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The aim of this systematic review and meta-analysis was to analyze and compare the effect of diamond drill, tungsten carbide drill and ultrasound tips for implantoplasty procedures on the fracture resistance of dental implants affected by periimplant disease.



Materials and methods: This systematic review of the scientific literature and meta-analysis was carried out based on the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), analyzing all studies that evaluated the fracture resistance of dental implants submitted to implantoplasty through diamond drill, tungsten carbide drill and ultrasound tips for implantoplasty procedures, comparing with the fracture resistance values of non-treated dental implants. A total of 4 databases were searched in the literature: Pubmed, Scopus, Cochrane and Web of Science. After eliminating duplicate articles and applying certain inclusion criteria, a total of 9 articles were selected and compared using the random effects model and inverse variance method. The significance of the effect size was measured with the z test, the heterogeneity using the Q test and the I2 and publication bias was analyzed using the trim-and-fill method



Results: The difference in means between the treatment and control groups was estimated as the effect size, obtaining a statistically significant difference of −232.01 MPa., with a 95% confidence interval of the difference between −417.3 and −44.71 (z test = −2.43; p-value = 0.015). The meta-analysis has presented high heterogeneity with an I2 = 99.3% and a Q test = 2,195.7; p-value < 0.001. No significant differences were found between the three subgroups with the Q test = 0.20: p-value = 0.903.



Conclusions: the tungsten carbide drills resulted in less fracture resistance loss than the diamond and tungsten carbide drills for the dental implants submitted to implantoplasty procedures.


Systematic Review Registration: [http://www.prisma-statement.org], identifier [INPLASY202460018].
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1 Introduction

Peri-implantitis is a very common disease associated with dental implants (1). The origin of peri-implant disease has a multifactorial etiology, and the greatest risk factor is the accumulation of bacterial plaque (2). It presents two phases, mucositis and peri-implantitis, the first being an inflammation of the soft tissues around the implant and in the second there is an increase in the inflammatory response and a loss of bone around the implant with the formation of moderate or severe hose defects depending on the stage and evolution of peri-implantitis (2). If peri-implant disease is not treated this can lead to future loss of the implant (3).

There are different ways to treat peri-implantitis, we can divide them into surgical (resective and regenerative) and non-surgical therapies (4, 5).

Non-surgical therapies are the least effective in blocking the progression of moderate or severe peri-implantitis (6, 7). Surgical therapies seem to be the most predictable but depend a lot on the skill of the professional, the oral area where the implants are located and also their inclination (8, 9).

Implantoplasty is a resective surgical technique with which, by using burs or instruments, we eliminate the threads and roughness of the dental implant that have been exposed, this because the surface of the implant has been designed with a roughness that favors osseointegration with the bone. But it also favors the adhesion of the biofilm of the oral microbiota if exposed, increasing the inflammatory response of the tissues. With implantoplasty, it is possible to decontaminate the implant surface, eliminate exposed threads and reduce the roughness of the implant (going from a roughness of Ra < 0.4 µm to one of Ra < 0.2 µm) (10, 11).

The implantoplasty protocol is performed using turbine or tungsten or diamond burs using a sequence of burs from the coarsest grain to the finest grain, ending with Arkansas burs or silicone polishing burs (10–12).

Among the various disadvantages of implantoplasty we find the increased risk of fracture of the implants since it modifies both the structure, both the macro and the microstructure, as well as the thickness of the dental implant (13).

In this article we are going to evaluate whether implantoplasty treatment can increase the risk of dental implant fracture by analyzing the influence of the procedures during implantoplasty on the fracture resistance of dental implants.

The aim of this systematic review and meta-analysis was to analyze and compare the effect of diamond drill, tungsten carbide drill and ultrasound tips for implantoplasty procedures on the fracture resistance of dental implants affected by periimplant disease, with a null hypothesis (H0) stating that there are not statistically significant differences between the fracture resistance of dental implants affected by periimplant disease submitted to implantoplasty procedures through diamond drill, tungsten carbide drill and ultrasound tips.



2 Materials and methods


2.1 Study design

The literature review was conducted following guidelines for systematic reviews and meta-analyses in accordance with PRISMA (Preferred Reporting Items for Systemic Reviews and Meta-Analyses http://www.prisma-statement.org (accessed on 31 May 2024); International Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY) registration number: INPLASY202460018 (DOI number: 10.37766/inplasy2024.6.0018). The review also complied with the PRISMA 2020 Checklist and was performed in accordance with current recommendations regarding systematic reviews and meta-analyses. The population, intervention, comparison, and outcome (PICO) question was "The impact of the implantoplasty technique on the fracture resistance on the dental implant", with the following components: Population: dental implants subjected to implantoplasty technique; Intervention: implantoplasty; Comparison: implantoplasty technique with diamond drills, tungsten drills and AIR SCALER; and Outcome: fracture resistance.

An electronic search was carried out using the following databases: PubMed, Scopus, Cochrane, and Web of Sciences. The search assessed all the literature published internationally through to March 2024. Five medical subject heading (MeSH) terms were included in the search: “Implantoplasty”; “Periimplantitis”; “fracture resistance”; “failure strength”; “in vitro”. One Boolean operator was applied ("AND"). These search terms were applied as follows: [("implantoplasty") AND ("Periimplantitis") AND ("fracture resistance") AND ("failure strength") AND ("in vitro")]. Two different researchers (G.P.; A.Z.M.) searched the databases simultaneously. The inclusion and exclusion criteria were applied to titles, and a single researcher (G.P.) extracted the data regarding the relevant variables. A.Z.M. conducted the systematic review, and two researchers who had not participated in the selection process (A.Z.M.; G.P.) performed the subsequent meta-analysis.

The inclusion criteria were as follows: experimental trials (ETs). In all the implants they simulated a bone loss of half their length and were subjected to one of the implantoplasty techniques and then subjected or not to the loading cyclic test and to study the fracture resistance they used a universal servo hydraulic mechanical testing machine and the implant with a vertical angle of 30° Studies were not restricted by language or year of publication. The exclusion criteria were as follows: systematic literature reviews, prospective and retrospective randomized clinical trials, clinical cases, and editorials. The following data were recorded: author, year, title, journal, sample size (n). The results obtained from studies that analyzed the impact of the implatoplasty technique on the fracture resistance on the dental implants.

The Current Research Information System (CRIS) scale was used to assess the methodological quality of the selected in vitro studies, which is composed of four items that analyze the sample preparation, the randomization and blinding procedures and the statistical test. The best-rated studies were those that met all the concepts (14).

The meta-analysis will be carried out using the random effects model and inverse variance method. The significance of the effect size measured as a difference in means will be assessed with the z test. The heterogeneity of the meta-analysis will be analyzed using the Q test and the I2. For the difference between the subgroups, the Q test will be used, with the random effects model. The level of significance for all tests has been established at p < 0.05. The subgroup meta-analysis will be represented in a forest plot.

Publication bias will be analyzed using the funnel plot skew adjustment trim-and-fill method that adds new studies.




3 Results


3.1 Flow diagram

10 articles in PubMed, 2 articles in Web of Sciences and 3 articles in Scopus were found after the initial search. Of these 15 works, 2 duplicates were discarded. After assessing study titles and abstracts, another 1 were eliminated, after which 10 remained. An additional 1 were rejected for failing to fulfill the inclusion criteria by either not including the fracture strength or not meeting the minimum sample size. After this selection process, a total of 9 articles were selected for final qualitative synthesis. Nine articles were ultimately assessed in the quantitative analysis, as they met all the selection criteria (Figure 1).


[image: Figure 1]
FIGURE 1
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.




3.2 Qualitative analysis

Of the 9 articles included, all were experimental trials. The studies showed a sample size ranged from as low as 15 in the study by Jorio et al. (2021) (15), to as high as 32 in Chan's study in 2013 (16) (Table 1).


TABLE 1 Qualitative analysis of articles forming part of the systematic review.
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3.3 Quality assessment

Table 2 shows the results of the methodological quality assessment using the CRIS scale. All articles selected showed 2 point at the CRIS scale, resulting poor methodological quality. Quality scores were most often compromised by failure to fulfill criteria related to the randomization and blinding process.


TABLE 2 Methodological quality assessment as per the current research information system (CRIS) scale.
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3.4 Quantitative analysis

10 studies with 16 comparisons have been combined using the random effects model and inverse variance method, to estimate the fracture resistance of implants subjected to static loading and implantoplasty. The total number of implants in the treatment groups was 132 and in the control group 120. The difference in means between the treatment and control groups was estimated as the effect size, obtaining a statistically significant difference of −232.01 MPa., with a 95% confidence interval of the difference between −417.3 and −44.71 (z test = −2.43; p-value = 0.015). The meta-analysis has presented high heterogeneity with an I2 = 99.3% and a Q test = 2,195.7; p-value < 0.001.

A subgroup analysis was performed, differentiating type of drill and use of ultrasound, to assess the possible source of heterogeneity. In this way, it has been estimated that in the diamond bur group the fracture resistance has decreased −274.4 MPa, the tungsten bur group −185.04 MPa and the ultrasonic group −320.12 MPa. In all subgroups, fracture resistance has decreased, although not in a statistically significant way. No significant differences were found between the three subgroups with the Q test = 0.20: p-value = 0.903, which indicates that the heterogeneity is not due to the subgroup (Figure 2).


[image: Figure 2]
FIGURE 2
Forest plot of the subgroup meta-analysis of MPa fracture resistance.




3.5 Publication bias

Publication bias has been studied using the Trim-and-fill method of adjusting the asymmetry of the funnel plot, adding 6 studies the effect size is estimated at −2.62 MPa, with a 95% CI > between—226.3 and 221.1 (z test = −0.02; p-value = 0.982). This shows that the meta-analysis is exposed to a possible publication bias that would nullify the estimated effect (Figure 3).


[image: Figure 3]
FIGURE 3
Funnel plots of the meta-analysis of fracture resistance using the trim-and-fill method with the initial estimate (left funnel plot) and the estimate with the studies added as white points (right funnel plot).





4 Discussion

The results obtained in the present study reject the null hypothesis (H0), which holds that there are not statistically significant differences between the fracture resistance of dental implants affected by periimplant disease submitted to implantoplasty procedures through diamond drill, tungsten carbide drill and ultrasound tips.

From the results we have obtained we see that implants subjected to implantoplasty have a lower resistance to fracture than implants without implantoplasty. In the present study we have also evaluated whether the resistance to fracture changes with different implatoplasty drills and we have seen that with tungsten drills the resistance is greater than the general average, while with diamond drills there is an increase in the risk of fracture and finally with ultrasonic drills are those that generate the highest risk of fracture, although we have little data on this type of implantoplasty technique. In the 2022 study by Jorrio et al, the results obtained show that there is a decrease in fracture resistance but not as great as what we have obtained in our study. This may be because in Jorrio's study they used all standard implants of 4.1 mm diameter while we have evaluated the resistance in different types of implants with different diameters and this may be the reason for the very discrepant data (14). The same also happens with the results obtained in the study carried out by Costa-Berenguer et al. in 2017 in which they evaluated the fracture resistance of standard 4.1 mm external connection implants in which an implantoplasty was performed with tungsten burs. confirming our hypothesis that depending on the size of the implant, implantoplasty generates a lower or higher risk of fracture (15). This difference in change in fracture resistance is described in the study by Bertl et al. in 2020 in which they evaluated how much implantoplasty can affect fracture resistance in Narrow (3.3 mm) and standard (4.1 mm) implants., the results show that Narrow implants subjected to implantoplasty have a very large decrease in fracture resistance compared to standard ones (17). Another study that describes this change in the risk of fracture is that of Chan H et al. from 2013 in which it was evaluated how much the fracture resistance changes in implants with implantoplasty between Narrow implants and 4.6 mm implants, in this case we see that. The fracture resistance of the implants is 4.6, although with implantoplasty it is twice the resistance of the Narrow implants (16). Another factor that must be taken into account when assessing the fracture resistance of implants, especially when an implantoplasty has been performed, is the vertical bone loss around the implant and this is demonstrated by Leitao-Almeida et al. in their two studies, one carried out in 2020 and the other in 2021 in which it has been evaluated how the fracture resistance of implants can change with implantoplasty (18, 19). In the 2020 study, the proportion of bone loss crown of the implant was evaluated with proportions 2:1, 2.5:1 and 3:1 in implants of the same diameter and same length and the results obtained confirmed that the greater the bone loss around the implant lower resistance to implant fracture18. In the study, always by the same author but from 2021, it was always evaluated whether vertical bone loss affects fracture resistance or not, but this time without the crowns, only with the healing abudment, subdividing the implants into two groups, some with bone loss of 3.5 mm and the other group with bone loss of 7 mm and the results obtained have shown that implants with greater bone loss have lower resistance to fracture (19). Among the various factors that must be considered are the material with which the implant is made, as there are new titanium alloys. Comparing the studies by Costa-berenguer et al. from 2017 that evaluated the fracture resistance of 4.1 × 10 mm grade IV titanium implants with bone loss of 5 mm and the study by Shah SD et al. in 2022 in which did the same study but evaluating the resistance of 4.1 × 10 mm implants but of the roxolid alloy from the straumann group, an alloy that has 85% titanium and 15% zirconium, with a bone loss of 5 mm, from the results obtained from the Two studies show that the Fmax is 200 N more with the roxolid alloy and thanks to these data they confirm that the roxolid alloy has a greater fracture resistance than titanium (15–20). Fracture resistance can vary depending on the milling system and also on the operator's experience, which is why in our study we have selected all data where the implantoplasty has been performed by machinery to try to make the data as homogeneous as possible, and thanks to the studies by Sivolella et al. 2021 and Tsampli et al. 2024 which evaluated how fracture resistance can vary depending on the implant milling system between tungsten, diamond and ultrasonic drills. From the results obtained, it can be seen that implantoplasty with tungsten drills generates a lower risk of fracture than compared to the other two systems, just like our results (21–23).



5 Conclusion

The conclusion derived from the present study is that the tungsten carbide drills resulted in less fracture resistance loss than the diamond and tungsten carbide drills for the dental implants submitted to implantoplasty procedures.
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