could be a solution to declined oral function and poor aesthetics [6,7,8,9,10]. Although aging exerts a certain effect on systemic and oral health [11,12], previous studies have shown that aging alone does not affect implant treatment and its prognosis [13,14,15,16]. However, aging-associated factors, such as systemic diseases, and peri-implant tissue inflammation due to a poor oral hygiene capacity might be risk factors affecting the longevity of implants [17]. All patients have potential risks regarding difficulty attending maintenance appointments for their implants and prostheses, depending on their age. Previous studies have also suggested the need for effective management for future maintenance [18,19,20]. This includes the improvement and simplification of the intraoral condition. In addition, oral care carried out by the patients and caregivers must be simple. However, these conditions depend on their oral environments. Dentists and dental hygienists need to know the oral condition of elderly patients with implant-supported prostheses.



Implant-related complications have been categorized into two main types: biological and technical complications [21,22]. Although previous systematic reviews have reported that these complications can be risk factors for implant loss [23,24,25,26,27,28], prosthetic management after implant loss, especially in the elderly population, has not been reported on proactively. The reason for implant loss must be understood in order to discuss how to manage these complications in the elderly population for future maintenance in a longitudinal study.



This retrospective study investigated the survival rate of implants in the elderly population after the use of implant-supported fixed dental prostheses (ISFDPs) in a university hospital. In addition, prosthodontic management after implant loss were investigated to inform the discussion on the management of ISFDPs in the elderly population. The hypothesis of this study was that implant treatments with ISFDPs for the elderly population could have a high success rate, and management after the loss of implants was also considered successfully.




2. Materials and Methods


2.1. Ethics


Ethics approval for the present study was obtained from our institutional ethical review board (#2021-449). The institutional review board confirmed that the requirement to obtain informed consent was waived due to this being a retrospective observational study. This observational study was conducted according to the guidelines of Strengthening the reporting of observational studies in epidemiology (STROBE). All patients included in this study provided informed consent prior to implant treatment.




2.2. Study Subjects


This retrospective study aimed to analyze elderly patients (≥65 years old) who had been treated with ISFDPs and were followed up with between October 2009 and March 2020 in Kyushu University Hospital. This study was designed as a longitudinal retrospective study, and patients who had been followed for at least 5 years after the placement of definitive ISFDPs were enrolled in this study. The patients who had been treated with implant-supported removable prostheses, such as implant overdentures (IODs) or implant-assisted removable partial dentures (IARPDs), were excluded from the study. Patients who experienced implant loss within 5 years were included in the data analyses.




2.3. Data Collection and Analyses


Data collected from the patients’ medical charts retrospectively were used for the analyses. The following items were extracted; age at the placement of the ISFDP (baseline), gender, number of implants, number of units of the ISFDP (single, 2-unit by two implants, or ≥3-unit by two or more implants), implant position (number of units and anterior: incisors and canine, posterior: premolars and molars, or combination), jaws (maxilla or mandible), retention type (screw: SC or cement: CM), and materials of the definitive ISFDPs (metal: M, metal–resin: MR, metal–ceramic: MC, all ceramic (other than monolithic zirconia): AC, or monolithic zirconia: MnZ). The functioning periods, including the loss of implants, were also extracted. In cases of lost implants, the functioning periods were defined as the periods from the placement of the definitive ISFDPs to the time of implant loss.



The survival rate of implants up to 5 years was calculated. The 10-year cumulative survival rate was also evaluated with Kaplan–Meier curves. The interventions used after the loss of implants were also evaluated. In addition, we extracted the patients whose prosthetic designs were changed for any reason.





3. Results


3.1. Study Subjects and Implants


The retrospective medical chart review showed that a total of 1220 patients received 3808 implants and 1866 prostheses from October 2009 to March 2020, and 195 of them, 76 males and 119 females with a total of 687 implants and 287 prostheses, were included in the study based on the inclusion and exclusion criteria (Table 1). The mean age was 70.1 ± 4.5 years old (male: 69.9 ± 4.7, female: 70.2 ± 4.4 years old). The total number of implants and ISFDPs in these patients was 687 (maxilla: 339, mandible: 348) and 287 (maxilla: 133, mandible: 154), respectively. Detailed information on the implants is given in Table 2 and Table 3.




3.2. Survival Rates and Detailed Information for the Lost Implants and Their Management


The survival rate of implants after the delivery of ISFDPs was shown using Kaplan–Meier curves (Figure 1).



In the first 5 years, seven implants in six patients were lost, and the 5-year survival rate was 99.0%. Additional lost implants from 5 years to 10 years included four implants in four patients, and the 10-year cumulative survival rate was 98.1% (Table 4).



Detailed information on the lost implants is shown in Table 5. In the first 5 years, all the lost implants had been placed in molar sites and were screw-retained. No single unit implants were lost. The materials of the suprastructures in the lost implants included four metal–resin prostheses (4/122:3.3%) and three metal–ceramic prostheses (3/133:2.3%). One implant was removed due to the patient’s discomfort. This patient was rehabilitated with an IARPD using the remaining implant. Six implants in five patients were lost due to peri-implantitis. After the loss of the implants, two patients underwent implant placement again. One of them had two more implants adjacent to the lost site (lost: 46, and new implants: 44 and 45) and the other chose a removable partial denture (RPD) at first but later chose to have an implant at the lost site. An RPD was placed in one patient. Two patients underwent modification of their suprastructures. From 5 years up to 10 years, all the lost implants had been placed in molars (two implants) and premolars (two implants) and were screw-retained. The materials of the suprastructures in the lost implants included three metal–resin prostheses (3/122:2.5%) and one metal–ceramic prosthesis (1/133:0.8%). Two implants were lost due to peri-implantitis. One implant was lost in connection with bone resection due to gingival cancer and the other one was lost due to bone resorption without remarkable inflammation. After the loss of the implants, one patient was rehabilitated with IARPD, and an RPD was placed for one patient. Two patients were managed with the modification of the suprastructure.




3.3. Conversion of the Suprastructure from a Fixed to Removable Prosthesis without Implant Loss


A conversion of the suprastructure without implant loss was conducted in only two patients. One patient (86 years old at baseline, male) was rehabilitated with a complete ISFDP in the maxilla. He was also treated with a complete ISFDP in the mandible prior to the inclusion period. Both prostheses were changed into IODs. The IODs were fabricated due to the caregiver’s suggestion (difficulty of cleaning) (Figure 2). The other female patient was 70 years old at baseline. Her left and right molars in the mandible were restored with ISFDPs during the inclusion period. A maxillary complete ISFDP had been placed prior to the inclusion period. This prosthesis was changed into an IOD because of the mucosal inflammation beneath the prosthesis. Alterations to IOD improved their chief complaints, resulting in better cleaning and inflammation extinction (Figure 3).





4. Discussion


This study clearly showed the high survival rate of implants in the elderly population after the delivery of ISFDPs after 5 years and up to 10 years. This study evaluated the survival rate of implants after the use of ISFDPs, meaning that all implants included in this study had achieved osseointegration successfully. These findings support previous studies that suggested that ISFDPs are a predictable long-term treatment option in the elderly population [13,14,15,16]. Eight of the eleven lost implants were due to peri-implantitis and one implant was lost due to bone resorption without inflammation. These implants were diagnosed with no prospect of recovery and were removed under the informed consent of patients. One implant was lost with resection of the bone due to gingival cancer. In total, ten implants were lost due to biological complications and one implant was removed due to a psychological reason (the patient claimed discomfort but no medical problem was indicated) without any other complications such as peri-implantitis, implant fracture, and so on. This retrospective analysis showed that biological complications, including peri-implant mucositis, peri-implantitis, and bone resorption, occurred in at least 23 patients in 5 years and 16 patients in 10 years (these complications were extracted from medical charts; some complications, especially slight or mild peri-implant mucositis, might not have been recorded in the medical chart). No implants were lost due to technical complications such as implant fracture, although technical complications were identified in at least 18 patients after 5 years and 6 patients after 10 years (abutment screw loosening or the wear/chipping of the veneering materials. Similar to the biological complications, some of these complications, especially minor ones, might not have been recorded in the medical chart).



Peri-implantitis can be attributed to plaque accumulation. Poor plaque control skills and a lack of regular maintenance care after the placement of prostheses increase the morbidity risk [29]. Previous studies showed the wide range of prevalence of peri-implantitis [30,31,32]. The importance of regular maintenance to prevent biological complications has been reported [33,34]. The subjects in this study were followed up with for at least 5 years, and this suggested that regular maintenance by dentists and/or dental hygienists contributed to the high survival rate. However, the prognosis of the patients who were not followed up with professionals should be of concern, and maintenance by other dentists should be requested to avoid severe issues as much as possible, along with providing some information about implant treatment [18]. In regard to chemical plaque control in the present study, although chlorhexidine (CHX) has been the most popular and is proven to be an effective oral rinse [35], we did not use CHX for this purpose because the use of CHX on mucosal surfaces including the oral cavity has not obtained pharmaceutical approval in Japan. The use of CHX on our patients has a possibility to reduce the chance of peri-implantitis.



In the present study, all the lost implants were a submerged type with a butt-joint connection between the implant body and abutment. This had some possibility to increase the chance of peri-implantitis in the present study. Due to the presence of a microgap, microleakage can occur at the implant–abutment connection of this type [36] and it leads to the accumulation of bacteria and subsequent inflammation and bone resorption. In contrast, a non-submerged-type implant does not have a microgap near the bone, and a submerged-type implant with a platform-shifting and conical connection between the implant body and abutment can reduce the risk of microleakage [36]. The use of a non-submerge type or a submerged type with a conical connection implant may reduce the risk of peri-implantitis.



In addition, one implant was lost due to bone resorption without definite inflammation. Although a correlation between occlusal overload or occlusal trauma and peri-implant bone loss has been suggested, this correlation has only been rarely reported, and little evidence has been provided to support a cause-and-effect relationship in humans [37,38]. More specific research and findings are required. Even if occlusal inappropriateness is not necessarily correlated with implant failure, a significant relationship has been reported between the distribution of occlusal contacts and temporomandibular disorder [39]. Occlusal contact should be checked at every check-up.



One implant was removed with resection of the bone due to gingival cancer. In this case, the implant was placed in the bone and was scheduled to be resected. However, chemotherapy and radiotherapy in the craniofacial area has an adverse effect on the prognosis of an implant placed even at the distant site to tumor [40]. In such cases, the prevention of peri-implant mucositis and subsequent peri-implantitis should be considered. Granulocyte-macrophage colony-stimulating factor therapy is a possible candidate to prevent and treat mucositis [41].



Two of the ten patients underwent implant placement again after the loss of the implant. One patient had received implants at mandibular molar sites bilaterally. One implant was lost during the observation period and an additional implant was placed. The other patient had RPD just after the loss of the implant and subsequently received two implants. He was rehabilitated with two ISFDPs in the mandible. However, further follow-up was impossible because of ill health. As mentioned above, offering information on implant treatment should be considered.



Management using IARPD in two patients and the modification of the suprastructure in four patients were identified. Both management strategies were non-invasive procedures and cost-efficient. Although the effects of IARPD and a shortened dental arch (SDA) on oral health-related quality of life were reported [42,43], few studies have evaluated the treatment effects after conversion from ISFDP. However, in the elderly population, less invasive procedures should be considered depending on the systemic conditions of the patient, and simplifying the oral environment and oral care is recommended for future maintenance [19,20]. In addition, a patient who lost a single unit implant was also rehabilitated with RPD. Future studies will be required to assess the effect of the alteration of the prosthesis, especially from fixed to removable, on the function or the patient’s satisfaction after any trouble with their implants.



Two patients experienced the conversion of their prostheses from fixed to removable ones. Both patients showed inflammation of the mucosa beneath a full arch ISFDP. The conversion to a removable prosthesis clearly improved the mucosal condition. A previous study showed that the ease of cleaning was significantly better with removable prostheses compared to fixed ones [44]. This procedure might lead to the simplification of prostheses and oral care, which has been recommended for future maintenance [20]. However, more detailed information, such as a functional and psychological assessment, should be obtained and compared with a sufficient number of subjects.



The limitations of present study are as follows. First, in the present study, all subject which fulfilled the inclusion criteria (and did not meet the exclusion criteria) were enrolled and general health status was not considered. Diabetes or other general health conditions may have a strong impact on the prognosis of the implant. Next, since this study was conducted in a retrospective manner and the subjects were collected only from one general hospital, there may be a bias in the enrolled subjects. Especially, subjects were limited to outpatients who could attend by themselves or at least with carers. Subjects who could not attend our hospital, such as ones who received intensive nursing care at home or at a nursing house, were not enrolled. In addition, we limited the subjects to the elderly. Comparisons with younger patients will be valuable for a deeper understanding of the prognosis of implants with ISFDPs.




5. Conclusions


Within the limitations of this study, the implants and ISFDPs showed a high survival rate in the elderly population for up to 10 years. Peri-implantitis was the major reason for implant loss, suggesting the importance of regular maintenance. In most patients, less- or non-invasive procedures were used after the loss of implants. In some patients, efforts to simplify the oral environment and oral care were employed, as previous studies have recommended. Further studies to assess the effect of these procedures are required.







Author Contributions


Conceptualization, M.K. and Y.M.; methodology, M.K. and Y.M.; validation, K.O. and T.M.; formal analysis, T.T. and K.O.; investigation, T.T., M.K., T.M. and Y.M.; data curation, T.T.; writing—original draft preparation, T.T. and M.K.; writing—review and editing, Y.A. and K.K.; visualization, T.T.; supervision, Y.A. and K.K.; project administration, Y.A. and K.K. 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 study was approved by the Institutional Review Board of Kyushu University Hospital (#2021-449 and date of approval: 16 March, 2022) and was conducted according to the guidelines of Strengthening the reporting of observational studies in epidemiology (STROBE).




Informed Consent Statement


Patient consent was waived due to this being a retrospective observational study.




Data Availability Statement


The datasets generated during the current study are available from the corresponding author on reasonable request.




Acknowledgments


The authors thank Yoichiro Ogino, Section of Fixed Prosthodontics, Division of Oral Rehabilitation, Faculty of Dental Science, Kyushu University, for his assistance in data curation, statistics, and manuscript preparation.




Conflicts of Interest


One of the authors (K.K.) belongs to the Division of Advanced Dental Devices and Therapeutics, Faculty of Dental Science, Kyushu University. This division is endowed by GC Corporation, Tokyo, Japan. However, GC Corporation had no specific role in this study. The other authors declare no conflict of interest.




References


	



Arai, H.; Ouchi, Y.; Toba, K.; Endo, T.; Shimokado, K.; Tsubota, K.; Matsuo, S.; Mori, H.; Yumura, W.; Yokode, M.; et al. Japan as the front-runner of super-aged societies: Perspectives from medicine and medical care in Japan. Geriatr. Gerontol. Int. 2015, 15, 673–687. [Google Scholar] [CrossRef]

	



Hoeksema, A.R.; Spoorenberg, S.; Peters, L.L.; Meijer, H.; Raghoebar, G.M.; Vissink, A.; Wynia, K.; Visser, A. Elderly with remaining teeth report less frailty and better quality of life than edentulous elderly: A cross-sectional study. Oral Dis. 2017, 23, 526–536. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, A.; Felton, D.A.; Jemt, T.; Koka, S. Rehabilitation of Edentulism and Mortality: A Systematic Review. J. Prosthodont. 2019, 28, 526–535. [Google Scholar] [CrossRef] [PubMed]

	



Becker, W.; Hujoel, P.; Becker, B.E.; Wohrle, P. Dental Implants in an Aged Population: Evaluation of Periodontal Health, Bone Loss, Implant Survival, and Quality of Life. Clin. Implant Dent. Relat. Res. 2016, 18, 473–479. [Google Scholar] [CrossRef] [PubMed]

	



Bakker, M.H.; Vissink, A.; Meijer, H.J.A.; Raghoebar, G.M.; Visser, A. Mandibular implant- supported overdentures in (frail) elderly: A prospective study with 20-year follow-up. Clin. Implant Dent. Relat. Res. 2019, 21, 586–592. [Google Scholar] [CrossRef]

	



Block, M.S. Dental Implants: The Last 100 Years. J. Oral Maxillofac. Surg. 2018, 76, 11–26. [Google Scholar] [CrossRef] [PubMed]

	



Bassir, S.H.; El Kholy, K.; Chen, C.Y.; Lee, K.H.; Intini, G. Outcome of early dental implant placement versus other dental implant placement protocols: A systematic review and meta-analysis. J. Periodontol. 2019, 90, 493–506. [Google Scholar] [CrossRef] [PubMed]

	



Ramani, R.S.; Bennani, V.; Aarts, J.M.; Choi, J.J.E.; Brunton, P.A. Patient satisfaction with esthetics, phonetics, and function following implant-supported fixed restorative treatment in the esthetic zone: A systematic review. J. Esthet. Restor. Dent. 2020, 32, 662–672. [Google Scholar] [CrossRef] [PubMed]

	



Bezerra, A.P.; Gama, L.T.; Pereira, L.J.; van der Bilt, A.; Peyron, M.A.; Rodrigues Garcia, R.C.M.; Gonçalves, T.M.S.V. Do implant-supported prostheses affect bioavailability of nutrients of complete and partially edentulous patients? A systematic review with meta-analysis. Clin. Nutr. 2021, 40, 3235–3249. [Google Scholar] [CrossRef]

	



Tallarico, M.; Baldini, N.; Gatti, F.; Martinolli, M.; Xhanari, E.; Meloni, S.M.; Gabriele, C.; Immacolata, L.A. Role of New Hydrophilic Surfaces on Early Success Rate and Implant Stability: 1-Year Post-loading Results of a Multicenter, Split-Mouth, Randomized Controlled Trial. Eur. J. Dent. 2021, 15, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Lamster, I.B.; Asadourian, L.; Del Carmen, T.; Friedman, P.K. The aging mouth: Differentiating normal aging from disease. Periodontol. 2000 2016, 72, 96–107. [Google Scholar] [CrossRef] [PubMed]

	



Raphael, C. Oral Health and Aging. Am. J. Public Health 2017, 107, S44–S45. [Google Scholar] [CrossRef] [PubMed]

	



Park, J.C.; Baek, W.S.; Choi, S.H.; Cho, K.S.; Jung, U.W. Long-term outcomes of dental implants placed in elderly patients: A retrospective clinical and radiographic analysis. Clin. Oral Implants Res. 2017, 28, 186–191. [Google Scholar] [CrossRef] [PubMed]

	



Srinivasan, M.; Meyer, S.; Mombelli, A.; Müller, F. Dental implants in the elderly population: A systematic review and meta-analysis. Clin. Oral Implants Res. 2017, 28, 920–930. [Google Scholar] [CrossRef]

	



Bertl, K.; Ebner, M.; Knibbe, M.; Pandis, N.; Kuchler, U.; Ulm, C.; Stavropoulos, A. How old is old for implant therapy in terms of early implant losses? J. Clin. Periodontol. 2019, 46, 1282–1293. [Google Scholar] [CrossRef]

	



Etöz, O.; Bertl, K.; Kukla, E.; Ulm, C.; Ozmeric, N.; Stavropoulos, A. How old is old for implant therapy in terms of implant survival and marginal bone levels after 5-11 years? Clin. Oral Implants Res. 2021, 32, 337–348. [Google Scholar] [CrossRef]

	



Compton, S.M.; Clark, D.; Chan, S.; Kuc, I.; Wubie, B.A.; Levin, L. Dental Implants in the Elderly Population: A Long-Term Follow-up. Int. J. Oral Maxillofac. Implants 2017, 32, 164–170. [Google Scholar] [CrossRef]

	



Sato, Y.; Koyama, S.; Ohkubo, C.; Ogura, S.; Kamijo, R.; Sato, S.; Aida, J.; Izumi, Y.; Atsumi, M.; Isobe, A.; et al. A preliminary report on dental implant condition among dependent elderly based on the survey among Japanese dental practitioners. Int. J. Implant Dent. 2018, 4, 14. [Google Scholar] [CrossRef]

	



Sato, Y.; Koyama, S.; Ohkubo, C.; Ogura, S.; Kamijo, R.; Sato, S.; Aida, J.; Izumi, Y.; Atsumi, M.; Isobe, A.; et al. Dental implant care and trouble among dependent patients based on the questionnaire survey among Japanese dental practitioners. BMC Oral Health 2020, 20, 335. [Google Scholar] [CrossRef]

	



Hagiwara, Y.; Ohyama, T.; Yasuda, H.; Seki, K.; Ikeda, T. Dental implant status in elderly individuals requiring domiciliary dental care in Japan. Int. J. Implant Dent. 2021, 7, 53. [Google Scholar] [CrossRef]

	



Pjetursson, B.E.; Heimisdottir, K. Dental implants-are they better than natural teeth? Eur. J. Oral Sci. 2018, 126 (Suppl. S1), 81–87. [Google Scholar] [CrossRef] [PubMed]

	



Riemann, M.; Wachtel, H.; Beuer, F.; Bolz, W.; Schuh, P.; Niedermaier, R.; Stelzle, F. Biologic and Technical Complications of Implant-Supported Immediately Loaded Fixed Full-Arch Prostheses: An Evaluation of Up to 6 Years. Int. J. Oral Maxillofac. Implants 2019, 34, 1482–1492. [Google Scholar] [CrossRef] [PubMed]

	



Jung, R.E.; Zembic, A.; Pjetursson, B.E.; Zwahlen, M.; Thoma, D.S. Systematic review of the survival rate and the incidence of biological, technical, and aesthetic complications of single crowns on implants reported in longitudinal studies with a mean follow-up of 5 years. Clin. Oral Implants Res. 2012, 23 (Suppl. S6), 2–21. [Google Scholar] [CrossRef] [PubMed]

	



Zembic, A.; Kim, S.; Zwahlen, M.; Kelly, J.R. Systematic review of the survival rate and incidence of biologic, technical, and esthetic complications of single implant abutments supporting fixed prostheses. Int. J. Oral Maxillofac. Implants 2014, 29, 99–116. [Google Scholar] [CrossRef]

	



Millen, C.; Brägger, U.; Wittneben, J.G. Influence of prosthesis type and retention mechanism on complications with fixed implant-supported prostheses: A systematic review applying multivariate analyses. Int. J. Oral Maxillofac. Implants 2015, 30, 110–124. [Google Scholar] [CrossRef]

	



Meijer, H.J.A.; Boven, C.; Delli, K.; Raghoebar, G.M. Is there an effect of crown-to-implant ratio on implant treatment outcomes? A systematic review. Clin. Oral Implants Res. 2018, 29 (Suppl. S18), 243–252. [Google Scholar] [CrossRef]

	



Graziani, F.; Chappuis, V.; Molina, A.; Lazarin, R.; Schmid, E.; Chen, S.; Salvi, G.E. Effectiveness and clinical performance of early implant placement for the replacement of single teeth in anterior areas: A systematic review. J. Clin. Periodontol. 2019, 46 (Suppl. S21), 242–256. [Google Scholar] [CrossRef]

	



Adler, L.; Buhlin, K.; Jansson, L. Survival and complications: A 9- to 15-year retrospective follow-up of dental implant therapy. J. Oral Rehabil. 2020, 47, 67–77. [Google Scholar] [CrossRef]

	



Schwarz, F.; Derks, J.; Monje, A.; Wang, H.L. Peri-implantitis. J. Periodontol. 2018, 89 (Suppl. S1), S267–S290. [Google Scholar] [CrossRef]

	



Rakic, M.; Galindo-Moreno, P.; Monje, A.; Radovanovic, S.; Wang, H.L.; Cochran, D.; Sculean, A.; Canullo, L. How frequent does peri-implantitis occur? A systematic review and meta-analysis. Clin. Oral Investig. 2018, 22, 1805–1816. [Google Scholar] [CrossRef]

	



Muñoz, V.; Duque, A.; Giraldo, A.; Manrique, R. Prevalence of Peri-implant Disease According to Periodontal Probing Depth and Bleeding on Probing: A Systematic Review and Meta-Analysis. Int. J. Oral Maxillofac. Implants 2018, 33, e89–e105. [Google Scholar] [CrossRef] [PubMed]

	



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] [PubMed]

	



Monje, A.; Aranda, L.; Diaz, K.T.; Alarcón, M.A.; Bagramian, R.A.; Wang, H.L.; Catena, A. Impact of Maintenance Therapy for the Prevention of Peri-implant Diseases: A Systematic Review and Meta-analysis. J. Dent. Res. 2016, 95, 372–379. [Google Scholar] [CrossRef]

	



Roccuzzo, M.; Layton, D.M.; Roccuzzo, A.; Heitz-Mayfield, L.J. Clinical outcomes of peri-implantitis treatment and supportive care: A systematic review. Clin. Oral Implants Res. 2018, 29 (Suppl. S16), 331–350. [Google Scholar] [CrossRef] [PubMed]

	



Calderini, A.; Pantaleo, G.; Rossi, A.; Gazzolo, D.; Polizzi, E. Adjunctive effect of chlorhexidine antiseptics in mechanical periodontal treatment: First results of a preliminary case series. Int. J. Dent. Hyg. 2013, 11, 180–185. [Google Scholar] [CrossRef] [PubMed]

	



Tsuruta, K.; Ayukawa, Y.; Matsuzaki, T.; Kihara, M.; Koyano, K. The influence of implant-abutment connection on the screw loosening and microleakage. Int. J. Implant Dent. 2018, 4, 11. [Google Scholar] [CrossRef]

	



Naert, I.; Duyck, J.; Vandamme, K. Occlusal overload and bone/implant loss. Clin. Oral Implants Res. 2012, 23 (Suppl. S6), 95–107. [Google Scholar] [CrossRef]

	



Bertolini, M.M.; Del Bel Cury, A.A.; Pizzoloto, L.; Acapa, I.R.H.; Shibli, J.A.; Bordin, D. Does traumatic occlusal forces lead to peri-implant bone loss? A systematic review. Braz. Oral Res. 2019, 33 (Suppl. S1), e069. [Google Scholar] [CrossRef]

	



Ciancaglini, R.; Gherlone, E.F.; Redaelli, S.; Radaelli, G. The distribution of occlusal contacts in the intercuspal position and temporomandibular disorder. J. Oral Rehabil. 2002, 29, 1082–1090. [Google Scholar] [CrossRef]

	



Lu, B.; Zhang, X.; Liu, B. A systematic review and meta-analysis on influencing factors of failure of oral implant restoration treatment. Ann. Palliat. Med. 2021, 10, 12664–12677. [Google Scholar] [CrossRef]

	



Rosso, M.; Blasi, G.; Gherlone, E.; Rosso, R. Effect of granulocyte-macrophage colony-stimulating factor on prevention of mucositis in head and neck cancer patients treated with chemo-radiotherapy. J. Chemother. 1997, 9, 382–385. [Google Scholar] [CrossRef] [PubMed]

	



Gates, W.D., 3rd; Cooper, L.F.; Sanders, A.E.; Reside, G.J.; De Kok, I.J. The effect of implant-supported removable partial dentures on oral health quality of life. Clin. Oral Implants Res. 2014, 25, 207–213. [Google Scholar] [CrossRef] [PubMed]

	



Fueki, K.; Baba, K. Shortened dental arch and prosthetic effect on oral health-related quality of life: A systematic review and meta-analysis. J. Oral Rehabil. 2017, 44, 563–572. [Google Scholar] [CrossRef] [PubMed]

	



Heydecke, G.; Boudrias, P.; Awad, M.A.; De Albuquerque, R.F.; Lund, J.P.; Feine, J.S. Within-subject comparisons of maxillary fixed and removable implant prostheses: Patient satisfaction and choice of prosthesis. Clin. Oral Implants Res. 2003, 14, 125–130. [Google Scholar] [CrossRef]








[image: Healthcare 10 01250 g001 550] 





Figure 1. Kaplan–Meier curves of implants in elderly patients with implant-supported fixed dental prostheses. 
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Figure 2. A case of suprastructure conversion (86 years old at baseline, male): (a) intraoral view with fixed prostheses; (b) panoramic image with fixed prostheses; (c) intraoral view with removable prostheses (implant overdentures); (d) panoramic image with bar attachments for implant overdentures. 
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Figure 3. A case of suprastructure conversion (70 years old at baseline, female): (a) occlusal view with fixed prosthesis; (b) panoramic image with fixed prostheses; (c) occlusal view with removable prosthesis (implant overdenture); (d) panoramic image with magnet attachments for implant overdenture. 
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Table 1. Inclusion and exclusion of subjects.






Table 1. Inclusion and exclusion of subjects.





	

	
Patients

	
Implants

	
Prostheses






	
Total number during study period

	
1220

	
3808

	
1866




	
exclusion

	
Age < 65 years old

	
1020

	
3107

	
1573




	
Observation period < 5 years after the placement of definitive ISFDP

	
4

	
13

	
5




	
Removable prostheses were delivered

	
1

	
1

	
1




	
Total number included in the present study

	
195

	
687

	
287
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Table 2. Implant distribution.






Table 2. Implant distribution.





	
Site

	
Anterior

	
Posterior

	
Anterior–Posterior

	
Total




	
Number of Units

	
1

	
2

	
≥3

	
1

	
2

	
≥3

	
2

	
≥3






	
Maxilla

	
IMP

	
24 (15 ISFDPs)

	
205 (97 ISFDPs)

	
110 (21 ISFDPs)

	
339

(133 ISFDPs)




	
Pt

	
8

	
2

	
5

	
18

	
45

	
34

	
0

	
21




	
Mandible

	
IMP

	
9 (5 ISFDPs)

	
260 (132 ISFDPs)

	
79 (17 ISFDPs)

	
348

(154 ISFDPs)




	
Pt

	
2

	
0

	
3

	
27

	
70

	
35

	
1

	
16




	
Total IMPs

(Total ISFDPs)

	
33

(20 ISFDPs)

	
465

(229 ISFDPs)

	
189

(38 ISFDPs)

	
687

(287 ISFDPs)








IMP: implant; Pt: patients; ISFDPs: implant-supported fixed dental prostheses.
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Table 3. Prosthetic conditions (retention type and materials of the suprastructure).
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	Single Unit

(55 ISFDPs)
	2-Unit

(118 ISFDPs)
	≥3-Unit

(114 ISFDPs)
	Total

(287 ISFDPs)





	Screw-retained
	49
	111
	102
	262



	Cement-retained
	6
	7
	12
	25



	Metal
	7
	12
	3
	22



	Metal–resin
	13
	47
	60
	120



	Metal–ceramic
	30
	53
	48
	131



	All ceramic
	1
	1
	2
	4



	Monolithic zirconia
	4
	5
	1
	10







ISFDPs: implant-supported fixed dental prostheses.
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Table 4. The cumulative survival rates of implants up to 10 years.
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	Years
	Number of Implants
	Loss
	Cumulative Survival Rate (%)
	95% Confidence Interval





	0–5
	687
	7
	99.0
	97.9–99.5



	5–6
	680
	1
	98.8
	97.7–99.4



	6–7
	538
	1
	98.6
	97.4–99.3



	7–8
	423
	2
	98.1
	96.6–99.0



	8–9
	279
	0
	98.1
	96.6–99.0



	9–10
	133
	0
	98.1
	96.6–99.0
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Table 5. Detailed data of the lost implants.
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Age (Baseline)

Gender

	
Period

(Months)

	
Site, Unit,

Retention, Material

	
Reason for Loss

	
Intervention after Loss






	
≤5 years




	
67

Female

	
22

	
46, 2-unit,

SC, MC

	
Discomfort due to implant position

	
IARPD

(implant: 45 + RPD)




	
65

Male

	
43

	
46, 12-unit,

SC, MC

	
Peri-implantitis

	
Implant placement

(implants: 44, 45 + cantilever: 46)




	
66

Female

	
46

	
26, 2-unit,

SC, MR

	
Peri-implantitis

	
Modification of suprastructure

(implant: 25 + SDA)




	
71

Male

	
46

	
46, 2-unit,

SC, MR

	
Peri-implantitis

	
Implant placement

(implant: 46)




	
67

Female

	
50

	
46 and 47, 2-unit,

SC, MR

	
Peri-implantitis

	
RPD




	
65

Female

	
53

	
16, 4-unit,

SC, MC

	
Peri-implantitis

	
Modification of suprastructure

(pontic: 16)




	
>5 years




	
76

Male

	
66

	
35, 3-unit,

SC, MR

	
Bone resection due to gingival cancer

	
IARPD

(implant: 37 + RPD)




	
75

Male

	
79

	
36, Single,

SC, MR

	
Peri-implantitis

	
RPD




	
68

Male

	
88

	
36, 2-unit,

SC, MC

	
Bone resorption

	
Modification of suprastructure

(implant: 37 + cantilever: 36)




	
66

Male

	
89

	
44, 3-unit,

SC, MR

	
Peri-implantitis

	
Modification of suprastructure

(implants: 45, 46 + cantilever: 44)








SC: screw-retained; MC: metal–ceramic; MR: metal–resin; IARPD: implant-assisted removable partial denture; RPD: removable partial denture; SDA: shortened dental arch.
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