
  
    
      
    
  


  
    Table of Contents
  


  
    Welcome
  


  
    Short Dental Implants (≤7mm) Versus Longer Implants in Augmented Bone Area: A Meta-Analysis of Randomized Controlled Trials

    
      Abstract

      
        Aim:
      


      
        Methods:
      


      
        Results:
      


      
        Discussion:
      


      
        Conclusion:
      


      
        Article Information

        
          Identifiers and Pagination:
        


        
          Article History:
        

      

    


    
      1. INTRODUCTION
    


    
      2. MATERIALS AND METHODS

      
        2.1. Protocol and Registration
      


      
        2.2. Eligibility Criteria, Information Sources and Search Strategy
      


      
        2.3. Study Selection (Inclusion and Exclusion Criteria)
      


      
        2.4. Data Collection Process and Data Items
      


      
        2.5. Risk of Bias Assessment
      


      
        2.6. Summary Measures (Data Synthesis) and Statistical Analysis
      

    


    
      3. RESULTS

      
        3.1. Study Selection
      


      
        3.2. Study Characteristics
      


      
        3.3. Risk of Bias
      


      
        3.4. Meta-Analysis

        
          3.4.1. Survival Rate (Risk Difference)
        

      


      
        3.5. Marginal Bone Loss (Mean Difference)
      

    


    
      4. DISCUSSION
    


    
      CONCLUSION
    


    
      ABBREVIATIONS
    


    
      CONSENT FOR PUBLICATION
    


    
      CONFLICTS OF INTERESTS
    


    
      ACKNOWLEDGMENTS
    


    
      REFERENCES
    

  


  
    Short Dental Implants (≤7mm) Versus Longer Implants in Augmented Bone Area: A Meta-Analysis of Randomized Controlled Trials
Priscila N. Uehara1, *, Victor Haruo Matsubara2, Fernando Igai1, Newton Sesma1, Marcio K. Mukai1, Mauricio G. Araujo3

    


    
      1 Department of Prosthodontics, School of Dentistry, University of Sao Paulo, Sao Paulo, Brazil

    


    
      2 Dental School, Oral Health Centre of Western Australia, The University of Western Australia, Perth, WA, Australia

    


    
      3 Department of Dentistry, State University of Maringa, Parana, Brazil

    


    
      
        Abstract



        
          Aim:


          The aim of this systematic review was to compare the survival rate and the marginal bone loss between short implants (≤7 mm) placed in the atrophic area and longer implants placed in the augmented bone area of posterior regions of maxillaries.

        


        
          Methods:


          Electronic search using three databases was performed up to May 2017 to identify Randomized Controlled Trials (RCT) assessing short implants survival with a minimal follow-up of 12 months post-loading. For the meta-analysis, a Risk Difference (RD) with the 95% Confidence Interval (CI) was used to pool the results of implant failure rate for each treatment group. For the marginal bone changes, Mean Differences (MD) with 95% CI were calculated.

        


        
          Results:


          Seven randomized controlled trials met the inclusion criteria, being included in qualitative and quantitative analyses. The RD between the short implant group and the control group was -0.02 (95% CI: -0.04 to 0.00), I2=0 and Chi2=3.14, indicating a favorable survival rate for short implant, but with no statistical significance (p=0.09).

        


        
          Discussion:


          For marginal bone loss, the mean difference was -0,13 (95%CI: -0.22 to -0.05), favoring the test group with statistical significance (p=0.002). The studies showed more heterogeneity for bone loss compared to survival rate. Short and longer implants showed similar survival rates after one year of loading, however the marginal bone loss around short implants was lower than in longer implants sites.

        


        
          Conclusion:


          Placement of implants ≤7 mm of length was found to be a predictable alternative for the rehabilitation of atrophic posterior regions, avoiding all the disadvantages intrinsic to bone augmentation procedures.
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      1. INTRODUCTION


      Quality of life in adults can be highly affected by tooth loss as a consequence of compromised oral function, loss of social status and diminished self-esteem [1]. The oral rehabilitation using implants has a positive implication in the reestablishment of all these factors that affect the life of patients. Oral implant placement also provides a more comfortable and aesthetical treatment option for partial and complete denture wearers, being widely accepted by patients as an efficacious method for replacing missing teeth [2, 3].


      Multiple tooth extractions induce a considerable reduction in bone height, mainly in the posterior jaws [4]. In the maxilla, the absence of teeth promotes sinus pneumatization and consequently vertical bone loss [5], whereas the presence of the inferior alveolar nerve in atrophic mandibles limits the length of implants [6]. Therefore, the rehabilitation of edentulous posterior regions using implants becomes complex when severe ridge atrophy is presented.


      Different surgical techniques enabling the reconstruction of maxillaries with reduced bone height have been described in the literature [7]. These procedures allowed the implant rehabilitation in situations that implant placement would be contraindicated in the past [8]. Several surgical techniques have been advocated for vertical bone augmentation of severely resorbed ridge, such as guided bone regeneration combined with bone graft [9], the interposition of bone block grafts (inlay technique) [10], sinus elevation [11, 12], and distraction osteogenesis [7]. The inferior alveolar nerve lateralization and transposition are the examples of uncommon procedures in the mandible [6]. In this scenario, the placement of short implants appears as an alternative treatment to avoid advanced surgical procedures and their corresponding morbidity [13-15].


      Implants ≤10 mm with traditional machined surfaces showed inferior success rates compared with longer implants in the past [16-18]. Despite these early disappointing results of these implants, they continued to be used and improved. New technologies and knowledge have been resulting in improvements of implant surfaces, such as the modulation of osteoblasts adhesion and spreading induced by structural modifications of the titanium surface, and these changes have promoted an enhanced bone formation around implants [19-24]. The new concepts were also applied to the short implant surfaces, increasing their long-term clinical success [4]. Currently, it is already possible to find 4mm long implants, which have been evaluated in a multicenter single-cohort prospective study with promising results [25].


      The use of short implants in oral rehabilitation is certainly a simpler, cheaper and faster treatment with less associated morbidity compared with longer implants placed in the augmented bone area [26]. However, it remains unclear the long-term survival rates of short implants models measuring less than seven millimeters in length. Few Randomized Controlled Trials (RCTs) comparing the effectiveness of prostheses supported by either short implants or longer implants placed in the augmented bone area for at least one year of follow-up were found in the literature [8, 26-31].


      In order to establish the long-term success of short implants with 7 mm or less of length, the present systematic review compared the survival rate and the marginal bone loss between short implants placed in the atrophic posterior area and longer implants placed in the augmented bone area, with a one-year post-loading follow-up.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Protocol and Registration


        The present systematic review was registered in the International Prospective Register of Systematic Reviews ‘PROSPERO’ [32]. The protocol can be assessed at: http:// www.crd.york.ac.uk/ PROSPERO/ display_record.asp? ID=CRD42015015864, under the registration number: CRD42015015864.


        This review was also conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [33].

      


      
        

        2.2. Eligibility Criteria, Information Sources and Search Strategy


        An advanced mode of electronic search was performed in the MEDLINE (PubMed), SCOPUS and Cochrane Library databases, up to May 2nd 2017, to obtain studies related to short dental implants. In order to identify the studies to be included in the present review, the definition of the PICOS question (P=Patient; I=Intervention; C=Control; O=Outcome; S=Study design) was used to guide the following search strategy: P- patient who received dental implants; I- short implants (≤7 mm); C- longer implants (>7 mm); O- survival rate and peri-implant marginal bone loss; S- Randomized Clinical Trials (RCTs), retrospective and prospective studies.


        The literature search strategy used in MEDLINE (PubMed) was [dental implants (MeSH Terms) or dental implant, dental implantation, endosseous dental implantation, endosseous implant, endosseous implantation, endosseous implants, oral dental implant, oral dental implants, or oral dental implantation] and [short* or short-length or short or short length OR length] and [success or survival or fail or failure] and [randomized controlled trials or retrospective or prospective]. The search terms applied for both Cochrane database and SCOPUS were dental implants, dental implant, dental implantation, endosseous dental implantation, endosseous implant, endosseous implantation, endosseous implants, oral dental implant, oral dental implants, oral dental implantation, short-length, short, short length, length, success, survival, fail, failure, randomized controlled trials, prospective and retrospective.

      


      
        

        2.3. Study Selection (Inclusion and Exclusion Criteria)


        Studies were selected by title and abstract for screening according to these inclusion criteria: studies with at least one year of follow-up; implants with 7 mm or less of length; studies with survival, success and failure rates; studies in adult humans.


        Eligibility was based on full-text assessment using the following exclusion criteria: no information regarding the short implant sample; studies not related to short implants; non-RCT study; studies testing implant with more than 7 mm of length; the ones not mentioning bone loss in millimeters, and studies treating patients with fixed full dentures or overdentures.

      


      
        

        2.4. Data Collection Process and Data Items


        The literature review was independently conducted by three examiners (F.I., P.N. and V.H.M.). Inter-examiner reproducibility was 0.87 (Cohen´s Kappa) and a new calibration was performed to resolve any disagreement. Discrepancies and doubts were settled by data checking and discussion. When these discrepancies were not resolved by consensus, a fourth examiner (M.K.M) was consulted. In case of any missing data, the authors of the identified articles were contacted to provide any further details.


        Data extracted from each of the included randomized controlled trials referred to the year of publication, the study design (RCT details), the methodology of the study (number of patients treated, implants placed and characteristics of each group of study), the outcome measures, results (failures and marginal bone level changes), conclusions, and others additional information.

      


      
        

        2.5. Risk of Bias Assessment


        A quality assessment of the studies included in the meta-analysis was performed following the recommendations for systematic reviews of interventions of the Cochrane collaboration [34]. The Cochrane Collaboration’s tool for assessing the risk of bias in randomized trials was used to identify studies with intrinsic flaws in the method and design. The risk of bias assessment focused on the following criteria: blinding of participants and personnel (performance bias), random sequence generation and allocation concealment (both accounting for selection bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), or other possible causes of bias.


        The risk of bias of each study was categorized according to the following criteria: low risk (plausible bias unlikely to seriously alter the results); unclear risk (plausible bias that raises some doubt about the results); high risk of bias (plausible bias that seriously weakens confidence in the results).

      


      
        

        2.6. Summary Measures (Data Synthesis) and Statistical Analysis


        Meta-analysis from the data extracted was performed using the Rev Man software, version 5.3 (The Nordic Cochrane Center, The Cochrane collaboration, Copenhagen, Denmark). The significance of treatment effects was tested using a fixed-effects model in the absence of a statistically significant heterogeneity. In turn, a random-effects model was used in case of high heterogeneity among the randomized controlled trials. Cochran Q test was performed (p<0.001/ CI 95%) to evaluate the heterogeneity among the studies and the presence of heterogeneity was analyzed using inconsistency test I2. The value of I2 ranged from 0 to 100, with larger values (≥75%) suggesting high heterogeneity. For continuous data elements such as marginal bone changes, the Mean Difference (MD) was calculated. For dichotomous data, such as the implant failure rate, a Risk Difference (RD) with the 95% CI was used to pool the results of each treatment group. The pooled effect was considered significant if p<0.05. A funnel plot was used to assess the presence of the publication bias. Sensitivity analysis was performed on primary outcome (survival rate).

      

    


    
      

      3. RESULTS


      
        

        3.1. Study Selection


        The systematic search displayed 755, 260 and 208 results from PubMed, Scopus and Cochrane Library databases, respectively. The preliminary exclusion was performed by duplicated references (n=38 from Scopus and n=83 from Cochrane database). One thousand one hundred and two studies were screened, analyzing the titles and abstracts of each one. A total of 936 articles were excluded in the screening phase. One hundred and sixty-six articles were assessed for eligibility. Studies that did not meet the aforementioned inclusion criteria were excluded in this phase (n=159). At the end of this process, seven RCTs were included in the review for qualitative and quantitative analyzes (Fig. 1). Multiple studies have been published using data from the same population in different follow-up periods [26, 28, 35, 36]. Within this group of studies, only the one-year follow-up studies were included in the present review [26, 28].


        [image: ]
Fig. (1)

        Flow diagram (PRISMA format) of the screening and selection process.
      


      
        

        3.2. Study Characteristics


        A total of seven randomized controlled trials met the inclusion criteria (Table 1) and were included in the meta-analyses. All studies had at least one year of follow-up after loading the implants with single crowns or fixed partial dentures (three elements maximum), in the posterior regions of mandibles and maxillae. Studies using full fixed dentures or overdentures to rehabilitate edentulous patients were excluded from this review as splinting anterior and posterior implants together could interfere with the survival rate of short implants in atrophic posterior regions.


        
          Table 1 Main characteristics of the studies selected.


          
            
              
                	Study

                	Study Design

                	Population

                	Implants Brand

                	Implants Number (size length x width)

                	Augmentation Procedure

                	Results

                	Conclusions
              

            

            
              
                	Felice et al. 2010 26

                	RCT

                	N = 60 patients

                F/M gender ratio: 38/22

                Age range: 40-83 years

                	NanoTite - Biomet 3i (Palm Beach, USA))

                	60 short (7 x 4 mm)

                61 longer (10, 11.5, 13, 15 x 4 mm)

                	Vertical augmentation of mandibles with inorganic bovine bone blocks.

                	IF: 3 Longer and 1 Short

                MBL:

                Short 1.79 + 0.54 mm

                Longer 1.65 + 0.42 mm

                	Interpositional bovine block grafting and placement of short implants achieved good and similar results. Short implants might be a preferable choice when the bone height is limited as the treatment is faster, cheaper and with less morbidity.
              


              
                	Esposito et al. 2011 28

                	RCT (split mouth design

                	N = 30 patients

                F/M gender ratio: 17/13

                Age range: 37-70 years

                	MegaGen Implant Co. (Gyongbuck, South Korea)

                	60 short (5 x 6 mm)

                68 longer (10 x 6 mm)

                	Interpositional bone blocks in mandibles or particulated bone in augmented maxillary sinuses.

                	IF: 2 Longer and 1 Short

                MBL:

                Short: 1.30 + 0..57mm

                Longer: 1.48 + 0.50 mm

                	All techniques provided good and similar results up to 1 year after loading, however, 5 mm short implants might be a preferable choice to augmentation procedures
              


              
                	Pistilli et al. 2013a 29

                	RCT (parallel group design

                	N = 80 patients

                F/M gender ratio: 55/25

                Age range: 57-75 years

                	MegaGen Implant Co. (Gyeongbuk, South Korea)

                	68 short (5 x 5 mm)

                68 longer (11.5, 13, 15 x 5 mm)

                	Equine bone blocks in mandibles or particulated porcine bone in augmented maxillary sinuses.

                	IF: 2 Longer and 1 Short

                MBL:

                Mandible – Short: 1.18+ 0.29mm

                Longer: 1.36 + 0.28mm

                Maxilla – Short: 1.16 ± 0.30 mm

                Longer: 1.53 ±0.59 mm

                	One year post loading, 5 x 5mm implants achieved similar (in the maxilla) if not better (in the mandible) results than longer implants placed in augmented bone
              


              
                	Pistilli et al. 2013b 8

                	RCT (split mouth design)

                	N = 40 patients

                F/M gender ratio: 19/21

                Age range: 55-85 years

                	Southern Implants (Irene, South Africa)

                	80 short (6 x 4 mm)

                91 longer (≥10 x4 mm)

                	Equine bone blocks in mandibles or particulated porcine bone in augmented maxillary sinuses.

                	IF: 3 Longer

                MBL:

                Mandible – Short: 1.33 + 0,22 mm

                Longer: 1.44+ 0,21mm

                Maxilla – Short: 1.41 + 0,31 mm

                Longer: 1.53 + 0,29 mm

                	Short implants may be as effective, if not more effective, than longer implants placed in augmented posterior jaws
              


              
                	Thoma et al. 2015 30

                	RCT (parallel group design

                	N = 101 patients

                F/M gender ratio: 52/49

                Age range: 20-75 years

                	Astra Tech (Dentsply Implants, (Mölndal, Sweden)

                	67 short (6 x 4 mm)

                70 longer (11-15 x 4 mm)

                	Sinus lift procedure using particulated bovine bone material.

                	IF: 1 Longer and 2 Short

                	Both treatment modalities are safe and successful rendering a high implant survival rate.
              


              
                	Felice et al. 2015 27

                	RCT

                	N = 20 patients

                F/M gender ratio: 12/8

                Age range: 43-70 years

                	Zimmer Biomet (Florida, USA)

                	16 short (5-6 x 5 mm)

                18 longer (10 x 6 mm)

                	Sinus lift procedure using granular inorganic bovine bone substitute.

                	IF: none

                MBL (one year after loading):

                Short: 0.70 ± 0.19 mm

                Longer: 0.87 ± 0.21 mm

                	Both techniques achieved excellent and similar results.
              


              
                	Bechara et al. 2016 31

                	RCT

                	N=53 patients

                F/M gender ratio: 34/19

                Age range: 21-76 years

                	MegaGen Implant Co (Gyeongbuk, South Korea)

                	45 short (6 x 4-8 mm)

                45 Longer (10-, 11.5-, 13-, or 15-mm x 4-8 mm)

                	Sinus lift procedure using a collagenated porcine particulate bone graft.

                	IF: 2 Longer

                MBL (mean):

                1 year – Short: 0.14 mm

                Longer: 0.21 mm

                3 years – Short: 0.20 mm

                Longer: 0.27 mm

                	Both treatment modalities showed similar results. Short implants might be preferable, because the treatment is faster and less expensive.
              

            
          


          
            RCT =Randomized clinical trial ; F/M= female/male; Implant failure = IF; Marginal bone loss = MB
          


        

      


      
        

        3.3. Risk of Bias


        The results of publication bias showed the symmetric distribution for all RCTs qualitatively assessed, indicating low potential for the risk of bias, as illustrated in the funnel plot (Fig. 2). The similarity of study design within the included articles may explain their homogeneous distribution.


        [image: ]
Fig. (2)

        Funnel plot assessing the publication bias of studies included.

        As shown in Fig. (3), the performance bias of all included studies was unclear. Although the authors reported patients and operators blinding, it is impossible to blind the surgeon completely, especially in the split-mouth design studies. The ‘blinding of outcome assessment’ was considered a high risk of bias, as the radiographic images clearly expose the difference between the test and control groups, being unfeasible to blind the outcome assessors. All the studies were classified as low risk for all the other criteria of bias.


        [image: ]
Fig. (3)

        Assessment of the risk of bias of studies included. Low risk of bias (+), unclear risk of bias (?) and high risk of bias (−).
      


      
        

        3.4. Meta-Analysis


        The total of lost implants, short and longer ones, was used to calculate the survival rate for both test and control groups. The average of bone loss around the implants was shown as a mean and Standard Deviation (SD).


        
          3.4.1. Survival Rate (Risk Difference)


          Data of survival rate of short implants were considered dichotomous for the meta-analysis and it was assessed only for one-year of follow-up post-loading. Mantel-Haenszel method was used as the statistic method with fixed effect, using Risk Difference (RD) and 95% of Confidence Interval (CI). The RD between the short implant group and the control group was -0.02 (95% CI, -0.04 to 0.00), I2=0 and Chi2=3.14, indicating a lower risk of implant loss in the short implant group compared with the control group, although no statistical significance (p=0.09) was observed (Fig. 4). The study of Felice et al. [27] showed the highest standard deviation, 95% CI -0.11 to 0.11). This might be a result of the limited number of patients as only 10 patients were allocated in each group of study in his study. All the other RCTs included in this review were conducted with more than 30 patients (Table 1). Opposing to all other studies, the RCT of Thoma et al. [30] was the only one presenting a higher survival rate for long implants placed in augmented bone area than for short implants. As a result, no statistical difference between the test and control groups could be identified in our meta-analysis, although the sensitivity analysis demonstrated that Thoma’s study had no influence on the RD.


          [image: ]
Fig. (4)

          Forest plot for the event ‘implant survival rate’, comparing short implants (≤7 mm) placed in the atrophic area and longer implants placed in the augmented bone area of maxillae and mandibles.
        

      


      
        

        3.5. Marginal Bone Loss (Mean Difference)


        The bone loss outcome used continuous data for the statistical analysis and the method of analysis was the inverse variance with random effect. Mean bone loss was analyzed according to the original data. The mean difference was -0,13 (95% CI -0.22 to -0.05), I2 = 46% and Chi2 = 7.39, indicating that the marginal bone changes were lower in the short implant group compared to the control group. The studies showed more heterogeneity for this outcome in comparison with the survival rate. In Fig. (5), a favorable result for the test group can be noticed with a significant statistical difference between the groups (p=0.002). Two studies [30, 31] were excluded of bone loss analysis as they did not furnish enough information regarding the bone level changes in their samples to be eligible for meta-analysis.


        [image: ]
Fig. (5)

        Forest plot for the event ‘marginal bone loss’. Data collected after one-year post-loading.
      

    


    
      

      4. DISCUSSION


      The present systematic review is the first study to make a meta-analysis of the survival rate and marginal bone loss around short implants (≤7 mm) compared with longer implants placed in the bone grafted area. The absence of consensus regarding the definition of short implants makes difficult the classification of short implants according to their length [4, 19, 22, 29]. Although implants measuring 7-10 mm of length have already been considered short implants by some authors [14, 37, 38], this systematic review considered implants ≤7 mm long as short implants as previous studies reported higher failure rate of 7 mm implants [16] and information about the success of these short implants is still scarce.


      All included studies presented both performance and detection biases because the evident physical difference between regular and short implants makes impossible to blind the operators and the outcome assessors during the surgery, and the clinical and radiographic examination [39]. However, these biases may be considered intrinsic to the methodology in this type of study and do not weaken the confidence in the results.


      A total of seven studies [8, 26-31] presented similar methodologies, especially regarding the inclusion criteria and allocation of patients (Table 1). The same pattern of pre and postoperative cares, surgical technique and bone augmentation procedures observed in all studies corroborates with the consistency of the analysis of the results. A total of 396 short implants placed and 421 longer implants were included in the present review. Out of the total of implants placed, 5 short implants and 13 longer implants were lost with meta-analysis data showing RD= -0.02 (95% CI, -0.04 to 0.00). This result translates into a reduction of the risk of implant failure using short implants by 49% relative to longer implants within the first years of loading.


      Previous studies reported higher failure rates for short implants in comparison with long implants [16-18, 40-42]. On the other hand, in the present systematic review no significant difference (p>0.05) on the survival rate between short and regular implants placed in augmented bone area (98.7% and 96.9%, respectively) was identified, despite the slight tendency for a better survival rate in favor of short implants after one year of implant loading. These results are in accordance with previous studies of Friberg et al. [43] and Lekholm et al. [41], which reported 92,3% e 93,5% of survival rate, respectively, after 10 years of short implants placement.


      Bone loss around short implants is extremely sensitive to the implant treatment success as one millimeter of marginal bone loss in an implant shorter than 8 mm represents 12.5% of bone support loss [44]. A significant difference of bone loss (p=0.02) between short and longer implants was observed in our analysis (Fig. 5). We found that implants ≤7 mm long present less bone loss than longer implants placed in augmented bone area after one-year of prostheses placement under occlusal forces. In a previous systematic review [21], the average bone loss around short implants was 0.83 mm after 4 years of follow-up. On the other hand, another study conducted with 126 patients [45] reported that 72% of short implants presented no bone loss after 6 years of follow-up, despite an average of 0.2 mm of additional peri-implant marginal bone loss is expected between the first and third year after the implant placement.


      As bone loss around implants with limited length may compromise the success of the oral rehabilitation treatments, and consequently the patient’s oral health, there is a demand for long-term clinical evaluation (at least 5 to 10 years) of short implants ≤7 mm long to demonstrate that they are a better treatment option than augmentation procedures followed by long implant placement.


      Many factors influence the survival rates and implant success. The studies included in our meta-analysis accepted smokers in their assessments, although smoking has been reported as an important factor of risk associated with patient for implant treatment success [46, 47]. Related to the implant structure, the implant surface treatment, such as the incorporation of calcium ions, is another factor that significantly influences the implant osseointegration and its bone loss [19, 22, 23,48]. Implant geometry and surface topography also play an important role in the success of implants shorter than 7 mm [19], possibly enabling the achievement of survival rates equivalent to longer implants [49].


      The position of the short implants in the arch is considered a major factor for the implant longevity. Mezzomo et al. [21], using meta-analysis, reported that short implants placed in the mandible had a lower incidence of implant failures/complication and marginal bone loss than maxillary implants, but this result is not a consensus [50, 51]. The incidence of failures and complications associated with short implants supporting single crowns or fixed partial dentures in posterior regions of maxillaries cannot be influenced by the bone quality and implant length per se [21], so the present systematic review included primary studies assessing implants placed in both maxillae [30] and mandible [26]. Hence, our results cannot be extrapolated to anterior implants as only posterior implants were evaluated.


      A well-conducted prosthodontic rehabilitation is essential for short implant longevity. Occlusal overload, inadequate crown/implant ratio, non-splinting crowns, presence of cantilever are examples of factors associated with implant-supported prosthesis that can lead to marginal bone loss and should be avoided [21, 38, 40, 52, 53].


      During oral rehabilitation of atrophic areas, the avoidance of bone augmentation procedures reduces discomfort, treatment time and costs for the patient 26. All these factors make the placement of short implants an attractive choice of treatment for both patient and clinician if the success rates are not substantially decreased. According to our meta-analysis, short implants presented similar success rates (survival rate and bone loss) to longer implants in grafted bone area after one-year of loading. Despite these favorable results of short implants for the rehabilitation of atrophic jaws, precautions should be exerted when interpreting the results of this review. The heterogeneity of methodology (e.g. different implant brands) between the studies and the small number of clinical trials with long-term follow-up available in the literature limit the conclusion that short implant placement is a better choice of treatment than long implants placed in the augmented bone area. Moreover, further studies are necessary to evaluate the impact of prosthodontic rehabilitation on the survival rate of short implant in the long-term.

    


    
      CONCLUSION


      Short implants (≤7 mm) had a survival rate similar to longer implants placed in the augmented bone area after one-year post-loading, however, the marginal bone loss at short implants sites was lower than the longer implants sites. Placement of short implants is a predictable alternative for the rehabilitation of atrophic posterior regions, avoiding all the disadvantages intrinsic to bone augmentation procedures.

    

  


  
    
      ABBREVIATIONS


      
        
          	

          	
        


        
          	RCT

          	Randomized Controlled Trial
        


        
          	RD

          	Risk Difference
        


        
          	CI

          	Confidence Interval
        


        
          	Mm

          	Milimiter
        


        
          	MD

          	Mean Differences
        

      

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      CONFLICTS OF INTERESTS


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGMENTS


    The authors thank the University of São Paulo and State University of Maringa for all the support.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Nordenram G., Davidson T., Gynther G., Helgesson G., Hultin M., Jemt T., Lekholm U., Nilner K., Norlund A., Rohlin M., Sunnegårdh-Grönberg K., Tranæus S.. Qualitative studies of patients’ perceptions of loss of teeth, the edentulous state and prosthetic rehabilitation: A systematic review with meta-synthesis.Acta Odontol. Scand.2013713-493795110.3109/00016357.2012.73442123101439
      


      
        	[2]

        	Andersson B., Odman P., Carlsson G.E.. A study of 184 consecutive patients referred for single-tooth replacement.Clin. Oral Implants Res.19956423223710.1034/j.1600-0501.1995.060406.x8603115
      


      
        	[3]

        	Perea C., Preciado A., Río J.D., Lynch C.D., Celemín A., Castillo-Oyagüe R.. Oral aesthetic-related quality of life of muco-supported prosthesis and implant-retained overdenture wearers assessed by a new, short, specific scale (QoLDAS-9).J. Dent.201543111337134510.1016/j.jdent.2015.08.01026318420
      


      
        	[4]

        	Perelli M., Abundo R., Corrente G., Saccone C.. Short (5 and 7 mm long) porous implants in the posterior atrophic maxilla: A 5-year report of a prospective single-cohort study.Eur. J. Oral Implantology20125326527223000710
      


      
        	[5]

        	Esposito M., Felice P., Worthington H.V.. Interventions for replacing missing teeth: augmentation procedures of the maxillary sinus.Cochrane Database Syst. Rev.201455CD00839724825543
      


      
        	[6]

        	Abayev B., Juodzbalys G.. Inferior alveolar nerve lateralization and transposition for dental implant placement. Part I: A systematic review of surgical techniques.J. Oral Maxillofac. Res.201561e225937873
      


      
        	[7]

        	Milinkovic I., Cordaro L.. Are there specific indications for the different alveolar bone augmentation procedures for implant placement? A systematic review.Int. J. Oral Maxillofac. Surg.201443560662510.1016/j.ijom.2013.12.00424451333
      


      
        	[8]

        	Pistilli R., Felice P., Cannizzaro G., Piatelli M., Corvino V., Barausse C., Buti J., Soardi E., Esposito M.. Posterior atrophic jaws rehabilitated with prostheses supported by 6 mm long 4 mm wide implants or by longer implants in augmented bone. One-year post-loading results from a pilot randomised controlled trial.Eur. J. Oral Implantology20136435937224570981
      


      
        	[9]

        	Merli M., Migani M., Esposito M.. Vertical ridge augmentation with autogenous bone grafts: Resorbable barriers supported by ostheosynthesis plates versus titanium-reinforced barriers. A preliminary report of a blinded, randomized controlled clinical trial.Int. J. Oral Maxillofac. Implants200722337338217622003
      


      
        	[10]

        	Barone A., Toti P., Menchini-Fabris G.B., Felice P., Marchionni S., Covani U.. Early volumetric changes after vertical augmentation of the atrophic posterior mandible with interpositional block graft versus onlay bone graft: A retrospective radiological study.J. Craniomaxillofac. Surg.20174591438144710.1016/j.jcms.2017.01.01828705523
      


      
        	[11]

        	Călin C., Petre A., Drafta S.. Osteotome-mediated sinus floor elevation: A systematic review and meta-analysis.Int. J. Oral Maxillofac. Implants201429355857610.11607/jomi.320624818194
      


      
        	[12]

        	Pjetursson B.E., Tan W.C., Zwahlen M., Lang N.P.. A systematic review of the success of sinus floor elevation and survival of implants inserted in combination with sinus floor elevation.J. Clin. Periodontol.2008358Suppl.21624010.1111/j.1600-051X.2008.01272.x18724852
      


      
        	[13]

        	Guljé F., Abrahamsson I., Chen S., Stanford C., Zadeh H., Palmer R.. Implants of 6 mm vs. 11 mm lengths in the posterior maxilla and mandible: A 1-year multicenter randomized controlled trial.Clin. Oral Implants Res.201324121325133110.1111/clr.1200122938573
      


      
        	[14]

        	das Neves F.D., Fones D., Bernardes S.R., do Prado C.J., Neto A.J.. Short implants--an analysis of longitudinal studies.Int. J. Oral Maxillofac. Implants2006211869316519186
      


      
        	[15]

        	Schwartz S.R.. Short implants: Are they a viable option in implant dentistry?Dent. Clin. North Am.201559231732810.1016/j.cden.2014.10.00825835796
      


      
        	[16]

        	Friberg B., Jemt T., Lekholm U.. Early failures in 4,641 consecutively placed Brånemark dental implants: A study from stage 1 surgery to the connection of completed prostheses.Int. J. Oral Maxillofac. Implants1991621421461809668
      


      
        	[17]

        	Weng D., Jacobson Z., Tarnow D., Hürzeler M.B., Faehn O., Sanavi F., Barkvoll P., Stach R.M.. A prospective multicenter clinical trial of 3i machined-surface implants: Results after 6 years of follow-up.Int. J. Oral Maxillofac. Implants200318341742312814318
      


      
        	[18]

        	Herrmann I., Lekholm U., Holm S., Kultje C.. Evaluation of patient and implant characteristics as potential prognostic factors for oral implant failures.Int. J. Oral Maxillofac. Implants200520222023015839115
      


      
        	[19]

        	Hagi D., Deporter D.A., Pilliar R.M., Arenovich T.. A targeted review of study outcomes with short (< or = 7 mm) endosseous dental implants placed in partially edentulous patients.J. Periodontol.200475679880410.1902/jop.2004.75.6.79815295944
      


      
        	[20]

        	Kotsovilis S., Fourmousis I., Karoussis I.K., Bamia C.. A systematic review and meta-analysis on the effect of implant length on the survival of rough-surface dental implants.J. Periodontol.200980111700171810.1902/jop.2009.09010719905941
      


      
        	[21]

        	Mezzomo L.A., Miller R., Triches D., Alonso F., Shinkai R.S.. Meta-analysis of single crowns supported by short (<10 mm) implants in the posterior region.J. Clin. Periodontol.201441219121310.1111/jcpe.1218024266703
      


      
        	[22]

        	Renouard F., Nisand D.. Impact of implant length and diameter on survival rates.Clin. Oral Implants Res.200617Suppl. 2355110.1111/j.1600-0501.2006.01349.x16968380
      


      
        	[23]

        	Romeo E., Bivio A., Mosca D., Scanferla M., Ghisolfi M., Storelli S.. The use of short dental implants in clinical practice: Literature review.Minerva Stomatol.2010591-2233120212407
      


      
        	[24]

        	Bressan E., Sbricoli L., Guazzo R., Tocco I., Roman M., Vindigni V., Stellini E., Gardin C., Ferroni L., Sivolella S., Zavan B.. Nanostructured surfaces of dental implants.Int. J. Mol. Sci.20131411918193110.3390/ijms1401191823344062
      


      
        	[25]

        	Slotte C., Grønningsaeter A., Halmøy A.M., Öhrnell L.O., Stroh G., Isaksson S., Johansson L.Å., Mordenfeld A., Eklund J., Embring J.. Four-millimeter implants supporting fixed partial dental prostheses in the severely resorbed posterior mandible: Two-year results.Clin. Implant Dent. Relat. Res.201214Suppl. 1e46e5810.1111/j.1708-8208.2011.00346.x21599827
      


      
        	[26]

        	Felice P., Pellegrino G., Checchi L., Pistilli R., Esposito M.. Vertical augmentation with interpositional blocks of anorganic bovine bone vs. 7-mm-long implants in posterior mandibles: 1-year results of a randomized clinical trial.Clin. Oral Implants Res.201021121394140310.1111/j.1600-0501.2010.01966.x20678136
      


      
        	[27]

        	Felice P., Pistilli R., Barausse C., Bruno V., Trullenque-Eriksson A., Esposito M.. Short implants as an alternative to crestal sinus lift: A 1-year multicentre randomised controlled trial.Eur. J. Oral Implantology20158437538426669547
      


      
        	[28]

        	Esposito M., Pellegrino G., Pistilli R., Felice P.. Rehabilitation of postrior atrophic edentulous jaws: Prostheses supported by 5 mm short implants or by longer implants in augmented bone? One-year results from a pilot randomised clinical trial.Eur. J. Oral Implantology201141213021594216
      


      
        	[29]

        	Pistilli R., Felice P., Piattelli M., Gessaroli M., Soardi E., Barausse C., Buti J., Corvino V.. Posterior atrophic jaws rehabilitated with prostheses supported by 5 x 5 mm implants with a novel nanostructured calcium-incorporated titanium surface or by longer implants in augmented bone. One-year results from a randomised controlled trial.Eur. J. Oral Implantology20136434335724570980
      


      
        	[30]

        	Thoma D.S., Haas R., Tutak M., Garcia A., Schincaglia G.P., Hämmerle C.H.. Randomized controlled multicentre study comparing short dental implants (6 mm) versus longer dental implants (11-15 mm) in combination with sinus floor elevation procedures. Part 1: demographics and patient-reported outcomes at 1 year of loading.J. Clin. Periodontol.2015421728010.1111/jcpe.1232325418606
      


      
        	[31]

        	Bechara S., Kubilius R., Veronesi G., Pires J.T., Shibli J.A., Mangano F.G.. Short (6-mm) dental implants versus sinus floor elevation and placement of longer (>/=10-mm) dental implants: A randomized controlled trial with a 3-year follow-up.Clin. Oral Implants Res.201728911097110727402427
      


      
        	[32]

        	Chien P.F., Khan K.S., Siassakos D.. Registration of systematic reviews: PROSPERO.BJOG2012119890390510.1111/j.1471-0528.2011.03242.x22703418
      


      
        	[33]

        	Moher D., Liberati A., Tetzlaff J., Altman D.G., Group P., PRISMA GroupPreferred reporting items for systematic reviews and meta-analyses: The PRISMA Statement.Open Med.200933e123e13021603045
      


      
        	[34]

        	Higgins JPT, Green S. Eds. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011]. 2011..
      


      
        	[35]

        	Felice P., Cannizzaro G., Checchi V., Marchetti C., Pellegrino G., Censi P., Esposito M.. Vertical bone augmentation versus 7-mm-long implants in posterior atrophic mandibles. Results of a randomised controlled clinical trial of up to 4 months after loading.Eur. J. Oral Implantology20092172020467615
      


      
        	[36]

        	Esposito M., Pistilli R., Barausse C., Felice P.. Three-year results from a randomised controlled trial comparing prostheses supported by 5-mm long implants or by longer implants in augmented bone in posterior atrophic edentulous jaws.Eur. J. Oral Implantology20147438339525422826
      


      
        	[37]

        	Sun H.L., Huang C., Wu Y.R., Shi B.. Failure rates of short (≤ 10 mm) dental implants and factors influencing their failure: A systematic review.Int. J. Oral Maxillofac. Implants201126481682521841992
      


      
        	[38]

        	Al-Hashedi A.A., Taiyeb Ali T.B., Yunus N.. Short dental implants: an emerging concept in implant treatment.Quintessence Int.201445649951424618571
      


      
        	[39]

        	Lee S.A., Lee C.T., Fu M.M., Elmisalati W., Chuang S.K.. Systematic review and meta-analysis of randomized controlled trials for the management of limited vertical height in the posterior region: short implants (5 to 8 mm) vs longer implants (> 8 mm) in vertically augmented sites.Int. J. Oral Maxillofac. Implants20142951085109710.11607/jomi.350425216134
      


      
        	[40]

        	Bahat O.. Brånemark system implants in the posterior maxilla: Clinical study of 660 implants followed for 5 to 12 years.Int. J. Oral Maxillofac. Implants200015564665311055131
      


      
        	[41]

        	Lekholm U., Gunne J., Henry P., Higuchi K., Lindén U., Bergström C., van Steenberghe D.. Survival of the Brånemark implant in partially edentulous jaws: A 10-years prospective multicenter study.Int. J. Oral Maxillofac. Implants199914563964510531735
      


      
        	[42]

        	Naert I., Koutsikakis G., Duyck J., Quirynen M., Jacobs R., van Steenberghe D.. Biologic outcome of implant-supported restorations in the treatment of partial edentulism. part I: A longitudinal clinical evaluation.Clin. Oral Implants Res.200213438138910.1034/j.1600-0501.2002.130406.x12175375
      


      
        	[43]

        	Friberg B., Gröndahl K., Lekholm U., Brånemark P.I.. Long-term follow-up of severely atrophic edentulous mandibles reconstructed with short Brånemark implants.Clin. Implant Dent. Relat. Res.20002418418910.1111/j.1708-8208.2000.tb00116.x11359277
      


      
        	[44]

        	Neldam C.A., Pinholt E.M.. State of the art of short dental implants: A systematic review of the literature.Clin. Implant Dent. Relat. Res.201214462263210.1111/j.1708-8208.2010.00303.x20977606
      


      
        	[45]

        	ten Bruggenkate C.M., Asikainen P., Foitzik C., Krekeler G., Sutter F.. Short (6-mm) nonsubmerged dental implants: Results of a Multicenter clinical trial of 1 to 7 years.Int. J. Oral Maxillofac. Implants19981367917989857589
      


      
        	[46]

        	Wallace R.H.. The relationship between cigarette smoking and dental implant failure.Eur. J. Prosthodont. Restor. Dent.20008310310611307562
      


      
        	[47]

        	Haas R., Haimböck W., Mailath G., Watzek G.. The relationship of smoking on peri-implant tissue: A retrospective study.J. Prosthet. Dent.199676659259610.1016/S0022-3913(96)90435-78957783
      


      
        	[48]

        	Kotsovilis S., Fourmousis I., Karoussis I.K., Bamia C.. A systematic review and meta-analysis on the effect of implant length on the survival of rough-surface dental implants.J. Periodontol.200980111700171810.1902/jop.2009.09010719905941
      


      
        	[49]

        	Goené R., Bianchesi C., Hüerzeler M., Del Lupo R., Testori T., Davarpanah M., Jalbout Z.. Performance of short implants in partial restorations: 3-year follow-up of Osseotite implants.Implant Dent.200514327428010.1097/01.id.0000173335.90854.d816160574
      


      
        	[50]

        	Telleman G., Raghoebar G.M., Vissink A., den Hartog L., Huddleston Slater J.J., Meijer H.J.. A systematic review of the prognosis of short (<10 mm) dental implants placed in the partially edentulous patient.J. Clin. Periodontol.201138766767610.1111/j.1600-051X.2011.01736.x21564158
      


      
        	[51]

        	Monje A., Chan H.L., Fu J.H., Suarez F., Galindo-Moreno P., Wang H.L.. Are short dental implants (<10 mm) effective? A meta-analysis on prospective clinical trials.J. Periodontol.201384789590410.1902/jop.2012.12032822917114
      


      
        	[52]

        	Annibali S., Cristalli M.P., Dell’Aquila D., Bignozzi I., La Monaca G., Pilloni A.. Short dental implants: A systematic review.J. Dent. Res.2012911253210.1177/002203451142567522034499
      


      
        	[53]

        	Lum L.B.. A biomechanical rationale for the use of short implants.J. Oral Implantol.19911721261311811063
      

    

  


  

OEBPS/Images/TODENTJ-12-354_F4.jpg
orInpants | Reguarmplants
tal _Events _Tolal

Risk Difference.
dyocsugoy B M, Fixod, 95% CI

Fix ]
Folico of . 201 "o 168% =T
booohiot WO ] 2 156% -
1.20136° o & 3 209% -1
Pisil ot al 2013 e 2 167% —
otal. 2015 2 e 1 o 4
Felico of al. 20157 IR o —
otal 2016 0 45 2 wie doiiorsam e —
L

Total (95% CI) 421 1000% -0.02(0.04,000)

Total events

Heterogeneity.Chi‘= 3.14, o% e
Tost for overall effect 0.09)

o5 035
Favours [shortimplan] Favours longer implant]





OEBPS/Images/TODENTJ-12-354_F5.jpg
Shoimgan  Loogor gt
Sudy or Subgroup _Mean _SD To £0 wy
Feksara 2010% A 03 89 47031
Eoosial 2 13 037 5 18 05 o
Ptiliolal 20137 117 029 38 144 047 37
Pistlioal 2013° 137 027 39 149 024 3
otal 2057 07 019 16 087 021 18

o] 215
%

aerogeneiy T = 00,Ch= 7.3 "t 0125
Tot i ok ez~ 303 (-0 02)

Mean Diflerence
andom, 96%
>

o o5
Favours {shotimplan] Favours fongor mplant]





OEBPS/Images/TODENTJ-12-354_F2.jpg
SE(RD)

o
#Felice et al. 2010
§

002
£Felice et al. 2015
# Bechara et al. 2016”

0.4

0.06-

0.08

. RO
45 025 05






OEBPS/Images/todentj.jpg
ISSN: 1874-2106

The
Open Dentistry
Journal

Short Dental Implants (<7mm) Versus Longer Implants
in Augmented Bone Area: A Meta-Analysis of

Randomized Controlled Trials

T B p A
i \ 2 ¥ VIEW. ARTICLES ON
/P | \eg? | S PUBMED CENTRAL

BENTHAM OPEN






OEBPS/Images/TODENTJ-12-354_F3.jpg
Risk of Bias

A B c D E F G
Felice eral. 2010 [ L[t ? |||
|Esposito erat. 20117 LR || P + |+ |+
Pisilierar. 2013 [ ] ? + | + | +
pistili erat. 2013° [t ? + + | +
Thoma eral2015° [ | ? + | + | +
Felice eral, 20157 |ty ? Tl I
Bechara et al. 2016 i ar ¥ - + +






OEBPS/Images/TODENTJ-12-354_F1.jpg
Aticles identified through electronic database searching:

PUBMED n =755
SCOPUS n =260
COCHRANE n =208
TOTAL n = 1223

[ INCLUDED ] [ ELIGIBILITY] [ SCREENING ] [IDENTIFICATION]

Filtered

Duplicated references (PUBMED
search used as basis):

SCOPUS n

COCHRANE n

Filtered

Excluded articles: 936 articles
Animal studies

Follow up <1 year

No RCT, prospective or
retrospective study

Implant length > 7 mm

No survival or succes

rates.

Articles assessed for cligibili
n=166

Excluded articles: 159 articles
. of short implant sample

Filtered |

tative

Articles mcludcd for qus

« Non topic related

« Non RCT prospective or
retrospective cohort

Not mention of boneloss in mm
Studies treating patients with fixed
full dentures or overdentures.






