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Abstract

:

This study synthesized the scientific evidence concerning the main characteristics of the Temporary Anchorage Devices (TADs) used in orthodontics and reported the success-failure rates during treatment. For that means, this scoping review collected articles from previous research. A complementary search was carried out in the databases PubMed-MEDLINE, Scopus, LILACS, and EMBASE, focusing on original studies published from 2010 to 2020. We analyzed the main characteristics of the publications. As a result, 103 articles were included. Most of the research was conducted among different groups, who needed TADs principally in the maxilla and an interradicular location between the second premolar and first molar. AbsoAnchor, Dentos Inc., Daegu, Korea, was the most used brand of TADs. The most common characteristics of the devices and biomechanics were a diameter and length of 1.6 mm and 8 mm, a self-drilled system, a closed technique for placement, immediate loading, and forces that ranged between 40 and 800 g. Of the studies, 47.6% showed success rates ≥90%. In conclusion, high success rates were found for TADs, and differences were found according to sociodemographic and clinical variables. The studies showed variability in methodological design, and scientific publications were concentrated in certain countries. We recommend further scientific research on TADs using more standardized designs.
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1. Introduction


Controlling the reaction force during orthodontic treatment is necessary to avoid undesirable movements of the teeth. Even though many biomechanical alternatives have been developed to moderate anchorage, the use of Temporary Anchorage Devices (TADs) is currently one of the most popular among orthodontists [1]. TADs may be loaded immediately after placement, allow the operator to develop biomechanics for all types of movements, offer minimum risk of damage to the bone, roots, soft tissues, and other nearby structures, and do not depend on the collaboration of the patient [2,3].



TADs have developed in such a way that they can be used in an alveolar or extra-alveolar manner, reducing invasive surgical acts and achieving absolute anchorage with high success rates [4,5]. Nevertheless, several factors may limit their success [6,7] and there are many possibilities that may confuse clinicians seeking to select the best TAD depending on the patient, the procedure, and the biomechanics.



Despite the extensive studies carried out on TADs, the large amount of literature may create misunderstandings, and a comprehensive review of the information is necessary to make clinical decisions based on scientific evidence. Scoping reviews are studies that aim to describe the characteristics of the existing literature on a specific topic, without evaluating its quality, in order to generate hypotheses and questions for future research [8,9]. To the best of our knowledge, the information provided by the scientific literature is limited in the context of analyzing the specific characteristics of TADs. The purpose of this study was to synthesize the scientific evidence about the use of TADs, the main characteristics of the TADs that are used, and their success-failure rates during the orthodontic treatment.




2. Materials and Methods


For the purposes of this scoping review, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) method was followed, which was adapted for scoping reviews [10]. This manuscript also adopted the methodology proposed by the Joanna Briggs Institute [9] and the methodological framework for scoping studies [8]. According to the inclusion criteria proposed for systematic reviews, the protocol for scoping reviews should not be registered in the International prospective register of systematic reviews-PROSPERO.



2.1. Research Question


This review posed the following population, concept, and context (PCC) question: What are the characteristics and success-failure rates of the use of TADs in orthodontic treatment according to the available scientific evidence?



	
Population: People receiving orthodontic treatment.



	
Concept: Temporary Anchorage Devices (TADs).



	
Context: Characteristics and success-failure rates.







2.2. Search Process for Identifying Relevant Studies


The identification of original studies was part of a previous umbrella review [7]. Subsequently, a complementary comprehensive search was conducted for peer-reviewed literature to locate publications relevant to the research topic. Four electronic databases were included: PubMed-MEDLINE, Scopus, LILACS (Latin-American Scientific Literature in the Health Sciences), and EMBASE (the Excerpta Medica Database). The search syntaxis used in PubMed-MEDLINE was as follows: (((((((“Orthodontic Anchorage Procedures”[Mesh]) OR orthodontic mini implants[Title/Abstract]) OR mini-implant[Title/Abstract]) OR miniplate[Title/Abstract]) OR Temporary anchorage devices[Title/Abstract]) OR mini implant[Title/Abstract]) OR miniscrews[Title/Abstract]) OR orthodontic miniscrews[Title/Abstract]. For EMBASE, the syntaxis search were: ((‘orthodontic miniscrews’:ab,ti OR ‘miniscrews’:ab,ti OR ‘mini implant’:ab,ti OR ‘temporary anchorage devices’:ab,ti OR ‘miniplate’:ab,ti OR ‘mini-implant’:ab,ti OR ‘orthodontic mini implants’:ab,ti OR ‘orthodontic anchorage procedures’:ab,ti). These search syntaxes were adapted for the other electronic databases. The search was focused on original studies published in Spanish, English, and Portuguese, and published from 2010 to 2020. Letters to the editor, editorials, systematic and theoretical reviews, summaries of conferences, historical papers, and book summaries were excluded.




2.3. Study Screening and Selection


Two reviewers (D.J.-B. and G.V.-G.) searched independently to identify titles and abstracts of potentially eligible studies. Articles whose abstracts contained information that fit the eligibility criteria were selected for a full reading. To identify other sources of information, the research team searched the reference sections of those studies that were included, and all papers selected for inclusion in the review were processed for data extraction. All of these processes were supervised by the other members of the research team (A.A.A.-S. and D.M.R.-O.).




2.4. Collating, Summarizing, and Reporting Findings


The following variables were described for each study: title, journal, publication year, main author, country (first author), study type, device success or failure rate, sample characteristics (sex, age, and origin), intervention site, device characteristics (brand, device type, diameter, length, and system type), surgical technique, placement site, loading protocol, force applied, orthodontic movements type, treatment time, and others variables as objective(s), primary results, bias sources, limitations, and other relevant information.



The variables were categorized into four principal groups: (a) publication characteristics (author, journal, year, country, and study type); (b) sample characteristics (sex, age, origin, and intervention site); (c) TADs and biomechanical characteristics (brand, device type, diameter, length, system type, surgical technique, placement site, loading protocol, force applied, orthodontic movements type, and treatment time); and (d) device success or failure rate. Additional variables, including study objective(s), primary results, limitations, and other relevant information of the studies included in the present scoping review are reported in supplementary tables.



To group the results regarding the percent success rates of each type of TADs in different studies, the average of different samples was obtained using the following formula:


    X ¯   =   C 1 P 1 + C 2 P 2 + C 3 P 3 …   C 1 + C 2 + C 3    








where CxPx is the mean %, Px is the value of success rate, and Cx is the samples size. All values of the success rate are presented as the mean and standard deviation (±SD).





3. Results


3.1. Study Selection


During phase A of the study, records identified from previous umbrella reviews yielded 156 articles, of which 73 were excluded, and the remaining 83 were extracted for their full text to be read. During phase B, the initial search yielded 518 records; after eliminating duplicates, 462 records were selected for the revision of titles and abstracts. Of these, 425 records were excluded, and the remaining 37 were extracted for their full text to be read. After full-text reading, 17 articles were discarded. Finally, 103 articles were included [3,5,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111]. The reasons for exclusion are summarized in Figure 1.




3.2. Publication Characteristics


Table 1 presents the main characteristics of the included studies. The first author who has published the most on this subject is Motoyoshi M. (3.9%, n = 4) [19,57,67,76], followed by Azeem M. [96,105], Elkordy S.A. [73,101], Ganzer N. [83,84], Manni A. [31,40], and Nienkemper M. [51,110] (1.9%, n = 2); the remaining studies (86.4%, n = 89) have been published by different authors [3,5,11,12,13,14,15,16,17,18,20,21,22,23,24,25,26,27,28,29,30,32,33,34,35,36,37,38,39,41,42,43,44,45,46,47,48,49,50,52,53,54,55,56,58,59,60,61,62,63,64,65,66,68,69,70,71,72,74,75,77,78,79,80,81,82,85,86,87,88,89,90,91,92,93,94,95,97,98,99,100,102,103,104,106,107,108,109,111].



Overall, the articles have been published in 47 journals, with the highest number of publications in The American Journal of Orthodontics and Dentofacial Orthopedics (n = 26) [14，15，16,18,19,23,28,32,34,36,43,50,52,53,58,60,64,72,75,76,77,81,84,88,90,93], The Angle Orthodontist (n = 13) [25,37,41,45,49,68,71,73,79,95,101,102,103], The European Journal of Orthodontics (n = 10) [17,30,31,35,47,61,63,70,80,83], The Journal of Orofacial Orthopedics (n = 6) [13,29,55,94,106,109], and Progress in Orthodontics (n = 6) [5,51,98,99,104,110], accounting for nearly 59.2% of all articles included in the present review. The remaining 40.8% articles have been published in 42 other journals, with 1–2 articles in each journal (Table S1, Supplementary Material). When grouped according to year, more studies have been published between 2010 and 2012 (36.9%, n = 38). In 2019 and 2020), however, few studies on this topic have been published (15.5%, n = 16) (Table 1, Table S1, Supplementary Material).



In general, majority of the scientific evidence has been accumulated in Asian countries (except for Turkey) (58%, n = 54) [3,12,14,15,16,17,18,19,21,22,27,28,30,32,33,34,36,37,38,41,42,49,50,52,53,54,56,57,59,60,61,62,64,65,66,67,69,74,75,76,78,81,82,85,90,93,96,97,102,103,104,105,107,111]. Additionally, Turkey [20,25,35,43,70,71,72,77,80,99,106], Germany [13,29,39,46,51,63,110], Egypt [23,55,73,79,86,89,101], and Brazil [11,24,48,98,100] have made notable contributions on the topic, together representing 29.1% of the studies included in this review (n = 30) (Figure 2).



Of all articles (n = 103) that met the selection criteria, 64.1% were observational studies (n = 66) [3,5,11,12,13,14,15,16,17,18,19,20,21,22,23,24,26,27,28,29,30,31,32,33,34,35,39,40,41,42,44,46,48,50,51,52,53,54,55,56,57,59,61,63,65,67,68,69,70,75,76,77,81,90,91,92,93,94,95,96,104,105,106,107,110,111] (Table S1, Supplementary Material). When the data were grouped according to the type of studies by their year of publication, observational studies were predominant during 2010–2015 (46.7%, n = 48; p < 0.01), whereas interventional studies became predominant during 2016–2020 (23.3%, n = 24; p < 0.01) (Table 1).




3.3. Sample Characteristics


The sample characteristics of the included studies are summarized in Table 2. In all studies, the proportion of females was greater in the study population (84.4%, 4115 of 4873 patients). Moreover, 82 studies (79.6%) included patients under 25 years of age [3,5,12,15,17,18,20,21,23,26,27,28,29,30,31,32,33,35,36,37,38,39,40,41,42,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,62,63,64,65,66,67,69,70,71,72,73,74,75,76,77,78,79,80,82,83,84,86,87,88,89,91,93,94,95,96,98,99,101,102,103,104,105,106,107,109,110], 4 studies (3.9%) did not report patient age [25,43,92,100]. Regarding the origin of the sample, 84.4% recruited patients from university hospitals (n = 87) [3,5,12,14,15,17,18,19,20,21,22,23,24,25,26,27,28,30,32,33,34,35,36,37,38,41,43,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,71,72,73,74,75,76,77,78,79,80,84,85,86,87,88,89,90,91,92,93,94,96,97,99,100,101,102,103,105,106,107,108,109,110,111]. Regarding the site of TADs placement, 51.5% articles reported placement in the maxilla (n = 53) [3,5,11,12,14,15,16,20,21,23,24,27,28,29,35,36,37,38,39,41,43,45,46,47,48,50,51,55,57,60,62,64,66,67,71,72,74,75,76,77,81,83,84,86,87,88,90,93,94,96,97,107,108,109,110], and 2.1% articles did not report the placement site (n = 2) [80,99] (Table S2, Supplementary Material).




3.4. TADs and Biomechanical Characteristics


Regarding the main characteristics of TADs (Table 3), there was great variability in terms of brands, with AbsoAnchor (Dentos Inc., Daegu, Korea) being the most preferred one (19.4%, n = 20), followed by ISA Orthodontic Implants (Biodent, Tokyo, Japan) (6.8%, n = 7); other individual brands were used in <5% (together 73.8%, n = 76) (Table S3, Supplementary Material).



The terminology used to refer to TADs is chosen non-specifically [7], and there was noted little conformity on nomenclature during this revision. Nevertheless, we can focus the terms based on the classification proposed by Melsen [112] and Papadopoulos and Tarawneh [113]: Mini-screws (devices that are self-tapping and do not need osseointegration), mini-implants (developed smaller than dental implants), micro-implants and micro-screws (used to described implants or screws of the same dimension without any differentiation), and mini-plates (derived from surgical procedures classified according to their shape). From this perspective, four articles did not report the type of TADs used, and the remaining 99 articles reported the use of 13,385 TADs: 49% mini-screws (n = 6565), 30.9% mini-implants (n = 4135), 5.3% micro-implants (n = 713), 0.8% micro-screws (n = 95), and 14% mini-plates (n = 1877). Regarding device diameter and length, the most used dimensions were, respectively, 1.6 mm (25.2%, n = 26) and 8 mm (58.3%, n = 60). Regarding the type of system, the self-drilled system was the most used (57.2%, n = 59) (Table 3, Table S3, Supplementary Material). Furthermore, a closed surgical technique was used in 77.7% of the studies (n = 80) and 13.6% did not report the technique used (n = 14) (Table 3, Table S3, Supplementary Material).



The most common anatomical site of TADs placement was the interradicular space between the maxillary first molar and second premolar (48.6%, n = 50), and 35.9% articles (n = 37) reported placement at other anatomical sites, including the retromolar area, mandibular ramus and buccal shelf (Table 3, Table S3, Supplementary Material). The loading protocol was reported in 72.8% of the studies (n = 75). The force used in biomechanics was reported in 66% of the studies (n = 68). As such, diverse forces ranging from 40 to 800 g, were used depending on the movement and dispositive employed.



The most common therapeutic goal for the use of TADs was the en-masse retraction of anterior teeth (37.8%, n = 39), followed by molar distalization (17.5%, n = 18); the remaining studies reported various other goals, such as molar uprighting, gap closure, intrusion, and canine retraction, amongst others (44.7%, n = 46) (Table 3, Table S3, Supplementary Material).



Despite our attempts to specify the time of treatment, we were unable to evaluate this aspect, because some articles did not report these data, or because the reported information was ambiguous.



Importantly, inflammation around TADs, often associated with poor oral hygiene, pain, and device fracture, was the most common complication reported (14.5%, n = 15).



The primary limitations of the included studies were small sample size, retrospective nature of some studies (which limited information), poor patient compliance, and exclusion of patients due to TADs loosening or dislodging.




3.5. Success and Failure Rates


The success rate of TADs was reported in 70.9% of the studies (n = 73), considering this as an index for the survival of the device. In 47.6% of the studies, the overall success rate was ≥90%. The failure rate was reported in 19.4% of the studies (n = 20). In six studies, the failure rate was 10% to 26%, and in the remaining 14 studies, this rate was <10% (Table S3, Supplementary Material).



Regarding success rate by the type of TADs, a higher rate was reported for MPs (95 ± 3%) and a lower rate was reported for MIs (87 ± 7%) (Figure 3). Multiple chi-square tests were performed to establish the significance of differences amongst the different types of TADs, and p values of <0.001 were noted in all cases.





4. Discussion


Scoping reviews are a type of study derived from systematic reviews and designed to examine the existing literature that describes in detail the characteristics of a topic and maps the available evidence on it [114]. Therefore, we selected the approach of scoping review for our study to synthesize the available literature on the key characteristics of TADs used for orthodontic treatments and the success and failure rates of these devices. Given the abundance of data on this topic, we summarized the gathered information into groups according to publication characteristics, sample characteristics, TADs type, and treatment biomechanics.



Evidently, TADs have garnered much research interest. As such, of all studies included in the present scoping review, only four have been led by Motoyoshi M. [19,57,67,76], and the rest have been led by different authors. Similarly, a majority of the included articles have been published in journals with high impact, including the American Journal of Orthodontics and Dentofacial Orthopedics, The Angle Orthodontist, the European Journal of Orthodontics, the Journal of Orofacial Orthopedics, and Progress in Orthodontics, proving the accuracy of scientific methods and the reliability of results reported there.



Furthermore, skeletal anchorage started receiving great attention during the early 2010s, because a majority of the studies related to this topic were published until 2012; however, at the end of the decade, only a few studies on this topic were published. This trend may be associated with their high success rates and the accumulating knowledge on TADs. Alternatively, with increasing requirements for publication, it is now very challenging to conduct clinical trials.



Amongst the included types of studies, there were fewer clinical trials, which serve as the basis for further studies of greater analytical power. Specifically, of the 103 articles included in the present review, only 33.9% were clinical trials. However, according to the type of study by the year of publication, the number of clinical trials has evidently increased in recent years. This is an important finding, reflecting the growing interest of the academic community in conducting studies that are at the top levels of the pyramid of scientific evidence. Notably, in most studies, the participating patients were recruited from hospitals and academic institutions, perhaps because research is concentrated in universities, with occasional support from private practice organizations.



Regarding countries from where the studies were published, over half of the articles included in the present review were from Asia. Whilst global decisions can be made based on findings in specific populations, results obtained in certain groups cannot be generalized [7].



Of note, regarding sample characteristics, the majority of the patients (>84%) included in the reviewed studies were female. For instance, in studies by Takaki T [22], Moon CH [18], Tseng YC [111], respectively, 78%, 64%, and 78% of the sample participants were female. This sampling skew questions the conclusion drawn in previous studies that the success and failure rate of TADs is not sex-specific [7]. Therefore, given the evident bias in samples analyzed thus far, additional comparative studies between males and females may be required.



No clear consensus has yet been reached regarding the minimum age for the placement of TADs. According to the analysis, studies have been conducted principally in adolescents or in an adult population (15 years of age and older) with a percentage of 81.6%. However, some studies reported their use in patients as young as eight years for maxillary protraction, by virtue of the fact that patients under 10 years of age respond better to these types of procedures [98,115].



The relationship between the success rate and age also remains controversial, although the placement of TADs in the palatal area in patients up to eight years of age has resulted in a high success rate (≥90%) [15]. Nonetheless, most studies have reported that younger patients, especially those under the age of 15, had a higher failure rate than older age groups [7,15,116,117]. This could be attributed to a difference in bone density, which is lower in adolescents, poor oral hygiene, or in the placement location [104,117].



In terms of the placement site, it was found that the vast majority were placed in the maxilla. This placement can be associated with the fact that the biomechanics most used are the closure of spaces by retraction of protruding anterior teeth [42,78]. A reasonable explanation, after Class I malocclusion, the Class II malocclusion is the most prevalent [118], and one of the most common treatments with satisfactory results in such patients is the extraction of the upper premolars to camouflage this clinical condition [119,120].



In the present study, a great variety of brands was found, but the predominance of Asian manufacturers was evident, a finding that was consistent with the large production of related scientific literature in this part of the world [92,93,104,105]. The most common TADs were 1.6 mm in diameter and 8 mm in length, corresponding to the type of device normally selected for interradicular use between the second premolar and the first upper molar [84,97,102], which is a common placement site in orthodontic treatments with premolar extractions in patients with Class II malocclusion [74,81,82,104]. Nevertheless, it is also common to find higher diameters and lengths for the selection of extra-alveolar TADs, such as those placed on the infrazygomatic ridge, and used for reducing the risk of root damage [5,111].



Relative to the system type and surgical technique used to place the dispositive, the current and most frequent techniques found were self-drilled TADs and closed techniques because manufacturers have improved the device design to avoid additional surgical procedures and allow the orthodontist to safely place them during a clinical appointment [7].



We found five different types of TADs reported in the studies: mini-screws, mini-implants, micro-screws, micro-implants, and mini-plates. According to the authors of a previous study [7], these terms may have been chosen non-specifically, making the nomenclature potentially confusing for readers [6].



Our study verified the great versatility of TADs: they are used in all types of orthodontic movements, such as distalization, mesialization, retraction, intrusion, and extrusion, and with various biomechanics and highly variable loading protocols [92,105]. However, the fact cannot be ignored that, despite their great versatility and high success rates, TADs can present complications. These complications include inflammation, pain, fracture of the device, perforation of the maxillary sinus floor and root damage, among others [79,121,122].



Most of the studies reported success rates ≥ 90%. The mini-plate was the most successful type of TADs (94.5%), and the least successful was the mini-implant (87.2%). Although these success rates are high, the devices can fail, with failure rates falling between 5% and 26%. This rate is attributable to the large number of factors that influence the performance of these devices in orthodontic treatments, which depends not only on the characteristics of the dispositive but also on factors related to the patient, such as age, bone quality, and habits such as smoking. It also depends on factors related to the procedure, such as operator expertise, as well as factors associated with orthodontic treatment, such as the type of movement to be performed, the biomechanics used, and the activation force [5,7,123].



Finally, it should be noted that scoping reviews are considered a type of exploratory systematic review. Therefore, the objective of this study was to provide an overview of the literature and the variables analyzed. Although it might be expected to yield some type of statistical analysis, it is advisable to perform systematic reviews with meta-analyses in which the methodologies rely on homogeneous samples and are sectorized. However, we can safely assume that, based on the current review, it is possible to suggest the need for more clinical trials about skeletal anchorage and studies that focus on comparing the effectiveness of TADs according to sex as well as the identification of the most appropriate age for placement and the achievement of good results with the use of TADs. Also, it is important to conduct more studies on the mandible and to increase the analysis of extra-alveolar TADs, which are expanding their clinical use to camouflage Class II and Class III patients avoiding extraction of permanent teeth. There is a need to motivate the worldwide community to investigate and publish more about the use of TADs in different ethnic populations. It seems important to continue researching other variables and characteristics that were not deeply studied in the scientific evidence provided in the included articles. For instance, to assess the condition of the inserted bone and the amount of implantation in the cortical bone and cancellous bone through Computerized Tomography.




5. Conclusions


The main conclusions of this study were:




	
There is a great deal of scientific evidence about temporary anchorage devices in orthodontics, as shown by the one hundred and three publications analyzed in this study from 95 authors, 47 journals, and 42 countries.



	
These publications reported on the results of clinical trials, descriptive studies, and retrospective studies. Most of the research was conducted among females, adolescents, and the adult population, who needed TADs principally in the maxilla and in an interradicular location between the second premolar and first molar, and attended university hospitals for en-masse retraction of anterior teeth.



	
AbsoAnchor, made by Dentos Inc., Daegu, Korea, was the most commonly used brand of TADs. The most common characteristics of the devices and biomechanics were a diameter and length of 1.6 mm and 8 mm, a self-drilled system, a closed technique for placement, immediate loading, and forces that ranged between 40 and 800 g.



	
Although the success rates were high, reaching levels above 90%, complications can cause failures such as inflammation, pain, and fracture of the device. The most successful type of TADs was the mini-plate, while the least successful was the mini-implant.
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Figure 1. Selection process of studies for the scoping review. 
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Figure 2. Publications by country. The grey color indicates that no studies are provided for the scoping review. Created with mapchart.net. 
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Figure 3. Summary of success rates according to type of TADs and considering the studies providing this topic. * MS: Mini-screw; MI: Mini-implant; MCI: Micro-implant; MCS: Micro-screw; MP: Mini-plate SD; Standard Deviation. 
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Table 1. Summary of publication characteristics (n = 103).
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Characteristics

	
Total (n)

	
%






	
First author

	

	




	
Motoyoshi M

	
4

	
3.9




	
Azeem M

	
2

	
1.9




	
Elkordy SA

	
2

	
1.9




	
Ganzer N

	
2

	
1.9




	
Manni A

	
2

	
1.9




	
Nienkemper M

	
2

	
1.9




	
Other authors

	
89

	
86.4




	
Journal

	

	




	
American Journal of Orthodontics and Dentofacial Orthopedics

	
26

	
25.2




	
The Angle Orthodontist

	
13

	
12.6




	
European Journal of Orthodontics

	
10

	
9.8




	
Journal of Orofacial Orthopedics

	
6

	
5.8




	
Progress in Orthodontics

	
6

	
5.8




	
Other Journals

	
42

	
40.8




	
Year

	

	




	
2010–2012

	
38

	
36.9




	
2013–2015

	
23

	
22.3




	
2016–2018

	
26

	
25.3




	
2019–2020

	
16

	
15.5




	
Country

	

	




	
South Korea

	
15

	
14.6




	
Japan

	
14

	
13.6




	
Turkey

	
11

	
10.7




	
India

	
10

	
9.7




	
Other Asian countries

	
15

	
14.6




	
Germany

	
7

	
6.8




	
Egypt

	
6

	
5.8




	
Brazil

	
5

	
4.9




	
Other countries

	
20

	
19.3




	
Study type

	

	




	
Interventional studies

	
37

	
35.8




	
Clinical trials

	
35

	
33.9




	
Non-randomized trials

	
2

	
1.9




	
Observational studies

	
66

	
64.1




	
Descriptive

	
25

	
24.3




	
Retrospective

	
23

	
22.3




	
Prospective

	
11

	
10.7




	
Cohort

	
4

	
3.9




	
Cross sectional

	
3

	
2.9




	
Study type per year*

	
2010–2015

	
2016–2020




	

	
Total (n)

	
%

	
Total (n)

	
%




	
Interventional studies

	
13

	
12.6

	
24

	
23.3




	
Observational studies

	
48

	
46.6

	
18

	
17.5








* p-value < 0.01.
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Table 2. Summary of publication characteristics (n = 103).
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	Characteristics
	Total (n)
	%





	Sex *
	
	



	Female
	4115
	84.4



	Male
	758
	15.6



	Age
	
	



	Under 15 years
	19
	18.4



	15–20 years
	26
	25.3



	20–25 years
	35
	34



	Over 25 years
	19
	18.4



	Not reported
	4
	3.9



	Origin
	
	



	University hospital
	87
	84.4



	Private practice
	7
	6.8



	Not reported
	9
	8.8



	Intervention site
	
	



	Maxilla
	56
	54.3



	Mandible
	10
	9.7



	Maxilla and mandible
	35
	33.9



	Not reported
	2
	2.1







* It refers to the total of subjects included in the studies.
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Table 3. Summary of TADs and biomechanical characteristics (n = 103).
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Characteristic

	
Total (n)

	
%






	
Brand

	

	




	
AbsoAnchor, Dentos Inc., Daegu, Korea

	
20

	
19.4




	
ISA Orthodontic Implants, Biodent, Tokyo, Japan

	
7

	
6.8




	
Other brands

	
76

	
73.8




	
Device type *

	

	




	
Mini-screws

	
6565

	
49




	
Mini-implants

	
4135

	
30.9




	
Micro-implants

	
713

	
5.3




	
Micro-screws

	
95

	
0.8




	
Mini-plates

	
1877

	
14




	
Diameter

	

	




	
1.6 mm

	
26

	
25.2




	
2 mm

	
17

	
16.5




	
Other diameters

	
60

	
58.3




	
Length

	

	




	
8 mm

	
60

	
58.3




	
10 mm

	
18

	
17.4




	
Other lengths

	
25

	
24.3




	
System type

	

	




	
Self-drilled

	
59

	
57.2




	
Self-tapped

	
44

	
42.8




	
Surgical technique

	

	




	
Closed technique

	
80

	
77.7




	
Open technique

	
7

	
6.8




	
Both techniques

	
2

	
1.9




	
Not reported

	
14

	
13.6




	
Placement site

	

	




	
Interradicular

	
50

	
48.6




	
Palatal

	
9

	
8.7




	
Infracygomatic crest

	
7

	
6.8




	
Other sites

	
37

	
35.9




	
Loading protocol

	

	




	
Immediate

	
37

	
35.9




	
Postponed

	
31

	
30.1




	
Both protocols

	
7

	
6.8




	
Not reported

	
28

	
27.2




	
Force

	

	




	
MS, MI, MCI, MCS * 40–250 g

	
68

	
66.0




	
MP * 300–800 g




	
Not reported

	
35

	
34.0




	
Orthodontic movements type

	

	




	
En-masse retraction of anterior teeth

	
39

	
37.8




	
Molar distalization

	
18

	
17.5




	
Other movements

	
46

	
44.7








* Refers to the total of subjects included in the studies.
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